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RECENT DISCOVERIES OF FOSSIL HOMINIDS IN TANGANYIKA : 
AT OLDUVAI AND NEAR LAKE 
NATRON 


By Dr. L. S. B. LEAKEY and Mrs. M. D. LEAKEY 


Coryndon Museum Centre for Prehistory and Palæontology, 
Nairobi 


XCAVATIONS were continued at Olduvai Gorge 

throughout 1963 with funds generously provided by 
the Research Committee of the National Geographic 
Society, Washington, D.C. Some work was also under- 
taken at a new site on the western side of Lake Natron. 
The main work at Olduvai was concerned with the 
cultural sequence and stratigraphy of Bed II, Olduvai, 
but a little work was carried out in Bed I and also in 
Bed IV. We thank the U.S. National Geographic Society 
for financial support. 

During the period under review a number of hominid 
remains have been found, some of which are of outstanding 
importance. 

(A) In the early part of the year, work was continued at 
site V.E.K. IV where fragments of a thick hominid skull 
were found by Miss M. Cropper in 1962. A number of 
additional fragments of this skull, including a damaged 
palate, were recovered. This specimen has not yet been 
examined. Its possible relationship to the fossil human 
remains found at Kanjera in 1931-32 is likely to be of 
interest. This specimen is catalogued as Olduvai, Hom- 
inid No. 12. 

(B) In October 1963, part of the vault of a small skull 
associated with the greater part of a mandible and parts 
of both maxillæ, was found at site M.N.K. II. The lower 
third molars are fully erupted but as yet unworn, the upper 
third molars are just emerging from the alveoli. A late 
adolescent age is therefore indicated. The parts of the 
skull preserved include most of the occipital bone, which 
articulates very nicely with the two parietals, of which 
the right is the more complete; there are also a part of 





Fig.1, The new hominid skullfrom site M.N.A. LII Olduvai. Profile view 





Fig. 2. The new skull. Occipital view 





Fig. 3. The mandible associated with the skull from M.N_A. O O 
(left) next to the juvenile mandible found in 1960 from F y 


the frontal and parts of both temporals (Figs. 1 and 2 
The mandible contains all the cheek teeth and both ths 
canines in good condition, and all four incisors are present 
but the crowns are somewhat damaged (Fig. 3). 

This specimen exhibits all the special morphological 
characters which could be seen in the juvenile mandible 
from Olduvai from F.L.K.N.N. I and the associated 
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Fig. 4. The maxillary teeth (right) and mandibular teeth (left) of the 


broken skull from site F.L.E. II, Maiko Gully 





Fig. 5. Part of the frontal of the rt wan skull from F.L.K. II, Maiko 
Gully 


parietals, which were briefly described in Nature (189, 
649; 1961, and 191, 417; 1961). The new specimen is 
recorded as Olduvai Hominid No. 13. 

(C) A few fragments of a cranial vault of similar form 
to (A) here, but probably a younger individual also from 
site M.N.K. II. This specimen is listed as Olduvai 
Hominid No. 14. 

(D) Three teeth of an adult—probably a male—were 
also found at site M.N.K. II, but in a deposit strati- 
graphically overlying that which yielded (B) and (C) here. 

All these three specimens come from deposits which 
are approximately midway in Bed II but which appear to 
antedate the appearance of hand axes. 

(2) Considerable parts of the cranial vault, as well as 
most of the teeth of a young adult, in which the third 
upper and lower molars are just coming into occlusion. 
This specimen had been washed out by heavy rainfall 
at site F.L.K. II, Maiko Gully; it had, moreover, been 
afterwards trampled on and very badly broken up by herds 
of Masai cattle before it was discovered by one of our 
senior African staff. It is derived from deposits 3-4 ft. 
above the marker bed at the top of Bed I. 

Parts of this specimen had been washed a long way from 
the original site and others had been carried away attached 
by mud and elay to the feet of cattle. The work of recovery 
and piecing together the hundreds of fragments will 
continue for some considerable time. The maxillary teeth 
of the right side, some of the mandibular teeth and parts 
of the frontal of this specimen are seen in Figs. 4 and 5. 

The importance of this particular find is that it provides 
the greater part of the frontal bone, with the supra-orbital 
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region, of an individual in which the teeth clearly show 
that it belongs to the same morphological group as the 
F.L.K.N.N. I juvenile of 1960 and the specimens listed 
here, rather than to the Australopithecine sub-family as 
represented by Zinjanthropus, or the South, African 
representatives. 


In addition to the five individuals represented in the 
material listed here, a sixth important discovery was made 
in January 1964, in deposits with a fauna of Middle 
Pleistocene age lying on the west side of Lake Natron, 
some fifty miles north-east of Olduvai Gorge. Initial 
exploration of this area was carried out under the leader- 
ship of my son, Richard Leakey, who was later joined by 
Mr. Glynn Isaac, who took charge of the scientific side of 
the work. Mrs. Isaac, Mr. Richard Rowe and Philip 
Leakey also took part, as well as a number of our African 
staff. 





Fig. 6. A new mandible of Australopithecus (Zinjanthropus) type from 
the new site west of Lake Natron, north-east of Olduvai 





Fig. 7. Side view of the mandible of Australopithecus (Zinjanthropus) 
type from west of Lake Natron 
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On January 11 one of our African staff, Mr. Kamoya 
Kimev, located a magnificent fossil hominid jaw in situ 
(see Figs. 6 and 7). This jaw, unlike specimens (A), (B), 
(C) and (D) here, represents an unmistakable australo- 
pithecine and provides, for the first time, a mandible 
representing this sub-family from East Africa. 

It will be recalled that in earlier notes in Nature and 
elsewhere, we have stressed the fact that the juvenile 
and the other fossil remains from site F.L.K.N.N. I, found 
in 1960, did not represent an australopithecine such as 
Australopithecus (Zinjanthropus) boisei, but were wholly 
distinct and different. It was stated that these must be 
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thought of as representing a contemporary and primitive 
hominine branch of the Hominidae. 

We refrained from giving a scientific name to the 
material from site F.L.K.N.N. I—the juvenile and the 
female—tegether with other specimens representing the 
same type (the molar tooth from site M.K. I) until there 
were better data on which to decide just where to place 
this type of hominid in the taxonomic sequence. The new 
material found in 1963 makes it possible to draw conclu- 
sions and to give a diagnosis for a new species of the gonus 
Homo. This diagnosis and a preliminary description by 
Leakey, Tobias and Napier follow this article. 


A NEW SPECIES OF THE GENUS HOMO FROM OLDUVAI GORGE 
By Dr. L. S. B. LEAKEY 


Coryndon Museum, Centre for Prehistory and Palzontology 


Pror. P. V. TOBIAS 
University of Witwatersrand, Johannesburg 
AND 
Dr. J. R. NAPIER. 


Unit of Primatology and Human Evolution, Royal Free Hospital Medical School, 
University of London 


HE recent discoveries of fossil hominid remains at 

Olduvai Gorge have strengthened the conclusions— 
which each of us had reached independently through our 
respective investigations—that the fossil hominid remains 
found in 1960 at site F.D.K.N.N. I, Olduvai, did not 
represent a creature belonging to the sub-family Australo- 
pithecinae *, 

We were preparing to publish the evidence for this 
conclusion and to give a scientific name to this new species 
of the genus Homo, when the new discoveries, which are 
described by L. S. B. and M. D. Leakey in the preceding 
article, were made. : 

An examination of these finds has enabled us to broaden 
the basis of our diagnosis of the proposed new species and 
has fully confirmed the presence of the genus Homo in 
the lower part of the Olduvai geological sequence, earlier 
than, contemporary with, as well as later than, the 
Zinjanthropus skull, which is certainly an australopithe- 
cine. 

For the purpose of our description here, we have 
accepted the diagnosis of the family Hominidae, as it was 
proposed by Sir Wilfrid Le Gros Clark in his book The 
Fossil Evidence for Human Evolution (110; 1955). Within 
this family we accept the genus Australopithecus with, 
for the moment, three sub-genera (Australopithecus, 
Paranthropus and Zinjanthrepus) and the genus Homo. 
We regard Pithecanthropus and possibly also Atlanthropus 
(if it is indeed distinct) as species of the genus Homo, 
although one of us (L. S. B. L.) would be prepared to accept 
sub-generic rank. 

It has long been recognized that as more and more 
discoveries were made, it would become necessary to revise 
the diagnosis of the genus Homo. In particular, it has 
become clear that it is impossible to rely on only one or 
two characters, such as the cranial capacity or an erect 
posture, as the necessary criteria for membership of the 
genus. Instead, the total picture presented by the 
material available for investigation must be taken into 
account. 

We have come to the conclusion that, apart from 
Australopithecus (Zinjanthropus), the specimens we are 
dealing with from Bed I and the lower part of Bed IT at 
Olduvai represent a single species of the genus Homo 
and not an australopithecine. The species is, moreover, 


*See also Nature of March 7, pp. 967, 969, and preceding articles in 
this issue. 
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clearly distinct from the previously recognized species of 
the genus. But if we are to include the new material in 
the genus Homo (rather than set up & distinct genus for it, 
which we believe to be unwise), it becomes necessary to 
revise the diagnosis of this genus. Until now, the definition 
of Homo has usually centred about a ‘cerebral Rubicon’ 
variably set at 700 c.c. (Weidenreich), 750 c.c. (Keith) and 
800 c.c. (Vallois). The proposed new definition follows: 


Family Bomar (as defined by Le Gros Clark, 1955) 
Genus Homo Linnæus. 


Revised diagnosis of the genus Homo. A genus of the 
Hominidae with the following characters; the structure 
of the pelvic girdle and of the hind-limb skeleton is 
adapted to habitual erect posture and bipedal gait; the 
fore-limb is shorter than the hind-limb; the pollex is 
well developed and fully opposable and the hand is capablo 
not only of a power grip but of, at the least, a simple and 
usually well developed precision grip ¢; the cranial capacity 
is very variable but is, on the average, larger than the 
range of capacities of members of the genus Australo- 
pithecus, although the lower part of the range of capacities 
in the genus Homo overlaps with the upper part of tho 
range in Ausiralopithecus; the capacity is (on the average) 
large relative to body-size and ranges from about 600 c.c. 
in earlier forms to more than 1,600 c.c.; the muscular 
ridges on the cranium range from very strongly marked to 
virtually imperceptible, but the temporal crests or lines 
never reach the midline; the frontal region of the cranium 
is without undue post-orbital constriction (such as is 
common in members of the genus Australopithecus): the 
supra-orbital region of the frontal bone is very variable, 
ranging from a massive and very salient supra-orbital 
torus to a complete lack of any supra-orbital projection 
and a smooth brow region; the facial skeleton varies from 
moderately prognathous to orthognathous, but it is not 
concave (or dished) as is common in members of tho 
Australopithecinae; the anterior symphyseal contour 
varies from a marked retreat to a forward slope, whilo 
the bony chin may be entirely lacking, or may vary from 
a slight to a very strongly developed mental trigono; the 
dental arcade is evenly rounded with no diastema in most 
members of the genus; the first lower premolar is clearly 
bicuspid with a variably developed lingual cusp; tho 


+ For the definition of ‘power grip’ and ‘precision grip’, see Napier, J. R.. 
J. Bone and Joint Surg., 38, B, 902 (1956). Be 
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molar teeth are variable in size, but in general are small 
relative to the size of these teeth in the genus Australo- 
pithecus; the size of the last upper molar is highly variable, 
but it is generally smaller than the second upper molar and 
commonly also smaller than the first upper molar; the 
lower third molar is sometimes appreciably larger than the 
second; in relation to the position seen in the Hominoidea 
as a whole, the canines are small, with little or no over- 
lapping after the initial stages of wear, but when compared 
with those of members of the genus Australopithecus, the 
incisors and canines are not very small relative to the 
molars and premolars; the teeth in general, and particu- 
larly the molars and premolars, are not enlarged 
bucco-lingually as they are in the genus Australopithecus ; 
the first deciduous lower molar shows & variable degree of 
molarization. 


Genus Homo Linnæus 
Species kabilis sp. nov. 


(Note: The specific name is taken from the Latin, 
meaning ‘able, handy, mentally skilful, vigorous’. We are 
indebted to Prof. Raymond Dart for the suggestion, that 
habilis would be a suitable name for the new species.) 

A species of the genus Homo characterized by the 
following features: 

A mean cranial capacity greater than that of members 
of the genus Ausiralopithecus, but smaller than that of 
Homo erectus; muscular ridges on the cranium ranging 
from slight to strongly marked; chin region retreating, 
with slight or no development of the mental trigone; 
maxille and mandibles smaller than those of Australo- 
pithecus and within the range for Homo erectus and Homo 
sapiens; dentition characterized by incisors which are 
relatively large in comparison with those of both 
Australopithecus and Homo erectus; canines which are 
proportionately large relative to the premolars; premolars 
which are narrower (in bucco-lingual breadth) than those 
of Australopithecus, but which fall within the range for 
Homo erectus; molars in which the absolute dimensions 
range between the lower part of the range in Australo- 
pithecus and the upper part of the range in Homo erectus; 
a marked tendency towards bucco-lingual narrowing and 
mesiodistal elongation of all the teeth, which is especially 
evident in the lower-premolars (where it expresses itself 
as a marked elongation of the talonid) and in the lower 
molars (where it is accompanied by a rearrangement of the 
distal cusps); the sagittal curvature of the parietal bone 
varies from slight (within the hominine range) to moderate 
(within the australopithecine range); the external sagittal 
curvature of the occipital bone is slighter than in 
Ausiralopithecus or in Homo erectus, and lies within the 
range of Homo sapiens; in curvature as well as in some 
other morphological traits, the clavicle resembles, but is 
not identical to, that of Homo sapiens sapiens; the hand 
bones differ from those of Homo sapiens sapiens in 
robustness, in the dorsal curvature of the shafts of the 
phalanges, in the distal attachment of flexor digitorum 
superficialis, in the strength of fibro-tendinous markings, 
in the orientation of trapezium in the carpus, in the form 
of the scaphoid and in the marked depth of the carpal 
tunnel; however, the hand bones resemble those of Homo 
sapiens sapiens in the presence of broad, stout, terminal 
phalanges on fingers and thumb, in the form of the distal 
articular surface of the capitate and the ellipsoidal form 
of the metacarpo-phalangeal joint surfaces; in many of 
their characters the foot bones lie within the range of 
variation of Homo sapiens sapiens; the hallux is stout, 
adducted and plantigrade; there are well-marked longi- 
tudinal and transverse arches; on the other hand, the 3rd 
metatarsal is relatively more robust than it is in modern 
man, and there is no marked difference in the radii of 
curvature of the medial and lateral profiles of the trochlea 
of the talus. 

Geological horizon. Upper Villafranchian and Lower 
Middle Pleistocene. i 
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Type. The mandible with dentition and the associated 
upper molar, parietals and hand bones, of a sthgle juyenile 
individual from site F.L.K.N.N. I, Olduvai, Bed I. 

This is catalogued as Olduvai Hominid 7. 

Paratypes. (a): An incomplete cranium, comprising 
fragments of the frontal, parts of both parietals, the 
greater part of the occipital, and parts of both temporals, 
together with an associated mandible with canines, 
premolars and molars complete on either side but with the 
crowns of the incisors damaged, parts of both maxille, 
having all the cheek teeth except the upper left fourth 
premolar. The condition of the teeth suggests an 
adolescent. This specimen, from site M.N.K. IT, Olduvai, 
Bed II, is catalogued as Olduvai Hominid 13. 

(6) The associated hand bones, foot bones and prob- 
ably the clavicle, of an adult individual from site 
F.L.K.N.N. I, Olduvai, Bed I. This is catalogued as 
Olduvai Hominid 8. 

(c) A lower premolar, an upper molar and cranial frag- 
ments from site F.L.K. I, Olduvai, Bed I (the site that 
yielded also the Australopithecus (Zinjanthropus) skull). 
This is catalogued as Olduvai Hominid 6. (It is possible 
that the tibia and fibula found at this site belong with 
Homo habilis rather than with Australopithecus (Zinjan- 
thropus). These limb bones have been reported on by Dr. 
P. R. Davis (Nature, March 7, 1964, p. 967). 

(d) A mandibular fragment with a molar in position and 
associated with a few fragments of other teeth from site 
M.K. I, Olduvai, Bed I. This specimen is catalogued as 
Olduvai Hominid 4. 

Description. of the type. Preliminary descriptions of the 
specimens which have now been designated the type of 
Homo habilis, for example, the parts of the juvenile found 
at site F.L.K.N.N. I in 1960, have already been pub- 
lished in Nature by one of us (189, 649; 191, 417; 
1961). A further detailed description and report on the 
parietals, the mandible and the teeth are in active prepara- 
tion by one of us (P. V. T.), while his report on the cranial 
capacity (preceding article) as well as a preliminary note 
on the hand by another of us (Nature, 196, 409; 1962) 
have been published. We do not propose, therefore, of 
give a more detailed description of the type here. 

Description of the paratypes. A. preliminary note on the 
clavicle and on the foot of the adult, which represents 
paratype (b), was published in Nature (188, 1050; 1961), 
and a further report on the foot by Dr. M. H. Day and 


. Dr. J. R. Napier was published in Nature of March 7, 


1964, p. 969. 

The following additional preliminary notes on the 
other paratypes have been prepared by one of us 
(P. V. T.). 


Description of Paratypes 


(a) Olduvai Hominid 13 from M.N.K. II. An adolescent 
represented by a nearly complete mandible with complete, 
fully-erupted lower dentition, a right maxillary fragment 
including palate and all teeth from P? to M3, the latter in 
process of erupting; the corresponding left maxillary 
fragment with Mt to M3, the latter likewise erupting, the 
isolated left P?; parts of the vault of a small, adult 
cranium, comprising much of the occipital, including part 
of the posterior margin of foramen magnum, parts ef both 
parietals, right and left temporosphenoid fragments, each 
including the mandibular fossa and foramen ovale. The 
distal half of a humeral shaft (excluding the distal 
extremity) may also belong to Olduvai Hominid 13. The 
corpus mandibulae is very small, both the height and 
thickness at M, falling below the australopithecine range 
and within the hominine range. All the teeth are small 
compared with those of Australopithecinae, most of the 
dimensions falling at or below the lower extreme of the 
australopithecine ranges. On the other hand, practically 
all the dental dimensions can be accommodated within the 
range of fossil Homininae. The Olduvai Hominid 13 teeth 
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show the characteristic mesiodistal elongation and 
labioljjngual® narrowing, in some teeth the L/B index 
exceeding even those of the type Olduvai Hominid 7, and 
paratype Olduvai Hominid 6. The occipital bone has a 
relatively slight sagittal curvature, the Occipital Sagittal 
Index being outside the range for australopithecines and 
for Homo erectus pekinensis and within the range for Homo 
sapiens. On the other hand, the parietal sagittal curvature 
is more marked than in all but one australopithecine and 
in all the Pekin fossils, the index falling at the top of the 
range of population means for modern man. Both parietal 
and occipital bones are very small in size, being exceeded 
in some dimensions by one or two australopithecine crania 
and falling short in all dimensions of the range for Homo 
erectus pekinensis. The form of the parietal—antero- 
posteriorly elongated and bilaterally narrow, with a fairly 
abrupt lateral descent in the plane of the parietal boss— 
reproduces closely these features in the somewhat larger 
parietal of the type specimen (Olduvai Hominid 7 from 
F.L.K.N.N. I). 

(b) Olduvai Hominid 6 from F.L.K. I. An unworn lower 
left premolar, identified as P,, an unworn, practically com- 
plete crown and partly developed roots of an upper molar, 
either M? or M?, as well as a number of fragments of 
cranial vault. These remains were found at the Zinjan- 
thropus site and level, some in situ and some on the surface, 
Both teeth are small for an australopithecine, especially 
in bueccolingual breadth, but large for Homo erectus. The 
marked tendency to elongation and narrowing imparts to 
both teeth an L/B index outside the range for all known 
australopithecine homologues and even beyond the range 
for Homo erectus pekinensis. The elongating-narrowing 
tendency is more marked in this molar than in the upper 
molar belonging to the type specimen (Olduvai Hominid 
7) from F.L.K.N.N. I. 

(c) Olduvai Hominid 8 from F.L.K.N.N. I. Remains of 
an adult individual found on the same horizon as the type 
specimen, and represented by two complete proximal 
phalanges, a fragment of a rather heavily worn tooth 
(premolar or molar), and a set of foot-bones passessing 
most of the specializations associated with the plantigrade 
propulsive feet of modern man. Probably the clavicle 
found at this site belongs to this adult rather than to the 
juvenile type-specimen; it is characterized by clear overall 
similarities to the clavicle of Homo sapiens sapiens. 

(d) Olduvai Hominid 4 from M.K. I. A fragment of the 
posterior part of the left corpus mandibulae, containing 
a well-preserved, fully erupted molar, either M, or M,. 
The width of the mandible is 19-2 m level with the mesial 
half of the molar, but the maximum width must have 
been somewhat greater. The molar is 15-1 mm in mesio- 
distal length and 13-0 mm in buccolingual breadth; it is 
thus a small and narrow tooth by australopithecine 
standards, but large in comparison with Homo erectus 
molars. There are several other isolated dental fragments, 
including a moderately worn molar fragment. These are 
stratigraphically the oldest hominid remains yet discovered 
at Olduvai. 


Referred Material 


Olduvai Hominid 14 from M.W.K. II. (1) A juvenile 
represented by a fragment of the right parietal with clear, 
unfused sutural margins; two smaller vault fragments with 
sutural margins; a left and a right temporal fragment, 
each including the mandibular fossa. 

(2) A fragmentary skull with parts of the upper and lower 
dentition of a young adult from site F.L.K. II, Maiko 
Gully, Olduvai, Bed IT, is also provisionally referred to 
Homo habilis. This specimen is catalogued as Olduvai 
Hominid 16. It is represented by the complete upper 
right dentition, as well as some of the left maxillary teeth, 
together with some of the mandibular teeth. The skull 
fragments include parts of the frontal, with both the 
external orbital angles preserved, as well as the supra- 


NATURE 9 


orbital region, except for the glabella; purts of both 
parietals and the occipital are also represented. 


Implications for Hominid Phylogeny 


In preparing our diagnosis of Homo habilis, we have not 
overlooked the fact that there are several other African 
(and perhaps Asian) fossil hominids whose status may now 
require re-examination in the light of the new discoveries 
and of the setting up of this new species. The specimens 
originally described by Broom and Robinson as Telanthro- 
pus capensis and which were later transferred by Robinson 
to Homo erectus may well prove, on closer comparative 
investigation, to belong to Homo habilis. Tho Kanam 
mandibular fragment, discovered by the expedition in 
1932 by one of us (L. S. B. L.), and which has boen shown 
to possess archaic features (Tobias, Nature, 185, 946; 1960), 
may well justify further investigation along these lines. 
The Lake Chad craniofacial fragment, provisionally 
described by M. Yves Coppens in 1962, as an australo- 
pithecine, is not, we are convinced, a member of this 
sub-family. We understand that the discoverer himself. 
following his investigation of the australopithecine 
originals from South Africa and Tanganyike, now 
shares our view in this respect. We believe that it 
is very probably a northern representative of Homo 
habilis. 

Outside Africa, the possibility will have to be considered 
that the teeth and cranial fragments found at Ubeidiyah 
on the Jordan River in Israel may also belong to Homo 
habilis rather than to Australopithecus. 


Cultural Association 


When. the skull of Australopithecus (Zinjanthropus) 
boisei was found on a living floor at F.L.K. I, no remains 
of any other type of hominid were known from the early 
part of the Olduvai sequence. It seemed reasonable, 
therefore, to assume that this skull represented the makers 
of the Oldowan culture. The subsequent discovery of 
remains of Homo habilis in association with the Oldowan 
culture at three other sites has considerably altered the 
position. While it is possible that Zinjanthropus and 
Homo habilis both made stone tools, it is probable that the 
latter was the more advanced tool maker and that the 
Zinjanthropus skull represents an intruder (or a victim) 
on & Homo habilis living site. 

The recent discovery of a rough circle of loosely piled 
stones on the living floor at site D.K. I, in the lower part 
of Bed I, is noteworthy. This site is geologically son- 
temporary with M.K. I, less than one mile distant, where 
remains of Homo habilis have been found. It seems that 
the early hominids of this period were capable of making 
rough shelters or windbreaks and it is likely that Homo 
habilis may have been responsible, 


Relationship to Australopithecus (Zinjanthropus) 


The fossil human remains representing the new species 
Homo habilis have been found in Bed I and in the lower 
and middle part of Bed IT. Two of the sites, M.K. I and 
F.L.E.N.N. I, are geologically older than that which 
yielded the skull of the australopithecine Zinjanthropus. 
One site, F.L.K. I, has yielded both Australopithecus 
(Zinjanthropus) and remains of Homo habilis, while two 
sites are later, namely M.N.K. II and F.L.K. II Maiko 
gully. The new mandible of Ausiralopithecus (Zinjanthro- 
pus) type from Lake Natron, reported in the precoding 
article by Dr. and Mrs. Leakey, was associated with a 
fauna of Bed II affinities. 

It thus seems clear that two differont branches of the 
Hominidae were evolving side by side in the Olduvai 
region during the Upper Villafranchian and the lower part 
of the Middle Pleistocene. 
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MEASUREMENTS OF PLANETARY ELECTRIC CURRENTS 
By Pror. S. K. RUNCORN 


Department of Physics, University of Newcastle upon Tyne, and Jet Propulsion Laboratory, California Institute of 
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OME years ago! I suggested that steady electric 

currents originating in the Earth’s core might just 

be detectable at the surface of the Earth. Such leakage 

currents, if measurable, would convey important informa- 

tion about the distribution and intensity of those causing 
the main geomagnetic field. 

The existence of such currents is inherent in theories 
which ascribe the field to a self-exciting dynamo process. 
Elsasser® pointed out the importance for geomagnetism 
‘of the reciprocity between the magnetic and electric 
vectors in electromagnetic theory. The magnetic field 
H is expressible in, the form of a vector potential A by 
‘the equation: 

H = curl A 


Because the gradient of any scalar function can be added 
to A, it is possible to express A in terms of two scalar 
functions vg and Ņm. In dealing with magnetic fields in 
a spherical shell or sphere, this is done by forming from 
these scalars a vector along the radial direction and one at 
right angles to it, that is: 


A=rbe + raVdu 






nology, Pasadena 


This separation has physical significance, for the magnetic 
fields corresponding to the two terms, called the magnetic 
and electric modes, are generated in different ways. The 
electric mode, Hz, is given by: 


Hg = curl rọg = —raVye 


and consequently consists of lines of forces wrapped round 
spherical surfaces. The current, Jz (in E.M.U.), giving 
rise to such a field is: 


d 
4nJe = curl? rọg = VG? te) — rV*bzE 
and therefore has radial components. 


On the other hand, the magnetic mode field Hy has 
radial components. 


i d 
Hy = curlr aV ẹmu = — curl rom = — V GG rpa) + rV bar 


Bullard? has shown that a sphere rotating inside a 
conducting spherical shell in a magnetic mode field gener- 
ates an electric mode field, and he gave reasons for suppos- 
ing this to ocour in the Earth’s core, as its angular velocity 
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varies with radius. I have shown! that an electromotive 
force on the core-mantle boundary generates an electric 
mode field. In general one can say that in a spherically 
symmetrical body, it is difficult to see why current should 
flow solely around the Harth’s axis as is necessary to 
genorate the dipole field, as Schuster‘ first pointed out 
when he was searching for a cause of geomagnetism. Con- 
sequently strong electric mode fields are an essential 
assumption in the theory of the Earth’s magnetic field, 
and a direct proof of their existence is most desirable. 

I argued quantitatively? for a mantle of uniform conduc- 
tivity, and Roberts and Lowes’ proved, more generally, 
that, assuming the electrical conductivity to fall off mono- 
tonically with radius, the electric current leaking to the 
surface from the electric mode in the core is probably 
meastirable. The potential gradient is of the order of 
0-1-1 mV/km throughout the mantle. 

The detection of steady Earth currents over distances 
of the order of 1 km is not possible, as the contact poten- 
tials between the electrodes and the Earth cannot be 
controlled to the necessary accuracy. The chance of 
carrying through this experiment successfully has there- 
fore had to await the opportunity recently presented by 
the abandonment of the telegraph cables in the Pacific. 

Fig. 1 shows the cables which have been used in pre- 
liminary experiments carried out last spring by the 
courtesy of Cable and Wireless, Ltd., London, and the 
Overseas Telecommunications Commission of Australia, 
Sydney. Each cable consists of a central conductor 
surrounded, by an insulator protected by a wire sheath. 
At each end an additional insulated conductor is run out 
to sea and attached to the sheath between 2 and 8 miles. 
By means of these ‘sea earths’ it is possible to earth both 
ends of each cable, sufficiently far from the land to minim- 
ize chemical disturbances, so that it may reasonably be 


supposed that the contact potentials at each end of the 
cable are constant and nearly cqual. By measuring the 
current between one end of the main cable and the sea 
earth it is possible to measure the potential difference 
between the Pacific at either end. 

It was expected that the geomagnetic daily variation 
would induce in the ocean a fluctuating electromotive 
force containing periods of 24 h, 12 h, ete. (for the part 
of the daily variation depending on the lunar day ix only 
one-twentieth of that depending on the solar day’. 
Inspection of the first results, however, showed a dominant 
component of a period of half the lunar day (12 h 25 min). 
It must be concluded therefore that the motional induction 
resulting from the oceanic tides outweighs the induction 
due to the geomagnetic daily variation. 

An order of magnitude argument supports this inter- 
pretation. The height of the equilibrium oceanic tide 
is about 1 ft. The vertical component of the tidal velocity 
is therefore about 10-3 cm/sec. The horizontal velocity 
components are larger by the ratio of the wave-length of 
the tide divided by the depth of the ocean (of the order of 
10). The horizontal velocity (v) is 10 cm/sec and the 
electric field generated is vZ (where Z is the vertical con- 
ponent of the geomagnetic field) or 10-§ V/em. This 
value, | mV/km. is of the order of that observed. 

The electromotive force induced by the lunar oceanic 
tide will, of course, be a pure sine wave with a perio 
half the lunar day Tz (24 h 50 min). That induced by 
the solar oceanic tide and the geomagnetic daily vuriation 
(neglecting the lunar component of the latter) will be a 
non-sinusoidal, periodic function f(t) of a solar day (Ts). 
but perturbed by effects of geomagnetic disturbances 
D(t). 

Thus the observed variation of potential difference 
between the ends of each cable for each day V, Ta can 
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be expressed by the relations, where A and a are the 
amplitude apd phase of the tidal induced effect: 


Vit) = A sin Qn(2t/Tr + a) + ft) + D, 

V(t) = A sin 2n[2(¢ + Ts)/TL + a] + f(t + Ts) + Dz 

The method of analysis therefore consisted in subtract- 
ing the values at the same hour from the records for two 
adjacent days. 

Thus: 
V,- V, 


—2A sin 2rnTs/Tr cos 2n(2t/T, + a + Ts/Tr) 
+ D, — D, 

In averages of such differences taken over a number 
of lunar days the disturbances will tend to bo eliminated. 

Fig. 2 shows the measurements of earth currents made 
on the Suva—Auckland cable during May 16-19 and Fig. 3 
on the Sydney—Auckland cable during May 16-19. The 
results plotted are the averages over each hour. The 
differences between the results for adjacent days are 
determined as described here and the average differences 
over the days are shown by full lines in Figs. 4 and 5 
(Suva~Auckland and Sydney--Auckland cables respec- 
tively). To these curves is fitted a sinusoidal wave of 
period Tz/2, shown by dotted lines in Figs. 4 and 5. The 
amplitude of this wave is divided by 2 sin 2r7's/T, to 
give A. Its phase enables a to be found. Hence the 
currents due to the lunar oceanic tide can be compared 
with the observed readings. These are shown each day 
by the thin lines on Figs. 2 and 3. It is clear that, at 
least on magnetically quiet days, the main currents 
arise from the ocean tides. : 

It will be seen that the current induced directly by 
the quiet-day daily variation is less evident. As the tidal 
effects are exactly sinusoidal the mean potential differ- 
ences for many days should be a good measure of the 
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Zoology at Queen's University, Belfast : 
: Prof. R. A. R. Gresson 


Pror. R. A. R. Gresson, who retires this year from 
the chair of zoology at Queen’s University, Belfast, has 
held this post since 1949. Born in County Wicklow, he 
graduated at the University of Edinburgh, to which he 
returned in 1931 as lecturer in zoology under Prof. Ash- 
worth. In 1941 he obtained the degree of D.Sc. for his 
research work on mammalian gametogenesis, and in 1946 
was appointed to a senior lectureship in Edinburgh. A 
wide experience in cytology led to the publication of his 
Essentials of General Cytology (1948). Prof. Gresson is 
known not only for his work on the role of cytoplasmic 
organoids (especially the Golgi complex) in the develop- 
ment of germ-cells, but also for his many researches in 
the field of invertebrate cytology, Since taking up his 
post in Belfast, the numerous problems posed by helminth 
structure and function have claimed much of his attention. 
This interest led, in 1961, to a personal grant from the 
Wellcome Foundation for the establishment of an electron 
microscope unit within the Department of Zoology. Prof. 
Gresson’s diplomatic and unobtrusive guidance, patent to 
all who have worked with him, has resulted in the har- 
monious expansion and diversification of the Department. 
Although himself concerned primarily with the ultimate 
structure of living matter, his horizons have not been 
correspondingly limited. His long-standing concern for 
the preservation of the Irish fauna has contributed 
significantly to a general awakening of interest in con- 
servation in that country. 


Prof. G. Owen 


Dr. G. Owren, who has been appointed to succeed Prof. 
Gresson, graduated with honours at University College, 
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steady electric currents flowing. On the limited mamit 
of material so far available it appears that they are no 
more than 0-1 mV/km. 

The extension of these observations which will bo 
shortly undertaken should provide an interosting study of 
the tides in the middle of the ocean. It will be seen from 
the figures that thero is a phase relation between the 
Earth currents and the tidal heights. Wore the udes 
standing waves, the velocities would be zoro ut lugh and 
low tides. But, as the latter oceur when the potentiat 
differences are numerically greatest, tho tides in this arca 
are progressive waves. These not widely suspected 
motional induction effects in the oceans may make appre. 
ciable contribution to the geomagnetic variations obser ect 
on the continents. 

I thank Mrs. L. Broglio for help with the analmis of 
these results, and Mr. D. J. Moore of Cable and Wireless, 
Lid., Suva City, and Mr. J. D. Wood of the Overseas 
Telecommunications Commission of Australia, who made 
the recordings. I also thank Mr. D. Scott of Cable and 
Wireless, Ltd., London, and Mr. W. W. Jenvey of tho 
Overseas Telecommunications Commission of Australia, 
whose co-operation made it possible to carry out thes» 
observations. 

I also thank the Australian Academy of Scienecs for the 
award of a J. Ellerton Becker senior visiting fellowship 
which enabled me to carry out this work. It was 
completed at the Jet Propulsion Laboratory. sponsored 
by the National Aeronautics and Space Adnunistration 
under contract NAS 7-100. 

2 Runcorn, S. K., Trans. Amer. Geophys. Un., 35, 49 (1054). 

® Elsasser, W. M., Phys. Rev., 69, 106 (1946); 70, 202 (1946); 72, #21 “19477, 
3 Bullard, E. C., Proc, Roy. Soe., A,187, 433 (1949). 

* Schuster, A., Proc. Phys. Soc., 24, 121 (1912). 

5 Roberts, P. H., and Lowes, F, J., J. Geophys, Res., 66, 1213 (1061). 
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Cardiff, in 1950. He had previously spent five years in tho 
Royal Air Force. He then proceeded to the University of 
Glasgow where, initially on a grant from tho Developinent 
Commission, he worked with Prof. C. M. Yonge on fune- 
tional morphology in the Bivalvia. <A series of funda- 
mentally important papers formed the thesis for which he 
received a D.Sc. from the University of Glasgow in 1959. 
He had meanwhile become a lecturer in zoology, and in 
1956, with the award of a John Murray travelling student- 
ship, spent six months in Now Zealand, at Christchurch and 
at the Marine Station at Portobello, working on brachio- 
pods and molluscs. More recently he has found addit-onel 
interest in invertebrate connective tissue and has also 
successfully initiated a unit for electron ainicrosvopy. 
He has played a major part in teaching and in the direc- 
tion of research at Glasgow and will bring academic 
distinction and high personal qualitics to his new post. 


Biology at the University of Lancaster: 
Prof, C. D. Pigott 


Dr. C. D. Praort, who has beon appointed professor of 
biology in the new University of Lancastor, is a Fellow 
of Emmanuel College, Cambridge. from which College he 
took Parts 1 and 2 of the Natural Sciences Tripos in [948 
and 1949. His capacity for ecological research was evident 
in his investigations of the taxonomy and ecology of the 
British species of Thymus, which constituted his work for 
the Ph.D. degree, much of which later appeared in 
scientific journals. In 1951] he joined Prof. A. R. Clapham 
in Sheffield and they wero associated in building up an 
important school of research on the intimate relations 
between the plant and its environment. In particular, a 
study by Pigott of the autecology of Jacob’s ladder, 
Polemonium caeruleum, shows this kind of research work 
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at its best, while his paper on “The Vegetation of Upper 
Teesdale’, published in 1956, discloses field studies in 
their most impressive and rewarding form. In 1960 Dr. 
Pigott returned to a lectureship in Cambridge, where he 
has continued to pursue direct research on the relationship 
between the plant and the soil environment with par- 
ticular emphasis on the phosphate requirements of wood- 
land species sensitive to low concentrations of this 
element. Dr. Pigott’s field studies in the Pennines have 
led him to important conclusions regarding the origin of 
the soils of that region as affected by the conditions of 
the glacial and post-glacial periods, and together with his 
wife he has published interesting investigations of pollen 
analysis of the vegetational history of the Malham area. 
Dr. Pigott will bring to Lancaster much experience of, 
and an alert interest in, soils, vegetation and the general 
ecology of Northern England. 


The 1962 Corday-Morgan Medal and Prize 


Dr. N. BARTLETT, associate professor in the Department 
of Chemistry, University of British Columbia, has been 
awarded the 1962 Corday-Morgan Medal and Prize by the 
Chemical Society in consideration of his prediction and 
discovery of the first stable compounds of an inert gas. 
This award, consisting of a Silver Medal and a monetary 

; prize, is made annually to the chemist of either sex and of 
British nationality who, in the judgment of the Council 
of the Chemical Society, has published during the year in 
question, and in the immediately preceding five years, 
tho most meritorious contribution to experimental 
chemistry, and who has not, at the date of publication, 
attained the age of thirty-six years. 


Effective Use of Technical College Resources in Britain 


Tae National Advisory Council on Education for 
Industry and Commerce is to set up a new committee to 
suggest ways of making the most effective use of tech- 
nical college resources. The terms of reference of the 
committee will be: ‘In the light of the expansion of their 
work now in hand, and the further demands which 
national developments are likely to place on them, to 
suggest ways of making the most effective use of the 
resources available and expected to become available in 
technical and other colleges of further education”. Sir 
Harry Pilkington, chairman of the National Advisory 
Council on Education for Industry and Commerce, is to 
be chairman of the committee, which will include: Sir 
William Alexander, secretary of the Association of 
Education Committees; Dr.’ Frank Briers, principal of the 
City College and Art School, Norwich; Mr. J. A. Hunt, 
director, Hymatic Engineering Co., Ltd., and chairman 
of Governing Body, Birmingham College of Advanced 
Technology; Mr. J. Longden, head of Mechanical 
Engineering Department, Mid-Warwickshire College of 
Further Education, and at present president of the 
Association of Teachers in Technical Institutions; Mr. 
S. J. Noel-Brown, chairman and managing director, S. J. 
Noel-Brown and Co., Ltd., management consultants; 
Dr. F. Lincoln Ralphs, chief education officer, Norfolk 
County Council; Sir Lionel Russell, chief education 
officer, Birmingham. 


Desalination of Salt Water 


In reply to a question in the House of Lords on March 
3, the Parliamentary Secretary to the Minister for Science, 
the Earl of Bessborough, said that the Government had 
noted the announcement of the President of the United 
States on February 6 of co-operation with Israel in 
research into ways of turning salt water into fresh by 
means of nuclear energy, and of their willingness to pool 
intellectual resources working on this problem with all 
countries. An expert from the British Water Research 
Association recently visited Israel and was fully con- 
versant with what was being done there. The United 
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Kingdom was represented by two leading experts on a 
panel convened by the International Atemic Energy 
Agency, the focal point for probing experience’ and 
knowledge, and Britain would continue to contribute the 
benefits of her knowledge and experience. So far, dis- 
tillation processes were the only methods of desalination 
capable of economic application and they were used in 
installations built by British firms, which were recognized 
throughout the world as the leading manufacturers and 
had been responsible for the bulk of the installations at 
present operating overseas. The Department of Scientific 
and Industrial Research had set up a committee to con- 
sider what further help could be provided to support 
research in British industry to help the United Kingdom 
in the forefront of desalinating technology. In principle 
there was no difficulty in using nuclear energy as the 
source of heat, and in some circumstances combinations 
of a distillation plant with a power station could offer 
advantage. The Atomic Energy Authority was studying 
these problems. 

Later, the Earl of Bessborough put the cost of water 
supplied by this method in Britain at about 9s. per 
1,000 gallons and added that Britain used only about 
5 per cent of her rainwater as opposed to 95 per cent in 
Israel. He declined to discuss the question of under- 
ground storage and could give no estimate of the cost of 
the research work on the use of nuclear power for this 
purpose. Afterwards, he announced that the Council for 
Scientific and Industrial Research had offered an ear- 
marked grant of £34,325 over three years to the Water 
Research Association for investigations in desalination, 
which would enable the Association to keep a closer watch 
on work in the United States and elsewhere and to com- 
mission a study of the economic factors as they affect 
Britain. (See also p. 1 of this issue of Nature.) 


‘Water Supply, Drainage and Pollution 


Arso on March 3, the Earl of Albemarle asked the 
Government to arrange for interdepartmental consulta- 
tion forthwith between the Waterways Board and the 
Housing, Agricultural and Health Departments so as to 
adjust future policy regarding water supply, drainage and 
pollution; and put to common use the maps and graphs 
accumulated by the Surface Water Inland Survey Division. 
Replying, the Joint Parliamentary Secretary to the 
Ministry of Housing and Local Government, Lord Hast- 
ings, said that consultation was possible without special 
arrangements and much of the information held by the 
Surface Water Survey of the Ministry of Housing and 
Local Government had been published. There had also been. 
full exchange of information of mutual interest between 
the Survey and the Waterways Board and its predecessors. 
The Earl of Albemarle pointed out that the Board had 
complained in its interim report of difficulties over con- 
sultation and he also pointed out that insufficient attention 
was being directed to the purity of water. Much of the 
£595,000 received by the Waterways Board was from sales 
of water to factories on the banks of canals which did not 
want pure water; he urged that more attention should . 
be directed to the use of unpurified water from the canals. 
Supported by Earl Alexander of Hillsborough and Vis- 
count St.’ Davids, the Earl of Albemarle pressed his 
request for urgent attention to the matter of consultation, 
and finally Lord Hastings agreed to take the matter to 
the Minister. 


Extra-mural Work and Audio-visual Aids 


In a written answer in the House of Commons on 
March 3, the Minister for Science, Mr. Q. Hogg, stated 
that in the academic year 1961-62 universities spent 
£468,000 from their general income on extra-mural classes 
and similar work. Grants to extra-mural departments of 
universities by the Ministry of Education were £555,000 
in the financial year 1962-63 and were expected to total 


es 
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£635,000 in 1963-64. In reply to a further question, Mr. 
Hogg stated that members of the Committee on Audio- 
Visuel Aids in teaching and research would be visiting 
the United States in April, and he understood their 
itinerary included visits to universities, colleges of 
education and technological colleges. The Committee’s 
terms of reference were drafted to cover fields thought to 
offer the greatest immediate potential scope for such aids, 
and to achieve a reasonably early report, but there was 
no intention to prejudice possible use of audio-visual aids 
in other fields of higher education. Four American pro- 
fessors in Britain had already given evidence to the 
Committee. 


New Chair of Building. at University College, London 


A NEW. chair is to be established at the Bartlett School of 
Architecture at University College, London. This chair 
has been made possible by financial support from the 
London Master Builders Association. The new professor, 
who it is hoped will be appointed before October 1964, 
will be engaged in research into the economics and organ- 
ization of the building industry. The Bartlett School of 
Architecture provides three-year courses leading to & 
B.A. or B.Sc. degree. These courses are taken by both 
future architects and men who intend to work in the 
building industry. The new professor will contribute to 
the teaching of these students, who are educated side by 
side. He will also teach postgraduate students who are 
following advanced studies in the economics and organiza- 
tion of the building industry, and who may have taken 
first degrees in architecture, economics or civil engineering. 
His research students will include men from a variety of 
disciplines related to building and urban development. 
The establishment of this chair follows a programme 
initiated at University College, whereby postgraduate 
architectural students undergo a period of training with 
building contractors in the London area. It is expected 
that the new chair will have an important effect in bridging 
the gulf between the professions and the industry in 
building. : 


Scientific and Technical Information in the U.S.S.R. 


A REPORT issued by the Information Division of the 
Department of Scientific and Industrial Research de- 
scribes briefly the visit to Moscow and Leningrad of a 
delegation of the Department and the Association of 
Special Libraries and Information Bureaux (Aslib) during 
June 7-24, 1963 (Information in the Soviet Union. Pp. 
iv+44. London: Library, Department of Scientific and 
Industrial Research, 1964. Gratis). The report includes 
notes on scientific libraries and information centres 
visited, and comments on the relevance of what was seen 
to corresponding activities in the United Kingdom. 
Appendixes to the report give more detailed information 
on the institutions visited. A mein impression derived 
was the sense of urgency and importance accorded in the 
U.S.S.R. to all aspects of the preparation, publication 
and dissemination of the results of scientific research and 
development and the flow of technical information to 
industry. Present arrangements are under review and a 
long-term programme of research into scientific documen- 
tation has been started. The organized supply of scientific 
and technical information is treated as an essential part 
of the centralized control of research and development in 
support of national plans for industrial production. A 
State Committee for the Co-ordination of Scientific 
Research has a headquarters of information department 
and is advised by a Special Scientific Council on In- 
formation Problems. There is an all-union Institute 
for Scientific and Technical Information which has 
as its main tasks: thé preparation of abstracts in tho 
natural and applied sciences (excluding architecture, 
building, medicine and agriculture); the organization of 
instruction in scientific information in universities and 
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institutes; and the organization and co-ordination of 
research into the rational organization of information 
activities, and the mechanical and automatic means of 
processing and retrieving scientific information. Its work 
in the production of physics abstracts, postgraduate 
instruction in the use of libraries and in scientific informa- 
tion and machine translation is of special interest to the 
United Kingdom. Many of its permanent staff cf 2,500 
are highly qualified scientists, 


Scientific Research in France 


THE report of the National Centre for Scientific 
Research, Paris, October 1962-October 1963, is a massive 
volume of more than 600 pages (Rapport d'Activité, 
Octobre 1962-Octobre 1963. Pp. 510. Paris: Contre 
National de la Recherche Scientifique, 1963). Following 
& brief introduction, the first part deals with the budget, 
which for 1963 at 282 million francs represents an increaso 
of 29 per cent on 1962; of this total, 48-1 million francs 
represents fresh resources, and 16-2 million francs salary 
increases, eto. The staff of the Centre has accordingly been 
increased from 908 to 1,052, of whom 356 are rescarch 
workers and 700 technicians. Expenditure on staff was 
206 million francs, compared with 163 million francs in 
1962. The total number of research workers supported 
rose by 9-2 per cent to 4,123, of whom 146 aro directors or 
assistant directors of research centres and 56 directors of 
research contracts; of this total, 820 are engaged in the 
human sciences and 3,288 in the exact or natural sciences 
(physical chemistry, 343; organic chemistry, 305; bio- 
logical chemistry, 270; nuclear physics, 251; zoology and 
animal biology, 213; electronics, electricity and mag- 
netics, 205; experimental pathology and therapeutics, 
193; mineral chemistry, 187; physiology, 178). Grants 
for materials totalled 18 million franes and for equipment 
20 million franes; and for international missions, 5-6 
million francs. The second part of the report deals with 
the work of the National Committee for Scientific 
Research and describes briefly the activities of the various 
research groups. The third part, occupying somo 300 
pages, deals with the work of the laboratories and research. 
centres maintained by the National Centre, including 
notes on research in progress and, occasionally, lists of 
publications. There are also brief reports from the several 
scientific commissions. 


Biology of the Antarctic Seas 


LEADING marine biologists present the results of recent 
work in antarctic waters in Biology of the Antarctic Seas. 
the first volume of a new series of books called the ‘‘Antarc- 
tic Research Series” which will appear in April. Tho 
book will be published by the American Geophysical 
Union, 1515 Massachusetts Avenue, N.W., Washington, 
D.C., 20005. The series is funded by a grant from the 
U.S. National Science Foundation, and future volumos 
will include all phases of antarctic research. Volumes 
now being planned are in the fields of glaciology, metcoro- 
logy, aeronomy, geology, pedology and botany. Further 
information can be obtained from the American Geo- 
physical Union. 


Food Preservation Quarterly 


A RECENT issue of Food Preservation Quarterly (23. 
No. 3; September 1963. Division of Food Preservation, 
C.S.LR.0., Australia). contains the following original 
papers: - “Trends in Citrus Products in the U.S.A.” by 
J. F. Kefford; “Use of the Maturometer for Quality 
Grading of Peas”, by B. K. Nortje, C. J. B. Smit and 
K..J. Kotze; and “Experimental Shipments of Apples 
and Pears”, by E. G. Hall. Also reported on is the Food 
Technology Exhibition held at the Division’s research 
laboratories at North Ryde on July 4 and attended by 
about 125 technologists. This included displays of a 
device for rapidly removing peas from their pods with 
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jess damage than is normally caused by the conventional 
viner. In referring to this ‘pea sheller’ the report states: 
“The effect on the quality of frozen peas was strikingly 
demonstrated -by inviting the visitors to compare the 
taste of peas frozen after preparation by the two methods. 
The effect on canned peas is equally dramatic”. Other 
exhibits included the spin cooker which is particularly 
suitable for heat-sensitive products due to the shortening 
of the processing time, and a recently installed belt-trough 
drier capable of drying foods at a very rapid rate. Ex- 
penditure by the Division of Food Preservation in 1962-63 
amounted to £422,100, of which 94 per cent came from 
the Commonwealth Treasury. 


Rounding Errors in Algebraic Processes 


Tue National Physical Laboratory Notes on Applied 
Science series has already provided an admirable epitome 
of modern computing methods (No. 16. Second edition. 
1961). A new volume, entitled Rounding Errors in Alge- 
braic Processes, will be equally valuable though of more 
limited appeal (No. 32. Pp. vi+161.° London: H.M.S.O., 
1963. 21s. net). The rapid performance by high-speed 
digital computers of a multitude of arithmetical operations 
increases the need for a study of the cumulative effect of 
rounding-off errors beyond the somewhat casual investi- 
gations of those who occasionally use a desk computer. 
Dr. J. H. Wilkinson gives a systematic analysis of rounding 
errors in fixed-point and floating-point computations, and 
a selective but extensive discussion of certain basic 
problems: zeros of a polynomial, solution of sets of 
linear equations, inversion of matrices, eigenvalues of a 
matrix. Although primarily a monograph for the 
specialist, the book provides an insight into some of the 
technical problems of a rapidly expanding domain likely 
to interest anyone concerned with the theory of modern 
computation. 


Uranium Deposits of Blind River 


Ten years have passed since the first diamond drilling 
was undertaken to assess the economic potentiality of the 
uranium-bearing conglomerates in the Blind River district 
of Ontario, and this decade has seen the population of the 
new mining field rise rapidly to close on 30,000 in 1960, 
followed by an equally rapid fall to around 8,000 in 
1961-63 as the world glut of uranium ores became rocog- 
nized and many mines closed down. To-day, the field 
remains the third most important source of uranium to 
the Western World, surpassed only by the Colorado 
Plateau and adjoining regions and by the Witwatersrand; 
and a special interest therefore attaches to the first full 
account of its geology, recently published by the Geo- 
logical Survey of Canada (Bulletin No. 83: Stratigraphy, 
Petrology, and Genesis of the Elliot Group, Blind River, 
Ontario, including the Uraniferous Conglomerate. By P. J. 
Pienaar. Pp. x+140. Ottawa: Queen’s Printer, 1963. 
2 dollars). The new memoir is concorned principally with 
the sedimentation of the ore-bearing conglomerates and 
associated strata, and the much-debated problems of the 
origin of the ore deposits are not discussed; but it pro- 
vides extensive sedimentological and chemical information. 
which will help to promote a fuller understanding of the 
genesis of the mineralization. Both the alluvial and 
hydrothermal schools of thought will find support for 
their views, the former in the close association of uranium 
with sedimentary structures and the latter in the high 
concentration of the ores—seams of black uranium 
minerals in some cross-beds are up to an inch thick and 
carry as much as 40 per cent U,0,. As in the comparable 
deposits of the Witwatersrand and Krivoi Rog (Ukraine), 
the mineralized sediments have been found to be a great 
deal older than was originally surmised. Geochronological 
investigations have lately dated two diabase dykes cutting 
the Lorrain formation, much higher in the Proterozoic 
sequence than the Elliot Group conglomerates, respec- 
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tively at 1,600 and 1,995 million years (Geological Survey 
of Canada Paper 63-17: Age Determination and Geo- 
logical Studies (Including Isotopic Ages)-4. By G. B. 
Leech, J. A. Lowdon, C. H. Stockwell and R. K. Wanless. 
Pp. iv+140. Ottawa: Queen’s Printer, 1963. 75 cents). 


Welicome-Swedish Travelling Research Fellowships, 
1964-65 


APPLICATIONS are invited for the Wellcome-Swedish 
travelling research fellowships, 1964-65, the object of 
which is to encourage co-operation, on an exchange basis, 
between Swedish and British research workers in any 
branch of the natural sciences which has a bearing on 
human and animal medicine. One fellowship is awarded 
annually to a candidate from the United Kingdom for a 
year’s work in Sweden and one annually to a Swedish 
candidate for a year’s work in the United Kingdom. The 
stipend may range from £1,000 to £2,000 per annum (or the 
equivalent sums in Swedish kroner), travelling and some 
additional expenses being provided in addition. Further 
information can be cbtained from the Scientific Secretary, 
the Wellcome Trust, 52 Queen Anne Street, London, W.1. 
Applications must be submitted before April 30. 


Announcements 


Pror. Erwin Cuarcarr, professor of biochemistry, 
Columbia University, has been awarded the first Dr. 
H. P. Heineken Prize (DA. 35,000) by the Royal Nether- 
lands Academy of Sciences for his work in biochemistry. 


Pror. C. L. Pexuris, head of the Department of Applied 
Mathematics at the Weizmann Institute of Science, 
Rehovoth, has been elected an Associate of the Royal 
Astronomical Society of Great Britain. Prof. Pekeris 
has headed the Department of Applied Mathematics at 
the Weizmann Institute since 1948. During 1932-35 he 
was a member of Harvard Observatory, where he carried 
out research on stellar atmospheres. In 1936, Prof. 
Pekeris developed the resonance theory of atmospheric 
tides, and predicted that the température rises with 
height above 35 km. This prediction was later confirmed 
by rocket soundings. 


A CONFERENCE on ‘Quality is Good Business”, spon- 
sored by the National Council for Quality and Reliability, 
will be held at Solihull on April 29. Further information 
can be obtained from the Secretary, National Council for 
Quality and Reliability, Vintry House, Queen Street 
Place, London, E.C.4. 


Tue third symposium on “Enzymes in Clinical Chemis- 
try”, organized by the Belgian Society of Clinical 
Chemistry, will be held in the University of Ghent during 
April 24-25. Subjects under discussion will include: 
methodology; isoenzymes; enzymatic histochemistry; 
congenital enzymopathology. Further information can 
be obtained from the secretary of the organizing com- 
mittee, Dr. P. de Moerloose, St.-Jansvest 12, Ghent. 


Erratum. The article “Biosynthesis of Messenger and 
Ribosomal Ribonucleic Acids in the Nucleolochromosomal 
Apparatus of Animal Cels”, which appears on p. 1291 of 
the December 28 issue of Nature, was submitted by 
G. P. Georgiev, O. P. Samarina, M. I. Lerman and M. N. 
Smirnov from the A. N. Severtzov Institute of Animal 
Morphology, Institute of Radiation and Physico-Chemical 
Biology, Academy of Sciences and Institute of Biological 
and Medical Chemistry, Academy of Medical Sciences, 
Moscow, U.S.S.R. The following corrections should be 
made: in the legend to Table 1, references 6 and 7 should 
be substituted for 8 and 9, and pe. for ug; in the lower 
right-hand graph of Fig. 1, D-RNA should be substituted 
for R-RNA; reference 15 should read ‘Lerman, M. I.. 
Mantieva, V. L., and Georgiev, G. P., Dokl. Akad. Nauk 
U.S.S.R., 152, 744 (1963). 
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THE NATURE CONSERVANCY 


N view of the decision to establish a Natural Resources 
Research Council, which if the recommendations of the 
Slater Committee and the Trend Committee are followed 
would incorporate the present functions of the Nature 
Conservancy, the Conservancy’s report for the year ended 
September 30, 1963, is of special interest*. The Con- 
servancy believes that the confidence expressed in its 
previous annual report has been justified, and that it 
should be possible to secure that conservation as an aim 
is built into the policies of all-important national bodies 
and interests concerned—at least within Britain. It is 
less confident as to the elimination of acts and policies 
that utterly disregard or are opposed to conservation 
within the foreseeable future if present-day efforts are 
intensified: the establishment of a Natural Resources 
Research Council can scarcely fail to assist both ends. It 
could also contribute to the awakening in educational 
and biological circles as to the essential significance of 
conservation and ecological studies and encourage the 
' co-operation that is of such vital importance. 

The present report contains ample evidence of the impor- 
tance of such co-operation to the promotion of which the 
Conservancy devotes much effort. About @ third of the 
report is occupied by an account of scientific research in 
progress, on which the Conservancy spent £86,743 out 
of its total expenditure of £564,417 in the year ended 
March 31, 1963. Of this figure, £65,758 was for grants 
for research, training and studentships, £6,035 for 
special surveys, etc., £10,996 for the Unit of Grouse and 
Moorland Ecology, and £3,954 for research on grey 
seals and salmon. £334,177 was expended on salaries, 
superannuation, etc., £55,105 on general administration, 
£46,054 on rents, rates, maintenance, etc., and £41,339 on 
technical and general equipment. Staff in post at Septem- 
ber 30, 1963, totalled 322 of whom 144 wero scientists. 

Five new research grants, totalling £5,636, were 
approved during the year and 16 existing grants were 
renewed or extended, bringing the total expenditure on 
grants to £47,202. A new contract was approved with 
the Devon Naturalists’ Trust for investigations on the 
large blue butterfly (Maculinea arion) and three contracts 
with the British Trust for Ornithology for research on 
bird population and migration were replaced by a single 
interim grant pending submission of a comprehensive 
application for a long-term grant. Much of the Trust’s 
grant-aid work is an essential complement to the Con- 
servancy’s own research work into the effects of toxic 
chemicals in wild-life; for research grants in this field 
an additional £4,000 is being provided in the financial 
year beginning April 1964. 

Reference has been mado elsewhere to research on toxic 
chemicals and wild-life (see Nature, 201, 954; 1964). 
Apart from this, at Merlewood Research Station a major 
theme of woodland research was the study of the circula- 
tion of mineral materials within the woodland ecosystem. 
The main fungal investigations of species suecession are 
reaching their final stage. At Moor House, for the first 
time, information is available on the numbers of sheep on 
the Reserve, their movements and the account of their 
grazing activity: investigations on the growth of moorland 
plants are yielding fundamental information on the 
environmental requirements of plants growing on plots 
of low mineral content as well as emphasizing the impor- 


* Report of the Nature Conservancy for the year ended 30th September, 
1963. Pp. vii+164+12 plates. (London: H.M.S.O., 1963.) lls. 6d. net. 
(See also p. 1 of this issue of Nature.) 


tance of the nutrient content of rain for plant growth on 
blanket peats. 

The investigation of variation in the nutrient content of 
trees, between trees and at different seasons in oak wood- 
lands continued. Since April 1962, measurements have 
been. made of the quantities of water and certain dissolved 
nutrients falling as rain and flowing down a stream drain- 
ing a catchment of 200 acres. While the main object of 
the experiment on the productive capacity of blanket -peat 
vegetation, commenced in 1958, cannot be attained in less 
than 10 or 15 years, measures have been obtained of tho 
rate of decomposition of cotton-grass litter, the annual 
net fixation of mineral nutrients in the aerial parts of the 
plants, and the growth rate of ling during the first five 
years after removal of all vegetation. 

At Furzebrook Research Station, the investigation of 
the ecology of southern heaths continued and work on 
distribution of many species in heathland with correlated 
observations on height, slope, soil, microclimate anc 
vegetation is reported as being well advanced. Studies 
on the seasonal growth-pattern of salt-marsh plants and 
on the seasonal pattern of salinity changes in Spartina 
marsh were made in Poole Harbour, as well as surveys 
of Bronsee Marsh. Physiographical work continucd at 
Bridgwater Bay and Dawlish Warren and included also 
a study of the blow-outs of Braunton Burrows Dune 
system, ecological studies to determine the soil and 
vegetational changes during the year and the seasonal 
nutrient requirements for certain plant species, and an 
investigation of the Pleistocene chronology of the beach 
and adjacent coast-line at Orfordness. 

An examination of the invertebrate fauna of open- 
ground habitats is at present concerned with the grass 
heaths of the Suffolk Breckland, and work was commenced 
on recording the colonization and succession of inverte- 
brates in a dyke on Woodwalton Fen National Naturc 
Reservo, which is not connected to the main dyke system. 
Quantitative changes in the vegetation as a result of shoop 
grazing are being studied at Old Winchester Hill National 
Nature Reserve and investigations of seed and litter fall in 
oakwood are being continued at three levels at Yarner 
Wood. Investigations during the past two years into the 
mineral nutrition of seedling Scots pine show that at the 
nutrient-levels encountered in most Scottish hill peats 
the development of mycorrhizal roots is vital for un- 
checked growth; in continuance of the assessment of 
vegetational productivity on Rhum, completion of the 
map of vegetation below 1,500 ft. is expected shortly. 
Investigations by the Unit of Grouse and Moorland 
Ecology indicate that it may be necessary to modify the 
predictions that variations in the summer growth of the 
principal food plant, heather, givo rise to corresponding 
fluctuations in red grouse breeding densities in the same 
area, and that variations in the winter die-off of heather 
are correlated with the breeding success of grouse in the 
same areas in the succeeding summer. The detailed study 
of the grey seal colony in Orkney continued and a study 
was begun of the incidence and effects of disease among 
pups in the breeding colonies of the Orkney and the Farne 
Islands. The study of the survival of the different classes 
of animal in a population of short-tailed voles (AZicrotus 
agrestis) continued at the Carron Valley, Stirlingshire, and 
investigations are being carried out on the remarkable 
increase and spread of the pine marten. 

At Bangor, particular attention is being directed to the 
influence of climate and soil on the nature of plant com- 
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munities, the density of animal populations and the yield 
of living material from the areas studied: a main problem 
has been that of the soils of a vegetation complex at Moel 
Eilio in the Conway Valley, where a mosaic of brown 
earths and peaty podzols occurs. The study and charac- 
terization of clay minerals of Snowdonian soil clays has 
continued, with particular emphasis on those derived from 
pumice tuff, and an investigation has been started on the 
mineral nutrient turnover in selected mountain grassland 
ecosystems, as well as a long-term investigation into the 
effects of different sheep-population densities on the prod- 
uctivity of a mountain grassland community at Cwm Dyli. 

In conservation a new co-operative approach was made 
to the chronic problems of the Norfolk and Suffolk Broads 
and a similar type of approach is being made to the prob- 
lems of the Breckland and of the Purbeck area. With the 
approval of the management plan for Knocking Hoe and 
the revised plan for Roudsea Wood, 29 out of the 52 
English reserves are now managed on approved plans, 
24 out of 29 Scottish reserves and 10 out of 24 Welsh 
reserves. Revised lists of notified ‘sites of special scientific 
interest’ were approved for Cumberland, Lancashire, 
‘Glamorgan, Monmouthshire, Breconshire, Flintshire and 
Montgomeryshire. However, reference is made in the 
report to the danger which service requirements offer to 
several such sites, as well as to the concern for the New 
Forest and other areas arising from large-scale pollution 
from the proposed 2,000-MW power station at Fawley. 
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The reports on the conservation work in different parts 
of Britain contain much of scientific interes? and his is 
no less true of the work of the Scientific Advisory Services, 
Some reference has been made elsewhere to this work in 
respect of toxic chemicals and water resources (see 
Nature, 201, 954; 1964), and the value of this work is 
further illustrated in the Conservancy’s second major 
scientific monograph, The Geology of Moor House: a 
National Nature Reserve in North-East Westmorland, 
issued in February 1963 (Nature, 199, 941; 1963), and in 
work with regard to the protection of birds: it was on 
the Conservancy’s advice that the Home Office decided 
that oyster-catchers should not be controlled by shooting 
unless common-netting failed. 

The report includes some account of the Conservancy’s 
educational work, including the successful conferences to 
discuss proposals for the experimental use of Ainsdale Sand 
Dunes as an educational nature reserve: a section on 
international and overseas activities indicates the growing 
extent of such spheres of action. The Conservancy is 
called on to participate in such programmes as the African 
Special Project of the International Union for Conserva- 
tion of Nature and Natural Resources, the European and 
North African Marshlands project and the planning of the 
International Biological Programme. The Conservancy 
is also represented on a Committee of Experts for the 
Conservancy of Nature and landscape, which was set up 
by the Council of Europe. 


SCIENCE IN LOCAL GOVERNMENT 


2 ee growing demand for scientific advice in local 
government has essentially been brought about by 
four major factors: (1) new materials arising from indus- 
trial development; (2) increasing appreciation on the part 
of responsible local government officials of the assistance 
that the seientist can give; (3) the availability of new 
methods for detecting harmful contaminants and assessing 
quality; (4) the use of methods based on modern tech- 
niques in place of traditional ones. That this is so is well 
demonstrated by the annual report for 1962 of the 
Scientific Adviser to the London County Council *. 
The report describes the work of the Scientific Branch 
of the Public Health Department, the services of which 
have now been made available to the Metropolitan 
borough councils. Moreover, on the retirement of their 
public analyst, two of those boroughs have arranged for 
the food and drugs analysis work to be transferred to the 
Council’s laboratories, and a public analyst has been 
appointed for these duties as well as the work on food 
and drug purchases by the Council. The staff of the 
Branch now totals 99, including 38 graduates, 54 ancillary 
staff and 7 in a clerical section: a list of scientific staff is 
attached to the report. Samples handled reached a record 
of 66,463. Many analytical reports entailed no laboratory 
work, and besides attendance at scientific committees and 
. the preparations of specifications, the staff was called on 
for work on new methods of analysis and new equipment. 
The work of the Scientific Branch of the Council’s 
Public Health Department is carried out at the head- 
quarters laboratories at the County Hall and in labor- 
atories at the Northern and Southern Outfall Works at 
Beckton and Crossness, respectively. Some 22,265 air- 
safety tests were made at the Northern Outfall Works 
Laboratory, where investigations were made in the 
possible use of an industrial sludge and into the efficiency 
of the precipitron filters at the power house; and a gas 
chromatograph was constructed to use a katharometer of 


* London County Council, Public Health Doyartmant: Scientific Branch, 
Annual Report of the Scientific Adviser, 1962. Pp. 78+4 plates. (London: 
Lr ndon County Council, 1963.) 


the ‘Pretzel’ cell type for detecting methane. A survey 
was also made of methods for determining nitrate in 
effluents. At the Southern Outfall Works Laboratory, 
dissolved oxygen and sulphide relations in Thames water 
were investigated, and, besides the attention regularly 
given to the condition of the Thames, waters from tribu- 
taries of the Thames were regularly examined by the 
Branch. 

Much attention was given to paints and building 
materials, while besides foodstuffs generally, including 
tender samples, deliveries and complaints, specimen 
meals served to school children were analysed to enable 
the organizers to check the nutrient values. Regular 
observations were made of the degree of air pollution at 
23 sites, and investigation of the concentration of sulphur 
dioxide at a sixth-floor flat 140 ft. from the chimney of a 
boiler house showed a concentration of 55 per cent above 
the ‘smog’-level during at least 40 per cent of a five-day 
period when the wind was in the right direction. The 
building of tall blocks within range of power-station 
chimneys thus presents a special problem and more 
information is needed. Methods for detecting and 
measuring traces of radioactive matter were further 
developed, and the Branch co-operates with other depart- 
ments to ensure efficient water treatment in the Council’s 
bathing ponds and swimming pools, while weekly tests 
were made of the atmospheric conditions in Blackwall 
and Rotherhithe Tunnels when the Tunnels were carrying 
heavy traffic. 

Work was extensively undertaken for the London Fire 
Brigade, and fabrics were tested for fame-proof properties, 
wall-surface materials for the rate of flame-spread and 
rubber hose for its quality and suitability for use in the 
fire service. Besides regular examination of samples 
from steam-raising plants, the use of ‘Calgon’ or ‘Micro- 
met’ for inhibiting scale-formation in domestic hot-water 
systems continued with satisfactory results. Dosing hot- 
water heating systems with dichlorophen ab 20 p.p.m. 
proved completely successful in destroying colonies of 
sulphate-reducing organisms in both small and large 
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heating installations, and in ensuring circulation troubles 
due to gaslocking and blockage of pipes by sludge. 
Some research was undertaken for improving products 
manufactured to the Council’s specifications, such as a 


MANAGERS AND 


FURTHER occasional paper from the Institute of 

Personnel Management, which is entitled Managers 
and Shop Stewards*, gives a balanced but concise 
account of the problems presented in industry by the 
rise of the shop steward—a phenomenon which reinforces 
much of the argument to-day for more attention to 
management and industrial training generally, including 
the education of the shop stewards themselves. There 
are also ample notes and references. 

In the first chapter, Mr. Marsh reviews the growth of 
workplace bargaining as he describes the essentially 
domestic issues of a works or factory with which the shop 
steward is concerned, pointing out that the shop stewards 
as we know them to-day, except in the printing industry 
and in some engineering firms, date only from the early 
1940’s. He explains the work of the shop stewards and 
the inevitability of some form of workplace bargaining, 
quite apart from outside agreements, for managements 
which desire close relations with their workers on a 
domestic basis, In the second chapter he discusses the 
advantages and disadvantages which workplace bar- 
gaining presents for the Unions and the solutions which 
the Trade Unions could offer. He points out that, in 
Trade Unions, rules and discipline are not related in any 
simple way and that Unions rules form only part of the 
system of regulations under which shop stewards operate; 
other kinds of rules may be more important than those 
provided by the Unions themselves. Both Unions and 


* Institute of Personnel Management. Managers and Shop Stewards, 
B en Marsh Pp. 40. (London: Institute of Personnel Management, 
.) 78. Bd. 


LEARNING 


“HREE papers recently published in Educational 
Research (6, No. 1; November 1963. Published for 
the National Foundation for Educational Research by 
Newnes Educational Publishing Co., Ltd.) deal with the 
concept of reading readiness which has prevailed in 
English-speaking countries over the past few decades, 
during which it has been widely held that a child is not 
ready to learn to read until he has attained a mental age 
of about 64. A. E. Sanderson feels that this concept is 
in urgent need of re-examination since nation-wide 
literacy is possible only in an environment exerting 
social and economic pressure on children to acquire and 
uso reading habits and skills. The concept implies that 
children reach the stage of reading readiness at different 
chronological ages, and that the teacher is in a position 
to give individual attention to each child. On the other 
hand, the risk of frustration and of the development of 
actual resistance to reading can be avoided by not pressing 
children to begin too soon. 

If reading readiness depends on mental age, some kind 
of test would seem to be necessary to establish it in the 
ease of each child. In the classroom, however, that is 
impracticable, and most teachers say that they know by 
‘instinct’ when the appropriate time has arrived. In this 
respect, indications suggest that parents are taking less 
interest in their children’s reading than in former times: 
even so, clashes between schools and parents’ ambitions 
for their children are by no means uncommon, while the 
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laundry powder for white work at large laundries and & 
detergent for use in washing-up machines. The assess- 
ment of traffic noise has become a principal task of the 
Physics Section. 


SHOP STEWARDS 


employers are conscious that the greatest force for control 
within any Union is not the rules themselves but the 
relation of workplace representatives with full-time 
officials, and Mr. Marsh insists that while there can be 
strong Unions there cannot be good relations without 
good employers. 

Mr. Marsh then examines in his third chapter tho 
advantages and problems of workplace bargaining for 
management and the solutions which management could 
offer, stressing particularly that management should show 
more initiative in this field to ensure that the rules under 
which bargaining is conducted are understandable and 
predictable. Finally, in his last chapter on tho future of 
workplace bargaining, he considers the challenge which 
the evolution of this system presents, the reasons which 
have led both Unions and employers to favour the growth 
of educational provision for both management and shop 
stewards-in the field of industrial relations in the work- 
place. This he regards as a major challenge to the toaching 
capacity of managements, Unions, technical colleges and 
extra-mural educational bodies like the Workers Educa- 
tional Association and the universities. While that is a 
long-term contribution, the heaviest and primary respons- 
ibility lies with management, not because managements 
are often wrong, but because they cannot afford the 
luxury of ‘not being right’, and Mr. Marsh suggests in 
conclusion that the responsibilities of managers under 
workplace bargaining are so onerous that they would be 
wise to act as if it were true that managements get the 
shop stewards they deserve. 


TO READ 


best results are obtained when there is active co-operation 
between school and home. 

R. Lynn relates reading readiness to the process of 
mental maturation, which, in the minds of many people, 
is a biological phenomenon that cannot be speeded up; 
and a good many observers hold that before the mental 
age of 6-8 a child is capable of recognizing simple outline 
figures but not matters of detail. Lynn considers that 
statements like these underrate children’s capacity for 
perception, particularly since it has been shown that they 
can distinguish between nonsense letters, like squares, 
triangles and irregular shapes, at a mental age of 4-4}. 
He quotes a number of cases of children who have taken 
the first steps in reading as early as 16-18 months, the 
record for this apparently being held by Francis Galton, 
who could recognize all the capital letters when only one 
year old. In two of these cases, however, the children 
lost interest in reading soon after they had begun. 

A fairly common difficulty which children experience 
is in distinguishing between reversals (n and u) and be- 
tween mirror images (d and 6). It has been shown that 
certain animals, such as rats and octopuses, have trouble 
of the same kind. With children, there is some evidence 
that this problem may be capable of solution through 
practice under suitable care. 

To J. A. Downing the question, should we, is separate 
from that of can we teach children of young age to read. 
He believes that the problem-solving schemata of 


20 


learning to read comprise only part of the complex of 
factors which’ constitute general intelligence, and he 
quotes results of experimental tests showing that the age 
at which children begin to read is influenced by the 
teacher and classroom atmosphere as well as by their 
parents. To him, reading is a ‘decoding’ operation which 
is simpler in a language like Finnish, in which there is a 
consistent relation between the code and its phonemes, 
than in English with its multitude of ambiguities and 
complexities. In some other languages, orthographies 
present a different set of problems. 

To meet difficulties of this kind, a new code called the 
Initial Teaching Medium has been devised, which is 
based on an alphabet and spelling simpler than the 
medium in which most beginners’ books are printed. Its 
advantages are that it contains fewer ambiguities, it is 
less complex, in reading it the eyes move continuously 
from left to right, never having to reverse, and there are 
fewer items to be learned for phonemes and whole words. 
Working with the Initial Teaching Medium, children can 
begin to read earlier; in other words, reading readiness 
is related to the complexity of the reading code. 

Learning to write is an ‘encoding’ process distinct from 
learning to read. Not only does it depend on the co- 
ordination of a different set of muscles for working with 
pencils or crayons, but it involves the mastery of an 
orthography distinct from that which is used in print. 
Downing refers with favour to developments in the 
Responsive Environments Laboratory of Yale Univer- 
sity, where O. K. Moore is attempting to by-pass some of 
these difficulties by encouraging children to use ordinary 
electric typewriters as well as a computer-controlled 


THE NETHERLANDS 


WO illustrated brochures in English have recently 

been issued by the Netherlands Reactor Centre 
(Reactor Centrum Nederland). The first* gives a general 
survey of the reactors HFR (high-flux reactor), LFR (low- 
flux reactor) and KRITO (critical experiment reactor) at 
the research establishment at Petten and of the research 
carried out by the various departments, and the second f 
is a summary of the activities of the Centre during the 
period January 1, 1962—June 30, 1963, together with 
financial details for 1962. 

The Reactor Centrum Nederland, a foundation set 
up on July 6, 1955, consists of a Board of Governors 
of forty members and a Board of eleven members, repre- 
senting the Netherlands Government, the electricity pro- 
ducers, a number of Dutch industries, and the Foundation 
for Fundamental Research on Matter, which is the body 
mainly supporting nuclear research in the Dutch univer- 
sities and colleges. The chairman of both Boards is Dr. 
E. L. Kramer. 

The reactor HFR became critical for the first time 
during November 1961, but the reactor tank was found 
to have defective welds and a new tank was installed 
during February 1962. The power was then gradually 
increased to the 20 MW for which the installation was 
designed. In November-1962 the reactor was transferred 
to Euratom to become the principal installation of the 
new Euratom research centre adjoining the site of the 
Reactor Centrum Nederland at Petten. The agreement 
between the Netherlands Government and the Euratom 
Commission stipulates that for the first four years at least 
the HFR will be operated for Euratom by the Reactor 
Centrum Nederland and that the Dutch irradiation pro- 
gramme will have priority so far as this reactor is concerned. 


* The Research of Reactor Centrum Nederland, General Survey of Activities, 
1963, Pp. 35. Issued by External Relations, RCN (August 1963). 


+ Reactor Centrum Nederland. Summary of Activities, January 1982- ~ 


July 10638. Pp. 16. (The Hague: Reactor Centrum Nederland, 1963.) 
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‘talking’ typewriter which can ‘talk back’ to the child. 
It has been found that children between 2}°and 6eyears 
of age can use the ordinary keyboard, and that they 
enjoy the experience. Moore emphasizes that as children 
learn to type they ought to master the elements of 
punctuation, which are also part of the encoding system; 
and Downing suggests that a simple design of typing 
machine, capable of reproducing 43 letters of the aug- 
mented alphabet used in the Initial Teaching Medium, 
could be mass-produced cheaply, and that under school 
conditions machines of this kind could be made available 
for use along with paper, pencils, crayons and ink. Then 
they might help to bring a child’s reading and writing 
into line with his listening, speaking and thinking. 
Taking the three papers together, one is impressed by 
the importance and diversity of the issues on which they 
touch, yet at the same time by the slight amount of 
attention which is being directed to them in the British 
Commonwealth, or indeed, apart: from the United States, 
in any part of the world. In our present-day civilization, 
communication holds a central place. Immense advances 
have been made in the development of new media, like 
the telephone, cinema, radio and television, but so far, 
little has been done to bring the older, traditional forms, 
including the structure of language, the alphabet, spelling, 
the shape of letters, and along with them, reading and 
writing, and even speaking, up to date. These are points 
of cardinal importance in relation to what is destined to 
become the premier language in the world. Then, of 
course, there is the question what people read after they 
have become literate; but that problem brings up other 
considerations. R. WEATHERALL 
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REACTOR CENTRE 


The Enrico Fermi Building for Experimental Reactor 
Physics has been completed and houses the 10-kKW 
‘Argonaut’ type reactor LF'R and, in the closed concrete | 
hall which forms part of the north wing of the building, 
the reactor KRITO, which became critical on March 28, 
1963. KRITO is a zero-energy reactor, designed by the 
Reactor Centrum Nederland and built entirely by Dutch 
firms, and is an important part of the NERO reactor 
development programme carried out in association with 
Euratom. The programme comprises experiments for the 
development of a 61-MW (thermal) pressurized water 
reactor suitable for ship propulsion. The Reactor Cen- 
trum Nederland has collaborated with a German indus- 
trial combination interested in the design of an advanced 
pressurized water reactor for the German experimental 
nuclear vessel and has taken part in the Netherlands 
working group studying a 52,000-ton tanker equipped 
with a pressurized water reactor. This investigation was 
one of three—the others in Scandinavia and France—for 
the European Nuclear Energy Agency of the Organization 
for Economic Co-operation and Development. 

The Evaluation and Design Department of the Reactor 
Centrum Nederland has been concerned with three 
research reactor projects. The first was BARN (Bio- 
logical Agricultural Reactor Netherlands), a 100-kW 
swimming-pool reactor, built at the Institute for the 
Application of Atomic Energy to Agriculture, near 
Wageningen. The fissile material is 3,400 g 90 per cent 
enriched uranium. Water is both moderator and coolant, 
and the reactor, which became critical on April 9, 1963, 
has two irradiation channels and a thermal column. The 
second project was that of HCO, a critical experiment to 
be installed at the Euratom establishment at Ispra, and 
the third, a small research reactor of the ‘Argonaut’ 
type designed for the Technological University at 
Eindhoven. 
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Both brochures mention work carried out jointly with 
the Nerwegian Institutt for Atomenergi at Kjeller, near 
Oslo. About twenty Dutch technicians are working at 
Kjeller on six different projects, and six Norwegians are 
assisting with five other joint projects at Petten. At the 
KEMA laboratories in Arnhem, work on the develop- 
ment of a homogeneous reactor is continuing in collabora- 
tion with Euratom. The nuclear fuel for this reactor is to 
be a suspension of ThO,-UO, particles in water, and the 
aim is to develop a reactor in which an equal amount of 
fissile material is produced as that consumed. Methods 
have been developed for the production of suitable par- 


NATURE 21 


ticles—smooth, densely sintered spheres of 2~3n diameter 
—and a 250-kW suspension test reactor KSTR (KEMA 
Suspension Test Reactor) is being designed. Tests have 
been made of the damage caused by irradiation of the 
suspension particles and it has been shown that the degree 
of damage is strongly dependent on the acidity of the 
colloid suspension. For these tests new measuring tech- 
niques had to be developed, for the investigation consists 
of colloid chemistry at temperatures above 100° C and 
represents an entirely new field in the science of chemistry. 


S. WEINTROUR 


FLUORIDE METABOLISM IN PLANTS 
By Sin RUDOLPH PETERS, F.R.S., and M. SHORTHOUSE 


Department of Biochemistry, University of Cambridge 


HE fact that some plants (Chailletaciae) in Africa, 

especially Dichapetalum cymosum (gifblaar) and other 
species, synthesize fluoroacetate (F.CH,.COOH) raises the 
general question whether the synthesis of the FC bond is a 
general property of plants. More recently another plant 
has been added to the list; the Acacia georginae from 
Central Australia makes fluoroacetate’?. Against the 
idea that such a synthesis is a general property of plants, 
there are several known facts. 

Among several veterinary investigations, one may quote 
the recent one made by Shupe et al.3 on cows; the effects 
of fluoride ingestion led to fluorosis, to change in the bones 
and teeth. Even so, it took about 4 years for these to 
develop on diets containing 45 p.p.m., and 2 years on 
95 p.p.m. Shupe et al. observed no alterations in the soft 
tissues and no effect on the calves. Such experiments do 
much, to eliminate any latent fear that dosing with small 
amounts of fluoride may give rise to fluoroacetate. It 
seemed, however, that there was need for an investigation 
of the fluoride metabolism of grass, to make sure that it 
did not synthesize the CF bond. Some preliminary experi- 
ments in this direction were made by one of us with Mr. 
R. J. Hall at Babraham, Cambridge; in which a plot of 
grass was watered. This was kindly put at our disposal 
by the director, Dr. I. de Burgh Daly. These did not give 
decisive results. It was thought that a more direct test 
on seedlings exposed to varying concentration of fluoride 
would give more information. These experiments form the 
basis of this article. 

The method published by R. J. Hall‘ was used. In this 
the diffusion method of Singer and Armstrong’, somewhat 
modified, is followed by a modified colorimetric estimation, 
depending on the formation of an alizarin complexan 
(Belcher et al.*). Diffusion is carried out at 60° C from 


strong perchloric acid. With this method one can detect | 


with reasonable accuracy amounts of fluoride from 0-2 ug 
to 1-0 pg. 0-1 ug can be detected with errors up to 11 por 
cent. As devised, the method makes possible the investiga- 
tion of fluoride metabolism in small samplings of grass 
seedlings. 

Grass seedlings 14-16 days old from Carter’s Mixed 
Seed Invicta with rye grass in lots of 1-0 g (about 20 seed- 
lings) were exposed in beakers for varying periods of time 
and concentration of fluoride. The 29 experiments done 
included grass grown on vermiculite, and muslin and 
‘Terylene’ on water. Analyses were made of inorganic 
fluoride, fluoride acid labile on diffusion, total fluoride 
by combustion at 600° C, and alkali labile fluoride. 

Exps. a and b in Table 1 show that grass takes up F- 
from fluoride solutions. la, one out of 4 experiments, 
indicates that this increases from 1 to 4 h exposure at 
1-05 mM; 18, that increase of fluoride concentration up to 
21-0 mM much increases the uptake. In our early experi- 


ments we found ‘extra’ fluoride by combustion, here called 
total fluoride, that is, the total F- was greater than in- 
organic F-. We experienced some difficulty in accounting 
for this, but we now consider that fluoride is also presont 
in the insoluble residue and that differences found between 
total and inorganic F were due to failure to remove com- 
pletely the last traces of ‘solids’ from the supernatants. 


Table 1. UPTAKE OF INORGANIC FLUORIDE BY GRASS SEEDLINGS 


Seedlings Cone. Content of inorganic F (ug/g) 
Exp. grown for: F- atl0h 20h 30h 40h 160h 
a) 19days 1-05 mM 15 15 17 3-4 — 
8 14 days 6-25 mM 28 39 eaii 30-0 58 
10:50 mM 34 45 — 31i 68 
15°75 mM 40 80 — 55 161 
21-00 mM 51 94 _ 62 282 


1-0 mM = 19 p.p.m. . 

1-0-g samples Fiboui 20 whole seedlings) were exposed in diffused light to 
NaF- in water. After the time stated, the seedlings were thoroughly washed 
six times quickly with distilled water; excess moisture was removed. They 
were then weighed and ground in cooled mortar with 1 per cent perchloric 
acid (20 ml.). After centrifuging, the solid was washed three times and 
supernatants and residue analysed separately. 


In support of this, Table 2 gives details of two recent 
experiments. It shows clearly that when all precautions 
are taken, even with high concentrations of fluoride 
representing 300 and 200 p.p.m., no organic fluoride is 
formed. This view was confirmed by experiments mado 
in the course of the work, where we have not been able to 
find any extra F- liberated in this way by alkaline hydro- 
lysis, a characteristic of fluoroacetate. Further, an extract 
of grass seedlings exposed to fluoride had no fluoroacctato 
effect on guinea pig kidney homogenate, that is, no extra 
accumulation of citrate by our usual tests’. 


Table 2. ANALYSIS OF INORGANIC AND TOTAL FLUORIDE TAKEN UP BY 
GRASS SEEDLINGS FROM HIGH CONCENTRATIONS OF F- 
Fluoride (ug/g) 
Seedlings Conc. F- Time of supernatant Residue 
grown for: (mM) exposure Inorg. Total total 
11 days 15°75 56h 1,500 1,515 > 200 
17 days 10-50 4 days 448 461 > 40 


Details of the experiments were as in Table 1. 


In a search through the literature we have only found 
one instance in which the actual uptake of fluoride has 
been estimated. Applegate, Adams and Carriker® using 
seedlings of Phaseolus vulgaris (minus cotyledons) have 
determined fluoride taken up at 3 stages of growth in 
different strengths of fluoride. There was not much 
difference in uptake between the light and dark. When 
exposed to 1-0 mM F- the uptake of inorganic F was 22 
ug/g. An increase to 10:0 mM gave an increase of ten 
times, and with 100 mM the uptake was 2,846 ug/g. In 
our case a rather steep rise for a long exposure took place 
between 10-5 and 15-75 mM. 

Concentrations of total fluorine may reach 10-0 mM in 
the soil, but of this only a small amount is present in & 
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22 


soluble form (personal communication from Mr. L. R. 
Murray). If all were present as calcium fluoride, the 
amount which is soluble would be 7-8 ug/g (7-8 p.p.m., or 
0-41 mM), well below the amount which gave a significant 
uptake in our experiments. 

We think it significant also that, as our technique 
improved, the difference between our estimates of in- 
organic and total fluoride in the extracts made with 
perchloric acid diminished to zero. We have also no 
evidence of the presence of organic fluorine in the solid 
residue. This has been examined in detail in one instance, 
in the case of grass which had been exposed to 300 ug/g F- 
for 3 days. After removal of the supernatant obtained 
with perchloric acid at room temperature, we subjected 
the residue to the action of: (a) hot perchloric acid, 
followed by (b) extraction with chloroform—methanol 
solution to extract all lipids, leaving a final insoluble 
residue: (a) contained inorganic F- 400 ugjg, total F 420 
ug/g, a difference within experimental error; (b) contained 
26 ug/g inorganic F-. The solid left by this drastic treat- 
ment gave a total F- of 53 ug/g. The presence of fluorine 
in these extracts and in the final solid raises points of 
scientific interest ; in the present connexion, however, there 
is no evidence that the material left behind after our first 
extraction with perchloric acid contained any fluoroace- 
tate. This gives confidence that there is no organic 
fluoride formed. There is also additional evidence 
showing the exceptional nature of the capacity to synthe- 
size the organic fluorine compounds. Tea often contains 
much fluoride; we have analysed a commercial specimen 
containing 150 ug/g, which did‘ not contain organic 
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fluorine liberated by alkaline hydrolysis. This, is, of 
course, consistent with the fact that many persons drink 
large amounts of tea daily without harm. We also watered 
a Camellia plant with fluoride, and found that it took up 
large amounts of inorganic F- in the leaves, without form- 
ing organie fluoride. In experiments in progress in col- 
laboration with Mr. L. R. Murray on Acacia georginae, to 
which this work is preliminary, the position is different. 

Conclusion. Grass seedlings exposed to inorganic fluoride 
solutions do not take up appreciable amounts of fluoride 
until concentrations of more than 1:0 mM (19 p.p.m.) are 
used. No formation of organic fluoride has been found, 
even with exposure to 15:75 mM fluoride, indicating that 
there is no formation of fluoroacetate or similar com- 
pounds. 

We acknowledge help in this preliminary work of Mrs. 
A. Davies; we also thank Shell Research, Ltd., and the 
Wellcome Trust for grants for technical assistance, the 
Wellcome Trust for grants for expenses and Tropical 
Products Institute for the loan of apparatus. Prof. F. G. 
Young kindly provided facilities. 
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EFFECTS OF WATER POTENTIAL ON GERMINATION OF PEA SEEDS 
By MAN SINGH MANOHAR and Dr. W. HEYDECKER 


Department of Horticulture, University of Nottingham 


TATER shortage can be an important cause of failure 
of seeds to germinate in the field. This shortage 
may be due to a high matrix potential’, or a high osmotic 
potential, or both, although high osmotic potentials are 
uncommon under conditions of good husbandry in humid 
regions. Because of difficulties in producing definable 
and reproducible conditions at the soil/seed interface, 
model systems are frequently used in investigations of 
the effects of moisture on germination, and since matrix 
and osmotic effects are generally regarded as equivalent in 
thermodynamic terms, both have been used to produce 
experimental water potentials. 

However, Collis-George and Sands? conclude that the 
results of their work on germination do not support the 
hypothesis that osmotic and matrix potentials are inter- 
changeable in their quantitative influence on plant 
behaviour. They consider that the movement of solutes 
from the soil solution through the cell membranes is a 
simple diffusion process “because there is 
not a truly semi-permeable membrane which 
can permanently exclude the solute external 
to the cell” and therefore “any detrimental 
biological consequence is that of an internal 
toxicity rather than an osmotic drought” (our 
italics). 

This hypothesis is apparently supported 
by the results of our own work on the effects 
of moisture stress as caused by different 
osmotic potentials on rate and percentage of 
germination of pea seeds. However, we have 
evidence suggesting that the testa is in fact 
differentially permeable and that entry of 
solute into an intact seed may ocour exclu- 
sively through the micropyle. At the same 





time, while working on the effects of different matrix 
potentials, we have found that the area of contact between 
poa seeds and liquid water may considerably modify the 
effect of water potential on germination. 

In mannitol solutions of 0, 5, 10 and 15 atm. osmotic 
potentials (made up according to Morse’s modification of 
the Van’t Hoff equation) the germination percentage of 
‘Kelvedon Wonder’ pea seeds was 100, 98-5, 95 and 93 
respectively. This was in general agreement with the 
results of other workers, although the percentage germina- 
tion in solutions with high osmotic potentials was much 
higher with pea seeds than others had found with range- 
grass’, alfalfa‘-§, radish? and sorghum’. 

Further, the effects of mannitol solutions of 0, 10, 15 
and 20 atm. on different parts of pea seeds were traced 
from a few hours after sowing in Petri dishes until several 
days after germination (eight observation times). Seeds 
for sampling were taken from the dishes, and water or 
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Fig. 1. ‘Transverse section through part of testa of pea seed: A, approximate zone of 
mannitol crystals in parenchyma; B. outer (0) and inner (i) ‘parts’ obtained by dissection. 
cu, Cuticle; pal, palisade; co, column cells; par, parenchyma; m, mannitol 
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mannitol solution was carefully removed from the surface 
of eagh seed, which was then dissected into embryo, 
cotyledons and testa in a saturated atmosphere in a 
humidity chamber. As expected, rate of moisture uptake 
by all seed parts was consistently lower at the higher 
osmotic potentials. On the other hand, the dry weight 
of the testas steadily increased with time in all mannitol 
solutions in proportion to their concentrations, whereas 
the testas of seeds in distilled water (0 atm.) lost dry 
weight steadily. In order to test whether mannitol 
accumulated in the testa, a number of seeds were soaked 
in mannitol solution (20 atm.), allowed to dry, and then 
dissected. Swellings caused by crystallized material 
had developed within the parenchyma of the testa (Fig. 
1A) and chromatograms provided evidence that this 
material was indeed mannitol. 

It is known! that the testa of pea seeds is composed of 
three types of cell, namely, one layer of palisade cells, one 
layer of ‘column’ cells and a few layers of parenchyma 
cells. In order to investigate how mannitol came to 
accumulate within the parenchyma, seeds of ‘Meteor’ peas 
were soaked in distilled water for 24 h and the testas 
removed. It was found that with great care these could 
be separated into an outer and an inner part (Fig. 1B) 
and the zone of separation coincided with the cell zone 
where crystallized mannitol had been found in the previous 
experiment. A number of testas were thus prepared and 
the two parts fitted to the lower ends of 3-mm capillary 
tubes containing 39-cm columns of mannitol solution at 
20 atm. These capillary tubes were then dipped 1 cm 
deep in distilled water to produce small osmometers. 
Both parts of the testa proved to be differentially perm- 
eable to mannitol solution, but the inner part was very 
much more permeable to the solute than the outer (Fig. 2). 

Since mannitol had entered readily into the testas, 
despite the low permeability of the outer part, the micro- 
pyle was suspected of permitting this entry. The micro- 
pyle, measuring about 120u x 80u after imbibition for 24h 
in distilled water, can be discerned as a well-defined 
aperture in the outer part, but it does not extend into the 
parenchymatous layers. Another experiment was there- 
fore carried out, using solutions of two osmotic potentials, 
of 0 atm. (distilled water) and 15 atm. (mannitol solution) 
at the rate of 20 ml. per 20 seeds in 9-cm diam. Petri 
dishes. The micropyles of half the seeds in each treatment 
were covered with ‘Vaseline’. This did not affect the rate 
or total percentage of germination at 0 atm., but germina- 
tion was almost completely prevented at the high osmotic 
potential when the micropyles were blocked (Table 1a). 
It therefore appears that pea seeds are able to germinate 
quickly under high osmotic potentials produced by manni- 
tol, not because of a ready permeability of the testa as a 
whole but because solution enters through the micropyle 
and then passes through the relatively permeable inner 
parenchyma. Blockage of the micropyle maintains the 
osmotic gradient and prevents ready passage of water to 
the embryo. 

In investigations of the effect of matrix potential, with 
distilled water, we confirmed that germination of pea 


Table 1. EFFECT ON GERMINATION (EMERGENCE OF RADIOLE) OF BLOCKAGE 
OF MICROPYLE OF ‘METEOR’ PEA SEEDS 


(a) In solutions of different osmotic potentials (5 x 20 seeds with 20 ml. 
per 9 cm Petri dish) 
Days to germination Germination 


Micropyle Beginning Completion (100 seeds) 
0 atm. Open 2 4 100 
Blocked 2 5 100 
15 atm. en 5 10 96 
(mannitol) Blocked 12 26 14 


(b) At different matrix potentials e Š 10 seeds per ‘Celloton’ BP2 tension 
P. 


e 
Days to germination Germination 


Micropyle Beginning Completion (20 seeds) 
0 atm. Open 4 7 19 
Blocked 3 8 19 
0-1 atm. Open 8 23 19 
Blocked. 8 21 20 
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Fig. 2. Permeability of outer and inner parts of pea (‘Meteor’) seed testa 


seeds was independent of access of water through tho 
micropyle (Table 16), but found that germination was 
affected not only by the moisture potential but also by the 
surface area, of a seed in contact with liquid water. Results 
obtained by germinating seeds on tension plates (Aerox 
‘Celloton’ grade BP2 disks), enclosed in polytheno wrap- 
pers to minimize evaporation, showed that a potential of 
0-1 atm. had a surprisingly great effect on rate of gormina- 
tion (though not on its percentage), considering that the 
diffusion pressure deficit of germinating pea seeds was 
still 2-6 atm. 90 h after being placed on wet filter paper 
(details to be published); even when the water in tho 
tension plate was not under tension (0 atm.) germination 
began and was completed later than in Petri dishes (cf. 
Table læ). 

The effect of the area of contact between secd and 
liquid water was investigated by placing series of ‘Meteor’ 
pea seeds on holes of 6, 3-5, 2 and 1 mm diam., respec- 
tively, drilled in a ‘Perspex’ plate and filled with fine sand 
that was kept wet by capillarity from a water surfaco 
5 mm below the base of the seeds. The temperaturo, as 
in all this work, was nearly constant (20° + 0-5° C) and 
the system was wholly enclosed in order to maintain tho 
atmosphere as near saturation as possible. Table 2 
shows that the rate of germination increased with tho 
area of contact between seed and wet sand, as expected 
by Collis-George and Sands?. Water held under tension 
in a tension plate can, by definition, only present a small 


Table 2, E¥YFECT ON GERMINATION OF SURFACB AREA OF ' METEOR Pra 
SEEDS IN CONTAOT WITH Liquip WATER 


Surface area Days to germination Germination 
(mm?) Beginning Completion (20 seeds) 
0-8 9 21 18 
3 8 14 18 
9 5 10 20 
28 5 9 20 
Control (Petri dish) 2 3 20 
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total area of contact (edges of menisci), and our results 
suggest that this may play an important part in the 
effect of even slight matrix potentials on the germination 
of large seeds. Similar conditions may exist in a non- 
compact soil of low hydraulic conductivity®. 

Thus osmotic and matrix potentials may be theoretically 
equivalent but may differ in their effects on seed germina- 
tion, largely because differences in the spatial systems 
involved tend to reduce the effect of osmotic and increase 
the effect of matrix potentials. 

We thank Prof. J. P. Hudson for his advice and Dr. G. 
Norton for the chromatography. - 


NUCLEOTIDE SEQUENCE IN DEOXYRIBONUCLEIC ACIDS: 
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Note added in proof. Sedgley! has recently come to 


` similar conclusions regarding the importancesof liqujd/seed 


contact during germination. 
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DETERMINATION OF THE DISTRIBUTION OF 
ADENINE RESIDUES 


By Dr. A. S. JONES and R. T. WALKER 


Department of Chemistry, University of Birmingham 


EVERAL methods have been developed for the determ- 
ination of the distribution of pyrimidine residues in 
deoxyribonucleic acids (DNA)!-*, and preliminary results 
for a method for the determination of the distribution of 
purine residues have been reported‘. These give the dis- 
tribution of two bases, so that the number of fragménts 
formed is large. The separation and quantitative 
determination of these are tedious and involve two- 
dimensional chromatography, ete. This article reports 
a procedure for the determination of the distribution of 
the adenine residues in DNA, which can be carried out 
quickly and so be applied to DNA from a large number of 
sources. 

It has already been reported’ that treatment of DNA 
with potassium permanganate at 37° oxidizes all the bases 
except adenine. The resulting oxidized DNA (ODNA, I) 
contained more than 95 per cent of the original adenine 
residues; but the guanine, cytosine and thymine residues 
had been completely converted to ureido residues. Evid- 
ence for structure I and an account of the procedure for the 
permanganate oxidation of DNA are presented elsewhere®. 
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DNA was isolated from the four sources shown in Table 
1. The base contents were as shown, phosphorus contents 
were 8-9 + 0-1 per cent and less than 1-per cent RNA and 
1 per cent protein were present in each case. The 
samples of DNA were oxidized as previously described® and 
the ODNA obtained in 90-95 per cent yield (based on 
phosphorus). 

It was at first thought that the ODNA could be degraded 
to adenine-containing oligonucleotides by treatment with 


N alkali at 37° (vef. 5), but later it was found that more 
vigorous conditions, namely, N alkali at 100° for 1 h, 
were necessary®. This degradation was carried out as 
follows: 

ODNA (40 mg) was dissolved in N potassium hydroxide 
(6 ml.) and oxygen removed by bubbling oxygen-free 
nitrogen through tho solution for 20 min. The vessel 
was then sealed and heated on a boiling-water bath for 
lh. The solution was then cooled and adjusted to pH 
8-6 with perchloric acid, care being taken to ensure that 
the solution never became acid. The potassium perchlor- 
ate was centrifuged off and the supernatant liquid diluted 
to 10 ml. with 0-01 M ammonium bicarbonate and 
fractionated “on a column of DEAE cellulose into nine 
ultra-violet-absorbing components (A-I, Fig. 1). These 
components contained derivatives of adenine and other 
ultra-violet-absorbing compounds. The latter were probab- 
ly derived from the 2-deoxyribose residues. The adenine- 
containing compounds in fractions A-I were as follows: 
A, mainly adenine and a little deoxyadenosine; B, only 
traces of adenine-containing compounds; C, bis(deoxy- 
adenosine)-3’,5’-di-phosphate (ApA, II, R=H, n=2); 
D-H, mainly oligonucleotides of the type AnPn,, (II, 


Optical density (mz) 
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Eig. 1. Fractionation of the products of the alkaline degradation of 
calf thymus ODNA (40 mg) on a column (22 cm x 1 em) of DEAE 


5-ml. fractions were collected. The arrow shows the com- 


cellulose. e 
mencement of elution with M NH,H CO, 
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Table 1. Base COMPOSITION of DNA AND ODNA 




















i ashes, alla toe = za = 4 
| Moles of base/4 g atoms P 
| Source DNA | ODNA 
| i Adenine | Thymine Guanine Cytosine Adenine 
Calf thymus 1-14 | 1:16 0-89 0-89* 1-12 
Bacillus subtilis 1-12 1-14 0-86 0-86 1:10 Less than 0:01 moles of thymine, i 
Alkaligenes faecalis — 0-70 0°68 1:31 1:30 0-69 guanine and cytosine 
Mycobacterium phlei 0°63 0-62 1:38 1-37 0-63 





* Cytosine plus 5-methyleytosine. 


Table 2. ADENINE CONTENT OF FRACTIONS OF THE ALKALINE HYDROLYSATE OF ODNA 

















Percentage of total adenine in fraction: 
Hydrolysate of ODNA from c] a sien 
A+ Bt o D E F a H I : 
a i —~-- = 
f Calf thymus (1) 25°6 5-9 31-9 14-8 104 62 3-0 13 : 
ey 27-7 6-2 30°0 14:8 10-9 6-0 3-0 Aa 
(3, 27-9 59 29-1 16-0 10:0 6:6 S1 1-4 
Bacillus subtilis 27-2 6-2 30-8 14-8 9-5 7-8 2:7 le 
Alkaligenes faecalis 27-7 61 31°5 14:6 9-7 6-1 3-0 13 
Mycobacterium phlei qa 26-7 57 31:3 14-5 8-4 8-0 3-8 1-6 
(2. 26°6 58 811 14:3 85 8'1 3-9 17 
Oligonucleotide from calf thymus . 
DNAT 33:6 45 38-2 12-0 6-7 8-5 1:5 0-0 





* The contribution of B was < 1 per cent of the total adenine of the hydrolysate. 
+ This was obtained from a panoreatic digest of the calf thymus DNA and had an average chain length of eight nucleotide units and contained 


1:04 moles of adenine/4 g atoms phosphorus, 


R= —PO.(OH),; n = 1, 2, 3, 4 and 5 in D, E, F, G and 
H respectively). I, a mixture of oligonucleotides eluted 

` with M ammonium bicarbonate. These components were 
identified from their position of elution from the column, 
and by adenine, phosphorus and end-group phosphorus 
determinations on the chromatographically purified 
components. Details of these procedures are given else- 
where’, These methods did not exclude the possibility of 
the presence of small amounts of components of the type 
AnPr., (II, R=H) in fractions D—H (see later). 

Due to the presence of the other ultra-violet-absorbing 
components, adenine was at first determined by acid 
hydrolysis and separation by paper chromatography. 
Later it was found to be quicker and more accurate to use 
a modification of the colorimetric method described by 
Woodhouse’, by which 5 pg of adenine could be determined 
accurately in the presence of the other ultra-violet- 
absorbing compounds. The percentage of the total adenine 
in each fraction is shown in Table 2. 

There was complete recovery of the adenine of the 
original ODNA. The fractionation was highly reproducible, 
the position of elution of each component being dependent 
on its phosphorus content and on the total amount of 
ammonium bicarbonate passed through the column. 

These results show that the alkaline degradation of 
ODNA does not proceed by a single mechanism. The 
presence of components of the type AnPni, can be ex- 
plained on the basis that, after hydrolysis of the ureido 
residues, a B-elimination reaction occurs, similar to that 
involved in the acidic hydrolysis of DNA’. This does not 
explain, however, the presence of adenine, deoxyadenosine 
and ApA. The ApA could not have been produced by 
degradation of pApAp (II, R = —PO(OH),, n = 2) 
because this and other components of the type AnPn+ı 
were not degraded by N alkali at 100° for 1 h. It must 
have been produced, therefore, directly from the ODNA, 
possibly by a cyclization mechanism (for details of these 
types of degradation see refs. 1 and 9), but details of this 
are, as yet, not clear. The presence of ApA indicated that 
components of the type, AnPn-, would most probably be 
present in fractions D-H. Deoxyadenosine monophos- 
phates were not present, so there was no evidence for the 
presence of components of the type AnPn. 

The neutralized, alkaline hydrolysate of ODNA was 
treated with phosphomoncesterase, thus converting the 


components AnPry, into AnPr- and the mixture frac- 
tionated on DEAE cellulose. The components were 
eluted from the column in a position which depended on 
their phosphorus contents, so that in a hydrolysate not 
treated with phosphomonoesterase any ApApA prosent 
would appear in the same fraction as pAp, and so would 
ApApApA and pApAp, etc. 

The components AnPn-, were not stable to alkali. Thus 
in N alkali at 100° for 1 h, ApA gave adenine and deoxy- 
adenosine while ApApA gave pAp, adenine and deoxy- 
adenosine. In both cases 40 per cent of the original 
compound had decomposed. It was concluded, therefore, 
that the adenine and some of the deoxyadenosine in the 
original hydrolysate had arisen from degradation of 
fragments of the type AnPr.,. (Other work?? has shown 
that deoxyadenosine-5’-phosphate is partly degraded to 
deoxyadenosine and adenine by N alkali at 100° for 1 h 
and that deoxyadenosine under these conditions is partly 
degraded to adenine.) 

It appeared, therefore, that the ODNA was being 
degraded partly by a B-elimination and partly by a cycliza- 
tion mechanism. The amount of degradation occurring 
by cyclization was found to be 43 per cent and was 
obtained from the ratio ApA/pApAp (arising from 
‘di-adenine’ units). The amount of ApA was obtainod 
from the adenine content of fraction C corrected for 40 
per cent breakdown to adenine and deoxyadenosine. Tho 
amount of pApAp was approximately equal to the 
adenine content of fraction E, so an approximate 
distribution of adenine residues was obtained by using 
this value. A correction was then made for the prosence 
in # of A,P,; and A,P, which had been produced from 
AP; 

The distribution of adenine residues in the original 
DNA was calculated as follows. Let A bo a deoxyadonos- 
ine unit in the DNA chain, X be any other nucleoside 
unit, p be a phosphodiester linkage and A be free alenine 
plus deoxyadenosine (these are not separated in thoir 
procedures and are determined together), then on the 
basis that 43 per cent of the degradation of ODNA proceeds 
to give fragments of the type AnPn-, and that 40 por cent 
of these degrade to give fragments of the type AnPn,, 
(with two less deoxyadenosine units in each case), then 
for each sequence of adenine units the degradation should 
proceed as follows: 


26 
Mono-adenine unit, X-p-A-p-X¥-—> A + AP, 
43% 57% 
Di-adenine unit, Y~p-(A—p)y-X -— A + AP + AP 
i TAD 258% 172% 57% 
Tri-adenine unit, ¥-p-(Ap)y-X —> A + AP, + AP, + AP, 
114% 258% 5:8% 57% 
Tetra-adenine unit, X-p-(Ap) -X¥—> A + AP, + AgPs + APs, 
i PDN 86% 258% 86% 57% 
Penta-adenine unit, X-p(Ap)-X —> A + ÅP. + AsPy + APs 
6-8% 25:8% 10:4% 57% 
Hexa-adenine unit, X-p-{Ap)-X —> A + AcPs + APs + AcP. 
ae EAD 57% 28% I6% 57% 
Hepta-adonine unit, X-p-(Ap),-X > A + APs + AsPe + AP 
Š PAD 48% 28% 122% 57% 


The DEAE cellulose column separated the components 
according to phosphorus content, therefore Ap, and A;P, 
were in fraction D, A,P, and A,P, in fraction Æ, etc. 
The contribution of the components of “the type AnPr-; to 
the adenine content of a given fraction was only of the 
order of 10-15 per cent because in general the higher 
adenine sequences were present in smaller amount. 

Let a, Bay As, Ay ObC., be the percentage of adenine 
occurring in the DNA. as ‘tracts of mono-, tri-, ete., units 
respectively, and let [A], [A,P], [AP,], ote., be the percent- 
age of the total adenine of the DNA (or ODNA) being 
converted to the compounds A, A,P, AP, A.P;, ete. 
Then: “ 


[A] = 0-480a, + 0-172, + 0-114a, + 0-086a, + 0-0682; 
+ ote. = adenine content of fraction A + B. 
[AP] = .0-258a, = adenine in fraction O. 


[AP,] = 0-57a, + 0:058a; | 


[A,P,] = 0-2582 = adenine in fraction D 


p T z et 0-0060 } = adenine iri fraction Æ 
Az = > oi 0-10a; } = adenine in fraction F 
es = nore = Oliba; } = adenine in fraction @ 
TEA = oan eee i = adenine in fraction H 


Certain assumptions about the values of a, and a, were 
necessary. The total could not be greater than 2-3 per 
cent of the adenine content, because the amount of adenine 
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found in fraction I was always < 2 per cent of the total. 
As the amount of adenine in each fraction was about half 
that in the previous fraction, a, was taken to be 1:4 
for the DNA of calf thymus, B. subtilis and Alk. faecalis, 
1-9 for that of Myco. phlei and zero for the oligonucleotide. 
The corresponding values for a, were taken to be 0-70; 
1:0 and zero, respectively. Although these assumptions 
are purely arbitrary, provided that the values for a, and a, 
are of the right order, there is little effect on the final 
results for the amount of adenine in the shorter sequences. 
The results are shown in Table 3. 

One other possible mechanism for the degradation of 
the ODNA can be excluded. This is the case in which 
degradation AnPn-, proceeds entirely to give fragments 
of the type AnP,-,, and that these then degrade further 
to give adenine, deoxyadenosine and the next lower 
fragments of the type AnPni:. If this were the case, 
the major components of each fraction obtained from the 
DEAE cellulose column would be of the type AnPr-1, not 
AnPni;, as was actually found’. 


Significance of the results. One feature of these results 
is that the tri-, tetra- and penta-adenine sequences are 
present in amounts which are larger than expected on the 
basis of a random distribution (Table 4). 

In a double-stranded DNA, the adenine distribution 
should be the same as the thymine distribution, therefore 
a comparison of these results with those obtained by 
Spencer and Chargaff? and Burton and Petersen? for the 
distribution of pyrimidine residues would be of interest. 
Unfortunately, a direct comparison is not possible, becavise 
in the case of the higher oligonucleotides obtained by 
these workers, the actual sequence of thymine ‘and cyto- 
sine residues was not determined (for example, it was not 
known in the T,C fraction the proportion present as 
TTTC or TICT, ete.). Their results did show, however, 
the presence of relatively large amounts of tetra-thymine 
sequences flanked by purine units and this is consistent 
with the results obtained here. 

The most remarkable feature is, however, that in the 
extreme GC type DNA the amount of tri-, tetra- and penta- 
adenine sequences (per total base) is not much less than 
in the AT type. This general conclusion is not invalidated 
by any errors in the methods for correcting for the two 
types of degradation of the ODNA, for even if no correc- 
tion were made, the similarity in the distribution of the 
adenine residues in the various samples of DNA would still 
be apparent. 


Table 8. DISTRIBUTION OF ADENINE RESIDUES IN DNA 





Sequence of adenine 





Oligonucleotide from 








residues Calf thymus B. subtilis Alk. faecalis Myco. phlei calf thymus DNA 
@ b a b a b a b a b 

Mono- 46'014 13-1 47-4 13-3 48-5 8-5 49-2 78 89-2 163 
Di- 21:1 +0-9 6-0 19-4 54 201 3-5 18-1 2-9 17-9 48 
Tri- 15:7 40:9 4-5 144 40 14-4 2-5 11-0 17 10-4 27 
Tetra- 10-440°7 80 12-4 35 10-0 17 127 2-0 6-2 16 
Penta- ` 5002 14 42 1-2 4-9 0-89 6-1 0-96 2-6 0-67 
Hexa- and above* 2-0 0-6 20 0-6 20 0°35 3-0 0-47 0-0 0-0 





= foe content cf each sequence as percentage of the total adenine of the DNA; b = adenine content of each sequence as percentage of the total 


pases of the D. 


* Ottis from the adenine content of fraction I and the assumptions explained in the text. 


Table 4. DISTRIBUTION OF ADENINE RESIDUES IN DNA COMPARED WITH RANDOM DISTRIBUTION 








; Adenine content as percentage of total bases in DNA from 

















Sees, Ms adenine Calf thymus B. subtilis Alk. faecalis Syco. phlei. Oligonucleotide* 
residues — 
Found Random Found Found Random Found Random Found Random 
Mono- 13-1 145 13-3 85 IL-7 738 103 163 14-2 
Di- 6-0 81 54 3-5 40 2°9 3-6 4°6 T4 
Tri- 4:5 3-4 40 2-5 1:0 17 0°86 27 29 
Tetra- 8-0 13 3°5 17 0-22 2-0 0-18 16 1-0 
Penta- 14 0-45 12 0-89 0-05 0:96 0-03 0-67 0-31 





* See footnote to Table 2. 
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Several other possible explanations of these results have 
been excludgd as follows: 


(a) The similarity in the results for the DNA from 
different sources did suggest that the distribution obtained 
might have been dependent on the method of degradation. 
and not on the actual distribution in the DNA. However, 
the very different distribution obtained for an ‘octe 
nucleotide fraction’ derived from calf thymus DNA 
showed that this was not the case. 


(b) The possibility that the treatment of ODNA with 
alkali was synthesizing ‘oligonucleotides’ at the expense 
of mono- and di-nucleotides was excluded by combining 
fractions A-D and re-treating them with alkali. No 
higher oligonucleotides were formed. 


(c) That the results were not due to incomplete break- 
down of the ODNA. was shown by the isolation chromato- 
graphically of the. compounds A;P,, AyP; and A;P, from 
the hydrolysates of calf thymus and Myco. phlei ODNA, 
and showing that they accounted for 90 per cent of the 
adenine content of fractions F, G and H respectively, 
that they contained no urea residues, and that their 
adenine and phosphorus contents were as expected. 


According to present theories, information transfer from 
DNA is by means of a non-overlapping triplet code, a 
messenger RNA being the carrier of information from the 
DNA to the ribosomes where protein synthesis takes place. 
The use of a synthetic messenger RNA. (polyuridylic acid) 
has led to the conclusion that the triplet, UUU, codes for 
phenylalanine. Hence on the complementary strand 
of DNA, the triplet AAA should code for this amino-acid. 
Only part of a sequence of three adenine units need code 
as AAA, however, because this sequence may in some cases 
be part of adjacent triplets, and the same is true of 
sequences of four adenine units. In a sequence of five 
adenine units, one triplet which codes as AAA must be 
present. On a purely random basis one would expect 
0:33, 0-5 and 0-6 of the adenine of the tri-, tetra- and 
penta-adenine sequences respectively to code for phenyl- 
alanine. From the results obtained for the adenine 
distribution in DNA, and assuming that all the phenyl- 
alanine is coded for by AAA, it would be expected that 
the ratio : 
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phenylalanine content of organisms with DNA of = 45% Ge 
phenylalanine content of organisms with DNA of ~ 70°, GC 


would be about 1:7. i 

Sueoka!? has measured the amino-acid content of the 
proteins of a number of bacteria and found & value of 
about 1-7 for the above ratio. This correspondence may 
be significant despite the uncertainties in the measurements 
and the small number of DNA’s analysed. Although the 
ratio phenylalanine content of B, subtilis/phenylulanine 
content of Alk. faecalis determined by amino-acid analysis 
(1-2) does not agree so well with that deduced from the 
adenine distribution in DNA (1:7), it is of the same order 
of magnitude and differs from the value of 4:3 expected 
on the basis of a random distribution of the adenine units 
in DNA. 

It has now been found that the ureido groups can be 
removed from ODNA by means of hydrazine and the 
resulting product degraded with 0-1 N alkali at 100°. 
Only traces of adenine and ApA were formed. Tho dis- 
tribution of adenine residues found by this method was 
similar to that given in this article. Details will be pub- 
lished later. : f 

We thank Prof. M. Stacey for his advice, Mr. E. T. J. 
Chelton and Mr. G. G. James for assistance, and the 
Salters Institute of Industriel Chemistry for a research 
fellowship (to R. T. W.), and the Department of Scientific 
and Industrial Research for financial assistance. 
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EFFECTS OF CHLOROQUINE ON GROWTH AND METABOLISM 


By LEONORA HOPKINSON and F. L. JACKSON 
Department of Bacteriology, King’s College Hospital Medical School, London, S.E.5 


HE antimalarial drug chloroquine, 7-chloro-4- 

(4’-diethylamino-1’-methyl) butylaminoquinoline, is 
also effective in the treatment of rheumatoid arthritis? 
and lupus erythematosus”. Side-effects of the drug have 
been reported, notably damage to the eye*, which may 
he temporary or permanent, and depigmentation of the 
hair‘, which reverts to normal when the drug is discon- 
tinued. It is possible that the mechanism by which the 
drug causes these side-effects might be closely related to 
that responsible for the beneficial effects. The work 
recorded here was undertaken to investigate some of the 
effects of chloroquine on tissue metabolism, in the hope 
that it might throw some light on the mode or modes of 
action of the drug. Developing tadpoles were chosen as 
experimental animals, because they offer the possibility 
of studying effects on melanin production and on growth 
and development. 

Frog spawn was collected from a garden pond and small 
quantities of spawn at the same stage of development were 
placed in individual fish-bowls, together with water weed. 
The bowls were kept in the laboratory at room tempera- 


ture. After hatching, the young tadpoles were fed on a 
commercial fish-food, ‘Ground Shrimp’; the animals 
flourished and grew rapidly. Ao 

Chloroquine sulphate was obtained in solution in 5 ml. 
ampoules at a concentration equivalent to 40 mg chloro- 
quine base/ml. (‘Nivaquine’, May and Baker, Ltd.). 
This was added to the water in which the tadpoles were 
living to give the desired final concentration. Estimation 
of chloroquine content of the water showed that the level 
could be maintained adequately by a twice-weekly renewal 
of the water and the drug. 

Spawn about to hatch and newly hatched tadpoles 
were very sensitive to chloroquine treatment; 20 ug 
chloroquine/ml. produced 80-90 per cent mortality. A 
concentration as low as 4 ug/ml. was highly toxic to these 
young animals, but older animals were more tolerant of 
the drug, and chloroquine concentrations up to 6 ug/ml. 
could be maintained with tadpoles older than one month 
without causing death. However, although these older 
animals remained alive, some gross effects of the drug 
were noted. 


28 


Chloroquine-treated animals grew at a greatly reduced 
rate as compared with control animals. After treatment 
for eight days, the treated animals were approximately 
half the weight of the untreated (Fig. 1). The growth 
rate decreased with increasing concentration of the drug. 
The concentration of chloroquine in the tissues was 
approximately 20 times that in the water. Tissue chloro- 
quine was partly ‘free’ and partly ‘bound’; the bound 
drug was liberated by hydrolysis of the tissue with 2 N 
hydrochloric acid. The ratio of free to combined was 
about 1: 7. 


$20 
280 
240 


200 


Average wet wt. (mg)/tadpole 


30 40 50 60 
Age (days) 
Fig. 1. Growth curve, Initia] figures show difference in weight between 
control animals maintained in fresh water and animals which had been 


maintained in water containing 6 mg/l. chloroquine sulphate for eight 
days. $W, Control group; @, treated group 


Chloroquine had a marked inhibitory effect on meta- 
morphosis. Newly hatched tadpoles which survived 
doses even as low as 2 pg/ml. failed to grow normally 
and did not undergo metamorphosis. Three groups of 
30 tadpoles 8-10 weeks old were kept in water containing 
2, 4 and 6 pg chloroquine/ml. respectively. The animals 
developed back legs but failed to metamorphose com- 
pletely. Control animals of this age metamorphosed 
normally. 

The production of melanin both in vivo and in vitro 
was investigated. The living animals were examined daily 
by means of a dissecting microscope, and the first observ- 
able effect was a lessening of pigmentation in the tail 
region. In most of the animals, white stellate cells 
appeared; but it was not established whether these were 
colourless melanophores, or guanophores, which were 
more easily seen as a result of loss of melanin from the 





Fig. 2.- The effect of ctiloroguine sulphate on pigmentation. Darker 
animal on left is control 


NATURE 


April 4, 1964. VoL, 202 


melanophores. The general appearance of ee animals 
was a glassy-grey (Fig. 2). 

For the investigation of in vitro grodustion of melanin 
by tadpole tissues, homogenates were made of whole 
animals, in normal saline, the animals being cooled to 
2° C before homogenization. The final concentration of 
tissue in the homogenates (wet wt.) was approximately 
150 mg/ml. Aliquots of 1 ml. were incubated with 1 ml. 
Krebs-Ringer phosphate buffer at pH 7-4, containing 
2 mM cupric chloride. The tissues were incubated at 
26° C for 1h. 1-Tyrosine and L-dopa, to final concentra- 
tion of 20 mM each, or L-dopa alone, also at concentration 
20 mM, were added to stimulate melanin production. 
Homogenates from untreated animals became darker 
during the period of incubation, as compared with control 
homogenates without added substrates. Homogenates 
from tadpoles previously treated with chloroquine 
showed some darkening during the period of incubation, 
but the final colour was much less than that produced by 
normal tadpoles. 

The effect of chloroquine treatment on melanin produc- 
tion was most marked when supernatants of homogenates, 
obtained after centrifugation at 19,000g, were allowed to 
stand overnight without added substrates. The super- 
natants from both normal and ‘treated’ tissues were at 
first yellowish in colour. After 12 h, supernatants from 
normal tissues had turned black, but those from chloro- 
quine-treated animals remained unchanged (Fig. 3). 





Fig. 3. 

to stand overnight at room temperature without additional substrates. 

(Tube on left obtained from chloroquine-treated tadpoles; on right 
from normal animals) 


Supernatants of homogenates centrifuged at 19,000g, allowed 


The deposit obtained by centrifugation at 19,000g was 
treated with 30 per cent potassium hydroxide and boiled 
under a reflux condenser for 2 h, in an attempt to solubilize 
the particulate pigmented material. On centrifugation 
at 3,000g a straw-coloured fluid remained from samples 
of ‘normal’ deposits, whereas a chocolate-brown colora- 
tion was present in those from chloroquine-treated animals. 

The ability of tadpole homogenates to oxidize tyrosine 
was examined by conventional Warburg manometry. 
The oxygen uptake of tadpole homogenates in Krebs- 
Ringer phosphate buffer at pH 7-4 varied with the age of 
the animals; but for the purpose of expressing the results, 
all have been pooled, care being taken to see that animals 
of the control group had the same age distribution as 
those of the chloroquine-treated group. 

The average rate of endogenous oxygen uptake of homo- 
genates from normal tadpoles was 66 ul. O./g wet wt./h + 
14:5 (S.#.M.). With homogenates of animals previously 
treated with chloroquine the corresponding rate was 49 ul. 
O./g wet wth +18 (S.E.M.). This difference was 
barely significant (P between 0:1 and 0-05). In the 
presence of 20 mM t-tyrosine plus 20 mM tu-dopa, the 
oxygen uptake of normal homogenates was 102 ul. 
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O./g/h + 345 (S.H.M.), but with homogenates of treated 
animgls thee uptake was 64 uk O,./gfh + 25 (S.E.M.). 
These figures represent the combined endogenous respira- 
tion and the increase produced by tyrosine and dopa 
oxidation. The difference between the oxygen uptake of 
the ‘untreated’ homogenates with and without added 
substrates was statistically significant (P between 0-05 
and 0-02). With homogenates from treated animals, the 
difference was not statistically significant. 

The results suggested that chloroquine produces inter- 
ference with tyrosine metabolism and melanin formation, 
perhaps by blocking a step in the tyrosine oxidase system, 
or by modification of some component of the chain. The 
brown pigment obtained on alkali hydrolysis of the 
particulate material from homogenates of chloroquine- 
treated animals is probably an abnormal product formed 
in the presence of the drug. Abnormal pigmentation in 
human cases under chloroquine treatment has been 
reported’. 

Failure of treated animals to grow could be due, at least 
in part, to inhibition of protein synthesis resulting from 
interference with amino-acid metabolism. Work with 
labelled tyrosine at present proceeding in this laboratory 
has shown that chloroquine inhibits tyrosine uptake, and 
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incorporation of tyrosine into protein, in various mam- 
malian tissue preparations. We have also found, that in 
the presence of chloroquine, the production of NCO, by 
rat-liver slices incubated with labelled tyrosine is reduced 
by 50 per cent. : 

Theinterference with tyrosine metabolism by chloroquine 
may be of more than academic interest. Tyrosine metu- 
bolism is known to be abnormal in rheumatoid arthritis. 
and other collagen diseases’-*, and it is possible that the 
beneficial effects of chloroquine sometimes observed m 
the treatment of these conditions are related to effects ol 
the drug on the metabolism of tyrosine, and perhaps 
other amino-acids. 


2 Buchan, F. J., Ann. Phys. Med., 6, 88 (1959). 

2 Siderova, V. N., Vestn. Derm. Vener., 34, 63 (1960). 

3 Hobbs, H E., Eadie, S. P., and Somerville, F., Brit. J. Ophthal., 45, 251 

1 Sharvill, D. E., Brit. Med. J., 1, 1035 (1955). 

6 Abraham, R. K., and Dubois, E. L., Arch. Dermatol., 88, 419 (1963). 

* Nishimura, N., Yasui, M. O., Kamota, H., Kotake, Y., Shibata, Y., Amer. 
Med. Assoc., Arch. Dermatol., 77, 255 (1958). 

7? Choremis, K. B., Constantsas, N. and Danelatos-Anthanassiadis. K, 
Clin. Chim. Acta., 8, 814 (1963). 

8 Brodie, E. O., Wallcraft, E. B., Borden, A. L., Holbrook, W. P., Stephens, 
C. A. L., Hill, D. F., Kent, L. J., and Kemmerer, A. R., Proc, Soe. Exp. 
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ANTIBODIES SPECIFIC FOR THYROXINE AND ITS ANALOGUES 
By Dr. W. H. CHURCHILL, jun., and Pror. D. F. TAPLEY 


Department of Medicine, Columbia University College of Physicians and Surgeons and the Presbyterian 
Hospital, New York 


NTIBODIES have been prepared against many com- 

pounds of low molecular weight since Landsteiner! 
demonstrated that such compounds can elicit antibody 
formation when conjugated as haptens into carrier pro- 
teins. In 1938, Clutton et al? attempted to prepare anti- 
bodies against thyroxine by conjugation of 3,5-diiodo- 
thyronine to a protein carrier with subsequent iodination 
of the conjugate. By this procedure the diiodothyronine 
residues were converted to thyroxine residues, but the 
tyrosine molecules of the carrier protein were also 
iodinated. Antisera prepared against this antigen were 
shown by qualitative inhibition studies to have specificity 
against diiodotyrosine (DIT), but in vitro. specificity 
against thyroxine was not clearly demonstrated. 

The success of Erlanger et al.™4 in preparing antisera 
against certain steroid hormones prompted the present 
preparation of antisera specific for thyroxine. The use 
of thyroxine itself as the hapten would necessitate a 
complicated chemical procedure to produce the conjugate. 
To avoid both this and the iodination step used by Clutton 
et al.*, the propionic acid analogue of thyroxine was used 
as the hapten. The antigen was prepared by coupling 
tetraiodothyropropionic acid to bovine serum albumin 
(BSAY by the mixed anhydride method described by 
Erlanger et al.3. This article reports the initial character- 
ization of this antigen and of the resulting antisera, which 
appear to react with thyroxine as effectively as with the 
hapten against which they were initially prepared. - 

The antigen was prepared as in the following typical 
experiment. 0-92 g (0-03 mM) BSA was dissolved in a 
mixture of 16 ml. of water and 20 ml. of tetrahydrofuran 
at pH. 10-6. A mixed anhydride was prepared by dissolving 
0:457 g (0-6 mM) of tetraiodothyropropionic acid in a 
solution of cold tetrahydrofuran and 0-144 ml. (0-6 mM) 
of tri-n-butyl amine and then adding, with stirring, 0-08 
ml. (0-6 mM) isobutylchlorcarbamate. After 15 min in 
the ice-bath, 0-28 ml. more tri-n-butyl amine was added. 
These two solutions were immediately combined, stirred 
for 20 min at 0° C and then for 20 min at room temperature. 
The product was dialysed against cold running tap water. 


After 24 h, the conjugate was precipitated by adjusting 
the pH to 4:5 with 0:1 N hydrochloric acid and redissolved 
in a minimal quantity of water by adjusting the pH to 
6:8 with 1 per cent (w/v) sodium bicarbonate. After 
dialysis against cold running tap water for 2 days. the 
conjugate was re-collected by lyophilization. The yield 
was 0:7 g. Any tetraiodothyropropionic acid which was 
not conjugated to the BSA was then removed by extrac- 
tion with acetone’. 

The number of tetraiodothyropropionie acid molecules 
incorporated into each molecule of BSA was estimatedjby 
spectrophotometry, by direct iodine determinations, and 
by dinitrophenylation. The results indicate that between 
1] and 16 residues of tetraiodothyropropionic acid were 
conjugated to each molecule of BSA. The ultra-violet 
spectra of BSA, tetraiodothyropropionic acid and of tho 
conjugate are shown in Fig. 1. Based on the absorption 
maxima of BSA and of the conjugate at 280 mz, the 
number of residues of tetraiodothyropropionic acid per 
molecule of BSA was estimated to be 13. This calculation 
assumes that conjugation does not significantly alter the 
extinction coefficient of tetraiodothyropropionic acid. 
second estimate of the number of residues incorporated 
was made by determining the quantity of iodine incor- 
porated into the protein molecule. (Iodine determinations 
were performed by Bio-Science Laboratories, Los Angeles, 
California.) By this method, the number of tetraiodothyro- 
propionic acid residues was estimated as 11. Finally, the 
number of free lysine groups per molecule of albumin was 
measured before and after conjugation, using Sanger’s 
dinitrophenylation technique®s*, After conjugation, the 
number of free lysine groups decreased by 16, indicating 
that 16 residues of tetraiodothyropropionic acid were in- 
corporated in each molecule of albumin. 

Thus, three independent estimates suggest that the 
antigen contained 11—16 residues of the hapten in each 
molecule. ‘The antigen so prepared migrated more rapidly 
than BSA towards the anode during paper electrophoresis. 
This relatively greater electrophoretic mobility of the con- 
jugate, together with the decrease of free lysine groups 
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Fig. 1. Absorption spectra of bovine serum albumin (BSA), tetratodo- 
thyropropionic acid (Tetraprop) and of the conjugated antigen (BSA-7,) 
in 0°05 m iris buffer pH 7-4 


after conjugation, support the assumption that substitu- 
tions had taken place on the epsilon amino groups of 
lysine. 

To prepare antisera, the antigen (BSA-7',) was mixed 
with Freund’s complete adjuvant (Difco) and injected into 
the toe pads of rabbits once a week for 3 weeks. One 
week after the last injection, the rabbits were bled by 
cardiac puncture. The sera from individual rabbits were 
examined for the presence of antibodies to BSA-7, after 
having been absorbed with BSA. The antisera were then 
pooled and globulins prepared by precipitation with 
sodium sulphate’. In no case did the pre-immunization 
sera react with the antigen. 

Hapten inhibition studies were performed using Kabat’s 
methods, which use the Folin—Ciocalteau colour reaction to 
analyse specific precipitates’. Fig. 2 is a typical precipitin 
curve obtained with the globulin preparation from the 
serum of one animal. All hapten inhibition investigations 
were carried out in the zone of equivalence, defined by 
preliminary precipitin curves. Table 1 shows the relative 
inhibition produced by equimolar concentrations of various 
analogues of tetraiodothyropropionic acid on the reaction 
between BSA-T, and a constant aliquot of antisera. All 
the determinations were performed in triplicate. The con- 
centration of the analogues used in the experiment re- 
corded in Table 1 was chosen because of the relative 
insolubility’ of thyroxine. Tetraiodothyropropionic acid 
itself can be put in solutions as concentrated as 1-25 x 
10-4 m. At this concentration tetraiodothyropropionic 
acid inhibits the precipitation to 43 per cent of control 
values. It can be seen from the results presented in Table 1 
that 1-thyroxine, L-triiodothyronine and their respective 
acetic and propionic acid analogues all produced approx- 


Table 1. HAPTEN INHIBITION OF THE REACTION BETWEEN BSA-7, AND 
y-GLOBULIN PREPARATIONS FROM POOLED ANTISERA 


Per cent 

Hapten of control 
Tetralodothyropropionic acid (6-5 x 10-ë m) 59 
Tetraiodothyroacetic acid 65 x 10- m) 65 
L-Thyroxine f 65 x 10 m} 59 
Triiodothyropropionic acid (6-5 x 10 m) 83 
Triiodothyroacetic acid 65 x 10-5 m) 66 
L-trilodothyronine 65 x 10- m) 59 
L-tyrosine 4x104+m 100 
L-monoiodotyrosine (4 x 10-4*m 100 
L-diiodotyrosine {4 x 104 m 100 
L-thyronine {4 x 10- m) 100 
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imately similar hapten inhibition. In contrast, compounds 
without the iodine substitutions (thyronine gnd tyrosine) 
and those with iodine substitutions but with only one 
aromatic ring (monoiodo- and diiodo-tyrosine) produced. 
no hapten inhibition when used in concentrations six times 
greater than that.of the tetraiodothyropropionic acid. 
It appears, then, that both the iodine substitutions and 
the diphenyl ether structure are important determinants 
of the specificity of the antisera. 

The affinity of thyroxine for the antibody was demon- 
strated also by the use of combined immunoelectrophoresis 
and autoradiography’. Fig. 3 shows the result of a typical 
experiment in which normal control rabbit serum was 
placed in the middle well, pooled immune globulins were 
placed in the two outside wells and duck-anti-whole rabbit 
serum in the two troughs. Following immunoelectro- 
phoresis, the plates were washed to remove unprecipitated 
protein and iodine-131-labelled thyroxine was then added 
to the troughs. After 72 h excess thyroxine was washed 
from the agar plate, which was then immediately dried 
and subjected to autoradiography. The resulting radio- 
autograph shows binding of considerable radioactivity to 
the y-globulin band of the anti-thyroxine globulin but not 
to the y-globulin of normal serum. Some binding of 
iodine-131l-labelled thyroxine by residual albumin was 
noted both in the immune globulin preparation and in the 
normal rabbit serum, as previously noted by others with 
normal human serum?°, 

These observations do not conflict with the earlier 
observations on the importance of DIT as a determinant 
of specificity in iodinated serum proteins*! because the 
synthetic method used in the experiments described here 
did not iodinate the tyrosine residues of the carrier protein. 


20 


15 


Antibody nitrogen (ug) 


5 10 15 
Antigen nitrogen (ug) 


Fig. 2, Precipitin curve from 0-5 ml. of globulins (dil. 1: 2) prepared 
from the serum of one animal. Antibody content was 59 ug nitrogen/ml. 


20 25} 





Fig. 3. Immunoolectrophoresis slide (left) with corresponding auto- 
radiograph (right). Duck-anti-whole rabbit serum was added to the 
centre trough following electrophoresis of anti-7', globulin placed in both 
wells, Autoradiograph was obtained after addition of iodine-131- 
labelled thyroxine to the trough. Anode is at top of figure 
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The antibody described in this communication appears to 
be specific fér thyroxine and its closely related analogues, 
and as such should provide a useful tool for further 
investigation. 

This work was supported by U.S. Public Health Service 
grant A-1506 (C5). We thank Dr. Stuart Tanenbaum 
and Dr. Vincent Butler, jun., for much advice during 
the course of this investigation and Dr. Butler for 
performing the immunoelectrophoresis and autoradio- 
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EXISTENCE OF NON-EXCHANGEABLE CALCIUM COMPARTMENTS 
IN PLASMA 


By Dr. W. GIESE and Pror. C. L. COMAR 


Department of Physical Biology, New York State Veterinary College, 
Cornell University, Ithaca, New York 


ALCIUM and strontium in plasma are considered, to 

be present in three forms: protein-bound, complexed 
and free. It is generally held that calcium and strontium 
ions are freely and rapidly exchanged between these forms; 
this concept is based on investigations in which radio- 
calcium added to plasma is found to distribute itself 
rapidly between filtrable and non-filtrable fractions in 
the same proportions as does the stable calcium?. These 
forms of calcium are handled, differently in urinary excre- 
tion: thus, for example, only complexed and free alkaline 
earths pass the glomerular membrane into the ultra- 
filtrate and probably only the free ions are re-absorbed 
from the glomerular ultrafiltrate by the renal tubules. 
This means that if radiocalcium were introduced into the 
plasma and it did not equilibrate rapidly among the 
various calcium pools, there would be a difference in 
specific activity between the calcium in the urine and that 
existing in the plasma from which the urine was formed. 
Conversely, a difference between specific activities of 
plasma and urine following administration of radiocaleium 
would suggest the existence of calcium compartments, 
presumably in the plasma, between which calcium ions 
were not exchangeable. 

Such differences under varying conditions have been 
reported in the literature?*. Interpretations have neces- 
sarily been guarded because of experimental difficulties. 
These are mainly concerned with: (a) determination of the 
specific activity of the plasma calcium during the time 
period that it was contributing to the urinary calcium; 
(b) accurate estimation of stable calcium in urine, which is 
usually low under the conditions that favour the effect. 
In the work recorded here, an attempt was made to over- 
come the first difficulty by establishing the time-course of 
plasma and urinary specific activities; this was done with 
sheep. A supporting experiment also was done with rats 
using two radionuclides of strontium, which completely 
avoided any possible error from chemical determinations. 
Normal and starved animals were used in these investiga- 
tions since Likins and Craven? had shown that the latter 
condition was strikingly effective in producing differences 
in specific activities of calcium in plasma and urine. 

Two adult female sheep, of 109 and 143 lb. body-weight, 
were acclimatized to metabolism stalls for one week before 
the start of the experiment. They were fed hay and oats 
ad libitum. The bladder of each animal was catheterized. 
At the start of the experiment, the bladder was rinsed 
three times with physiological salt solution; shortly 
thereafter, an intravenous injection was given of one 
or two millicuries of high specific activity caleium-45 as 
“5CaCl, in 10 ml. of physiological saline. Blood and urine 


samples were taken at 6, 12, 24, 36, 48 and 60 h after 
injection. Each time a urine sample was taken. tho 
bladder was rinsed with warm physiological saline und tho 
rinsings added to the urine sample. 

The animals were then maintained until the caleium-45 
in the blood and urine was scarcely detectable, and the 
second part of the experiment was started. The animals 
were starved for 48 h, receiving only water. They wero 
again injected with 1 me. caleium-45 and the same pro- 
cedures followed as above. 

Stable and radioactive calcium was determined for all 
blood and urine samples to permit calculation of specific 
activities, which are expressed in terms of percentage of 
injected dose per gram of calcium. 

Plasma caleium was determined by direct photometry 
as described by Kingsley and Robnett®. Before uso, this 
method was found to give results in agreement with that 
of Clark and Collip*, based on titration of calcium oxalate 
with permanganate. Radiocalcium in plasma was determ- 
ined by oxalate precipitation, measuring the solid sample 
with a Geiger-Müller counter, and correcting for self- 
absorption as described by Comar et al.?. 

Determination of stable calcium in sheep urine was found 
to be difficult by the photometric method as originally 
described, in which urine was added directly to the dye 
solution. Therefore, the following modification was used 
for samples from sheep 1. A 10-ml. sample of urine was 
dried, ashed and the ash, dissolved in 10 ml. of 1 N hydro- 
chloric acid. The colorimetric determination was done 
as follows. A standard curve was established using solu- 
tions containing 1, 2, 3, 4, 5, 6 and 7 m.equiv. of calcium 
per litre of 1 N hydrochloric acid. The dye solution was 
made by diluting twenty-five times the stock dye solution 
which contained 0-36 per cent Corinth calcium (disodium 
1-hydroxy-4-chloro-2,2-diazobenzene - 1,8-dihydroxynaph- 
thalene-3,6-disulphonic acid; Clinton Laboratories, Los 
Angeles). In use, 0-25 ml. of the solution to be analysed 
was mixed with 6 ml. of dye. The same techniques were 
used for both standard and sample measurements and the 
blank consisted of 0-25 ml. 1 N hydrochloric acid plus 
6 ml. of the dye solution. 

Stable calcium was determined in the urine of sheep 2 
by the method of Shohl and Pedley* in which the urine is 
oxidized with ammonium-persulphate, and calcium pre- 
cipitated as the oxalate which is then titrated with perman- 
ganate. A measure of reliability is indicated by the 
following study on recovery of known amounts of calcium 
added to sheep urine (Table 1). 

Radiocalcium was determined in the urine of both sheop 
by the same method used for blood plasma except that 
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Specific activity (percentage of Ca dose/g Ca) 





6 12 - 24 36 48 60 
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Fig. 1. Compe ratty specific activities of calcium-45 in plasma and urine 
of normal (above) and starved sheep (below) 
» Plasma; O, urine 


‘lm. of dilute acetic acid (1 : 1) was initially added to each 
aliquot. 

In order to label the deeper portions of bone, ten rats 
weighing about 50 g received strontium-85 (about 0-02 
ue./ml.) in their drinking-water over a period of 14 weeks. 
The strontium-85 administration was stopped and 5 
of the rats wore continued on a-normal diet for 24 h 
whereas 5 were starved for 24 h. At this time each animal 
was compelled to empty its bladder by digital pressure 
and 10 uc. of strontium-89 were injected intraperitoneally ; 
in addition each animal received 2 ml. of water by stomach 
tube. The rats were then kept for exactly 2h in individual 
metabolism cages, at which time the urine was collected 
and blood taken by heart puncture. In each blood and 
urine sample, strontium-85 was measured in a scintillation 
well counter and strontium-89 with a Geiger—Miiller tube. 


Table 1. RECOVERY OF KNOWN Hae OF CALCIUM ADDED TO SHEEP 
RINE 
mg Added. Theoretical Amount of Ca 
Ca/50 ml amount amount of determined 
urine of Ca (mg) Ca (mg) (mg) 
17 — — 17 
17 1 27 2-7 
1-7 2 3-7 3-9 
17 3 4:7 4-9 
17 4 5-7 5-9 


A second experiment was carried out in exactly the same 
way except that 20 rats were used instead of 10 and the 
chronic administration of strontium-85 was carried out 
over 8 weeks instead of 14. A 3-h period after inject- 
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ion of strontium-89 was used in order to provide a larger 
amount of urine. . 7 

The following methods were used for examining the 
equilibration of added calcium-45 between filtrable and 
non-filtrable calcium of plasma from a normal and starved 
sheep. To 5 ml. samples of blood plasma from one normal 
and one starved sheep, 254 of calcium-45 solution were 
added. After standing 15 min for equilibration, the samples 
were centrifuged through ‘Cellophane’*. Stable and radio- 
calcium were measured by usual methods in the plasma, 
and dialysate to permit caleulation of specific activities. 

The data from the sheep study are summarized in 
Fig. 1 and Table 2. The most significant finding is 
related to the comparative specific activities of calcium 
in plasma and urine. As illustrated in Fig. 1, the specific 
activities of plasma and urine were about the same in the 
normal animal; however, i in the starved animal the specific 
activity for the urine was markedly lower than that of the 
plasma. This was also true for sheep 2 but the differences 


. were not so great. 


It is of interest to consider the effects of starvation on 
the levels of calcium and calcium-45 in plasma, and urine. 


Table 2. COMPARATIVE SPECIFIO ACTIVITIES AND URINARY EXORBTIONS 
OF CALCIUM AND CALOIUM-45 IN NORMAL AND STARVED SHEEP 


(Specific activities expressed as percent of dose/g of calcium) 
Hours after injection 6 12 24 86 48 60 


Sheep 1—normal 
Plasma specific activity 28 29 12 
Urine ó + 16 30 17 


ee 
Qa 


Sheep 1—starved 
Plasma specific activity 45 28 26 13 15 13 


Urine » 5 99 6-7 33 37 42 27 
Plasma calcium 2 (mg/100 mi, Me 
Sheep 1—no: 88 105 “11-0 v3 — 
»  —starved 80 77 72 7-9 6-9 V7 
Urinary calcium (mg/total uiie) : 
Sheep i—norma! id 71 24 96 19 
öp E We 47 16 T 54 -93 
Plasma calcium-45 
(percent of dose/100 ml.) 
Sheep 1—normal 028 025 O12 0-072 0-058 0-041 
„s  —Btarved 036 4621 O18 0:10 610 0-000 
Urinary caleium-4 
{percent of x a5 total a) 
Sheep 1—normal "29 29 O12 O16 009% 0086 
” —starved 9: 048 D 031 0054 0026 0023 0025 
Sheep 2—normal : 7 
Plasma specific activity 30 19 il 8-0 5'9 46 
Urine Pa ii 50 17 15 l4 S1 l4 
Sheep 2—starved s 
lesma, specific activity 32 23 13 9-9 8&5 69 
Urine p i 17. 8-4 78 67 3-8 2'8 
Plasma calcium (mg/100 ml. i 
Sheep 2—normal 9-9 9-9 97 102 10-1 
3 —starved a 9 8-9 8-8 8-9 8&9 88 
Urinary calcium (mg/total arine), 
Sheep 2—normal 2-7 3-6 3-3 8-6 21 
” —starved y s 6-0 6-0 8-9 8-9 8°7 
Plasma calcium-4 
(percent of dosel 100 ml.) 
Sheep 2—normal 030 O19 O11 0-078 0-080 0046 
»  —starved 028 O21 O12 0088 0075 0061 
Urinary calcium-45 n 
(percent of dose/total urine) a 
Sheep 2—norma 0:046 0-054 0-047 0-027 0030 
es —8 i 0. 6 0-050 0046 0050 0034 0-026 


Table 3. COMPARATIVE **Sr/*Sr RATIOS IN BLOOD AND URINE OF NORMAL 


AND STARVED RATS 


Sr (single dose 
Values expressed as e doe. 


Experiment 1 Blood Urine 
Normal 17+23* 18+ 1-5 
Starved 17428 104£3-8 

Experiment 2 
Normal 80 4 3-3 TOL 57 
Starved 7543-4 56425 


* Standard error of the mean. 
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Table 4, EQUILIBRATION OF CALCIUM-45 ADDED TO PLASMA FROM STARVED 


e AND FED SHEEP 
s 
Total Ca Percent dialysable Percent 
(mg Ca Ca dialysable ‘Ca 
percent) Percent 
dialysable Ca 
Sheep 

Norinally fed 11-1 41 48 1-14 
Starved Yor 48h 10:3 44 45 1-03 

is p 80,, . 108 35 398 1-10 

aa a pane 10-7 37 41 1-41 118 

f » 8i, 104 32 45 1-40 

i w 965 9-9 65 61 0-94 

” » 108, Q7 41 48 t17 
Fed for 48,, 12-0 41 45 1-10 
S rally fed 116 37 39 1-05 
Starved for 48 h 10-3 74 77 1-04 

Sp » 680, 10-8 40 35 0-88 

a iv laas 10:6 35 37 1-06 | 4.02 

» n»n 34y 10-4 36 35 1-00 

” n 96,, 10-2 36 49 1:36 

” 08 p 10:2 46 37 0:80 
Fed for 48 ,, 13:3 42 41 0:97 


It can be noted that starvation caused a consistent drop 
in the plasma calcium by a factor of 0-7—0-9. The amount 
of circulating calcium-45 was considerably increased by 
starvation in sheep 1 and increased to a lesser extent in 
sheep 2. Starvation appeared generally to decrease the 
amount of urinary calcium in sheep 1 but caused an 
increase in urinary calcium in sheep 2. The most signifi- 
cant effect appeared to be a marked decrease in the urinary 
excretion of caleium-45 in sheep 1 that was caused by 
starvation; in contrast, there was no such effect for 
sheep 2. 

The data for the rat study based on the simultaneous 
use of two radionuclides of strontium are presented 
in Table 3. The values are given as ratios of **Sr (single 
dose)/**Sr (daily dose). This mode of expression is parallel 
to that based on the specific activity of caleium, in that 
the single dose of strontium-89 is analogous to the single 
dose of caleium-45; the strontium-85, having been 
administered over previous weeks, behaves in a way similar 
to the stable calcium of the body. Again, the important 
feature is that in the normal animals the ratios of ®Sr/*Sr 
in the blood and urine were about the same, whereas in the 
starved animals the ratio of ®°Sr/*5Sr in the urine tended to 
be lower than the value in the blood. Statistical analysis 
using the Student’s ¢ test showed a significant difference 
at the 0-1 level in Experiment 1 but not in Experment 2. 
The lack of significant difference in Experiment 2 may 
have been due to the fact that the bones of these animals 
had been labelled for only 8 weeks and suggests that the 
effect may involve the parts of bone that are usually 
more inaccessible. In this work, starvation had no effect 
on the *§r/*Sr ratio in the blood, but rather caused a 
lowering of that ratio in the urine. 

The data on the in vitro equilibration of calcium-45 are 
presented in Table 4. The results are expressed as a 
comparison of percentage dialysable calcium and calcium- 
45. Apparently there were no differences and no effects 
of starvation on the relative distribution of stable calcium 
and added calcium-45 between filtrable and non-filtrable 
forms of plasma calcium. 
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It appears convincing that different specific activities of 
calcium between blood and urine can occur and that these 
observations are not the result of technical uncertainties. 
It had been hoped that the investigations would show 
whether the lowered urinary specific activity in the starved 
animal was caused by an increased urinary excretion of 
stable calcium or a decreased excretion of calcium-45. 
Examination of the data, however, show that in sheep 1 
the effect was caused primarily by a decreased calcium-45 
excrotion whereas in sheep 2 the effect was caused by an 
increase in urinary calcium. It cannot be decided whether 
the same mechanism could be operative with the differ- 
ences being due to different renal function of the two 
animals. 

These observations strongly imply that in the plasma 
of the starving animal there must be at least two forms of 
calcium between which the added radiocalcium is not 
exchangeable; furthermore, it is implied that one form 
is more readily excreted into the urine than is the other. 
On the basis of the in vitro investigations, it seems unlikely 
that these two forms are the protein-bound and dialysable 
calcium. The possibility then remains that a complexed 
form of calcium might be responsible. It is known that 
certain calcium complexes such as the citrate are excreted 
in the urine more readily than are ionized forms of calcium 
since the latter are much more efficiently resorbed in the 
tubules. However, there is no evidence with regard to non- 
interchangeability of calcium between such complexes 
and the other forms of calcium existing in plasma. 

The occurrence of differential specific activities between 
plasma and urine has now been demonstrated in man, 
rat, dog and sheep and appears to be corrrelated with 
situations in which the plasma calcium is low: for example, 
starvation as originally reported by Likins and Craven? 
and as shown here; parathyroidectomy in dogs as de- 
seribed by Wiester et al.*, and prostate carcinoma with 
bone metastases as reported by Dow and Stanbury*. This 
phenomenon raises many interesting questions such as: 
(a) the nature of the complex; (b) whether or not the ‘non- 
exchangeable’ compartment exists in the plasma in 
normal circumstances, whether it represents an entity in 
bone, or whether it could represent a non-plasma precursor 
of urinary calcium; (c) the factors that may affect the 
size of this compartment and the manner in which low 
plasma, calcium exerts its action; (£) the relationships of 
kidney function. 

This work was supported in part by the U.S. Atomic 
Energy Commission and a NATO fellowship for one of us 
(W. G.). 
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NUCLEUS OF THE ERYTHROCYTE 


By O. A. SCHJEIDE, R. MARSHALL, M. WILKENS, R. C. McCANDLESS and R. J. MUNN 


Department of Biophysics and Nuclear Medicine, School of Medicine, 
University of California, Los Angeles 


DLUCIDATION of metabolic activities which occur 
in the nucleus per se have proved most difficult, 
primarily because nuclei in Nature do not exist apart from 
cytoplasm, and isolation of nuclei is usually to their 
detriment either in terms of mechanical or chemical 


damage, or by virtue of removal of essential component 
ordinarily contributed by the cytoplasm. 

Nature has, however, provided the research worker 
with cells in which the nucleus plays such a dominant 
part with respect to overall metabolism that events 


ay 





pores 





occurring in them would in almost every case be expected 
to reflect in major part the contributions of that organelle. 
Included among such cells are the circulating red cells in 
the embryos (or foetuses) of birds. Previous articles 
have described the synthesis of both nuclear and cyto- 
plasmic hematin (and probably hemoglobin") by the 
nuclei of erythrocytes of chicken embryos and have indi- 
cated that most of the rapidly turning-over ribose nucleic 
acid is.confined to this organelle. No trace of endoplasmic 
reticulum, ribosomes, Golgi apparatus or structures other 
than a second membrane about the nucleus and relatively 
small numbers of mitochondria can be discerned within 
the cytoplasm’. The mitochondria display sparse, atypical 
criste, and in the most rapidly metabolizing (younger) 
cells most of them are intimately associated with the 
nuclear membrane (Fig. 1) which contains large pores 
(Fig. 2). 

Because these celis are non-dividing and because their 
essential metabolism appears to be largely confined to the 
nucleus, it was of interest to examine their lipid meta- 
bolisms from the following points of view:” 

(a) Is there a detectable turn-over of phospholipid in 
these cells ? 

(b) Do the cells from younger embryos metabolize 
phospholipids more or less rapidly than those from older 
embryos and, chicks ? 
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Fig. 2. Red cell from 14-day-old chick. Note nuclear pores (P) and con- 

fluence of cytoplasmic- and nuclear- hemoglobin pools. Note streaming 

of material or stress lines between mitochondrion and pore. It is also 

. possible that movement of the mitochondrion away from the pore 
would cause such currents, Lead stain used 


(c) Does the turn-over of phospholipid take place largely 
in the nuclei ? 

(d) Are the newly formed lipids present only in mem- 
branes or are they present in the form of soluble lipo- 
proteins ? 

(e) Are soluble lipoproteins which are formed in the 
nucleus afterwards passed to the cytoplasm ? 

(f) What relationships can be demonstrated between 
hematin (and hemoglobin) synthesis and phospholipid 
turn-over ? ` 

As a first test of these possibilities a series of in vitro 
experiments was carried out in which 25 pe. of NaPO, 
were added to the incubation media‘ of cells isolated from 
embryos and chicks. Total lipids were subsequently 
extracted (Delsal procedure’) from the whole cells and 
pertinent cell fractions. Disintegrations from the phos- 
phorus-32 incorporated into the phospholipids were counted. 
on a Nuclear Chicago low background B-detector. 


Table 1. Toran Lirrp (11a/100 MG Dry WEIGHT) IN WHOLE RED CELLS, NUCLEI, SOLUBLE LIPOPROTEINS SQUEEZED FROM NUOLEL AND CYTOPLASMS OF 


EMBRYO AND CHIOK ERYTHROCYTES 








Age Whole red cells Nuclei Soluble lipoproteins Cytoplasm 
Range Range Range Range 
11-12-day-old embryos 2-908 2-7-3+4 6-0? 54-66 21-0° 17-0~26-0 0-407 0-32-0-48 
18-14-day-old embryos 290° 2-7-3-0 6:38 5-1-6-8 
18-day-old embryos 2-51 5-22 0:20 
12-14-day-old chicks v 2-80? 2°7-3-0 6-28 7-7-5 29-0? 23-0-35-0 0-349 0:22-0:57 





The values for the soluble lipoproteins of the nucleus are not too meaningful since proteins other than lipoproteins are squeezed out of the nucleus 
during ultracentrifugation. Further separations and characterization of the nuclear lipoproteins are being carried out at the present time. 


Supersoripts indicate number of experiments. 


Table 2. RELATIVE UPTAKE OF PHOSPHORUS-32 (COUNTS PER UNIT DRY WEIGHT OF LIPID) BY NUCLEI, SOLUBLE LIPOPROTEINS SQUEEZED OUT OF NUOLEL 
; . AND CYTOPLASMS OF ERYTHROOYTES FROM CHICKEN EMBRYOS AND CHIOKS 











Age Nuclei Soluble lipoproteins Cytoplasm 
Range Range . Range 
11-12-day-old embryos 341? 323-359 1,225? 450-2,000 10? 
13-14-day-old embryos 660° 200-1,027 580? 60-1,500 1874 8-410 
18-day-old embryos 2067 1,505! 
10-14-day-old chicks 100 607° 20-1,800 152° 3-700 





In each experiment the specific activity of the lipid from the nucleus of the 10-14-day-old chick was taken as 100 per cent and all other values were 
related to this one (silicic acid columns reveal there to be about 90 per cont phospholipid in the total lipid from each compartment). : 


Superscripts indicate number of experiments. 


No. 4927 April 4, 1964 


Tablo 2 reveals that a considerable turn-over of phospho- 
lipid.occurg during in vitro incubation of nucleated red 
cells and that this is 2-6 times more rapid in the red-cell 
nuclei of embryos than in those from chicks (even though 
the total lipid per unit weight of nucleus is approximately 
the same for red cells of all stages studied, Table 1). 

Most of the turn-over of lipid occurs in the nucleus, 
where by far the larger amount of lipid is present (Table 1). 
However, when soluble lipoproteins were squeezed out 
of the nucleus! by ultracentrifugation (100,000g for 20 
min), it was found that the lipids associated with these 
lipoproteins usually contained the highest specific activi- 
ties (Table 2). Even in the chick nuclei, the lipid associ- 
ated with the soluble lipoproteins demonstrated a specific 
activity that was 6 times (on the average) higher than 
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Relative specific activity 


Isotope washed out 


Hours of incubation 


Fig. 8. Graph showing relative increasesin readioactivity of soluble 
lipoproteins in red cells of the chick as a function of time following 
removal of external. source of isotope. These increases, together with 
the decrease in radioactivity of the Phospholipid in the ultracentrifuged 
nucleus, during the additional period of incubation indicate that syn- 
thesis of phospholipid for soluble lipoproteins takes place in the nucleus 
and that such lipoproteins may afterwards be transferred, at least 
in part, to the cytoplasm. @, Nuclear lipids; ©, lipids from nuclear 
squeezings ; O, cytoplasmic lipids. 


100 


Relative specific activity 


Isotope washed out 
Hours of incubation 


Fig. 4. Graph showing relative increases in radioactivity of soluble 
lipoproteins of nucleus and cytoplasmic lipoproteins in red cells of 
embryos as a function of time following removal of external source of 
isotope. The radioactivity of the phospholipid of the ultracentrifugally 
squeezed nucleus decreased after removal of isotope in some cases 
and increased in others. This is in contrast to the results for chick 
ted-cell nuclei and is possibly explained by the fact that the initial 
radioactivity of the whole red cell is several times higher in the embryo, 
thus providing a continuing source of seokope for incorporation into 
phospholipid. In each esperiment, the radioactivity the nuclear 
phospholipid at 0-5 h (the time at which the cells were washed free of 
isotope) was given a relative value of 100 and the same is true of the 
tadioactivities of the nuclear- and cyto-plasmic-lipoproteins at 1-5 h. 
@, Nuclear lipids ; ©. lipids from nuclear squeezings ; O, cytoplasmic 
ipids 
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CYTOPLASMIC LIPOPROTEINS 


Fig. 5. Fatty-acid profiles obtained by gas chromatography of lipids 
extracted from (a) ultracentrifugally squeezed nuclei, (6) lipoproteins 
squeezed out of nuclei, and (e) Upoproteins resent in the cytoplasmic 
fraction of the red cells of chicks. Note that the profiles of the soluble 
’ nuclear lipoproteins and the cytoplasmic lipoproteins are different from 
the profile of the squeezed nuclei. An extra component is present 
in the pattern characterlstic of the cytoplasmic lipoproteins (fifth from 
the left). This is probably not a component of the cell membrane since 
electron micrographs reveal the cel] membranes to be wrapped about the 
isolated nuclei 


that of the nuclear lipid. This ratio compared relatively 
closely with the average ratio in the nuclei of embryos. 
It is thus fairly certain that turn-over of phospholipids in 
the soluble lipoproteins exceeds that of the average of the 
non-soluble lipoproteins (including those comprising tho 
nuclear membrane). Specific activities of the cytoplasmic 
lipids were in every case lower than those of corresponding 
nuclear soluble lipoproteins. Unfortunately, considerable 
variability was associated with the determinations of 
specific activity of both nuclear soluble lipoproteins and 
cytoplasmic lipids because of the difficulty of obtaining 
precise weights on small amounts of material. However, 
taken as a group, the values for pooled embryos are 
significant, as are those for the chicks’. 

In order to determine whether or not phospholipids 
synthesized in the nucleus are afterwards transforred 
to the cytoplasm, experiments were carried out in which 
whole cells were incubated for 30 min in the presence of 
NaH*PO,, then were washed free of the isotopo in its 
inorganic form, after which treatment they were incubated 
for an additional hour. It was found (Figs. 3 and 4) that 
during the additional incubation period the phospholipid 
in the cytoplasm increased in specific activity releative 
to the phospholipid in the squeezed nucleus, suggesting 
that passage of soluble lipoproteins from the nucleus to 
the cytoplasm had actually occurred. 

As further evidence that the soluble lipoproteins of tho 
nucleus are related to the cytoplasmic lipoproteins, the 
fatty-acid profiles of these two groups of lipoproteins (as 
determined by gas chromatography) are very similar 
(Fig. 5). Both differ markedly from the profiles obtained 
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for nuclei from which the soluble lipoproteins had been 
squeezed by ultracentrifugation. 

Because the younger cells displayed increased abilities 
to synthesize both hematin and phospholipid, it was con- 
sidered possible that the two functions are related ina 
positive manner. When, however, synthesis of hematin 
was accelerated by supplementation of incubation media 
with either iron or iron plus glycine’, a decrease in uptake 
of phosphorus-32 into phospholipid was noted. That this 
was not primarily due to dilution of the isotope (that is, 
by incorporation into more rapidly metabolizing RNA 
and adenosine triphosphate) is indicated by the fact that 
supplementation of media with either serum or glycine 
resulted in a marked decrease of incorporation of phos- 
phorus-32 into both RNA and the cell as a whole. It thus 
appears that synthesis of hematin and phospholipid are 
only indirectly related and that when the cellular (or 
nuclear) economy is stressed in the direction of synthesiz- 
ing hematin (and hemoglobin), synthesis of phospholipid 
is decreased. 

Although the above metabolic features are those of a 
cell that is obviously specialized, it is to be expected that 
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several of them represent principles of nuclear meta- 
bolism that obtain to varying degrees in other cell, As 
an example of an essential similarity between red-cell 
nuclei and liver nuclei in the chicken embryo: the con- 
stituent lipids of both these display similar and increasing 
proportions of oleic acid as development proceeds®. 

This work was supported by contract AT(04-1) GEN 12 
between the U.S. Atomic Energy Commission and the 
University of California. 

* Schjoide, O. A., Alexander, G. V., OKunewick, J. P., Carlsen, E. N., 


ar rigna Mus and Hennessy, T. G., Abst., Pacifiie Slope Biochem. Oon, 

2 Schjeide, 0. A. Alexander, G. V. OKunewick, J. P., Carmack, 0. R. 
Wilkens, M., Carleen, E. N., and Hennessy, T. G., Growth (in the press), 

? Schjeide, O. A., McCandless, R. G., and Munn, R. J., Growth (in the press). 

‘The incubation medium consisted to 2 ml. saline and 2 ml. fresh chick 
serum for each 0-5 ml. washed red cells, 

* Delsal, J. L., Bull. soc. chim. biol., 26, 99 (1044). Silicic acid columns reveal 
that the total lipid of each fraction contains more than 80 per cent 
phospholipid. 

€ The nuclei were isolated by differential centrifugation after } 
in 1 per cent citric acid. Deri geing tie sells 

? Probability of a difference in specific activity between lipids of nuclei and 
soluble nuclear lipoproteins >99 per cent in the samples obtained 
from chicks. 

® Unpublished results, 


INHIBITION OF PROTEIN SYNTHESIS IN YEAST BY LOW INTENSITIES 
OF VISIBLE LIGHT 


By Dr. EUGENE SULKOWSKI*, BERNARD GUERIN and JACQUES DEFAYE 


Institut de Chimie des Substances Naturelles 
AND 


Pror. PIOTR P. SLONIMSKI 


Laboratoire de Génétique Physiologique du Centre National de la Recherche Scientifique, 
Gif-sur-Yvette, Seine-et-Oise 


HE work deseribed here results from an accidental 

observation made in the course of systematic investi- 
gations of the mechanism of respiratory adaptation in 
yeast). During all the previous work, the reproducibility 
in the measurements of the acceleration of the rate of 
uptake of oxygen, reflecting the induced synthesis of re- 
spiratory enzymes, was quite satisfactory. Recently, with 
the introduction of a Warburg apparatus with a water bath 
made of ‘Plexiglas’ and therefore transparent (model V, 
Braun), the manometric measurements became erratic and 
non-reproducible. A positive correlation between the 
intensity of the day-light and the weakness of respiratory 
adaptation was observed; a systematic examination of the 
effect of light on yeast was therefore undertaken. 

The experiments were performed with an apparatus 
used for photosynthesis with a source of artificial light, 
which is more easily controlled than the day-light (model 
SL 65, Braun). ae i 

Fig. 1 shows that light completely inhibits the respira- 
tory adaptation. The experimental design was such that 
heat emitted by the lamp could not be responsible for 
the observed inhibition. The emission spectrum of the 
lamp and the fact that the vessels are of ‘Pyrex’ strongly 
indicate that the visible region of the spectrum is biologic- 
ally active. It can be seen in Fig. 2 that the inhibition 
is also quite manifest if the illumination, instead of being 
continuous as in the first experiment, is carried on during 
the first 2h only. The illumination period is followed by 
a period of about 3 h of complete inhibition in spite of the 
fact that the cells are in the dark. This inhibition is later 
relieved and eventually the rate of adaptation reaches 
that of the control. 

The aerobic fermentation of the same cells, treated in 
the same way, did not show inhibition by light. It is 


* On leave of absence from Institute of Biochemistry and Biophysics, 
Polish Academy of Sciences, Warsaw. 
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Fig. 1. Inhibition of respiratory adaptation by continuous illumination 


The culture of anaerobically grown yeast (yeast extract 1 per cent, 
glucose 10 per cent, ergosterol 12°5 zg/ml., strain yt foam, growth in 
the dark for at least 10 cell generations, air replaced by nitrogen contain- 
ing less than 0-005 per cent oxygen) was collected at the end of the 
logarithmic phase. After cooling in the ice bath the cells were washed 
twice with cold solution (0-1 per cent) of glucose and collected by 
centrifugation. The suspension of yeast (1 mg ‘dry wt.) was added to 
Warburg vessels kept in ice. The composition of incubation medium 
was as follows: potassium phosphate-phthalate-succinate buffer, 0-05 
M, pH 4-7, glucose 2 per cent. t zero time the vessels are shaken at 
28°C, the carbon dioxide béing absorbed by potassium hydroxide. 
Fons on the curves represent the average of measurements of three 
vessels, 

The Warburg vessels in which the uptake of oxygen was examined 
were either wrapped in aluminium foil (adaptation in dark) or not 
wrapped. The usual water bath of the SE 65 Warburg apparatus, 
Braun, was illuminated with a Philips TE 40-W/33 lamp. The distance 
from lamp to the vessels was about 5 cm and approximate energy of light 

at the bottom of the vessels was 10‘ ergs/em*/seo 
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Fig. 2. Inhibition of respiratory adaptation by a period of initial 
illumination. Absence of inhibition of the fermentation 


Conditions as deseribed for Fig. 1. Fermentation was studied with 
the same cells and under the same conditions except for omitting 
potassium hydroxide in the vessels, 


@, respiration in dark; A fermentation in dark; O, respiration in 
light; A, fermentation in light. 


Fall lines: continuously in dark; interrupted lines: illumination 
0-2 h followed by dark conditions for the rest of the experiment 


clear, therefore, that the fermentation metabolism is net 
so sensitive as, or is much less than, the processes respons- 
ible for the increase of the respiratory rate. Experiments 
in which either the duration. of illumination or its intensity 
was varied showed that the most sensitive period of 
respiratory adaptation is included during the first 2 h 
after the exposure to oxygen. This sensitive period 
coincides with the critical period uncovered with other 
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inhibitors? and with the maximum RNA synthesis 
during the adaptation’. The rate of output of carbon 
dioxide, although diminished by continuous illumine- 
tion, is always less sensitive than the respiratory adapta- 
tion. 

It should be stressed that it is the increase in the rate 
of uptake of oxygen that is abolished by light and not 
the process of respiration itself. The initial Qo, values 
are maintained practically constant during illumination, 
while they would have to decrease considerably if the 
light were inhibiting respiration. 

That the light has no effect on the respiration itself has 
been shown directly by measuring the rate of uptake of 
oxygen of aerobically grown yeast that has a full comple- 
ment of respiratory enzymes. Handled and examined 
under exactly the same conditions as those of Fig. 1," the 
aerobically grown cells are not inhibited at all; if any- 
thing a slight stimulation (about 10 per cent) can be 
observed. We do not know whether this stimulation 
has any statistical or biological significance. 

In order to see whether the biosynthesis of respiratory 
enzymes responsible for the increase of Qo, is arrested by 
light, a direct measurement of cytochrome ¢ synthesis 
was undertaken. In view of the larger amounts of cells 
necessary for the experiment, the geometry of the experi- 
mental set-up was different from previous manometric 
experiments and both the aeration and the illumination 
of the cell suspensions were less efficient. Nevertheless, 
Fig. 3 shows that light strongly inhibits the synthesis of 
cytochrome c by the non-growing, oxygen-induced cells. 
Visual observations at —190°C with low dispersion 
spectroscope and spectrophotometric measurements with 
the Cary 15 spectrophotometer showed a typical spectrum 
of cytochromes @, 6 and c in oxygen-induced, non- 
illuminated cells, while those oxygen-induced but 
illuminated maintained a cytochrome spectrum typical 
of the anaerobically grown yeast. 

In order to establish whether the inhibition by light is 
specific for the synthesis of respiratory enzymes, two 
reference systems were examined : the induced synthesis 
of galactose metabolizing enzymes (measured by the rate 
of fermentation of galactose by non-growing cells) and 
the general protein synthesis (measured by the rate of 
growth). These two processes can be examined as well 
with the cells previously grown on glucose either in the 
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Fig. 3. Inhibition of the synthesis of cytochrome o by illumination 
Anaerobically grown yeast was treated as described in Fig.1. Cell suspensions were put into two Erlenmeyer flasks (6 1.) containing potassium 


phosphate—phthalate~succinate buffer 0-05 M pH 4-7 and glucose 2 per cent. 


One flask was wrapped in aluminium foil, the other not; both 


were exposed in a constant-temperature room (26° C) to 40-W lamp (Mazda, TF) at a distance of 20 cm. Incubation mixtures (600 ml., 
1-75 mg cells/ml.) wero stirred with magnetic stirrers to ensure aeration. At given time, samples were withdrawn, cooled, centrifuged, washed 
twice at 0° with precooled sucrose solution (60 per cent) and suspended in it at the same final concentration (35 mg cella/ml.). Difference 
spectra (reduced minus oxidized with hydrogen peroxide) were registered at room temperature with a Cary 15 spectrophotometer, using an 


overvoltage light source, 


A, absorption spectra of non-aerated cells (interrupted line) and aerated for 6 h In the dark (full line). 


B, abscissa: duration of aeration; 
(minimum of variation, see A). 


ordinate: difference in absorbancy at 550 my (maximum of the a band of cytochrome c) and 575 my 
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Fig. 4. Inhibition of ‘galactozymase’ formation by illumination 

Anaerobically grown yeast was treated as described in Fig. 1. Warburg 
vessels (no potassium hydroxide) contained 0'5 mg glucose plus 40 mg 
galactose in potassium phthalate-succinate-phosphate buffer 0-05 M oH 
4-7 and 1 mg of cells. Glucose is exhausted during the first three hours, 
then the fermentation of galactose starts. 

@, fermentation in dark; O, fermentation in light. 

Iumination as in Fig. 1. 


absence of oxygen, or in its presence. Completely different 
results were obtained in these two cases : if anaerobically 
grown cells are used ‘galactozymase’ formation is inhibited 
by light (Fig. 4); there is no inhibition 
in an identical experiment performed with 
cells previously grown under aerobic con- 
ditions. The same conclusion is reached 
in the comparison of the effect of light on 
growth. 

Yeast is grown in the dark either in the 
presence or in the absence of oxygen; parallel 
cultures are then exposed to air either with 
illumination or not. It can be seen in 


1-0 


Fig. 5 that out of four possible permutations 3 
(0O,-0, dark; O.,-0O, light; no O,-0O, ¥ 
dark; no O,—O, light) only the last one # 
presents a diminution of growth as shown $ ga 
by a prolonged lag-phase and a decrease in * 2 
the growth rate. If growth is followed by # 


viable cell counts (plating of cells on full 
nutritive medium and counting colonies) 
instead of cell-mass measurements, the same 
conclusion is reached: light inhibits cell 
multiplication of anaerobically grown cul- 
tures. It should be mentioned that no indus- 
tion of respiratory deficient mutants (vegeta- 
tive “‘petites’’>) was observed under condi- 
tions where the respiratory adaptation was 
completely inhibited; there was no diminu- 0 
tion of viable cell count either. 

It can therefore be stated that the protein 
synthesizing mechanisms, as reflected by 
growth or biosynthesis of two unrelated 
inducible enzyme systems, are light-sensi- 
tive in anaerobically grown yeast. 

None of the metabolic processes (growth, 
induction of enzymes, respiration, fermenta- 
tion) is light-sensitive in aerobically grown 
yeast. 


0-05 


Yeast is 
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The terms, aerobically or anaerobically grown yeast, 
as we have so far used them, refer to thé conditions 
which, for at least ten cell divisions, have preceded actual _ 
experiments on the effect of light which have ail been 
performed under aerobic conditions (Figs. 1-5). We have 
studied also the influence of oxygen during illumination 
on the growth of a previously anaerobically cultivated 
yeast (respiratory adaptation being induced by oxygen, 
it cannot be studied in its absence). Our results clearly 
indicate that light has a much smaller inhibitory effect, 
if any, when air is replaced by nitrogen gas. It is probable, 
therefore, that inhibition of protein synthesis is due to a 
photo-oxidation. 

Deleterious effects of visible light on micro-organisms 
have long been recognized’. Extreme cases are known as 
‘photokilling’ phenomena due to photo-oxidation which 
are observed generally in the presence of added photo- 
sensibilizing substances®, 

We would like to stress the fact that our observations 
concern relatively low doses of visible light which are 
already effective in the absence of any added photo- 
sensibilizing agents. It seems to us, therefore, that our 
observations are more relevant to the physiological domain 
than those studied previously. This raises an interesting 
problem. 

Protein synthesis is sensitive to physiological doses of 
light exclusively during the passage from a steady-state 
anaerobic life to a new aerobic steady-state of life. It 
either means : 

(2) that cells which have been grown anaerobically for 
many generations possess a natural photosensibilizing pig- 
ment responsible for photo-oxidative effects while aerobic- 
ally grown cells lack this pigment ; or (b) that aerobically 
grown cells possess a protective agent preventing any 
photo-oxidative damage while anaerobically grown cellslack 
this protective agent. 

It is premature to make a definite choice between these 
two hypotheses. It will depend (inter alia) on the action 
spectrum of inhibition of protein sythesis which is actual- 
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Fig. 5. Influence of light on aerobic growth 7 yeast previously grown aerobically or 


annerodic: 
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own and treated as in Fig. 1 except that growth has been either in the 
presence or in the absence of oxygen. After washing, yeast is inoculated into Warburg 
vessels which are illuminated or not, as in Fig. 1. Incubation mixture (2 ml.) contained: 
13-4 mg Difco yeast nitrogen base (corresponding to Wickerham synthetic growth 
medium), and 40 mg glucose in buffer 0:05 M, pH 4:7. 

Growth measured by absorbancy of cells at 590 my calibrated in respect to dry weight 
by a standard curve. 

A, Aerobie growth of an anaerobically grown inoculum; B, Aerobic growth of an 
aerobically grown inoculum, 

@, dark; O, light. 
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ly being determined. It seems to us, however, that the 
second hypothesis is more plausible ; it is hard to imagine 
a natural pigment which would potentiate, at low con- 
centrations, the effect of visible light a hundred times more 
efficiently at least than acridines or other photosensibiliz- 
ing substances”®, 

There is a logical consequence of the second hypothesis 
that surpasses in importance and generality the experi- 
mentally established inhibition of protein synthesis in 
anaerobically grown yeast. 

Evolution ‘occurred in the presence of low doses 
of visible light and oxygen. If a step of the protein- 
synthesizing machinery were intrinsically sensitive to 
photo-oxidation, a protective mechanism would have had 
to, develop against both light and oxygen; this protective 
mechanism would have had to be physiologically regulated 
and an obvious candidate for the regulatory signal would 
have been the presence or absence of oxygen. It suffices to 
postulate that cxygen induces the biosynthesis of tho prc- 
tective agent to explain all the available data: anaerobic- 
ally grown cells are not induced and therefore are sensitive ; 
aerobically grown cells are pre-included and therefore are 
resistant; the phenomena have not been uncovered before 
because the effects of light have not been examined during 
the transition from anaerobic to aerobic life. The nature 
of the protective agent remains to be established. It seems 
plausible that one of the cytochromes and/or respiratory 
enzymes which are induced by oxygen? are active in 
protecting. 

Preliminary experiments have shown that a screen made 
out of cytochrome ¢ prevents completely the inhibitory 
effect of light during the transition from anaerobiosis to 
aerobiosis. 

Our hypothesis is strictly analogous to that advanced 
by Stanier et al.” on the induction by oxygen of the 
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synthesis of carotenoids, which act as protective agents 
against photo-oxidative destruction of chlorophyll. It 
differs from it in so far that it could be, perhaps, genoral- 
ized to all organisms, and not just to the photosynthesiz- 
ing ones. It should be stressed, however, that our 
generalization is as yet hypothetical while decisive 
experimentation has demonstrated the validity of 
Stanier’s concept. 

We thank Prof. E. Lederer for his interest. Prof. 
J. Chevaugeon kindly placed at our disposal the SD 65 
Warburg apparatus. 
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CHEMICAL INTERACTION OF OXIDES WITH METALS AT HIGH 
TEMPERATURES 


By W. J. KRAMERS and J, R. SMITH 


U.K. Atomic Energy Authority, {Atomic Weapons Research Establishment, 
Aldermaston, Berkshire 


HE scope of chemical reactions between highly 
refractory oxides and metals can be widened con- 
siderably to include a multiplicity of metal and non-metal 
elements!. They can be carried out in a hydrogen atmo- 
sphere and the results obtained are influenced by a great 
variety of factors. When the work was first started more 
than ten years ago most of the metals required, such as 
zirconium and cerium, could only be obtained in relatively 
impure forms and this affected the behaviour. The corre- 
sponding oxides also usually contain a variety of impurities 
which include hydrogen. The manner in which hydrogen 
occurs apparently depends on the structural form and 
other impurities. It is usually assumed that combined 
hydrogen really consists of water in solid solution in the 
oxide lattice. However, it is not necessarily true that 
all the hydrogen present is accompanied by such a corre- 
sponding increase in the proportion of combined oxygen. 
The electrically heated furnaces previously described 
have been used with various added facilities including 
means for maintaining small amounts of reacting gases 
such as nitrogen and water vapour in the hydrogen 
atmosphere at constant low pressure and controlled 
purity. This is to provide for a suitable configuration and 
exchange of the gaseous species at the reaction interface?. 
It has also been found useful to screen the reaction 
mixtures with u metal and employ d.c. beating with pro- 
vision for a rf pulse on operating the furnace element 


circuit breaker. As Brewer has pointed out’, new chemical 
phases may require to be quenched from regions of high- 
temperature stability and may also need processing 
through a series of moderate temperature reactions before 
the final stable states are achieved while particular 
reactions may take place only over a relatively narrow 
temperature range.- The size of particle used is also 
important and certain phases can have abnormal ageing 
characteristics in that the properties and subsequent 
reactivity vary with the time thet has elapsed after 
preparation over a matter of days. 

Some examples of simple reactions carried out in the 
temperature range 1,000°-1,600° C are shown in Table 1. 


Table 1, EXAMPLES OF SINPLE HYDROGEN REACTIONS 
Nature Product X-ray 
of. Apparent diffraction 
reactants Designation formula pattern 
Calcium 
CaHs zirconium 
ZrO, hydrogen oxide CaZrO,H Like CaZrO, 
Zirconium Like ZrO 
ZrHy hydrogen (slightly reduced 
210; oxycarbide ZrO.,C.gH.5 parameter) 
Hexngonal like 
CeH, Cerium 25 
CeS hydrogen (different €) and 
CeO, oxysulphid Ce, OSH, ap values) 


40 NATURE 


The compounds prepared in hydrogen can have a relatively 
high proportion of lattice defects as already known to 
occur in certain oxides and there can also be important 
structural deviations such as variations in lattice para- 
meter. One important example of a structural deviation 
occurring in the simpler compounds is found in cerium 
hydrogen oxysulphide as shown in Table 2. The different 
c/a ratio as compared with the ordinary compound and 
also the high hydrogen content are only found near to the 
1:1 oxygen-sulphur ratio. A change in the form of 
the hydrogen bonding is suggested which does not 
occur in the selenide, though the same result is obtained 
with the corresponding deuterium compound while 
neodymium behaves nearly similarly. With yttrium, a 
similar change is only found in the selenide. 


Table 2, COMPARISON OF HYDROGEN OXYSULPHIDES AND SELENIDES 


Apparent %/dq ratio 
composition Parameters Hydrogen Ordinary 
(A) compound compound 
Ce,OSH, y= 4:04 1-65 1-70 
fo = 6-67 
Ce,0SeH r.a A= 4:04 1:73 1:74 
Cs = 6°98 
{+ Ce oxyhydride) 
Y,0SH,., y= 3°79 (1-78) 1°73 
Cy = 6°57 
Hydride also 
present 
Y,0SeHy. Gg = 3°88 1°71 1-77 
Ca = 6°65 


Table 3. SUMMARY OF NUCLEAR MAGNETIC RESONANCE BEHAVIOUR 


Apparent 
Compound composition ie a Remarks 
gauss) 
Cerium hydrogen- 
oxysuiphide Ce,0SH.,: 3-1 
Cerium hydrogen— 
oxyselenide Ce,0SeH.: No Hs detected 
Zirconium Broad Proportion of 
hydrogen- 6-9 narrow line 
oxycarbide ZrO gcCo-2Ho-g and narrow increases with 
1-0 increase in 
temperature 


Calcium zirconium 


hydrogen oxide CaZrOgH 7-0 


The hydrogen dissociation pressure in cerium hydrogen- 
oxysulphide is not abnormal but the actual position taken 
up by the hydrogen atoms is a matter of some interest. 
Bacon has found by neutron diffraction at Harwell that 
the best agreement with the observed intensities oceurs 
assuming that the location of the hydrogen atoms is in 
pairs and on the unit cell edges rather than in the sites 
vacated by the oxygen. He has interpreted the results, 
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shown in Fig. 1, on the assumption that the cerium, 
oxygen and sulphur atoms have the same pogitions 
as in the ordinary oxysulphide but with only half each 
oxygen site occupied. A nuclear magnetic-resonance 
investigation of this and other compounds by Ferrett in 
the Analytical Branch at Harwell has shown two interest- 
ing effects as indicated in Table 3. First, there is no 
detectable hydrogen signal in certain types of compound, 
and, secondly, there can be more than one type of hydrogen 
present even when the compound is a single phase. 


Table 4. MAGNETIC SUSCEPTIBILITY DATA 
Apparent Magnetic susceptibility Kar 
Compound composition at field H ; 
Ku x 10¢ 
EMU, œ 
Cerium hydrogen- Ce,OSH.., 386 5,850 
oxysulphide 36 6,150 
34-5 6,750 
Cerium hydrogen- Ce,OSeH,., 850 1,100 
oxyselenide 780 1,450 
680 1,950 


An elongated molecule form of bonding is characteristic 
of an exchange interaction and the conditions required are 
evidently associated with the properties of the metallic 
ions formed and some specific characteristic of the sulphur. 
One of the consequences of the presence of non-metal 
combinations of widely different combining properties 
such as oxygen and hydrogen, and oxygen and sulphur, is 
the possibility of ionic-covalont resonances®. The ions 
formed. will include Ce?+ and Ce*+ and these will differ 
in the way they take part in these transitions and in the 
extent to which their energy states are split by the internal 
field’. A parallel spin oxysulphide exchange is likely 
and the interaction of iron seems able to induce transitions 
in an antiparallel hydrogen coupling involving the Cet 
ion. Both the sulphide and selenide specimens contained 
iron as an impurity, but the difference between them is 
also shown in the results of magnetic-susceptibility 
measurements given in Table 4. The observed range of 
values was much lower for the oxysulphide and this 
suggests that much less of the iron present is free than 
in the case of oxyselenide. 

The object of investigating more complex reactions is 
to determine the conditions necessary for controlling the 
amount, distribution, activity and other properties of 
different forms of hydrogen bonding. Certain combina- 
tions of elements in. suitable proportions appear to induce 
spontaneous resonant interactions as a result of a coupling 
of the electro-magnetic effects.“ More than one such 
combination can be combined in the same compound to 
give interlocking resonances which may depend on the 
mode of hydrogen behaviour and degree of excitation 
introduced. A variety of magnotic ex- 
change and relaxation phenomena could 
occur including double electron nuclear- 
spin interactions and electrically induced 
electron- and nuclear-spin transitions®. 

Certain cerium sub-compounds like those 
of zirconium previously found®?° have 
been obtained with impure materials 
under special conditions of formation. 
These can have a variable and abnormally 
small lattice parameter but do not neces- 
sarily contain @ high proportion of hydro- 
gen. It has therefore been of interest to 
consider the composition and sequence of 
operations necessary to increase the amount 
present. Zirconium can be combined 
with various other main metals such as 
calcium (or yttrium) in order to vary the 
properties. Suitable transition metals 
of comparable combining power with 
oxygen, like titanium and cerium, may 
promote @ resonant bonding while certain 
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Table 5. ILLUSTRATION OF INFLUENCE OF PREPARATION CONDITIONS 


Expt, e Reaction Main types of 
types conditions phase in product 
1 aAl,03,CeH, Ord CeN(a,=5:01 A) 
Al, Fe, Mn, Ni a-Al,O; 
in H,/N a atmosphere 
at 1,200° 
2 As No. 1 with AlO; 


Exp. CeN(a,=5-04 A) 
pretreated with metals Exp. Ces 
and controlled N, pressure 


3 As No. 2 with reduced Ce:0a 
A Cel, particle size CeAl0; 
4 Like No. 8 using low- New structure 
temperature Al,0; x 


and comp. II+ Si 


metals such as iron, lead and tin link the hydrogen with 
it. These interact directly with the hydrogen spins and 
are used in conjunction with other elements, usually 
metals, which provide indirectly coupling electrons 
from ions of suitable magnetic state, chemical potential 
and electro-negativity. 

The role of non-metals such as nitrogen, sulphur, chlor- 
ine and carbon, and particularly combinations of these, is 
to modify the structural and exchange characteristics. 
In addition, silicon influences the hydrogen behaviour 
and in conjunction with other metals and non-metals 
may take part in a chemical grouping designed to control 
regions or domains of hydrogen behaviour in the solid. 
The properties of these groupings, such as possibility of 
intra-domain rotations, and the modes of interaction 
between them, will naturally depend on the way the 
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silicon is preformed with other elements and compounds. 
and afterwards introduced. 

The complex combinations investigated include: (1 
Ce, Al; Mn Ni, Fe; O N H; and (2) Ti Mg; Nb Bi, Mo. 
Sn; O C H, together with additions and impurities including 
Si S Cl and V Cr Sb. These are based on a variety of 
experimental observations and other considerations. 
Cerium and aluminium, for example, can give a parallel 
exchange and manganese and nickel form ions of suitable 
potential with an even number of electrons, for !mking 
this with the iron and hydrogen. Variation in the reactant 
form and conditions influences the coupling achioved 
and a variety of products can be obtained as shown in 
Table 5. Pretreatment of oxide used can alter its structure 
and y-alumina reacts differently. 

We thank Prof. G. E. Bacon and Dr. D. J. Ferrett 
for permission to use their results and the Atomic Weapons 
Research Establishment Analytical Branch under Mr. 
J. M. Donaldson for many valuable data. 
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ENERGY SOURCES FOR THE IONOSPHERIC ELECTRONS 
By Dr. A. P. WILLMORE 


Department cf Physics, University College, London 


HE effect of absorbed solar radiation in raising the 

electron temperature in the daytime ionosphere has 
been discussed theoretically by Hanson! and Dalgarno, 
McElroy and Moffat?. They have concluded that, at 
altitudes near and above the F2 maximum, the electron 
temperature would exceed the neutral gas temperature, 
slowly falling towards it with increasing altitude. At 
night, no difference in the two temperatures would be 
expected. On the other hand, Willmore, Henderson, 
Bowen. and Boyd’ have shown from measurements made 
with a Langmuir probe on the Ariel I satellite that between. 
400 km and 1,200 km the electron temperature rises fairly 
rapidly with altitude and that it increases with increasing 
latitude both by day and by night. 

We have recently analysed some 51,000 measurements of 
electron temperature and density made during April 27— 
June 18, 1962, in order to examine the energy sourco 
required to produce the observed temperature distribution. 
For this purpose, the energy transfer rates calculated by 
Dalgarno et al. from the electron gas to the ion gas, and 
from the ion gas to the neutral gas were used, after an 
appropriate modification to allow for the presence of 
ionized helium. It was necessary to know the composition 
of the ionization, and of the neutral gas; these were 
obtained respectively from the observations of Boyd, 
Bowen, Raitt and Willmore’, and the model atmospheres 
calculated by Harris and Priester‘. In addition, the 
maximum daily value of the neutral gas temperature was 
treated as an adjustable parameter the value of which 
could be obtained from the internal consistency of the 
calculation. The best value was found to be (1,160 + 100) 
°K for a daily mean 2,800 Mc/s solar flux of 10-2? W/em? 
sec cycle, a value which is in satisfactory agreement with 
the predictions of Harris and Priester. 


The variation of heat input with altitude for various 
latitudes is shown in Fig. 1, the values being averages for 
local times between 09h and 15h. Between 400 km and 
600 km the energy input falls with a scale height of 
(77 + 11) km. Since the scale height of atomic oxygen 
at 1,160° K is 75 km., it appears that the main contribu- 
tion to the energy input below 600 km is indeed the photo- 
ionization process. The increase in scale height above 800 
km shows that here an additional mechanism must be 
operating. Hanson has observed that the photo-electrons 
produced above 300 km have a good chance of escaping 
from the region where they are formed by spiralling up- 
wards along the magnetic lines of force. We then suggest 
that the heating at great altitudes is due to collisions 
between. the flux of escaping electrons and the ambient 
ionospheric electrons. 

The energy input at 400 km at the sub-solar point is 
found to be (100 + 20) eV/em?sec. By interpolating 
between the calculations of Dalgarno et al., their predicted 
value is found to be 700 eV/em! sec; applying a correction 
proportional to the mean monthly solar emission of 2,800- 
Mejs radiation gives a value appropriate to the period of 
our observations of 535 eV/em? sec. The actual heat 
input will be less because of the escaping photo-electrons, 
only about 20 per cent of the total having a range of 
100 km or less and so contributing to the local heating. 
Thus the observed and calculated values appear to be in 
good agreement. Moreover, the observed energy input 
is found to fall with latitude approximately as the cosine 
of the solar zenith distance at noon, the rising electron 
temperature with latitude being caused entirely by the 
fall in electron density which also occurs. 

The mean value near the equator of the energy input 
per ionospheric electron is found at 700 km to be 5 x 10-5 
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Fig. 1. Variation of Q with altitude at different latitudes, 


eV/sec. If the heating is due to photo-electrons with a 
mean energy of 10 eV, a flux of 2-6 x 108 em sec is 
required. The flux calculated from the production rate of 
Dalgarno et al., corrected for the change in mean solar 
2,800-Me/s emission, and allowing for those trapped by 
the atmosphere, is 2-5 x 10° cm- sec“. Thus the photo- 
electron. flux is certainly adequate to provide the observed 
heating even if no mirroring at the conjugate points occurs. 

The persistence of the latitude effect at night shows that 
there is still a source of energy after sunset. The magnitude 
is about 2-3 per cent of that in the day. Fig. 2 shows in 
relative units the geographic variation of the energy input 
based on observations taken between 500 km and 700 km 
between 21h and 03h local time, corrected to the mean 
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Fig. 2. Results from altitude region 500-700 km 
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altitude by means of an empirically determined scale 
height. Marked also are the regions where Savenko et al.§ 
observed fluxes exceeding 2 x 10° cm-? sec-! of soft elec- 
trons the energy of which was thought to be about 10 keV. 
It is seen that there is a good general agreement between 
the regions of maximum flux and maximum heating, con- 
sidering that both the epoch and the altitude of the observa- 
tions are different and that the observation of the electron 
fluxes was made after a large magnetic storm, while the 
electron temperature observations were in a period which 
was magnetically rather quiet. Such electron fluxes 
would lead to an ionospheric energy input of only one- 
tenth of ‘the observed value. If, however, the mean. 
electron energy was only 2-3 keV, while the energy flux 
remained constant, sufficient ionospheric heating would 
result. In fact, Sevenko et al. measured the energy flux 
and arbitrarily assigned the precise value of electron 
energy, and, moreover, Freeman, Van Allen and Cahill® 
observed. comparable fluxes of 2~3 keV electrons at greater 
‘altitudes; so that the suggestion made here is not un- 
reasonable. f 

Thus we conclude that all tho observed features of the 
electron temperature distribution can be. accounted for 
by the heating due to trapped electrons with energies of 
2—3 keV in fluxes of about 8 x 10° em-? sec-, supple- 
mented during the day by photo-eleetrons produced by 
sunlight provided due allowance is made for the effects 
of escaping photo-electrons spiralling upwards along the 
lines of force. 


1 Hanson, W. B., Space Research, 3, 282 (North-Holland Pub. Co., 1963). 
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NEWTON AS A HISTORIAN 


Isaac Newton: Historian 
By Prof. Frank E. Manuel. Pp. viii+328+12 plates. 
(Cambridge: At the University Press, 1963.) 60s. 


HE activity of Isaac Newton in the field of chronology 

and in the still more hazardous one of apocalyptic 
lore has always appeared to the admirers of his achieve- 
ments in natural philosophy so out of tune with the latter 
that they have been at great pains to produce some kind 
of explanation—not to say apology—for it. However, 
their approach has been so dilettantish and so curiously 
lacking in serenity as to be completely fruitless. At long 
last, this challenging problem has now been taken up, in 
the wake of the present-day revival of Newtonian studies, 
by a scholar well armed for the task. It is rare indeed 
to see such an uncommon combination of immense erudi- 
tion and profound historical and human insight brought 
to bear on an obscure point of the history of science with 
such a satisfying result. 

Prof. F. E. Manuel reveals in his introduction that his 
initial purpose was just the edition of an unpublished 
Newtonian fragment entitled “The Original of Monarchies” 
(which is indeed given with adequate commentary in an 
appendix to the present book); but as so often happens 
to conscientious authors, he was gradually led from this 
modest beginning to. extend his investigations to a whole 
field of seventeenth- and eighteenth-century scholarship 
practically unexplored, and in which Newton’s work finds 
its natural place. He was thus enabled to give us much 
more than an elucidation of the character of Newton’s 
historical interests; he introduces us to the unfamiliar 
intellectual background against which Newton’s attitude 
must be assessed. From a thorough analysis of the 
sources, he draws a vivid picture of a stage in the treat- 
ment of historical problems which, however remote 
from the severe principles of historical criticism elaborated 
since, already shows the first fumbling efforts in the right 
direction. It is no enviable task to scan thousands of 
dreary pages in order to discover the conceptions and 
motivations of these laborious writers, and Prof. Manuel 
deserves our gratitude for having accomplished it so well. 
The lucid, elegant and objective exposition of his findings 
and conclusions carries conviction, and even the dullest 
parts of a subject which, though important, is not very 
inviting, are made palatable by an appropriate touch of 
humour. This book is thus likely to remain for many 
years the standard authority on the formative period of 
the development of historical method. 

It is hard, even under Prof. Manuel’s able guidance, to 
recapture the spirit in which the historians in Newton’s 
time approached their studies, so disconcerting is to us this 
mixture of rationalism. and mysticism, which rendered 
their controversies so utterly futile. We may Teconcile 
ourselves with the excesses of their tendency to rationalize 
the ancient myths, which led to a curious revival of 
euhemerism, even though we may be startled at their 
apparently boundless credulity: what is more difficult 
is to imagine ourselves fettered as they were by religious 
authority. For the dimension of time, a Copernican 
revolution was still to come. The belief in the ‘literal’ 
meaning of the biblical tradition narrowed the historical 
horizon to such an extent that people like Newton and 
many others could embark on the task of tracing the 
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development of human civilization from its first beginumg> 
with the conviction that this tradition, supplemented by 
whatever bits of evidence could be gathered from the 
classical authors, provided a sufficient basis for its accom- 
plishment. So confident were they of following « pre- 
scribed path leading to truth, that in setting up their 
ingenious systems they were not even conscious of dis- 
torting the evidence when they tried to ‘harmonize’ it 
with their hazarded readings of the sacred books. Even 
on. the mildest possible view, this misguided effort of the 
early chronologists and interpreters of scripture remains 
one of the most pathetic of those cases of self-deluision 
in which the history of human thinking abounds. 

Among the scholars engaged in such pursuits, Newton 
appears as no worse, but no better, than the others. Kome 
had more erudition than he displayed, and some (it must 
be said) more common sense. Divested of the aura of 
mathematical genius, he is just an able scholar without 
much originality or distinction, steeped in the modes of 
thought of the time and all the current political and 
theological controversies. Much has been made of his 
unitarian views; but, although he showed himself capuble 
of firmness and resolution on ‘other occasions, it is pain- 
fully obvious that he deemed a secure position in society 
more important than an open defence of these views. 
He had no need, however, to conceal the rabid anti- 
papism which he shared with the Puritans, and this-- 
perhaps his only—passion proved fatal to his power of 
judgment in historical matters. Identifying papist 
idolatry with paganism, he was anxious to vindicate God’> 
chosen people as the founders of civilization and to expose 
the pagan culture as érror and deception; and he was 
apparently unconcerned with the risk that such pre- 
conceived opinion would bias his argumentation. 

On the other hand, the mental attitude that character- 
ized Newton’s approach to natural philosophy could not 
fail to leave its mark on his historical investigations also. 
One recognizes in all his writings the same scrupulous 
care for detail and the same logical rigour (however mis- 
applied, sometimes, to premises of doubtful value). Even 
the interpretation of the prophecies was treated by him 
as a purely rational problem: he took for granted that cach 
element of the prophetic tales was a symbol with a definite. 
unambiguous meaning, and he accordingly conceived the 
task of interpretation as one of decoding a cipher. (nce 
this striking unity in Newton’s outlook is realized, the 
analysis of his historical endeavours can throw light on 
the real nature of what appears to us as the shortcomings 
and strange mystical undertones of his view of the physical 
universe. The tendency to rely too much on rational 
argument based on too few premises is equally noticcable 
in Newton’s chronological system and in his optical con- 
troversies. His conviction that the reconstruction of the 
history of mankind is a narrowly limited problem. for the 
solution of which we already possess all the datn. is 
paralleled by his equally strong assurance that the cosmo- 
logical problem is reduced to the account of the motions 
of a unique, limited system of heavenly- bodies. Just as 
he hoped to read God’s message to mankind by decipher- 
ing the scriptures, his aim and dream in unravelling the 
laws of matter were to grasp the very mechanism by which 
God’s direct intervention regulated the harmony of the 
world. The failure of this double quest was the tragedy 
of his life. L. ROSENFELD 
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John von Neumann 

Collected Works. General Editor: Prof. A. H. Taub. Vol. 
4: Continuous Geometry and other Topics. Pp. x+516. 
Vol. 5: Design of Computers, Theory of Automata and 
Numerical Analysis. Pp. viii+785. Vol. 6: Theory of 
Games, Astrophysics, Hydrodynamics and Meteorology. 
Pp. viti+ 538. (London and Now York: Pergamon Press, 
1962 and 1963.) 100s. net each volume. 


SKETCH of the life of John von Neumann and a 

roview of Volumes ] and 2 of his Collected Works 
appeared in Nature, 196, 100 (1962). Volumes 4, 5 and 
6 were published during 1962-63 (reference should again 
be made to the authoritative commentaries on von 
Neumann’s life and work mentioned in the aforementioned 
review). 

The Collected Works include all von Neumann’s published 
papers and also contain a bibliography and reviews of a 
number of his manuscripts, such as lecture notes not 
suitable for publication, and now in the library of the 
Institute for Advanced Study, Princeton. 

Volume 4 contains a collection of papers of widely 
varying scope, some having lasting importance and a few 
having perhaps only minor permanent significance. The 
group of papers on continuous geometries and geometries 
without pomts are important and lasting contributions 
to pure mathematics. Von Neumann’s interest in such 
geometries was at least partly due to his repeated efforts to 
improve the mathematical formulation of the foundations 
of quantum mechanics and to his hope that these geom- 
etries might give a route. However, this hope was not 
realized. Two other fields in which there are important 
papers are continuations of von Neumann’s work on 
topological vector spaces (linear transformations in 
Banach spaces) and a new proof of the existence and 
uniqueness of Haar measure on compact groups. One 
other extremely important paper is the solution of 
Hilbert’s fifth problem for compact groups. The five 
papers at the end of the volume contain answers worked 
out by von Neumann to certain ballistics, statistical and 
aiming problems put to him in 1940. 

Volume 5 is concerned with von Neumann’s contribu- 
tions to the logic, specification and application of large 
computers. In one sense, the papers are of ephemeral 
technical interest because the logic of automata is now so 
widely studied that early work, however basic and far- 
sighted, must inevitably be submerged in world-wide 
progress. However, the contents of Volume 5 show how 
vital were the contributions made by von Neumann in 
making the computer the bulldozer of applied mathe- 
matics. The paper ‘On the Principles of Large Scale 
Computing Machines” was never published but the con- 
tents formed the substance of a lecture delivered many 
times by von Neumann. His spoken words had a great 
impact and persuaded many groups and laboratories with 
specialized interests, ranging among atomic energy, 
ballistics and aerodynamics, space research, long-range 
weather forecasts and high-energy physics (to mention 
only some examples) that a large computer was a powerful 
new tool which could be used flexibly and rapidly to great 
advantage. 

The more deeply mathematical papers in this volume 
are those on the solution of linoar systems of high order, 
on the inversion of matrices of high order, and on the 
probability logic of synthesizing reliable ‘organisms’ from 
unreliable components. There are also several interesting 
diseussions of practical problems where the methods of 
numerical solution of the basic equations are discussed, 
and where numerical answers to specific problems were 
obtained by using a computer. One example is the two- 
dimensional motion from rest of one incompressible fluid 
resting on another eight times less dense, both fluids con- 
tained in a box and the interface initially plane and 
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sloping. The infinitesimal motion has Taylor instability, 
but the object of the calculation was to stugly the finite 
motion of gross instability. Other examples are a néutron 
diffusion problem and the computation of the values of e 
and x to 2,000 decimal places and the statistical random- 
ness of the digits. 

Volume 6 contains nine papers on the theory of games. 
These papers are woven into the text of the book with” 
Morgenstern on games and economic behaviour. The 
theory has had a wide influence; and, parenthetically, it is 
interesting to note, for example, that von Neumann’s 
mathematical ideas about games theory have led to a 
computer service which is now available in the United 
States to optimize the distribution of investments in a 
portfolio, the customer stating his estimates of the 
probability of swings either way in the market value of 
each share. 

The remaining four-fifths of Volume 6 give von 
Neumann’s mathematical work on various problems of 
fluid mechanics, usually problems connected, with shock 
waves and blast. Von Neumann was one of a number of 
brilliant academic scientists asked to help the United 
States war effort through flexible consultative links with 
several of the United States agencies (the Office of Scien- 
tific Research and Development, the Bureau of Ordnance 
of the Navy Department, the Manhattan District, etc.). 
He took to the theory of compressible fiuids like a duck to 
water. His theory of the explosive detonation front is 
well known. He developed the similarity theory of the 
instantaneous point source explosion in a perfect gas, a 
theory given independently by G. I. Taylor. However, 
von Neumann also gave a numerical method of continuing 
the solution beyond the stage where the ‘strong shock’ 
relations are losing their accuracy. 

Another of von Neumann’s ideas is well known—the 
artifice of solving certain types of shock-wave problems 
numerically on a computer, step by step in time, without 
the operator having to adjust the conditions at the shock 
front at each step. Von Neumann and Richtmyer merely 
put in a viscosity type term, with a fictitious value so 
chosen for the viscosity that the shock front was con- 
tinuous, although with rapidly varying variables, spread 
over a few mesh points. Volume 6 also contains a series 
of interesting papers on the oblique reflexion of shocks. 
A plane shock wave is not reflected acoustically by a rigid 
plane surface: sometimes the plane-reflected shock and 
the incident shock meet at the surface, and sometimes a 
Mach Y forms. (Mach was the first to notice the pheno- 
menon experimentally in 1878.) These idealized mathe- 
matical considerations on shock-wave reflexions have a 
bearing on the mechanics of a system in which an oxplosive 
charge is detonated in air above the ground; and von 
Neumann discusses this system. The volume concludes 
with summaries of certain reports, lectures and statements 
made by von Neumann on a range of topics, such as the 
role of science in society, the chance of man surviving 
technology and other political or sociological problems. 

W. G. Penney 
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Tycho Brahe 

A. Picture of Scientific Life and Work in the -Sixteenth 
Century. By Dr. J. L. E. Dreyer. Pp. xvi+ 405. (New 
York: Dover Publications, Inc.; London: Constable and , 
Co., Ltd. Dover Edition, 1963.) 16s.; 2.0 dollars. ` 


T YCHO BRAHE js a reprint of a book first published in 
1890. The name of J. L. E. Dreyer of the Armagh 
Observatory is not well remembered to-day, but he was 
one of the most scholarly writers on astronomy and its 
history at the end of the nineteenth century and later; 
and it is remarkable how little has been added to our 
knowledge of Tycho Brahe since the publication of this 
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standard work. Although Tycho Brahe rejected the 
Copernican ¢heory, he improved instruments of observa- 
tions, star and planetary tables and laid the foundation 
of later dynamical astronomy. 

The narrative of his life is extraordinary. His uncle 
kidnapped him as a baby and kept him until he entered 
college. At the university he fought a duel which cost 
him a part of his nose, which he replaced with precious 
metals. His choice of a life partner from among the 
peasantry caused a permanent breach with his noble 
relations. Dreyer gives a detailed account of his empire 
of scientific research on the 2,000 acre Island of Hveen, 
given to him by King Frederick IT, and on which he built 
Uraniborg, a sixteenth-century Herstmonceux. So com- 
prehensive was the establishment that not only did it 
contain a printing shop, but also a paper-making works, 
for the star catalogues ran into hundreds of pages. The 
accuracy of the celestial obsorvations which were possible 
before the use of telescopes was quite remarkable. Coper- 
nicus had grumbled that he could scarcely do better than 
ten minutes of arc, but Tycho Brahe could often work to 
an accuracy of one minute. The book deals with Tycho 
Brahe’s later life in Bohemia, his influence on Kepler, and 
the fate of Uraniborg and its instruments. 

Unlike some other nineteenth-century biographies of 
scientists, Dreyer’s work gives a vivid account of the 
scientific, political and social climate of the times. Astro- 
logy was still important and Tycho Brahe spent much 
time casting horoscopes for his patrons. The original 
illustrations are useful, and it is interesting to note that 
the picture of Tycho Brahe first appeared in Nature 
(15, 406; 1877). 

While it is appreciated that the work here reviewed is 
intentionally a reprint, it might have been of more value to 
the student if some explanatory notes and modern refer- 
ences had been added. Long passages in old German and 
Latin are left untranslated. Many pages are devoted to 
astrological speculations concerning the new star which 
appeared in Cassiopeia in 1572. A footnote on the nature 
of the star as it is understood to-day might have been 
helpful. The re-publication in paper-back form of some 
of the important, but lesser-known, classics of the history 
of science is to be welcomed. W. L. SUMNER 


STRESS, STRENGTH AND DESIGN 


Handbook of Stress and Strength 

Design and Material Applications. By Prof. Charles 
Lipson and Prof. Robert ©. Juvinall. Pp. xi+ 447. (New 
York: The Macmillan Company; London: Colier- 
Macmillan, Ltd., 1963.) 125s. 


HE objective of Handbook of Stress and Strength is to 

show the procedures necessary to achieve a proper 
balance between stress and strength in design, It is stated 
that “Tho book is written for use in colloge courses... 
enginecring, ongineering mechanics and some courses in 
metallurgy. Professional engineers will also find this book 
a helpful summary of current practices and procedures”, 
In trying to serve these two different requirements the 
authors appear to give too little of the derivation of 
formule, etc., for the student and possibly are too 
elementary, in Part 1, for the design engineer. 

Part 1 deals with the consideration of stress: “the 
significant stress, which is that imposed on a member by 
service loads, assembly conditions and fabrication”. This 
proceeds by way of chapters on normal and shear stresses 
to combined stresses and their representation by Mohr’s 
circle, The effects of stress concentration and the determ- 
ination of suitable factors are then considered, followed by 
contact stresses and residual stresses. 

Part 2 considers the strength of the material: “ty 
allowable, or maximum, stress which the material in 
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fabricated form can sustain when subjected to [tho con- 
ditions of] service loads, assembly and fabrication”. 
Topics discussed are static and impact strength, fatiguo 
strength, fatigue damage, surface treatment and corrosion 
and surface fatigue. 

Having outlined these basic principles the authors then 
deal with the problem of balancing the two concepts and 
include a useful chapter on factors of safety. 

This is followed by a chapter on the apprarance of 
fatigue fractures. This seems a little out of place at this 
point, since although failures are considered to be primarily 
due to fatigue, it is to be hoped that the successful designer 
will not have to study many failures. There are two short 
chapters on elastic deflexion and elastic stability before 
reaching Part 5, which constitutes more than half tho book 
and is composed of charts and sample problems covering 
stress concentration factors, fatigue curves and Gooriman 
diagrams for steels, cast iron and aluminium and tubles of 
miscellancous physical properties. 

For a book which is sub-titled Design and Material 
Applications it is unfortunate that non-ferrous metals do 
not occupy many pages and non-metallic materiis are 
scarcely mentioned at all, The problems of joming 
members also appear to be omitted except for one pege of 
diagrams showing stresses in welds. 

However, the general presentation is pleasant and 
strikes a refreshingly new approach to an old problem. 
Most chapters are accompanied by a list of references to 
other books or papers for further reading. 

There are a number of typographical errors, but these 
are usually apparent—except for a wrong subscript to 
the denominator in the formula on p. 167. On several 
occasions in the chapter introducing the concept of sinifi- 
cant strength there is an over-simplification. considering 
the ability of potential readers. For example. when 


-considering environment, after saying that “many mater- 


ials are temperature sensitive” there is the simple state- 
ment that “High temperatures cause the phenomena of 
creep”. With the present growth in the use of thermo- 
plastic materials the qualification “High temperature” is 
rather a misnomer. 

The considerable mass of data presented in the charts 
and tables will be of great assistance to the design cnineer, 
and their use is adequately explained. Some of the terms 
may not be immediately familiar to readers in Britain. but 
familiarity in use should soon overcome this difficulty. 

If design of steel components for dynamic loading is the 
problem, then this book could be of assistance. Tf, how- 
ever, materials other than steel are being used, then the 
book could shed light on the problem but will probably 
not solve it. J. F. ALDER 


LOW- AND HIGH-ENERGY 
PHYSICS 




















Nuclear Physics 
Part B. Edited by Luke Cg 
Wu. (Methods of Experix, 
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the topic by reporting on mass determination, spin, parity, 
nuclear moments, measurement of polarization of elec- 
trons and photons, decay times, Q-values, energy-level 
and cross-section determination, flux measurements for 
charged particles and photons. Section 3 reviews sources 
of nuclear particles and radiation, including acceler- 


ator design, while Section 4 deals with beam transport ' 


systems and Section 5, statistical fluctuations. These are 
followed by three appendixes on evaluation of measure- 
ments and error, particle kinematics and a chapter on 
properties of elementary particles and particle resonance 
states. 

Thirty-one specialists, many of them of international 
scientific repute, share in writing the text of Volume B. 
Some of the articles are scholarly monographs, others have 
more the character of text-book articles. Since ‘methods’ 
are under discussion, no ‘techniques’ are included. 

For what kind of reader are these volumes meant ? 
Research students, teachers and university lecturers in 
nuclear physics may like to have them on their shelves; 
thoy certainly ought to be in laboratory libraries. 

To select just a few of the many contributions for review 
seems unfair; the greater part of the volume is profes- 
sionally sound and well written (Sections 2. 3 on mass 
determination and 2. 4. 1. 4 on nuclear magnetic moments 
were particularly interesting); therefore, it is probably 
best to voice doubts in certain cases. 

Neutrons are required for nuclear research and research 
reactors are, therefore, included as a topic under the 
section on artificial particle sources (82 pages). The essay 
on research reactors is adequate, but too long; the discus- 
sion on neutron beams and what one can do to change 
their properties (cooled filters, liquid hydrogen targets, 
etc.) is too general and short; admittedly, much of the 
development is of European origin (and therefore easily 
overlooked), but the methods for using neutron beams for 
nuclear and solid-state physics have, during the past five 
years, been developing at a rapid rate and most valuable 
results have been obtained with them. If the reactor is 
discussed, at all at length then the pile oscillator should be’ 
included, since many thermal cross-sections have been 
measured and the strength of neutron sources determined 
with it. 

There is a fine introduction by Dr. M. H. Blewett on 
medium- and high-energy particle sources (68 pages), 
excellent in setting out the various principles of the 
presently operating accelerators and of some future 
possibilities such as storage rings and colliding beams. 
This will be greatly welcome to the high-energy particle 
physics enthusiast working at the National Institute for 
Research in Nuclear Science in Chilton, as will be the 
section on beam handling (40 pages) and Appendix 2 on 
particle kinematics. If the research student does not go 
quite so, far south but stops at Harwell or Oxford and 
modestly selects low-energy particle physics as his subject 

of research, he would find the volume less helpful in so far 
as particle sources go. After all, there has been a vast 
P went eocently in the low-energy acceleration tech- 
equipment. The present stability 
wicle energy provided by the 
(6 pages) may be 300 eV in 
ions of many kinds, and 
porgy points through 
pnances have been 
providing a time 
S 
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nucleus is due to these developments, which are treated 
all too shortly or not at all. i 

.On the whole, one can only regret that the volume is 
uneven in its coverage of the field. One reason for this 
may be the time delay with which the volume was pub- 
lished, presumably due to the large number of contributors. 
L. Rosen and D. W. Miller’s excellent article on the determ- 
ination of nuclear reactions, whosemanuscript wasavailable 
in April 1958, a supplement being provided,in 1960, can 
serve as an example. Examination of the references 
shows that publications in 1960 and later have been 
included only very infrequently. Here is a real problem, 
which has to be solved, sooner or later. The writing of 
contributions to these handbooks is an arduous task, and 
any delay in their publication is regrettable. Is it not 
possible that in these times of explosive scientific progress 
multi-author handbooks should no longer be published as 
one volume, but be replaced by the delivery of the various 
contributions to the reader as soon as they become 
available ? E. BRETSCHER 


A SURVEY OF LOW-TEMPERATURE 
PHENOMENA IN SOLIDS 


Low Temperature Solid State Physics 

Some Selected Topics. By Dr. H. M. Rosenberg. Pp. 
xvi+ 420. (Oxford: Clarendon Press; London: Oxford 
University Press, 1963.) 63s. net. 


HE preface to Low Temperature Solid State Physics 

opens, most disarmingly, with the sentence, “This is a 
book of simple explanations”. To anyone who is dismayed 
by the increasing complexity of modern solid-state theory, 
this statement will indeed be encouraging even if, as 
might be expected, it does not convey the whole truth. 
Choosing a group of topics, relating principally to the 
thermal, electrical, magnetic and mechanical behaviour of 
solids, Dr. Rosenberg has presented an extensive and 
eminently readable account of the results of experimental 
investigations at low temperatures and their elucidation 
in terms of simple models. The significance of the ‘simple 
explanations’ lies in the absence of mathematical elabora- 
tion; the basic physical ideas are clearly expounded and 
the essential results of calculations are quoted with a 
minimum of formal argument. The enquiring reader, 
already assumed to have some understanding of the band 
theory of solids, will wish to turn to other sources for 
details of the theory, and there are plenty of references to 
assist him. 

Much of this book is discursive in character, with a low 
concentration of equations, theoretical treatments consti- 
tuting a’ kind of muted accompaniment. This approach 
provides a smooth presentation, making relatively few 
demands on the reader, but has the drawback that the 
status of some of the fundamental concepts may not 
In the discussion of transport 
phenomena, for example, the validity of the relaxation 
time is not critically examined. The policy of simplifying 
the theoretical interpretation means inevitably that some 
significant ideas are afforded merely a passing reference 
and others do not appear at all. The Boltzmann equation 
is not introduced, and the calculation of the magneto- 
resistance effect is not considered; thus the characteristic 
problems associated with very high fields cannot be fully 
appreciated. No reference is made to Landau levels in 
connexion with cyclotron resonance, to excitons in the 
optical absorption of semiconductors, or to spin waves in 
ferromagnetism. to take three examples at random. These 
comments are not intended to be derogatory—this is not,, 
after all, a text-book of solid-state theory—but rather as 
» indication that there are many observed effects, par- 
ularly at low temperatures, which are not amenable to 
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simple interpretation, and that sometimes the wood can be 
seen only after the removal of some of the trees. 

The first chapter is concerned with specific heats and 
the lattice vibrations are described in simple terms, no 
explicit reference being made to actual forms of frequency 
spectrum. The electronic specific heat of metals and 
alloys, and various types of anomalous specific heat, are 
also briefly discussed. Following a short account of 
thermal expansion, Chapter 3 deals with the thermal con- 
ductivity of non-metals and contains a clear description 
of umklapp-processes and other scattering mechanisms, 
together with their experimental manifestations. In the 
next chapter, on electrical conductivity in metals, some 
preferential ordering of the material is discernible. A 
careful analysis is made, for example, of the various factors 
contributing to the residual resistivity, whereas the 
anomalous skin effect and magneto-resistance are dealt 
with in a comparatively short space. 

The discussions of the thermal conductivity of metals 
and semiconductors, and of superconductivity, which are 
contained in Chapters 5 and 6 respectively, form admirable 
illustrations of the philosophy of the book. The experi- 
mental observations and underlying principles are welded 
into a readily intelligible pattern with all the essential 
features illuminated, yet free from oppressive detail. The 
non-specialist should find particularly helpful many 
sections, for example on the Bardeen—Cooper—Schrieffer 
theory, which are largely qualitative but far from super- 
ficial. The chapter on semiconductors follows fairly 
standard lines in the discussion of mobility, optical 
properties, etc., but it is somewhat surprising to find so 
little attention directed to cyclotron resonance. 

Thermoelectric effects in metals and semiconductors are 
discussed in Chapter 8 and this is followed by one on mag- 
netic properties. Here a substantial portion is devoted to 
paramagnetic effects, and the sections on ferromagnetism 
are so brief that one wonders whether much purpose is 
served by their inclusion. The de Haas—van Alphen effect 
has a short chapter to itself and the final chapter, which 
assumes some acquaintance with dislocation theory, deals 
with mechanical properties of metals comprising tensile 
properties, fatigue, creep and internal friction. 

In view of the wide range of topics, it would scarcely be 
reasonable to lay too much stress on what has been left 
out. Some slight disappointment may, perhaps, be felt 
that there is no reference to ultrasonic attenuation, 
Azbel’-Kaner resonance or oscillatory magneto-absorp- 
tion, all of which have figured prominently in the 
development of solid-state physics. Such personal 
preferences, however, do not alter the overall impression 
that this is a valuable and enlightening exposition, lucidly 
presented and liberally illustrated, which assuredly pro- 
vides much more than the ‘simple explanations’ of the 
preface. B. Donovan 


PHYSICS OF FLOTATION 


An Introduction to the Theory of Flotation 

By Dr. V. I. Klassen and V. A. Mokrousov. Translated 
by Dr. J. Leja and G. W. Poling. Pp. xiv +493. (London: 
Butterworth and Co. (Publishers), Ltd., 1963.) 126s. 


E was indeed a salutary experience for me—a physicist 
-who had not then read An Introduction to the Theory 
of Flotation—-to watch the first trials of a newly installed 
flotation plant, removing sulphides with xanthate, from 
the rough cassiterite concentrate, in a tin mill. 

I watched the dark glistening froth of arsenopyrite 
forming, being skimmed off and breaking up within a 
second, to a grey liquid pulp running down the sulphide 
launder. Then, even as I watched, the dark froth reddened 
and swelled and stiffened to a stable porridge-like con- 
sistency, overflowing the sulphide launder in an ever- 
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growing cascade, making a pool of red ‘porridge’ several 
yards wide on the floor. 

“Now”, said the vacation-student operator, “you are 
& physicist. What is the theory of this, and what would 
you do ?” 

“Improve the desliming. Remove the limonite earlier 
in the circuit, and this will stop”. 

“Oh, yes—and that will be done. But we have to do 
something at once. What would you do ?” 

He waved his hand towards the plant... . “It is all 
yours!’ I cut off the pine oil: I increased the pH, 
since he said froth was usually worse with an acid cirewit, 
And still the pool of red ‘porridge’ spread... . 

“All right; I give you best; I’m beat!” He picked up 
an, oil-can, filled with kerosene: ‘‘This sometimes works”, 
he said, and dropped six drops—only six !—into the first 
cell. Within seconds the red ‘porridge’ subsided; within 
a minute the dark short-lived sulphide froth was back 
again, and limonite-reddened tin concentrate went sul- 
phide-free to the tin-yard. 

Only the large red expanse of ‘porridge’ on the floor 
remained as a goad asking Why ? Why did six drops of 
kerosene cure it ? 

Klassen, and Mokrousov’s excellent book, An Jitroduc- 
tion to the Theory of Flotation, supplies a large part of the 
answer. For this book is concerned not primarily with 
how to run a flotation plant, but with how to understand 
the physics—as competely as possible—of all phenomena 
occurring at or near the three interfaces, solid—liquid, 
liquid-gas, gas-solid—and along the three-phase line in 
which these interfaces meet. Its theoretical account 
is constantly checked by reference to experiments-—not, as 
a rule, experiments with flotation plant, but laboratory 
experiments specially designed to throw light on the 
theory. It uses modern concepts—for it must deal with 
real solids and real liquids: it shows photographs, for 
example, of the detailed distribution of collectors over 
the surfaces of crystals, obtained by using ‘tagged’ 
xanthate, to illustrate the point that it is on the lattice 
imperfections rather than the surface as a whole that 
collectors are adsorbed. 

The theoretical account is simple, and should be helpful 
to any physics student, not so much because it leads to 
flotation (though that is of enormous economic, and heneo 
sociological, importance), but because it leads directly to 
simple confirmatory experiment, and so can help to givo 
reality to molecular, ionic and radioactive concepts. 
Therefore the book should be in the library of every 
physies department. 

Returning to the goad of the ‘porridge’ pool, the authors 
show photomicrographs by Klassen and Plaksin. showing 
that kerosene (coloured red) spreads along the 3-phase 
line around hydrophobic minerals: Krokhin found that the 
presence of this ‘border’ of kerosene along the 3-phase 
contact sharply increases the tenacity of attachment of 
hydrophobic grains to bubbles, even with kerosene con- 
centrations as low as 6 parts per million. This explains 
the increased preferential attachment of sulphide grains, 
May it also be that the kerosene carries in solution the 
oxidized oils (from the mine) which were responsible for 
making the red porridge ? 

The book is so comprehensive that it would be unreason- 
able to look specially for omissions. But one omission 
strikes me: the authors discuss methods for floating even 
larger particles—but they do not mention the method of 
blowing the particles ‘dry’ and letting the separation 
depend on whether they will then penetrate the water 
film. Yet this also is a method of flotation—Holbnan-— 
Michell table flotation. 

The authors and their Russian co-workers have made air 
immense contribution to the understanding of flotation. 
Let us be thankful that we, on our lesser scale, have also 
contributed ideas. For had we not, we could not earn 
their respect; and respect is an essential prerequisite of 
friendship. C. R. Burcu 


48 


CHEMISTRY OF THE ATMOSPHERE 


Air Chemistry and Radioactivity 

By Christian E, Junge. (International Geophysics 
Series, Vol. 4.) Pp. xii+382. (New York: Academic 
Press, Inc.; London: Academic Press, Inc, (London), 
Ltd., 1963.) 96s. 6d. , 


IR, chemistry, as defined by Dr. Junge, is concerned 
with the constituents and chemical processes of the 
atmosphere below about 50 km. His unique book, 
Air Chemistry and Radioactivity, presents a comprehensive 
account of this new branch of atmospheric science and 
emphasizes the variations in space and time of gaseous, 
particulato and radioactive substances, and their circula- 
tion within the troposphere, stratosphere and lower 
mesosphere. 
ae oo processes that dominate at levels above 
_ Atmospheric chemistry began about a century ago with 
investigations of trace substances in rain-water and con- 
centrated for many years on the radioactive emanations 
and on ozone. In recent years the subject has received a 
great deal of stimulation from the rapid development of 
cloud physics, which is much concerned with the nature 
and origin of particles that act as condensation and freezing 
nuclei, and also by the large-scale injection of radioactive 
isotopes into the atmosphere from nuclear and atomic 
explosions. Much of the leadership and enthusiasm from 
the meteorological side was provided by the late Prof. 
C. G. Rossby, who encouraged the widespread sampling 
and chemical analysis of air and precipitation in the 
belief that the chemical constituents would provide 
convenient tracers for the investigation of air motion and 
the general circulation of the atmosphere. Much of the 
pioneer work was carried out by Dr. Junge, and we must 
now be grateful to him for placing the subject in good 
order before us. 

There are five main chapters. The first discusses the 
variable gaseous constituents of the atmosphere—their 
origin, distribution, transport, circulation, sources and 
sinks, and the various chemical reactions in which they 
are involved. A great deal of observational data is well 
summarized in graphs and tables, is critically discussed 
and realistically assessed. 

The chapter on aerosols contains good descriptions of 
the concentration, size distribution, composition, natune 
and origin of air-borne particles, and discusses their role 
as condensation nuclei in clouds. The sections on optical 
and electrical properties of aerosols and on stratospheric 
aerosols are particularly valuable, because the information 
is not available in convenient form elsewhere. The text 
is repetitive in places and would have benefited from some 
Teenenearen of material and a tightening of the general 
ine. 

The third chapter, of 80 pages, is devoted to atmospheric 
radioactivity and summarizes present knowledge concern- 
ing radon, thoron and their decay products, the radio- 
isotopes produced by cosmic rays, and artificial radio- 
activity produced from atomic and nuclear weapons. 
This last-mentioned section, which contains coherent 
accounts of the production and distribution of fission 
products in the troposphere and the stratosphere, and of 
radioactive fall-out, brings together much valuable 
P aa that was rather widely scattered and inacces- 
sible. 

Chapter 4 reviews the various mechanisms by which 
gases and aerosols are removed from the atmosphere and 
summarizes the extensive measurements of the chemical 
composition of rain-water at many stations in the United 
States and Scandinavia. Dr. Junge produces maps show- 
ing the geographical distribution of the various chemical 
elements which throw some light on their sources and 
sinks, and their transport and transformation in the 
atmosphere. But this aspect of the subject has scarcely 
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emerged from its geographical stage and the outcome of 
so much effort is, perhaps, disappointing. A dinal, short 
chapter discusses the role of air pollution in air chemistry 
and describes the typical constituents of an industrially 
polluted atmosphere. 

This is an important, if rather highly specialized, work 
that will serve as a valuable book of reference for all who 
are interested in the constitution of the troposphere. 
There are extensive bibliographies at the end of each 
chapter, a good author index but a rather inadequate 
subject index. Dr. Junge writes well in his adopted 
language, but could have been served much better by 
his proof readers; there are many misprints though few of 
scientific consequence. B. J. Mason 


ORGANIC MATTER IN ROCKS 


Organic Geochemistry 

Edited by Prof. Irving A. Breger. (International Series 
of Monographs on Earth Sciences, Vol. 16.) Pp. x+ 658. 
(London and New York: Pergamon Press, 1964.) 140s. 
net. 


N some quarters there is the impression that a publica- 
tion is seriously at fault if it does not contain the most 
recent ideas and data. This narrow outlook puts a book 
in the same category as yesterday’s newspaper, rapidly 
heading for the waste-paper basket; it fails to recognize 
that fresh workers are continually joining all branches of 
human activity, and what is already well known to the 
experts is new to them. Moreover, occasionally workers, 
although they are busy with the latest techniques, lack 
knowledge of published relevant work done in the same 
field many years ago. Naturally, authors like to be up to 
date, but newness is of necessity transitory. For several 
reasons, therefore, the footnote dates of submission at the 
beginning of many of the chapters in Organice Geochemistry 
need be of little concern. 

Organic geochemistry, comparatively new as a name, 
is by no means an entirely new field of scientific endeavour. 
It is an outgrowth of earlier work on coal, petroleum, soils 
and oil shales; in recent years links have been forged with 
such problems as the origin of life and organic matter in 
meteorites, leading to controversies, and calling forth 
ingenuity, experimental and otherwise. 

Rapid advances in organic geochemistry have taken 
place during the past ten years. The subject has its own 
special problems, and, as the name implies, depends 
heavily on techniques and assemblages of data developed 
in chemistry in particular, a field in which growth has 
been even greater. The authors of the various chapters 
in Organic Geochemistry have, in general, recognized this 
dependence clearly, and have consequently provided 
leads to the appropriate fundamental literature. The 
extensive bibliographies give a good spread of publications 
in time, and references to publications in languages 
other than English are by no means rare. With minor 
exceptions, unnecessary repetition and irrelevant excur- 
sions have been avoided. 

Humus, kerogen, coal, petroleum, and native bitumens 
associated with oil shales, each has a chapter, and the 
same is true for the organic pigments, amino-acids, 
carbohydrates and lipids, the emphasis being particularly 
on their occurrence in rocks and soils; and sulphur, silica 
and marine carbonates are considered from the point of 
view of .the organic geochemistry of the formation of 
deposits. Other chapters deal with the origin and classifi- 
cation of naturally occurring carbonaceous substances, 
organic cosmochemistry, and pre-biological formation of 
biochemical substances. American workers have been 
especially active in the realm of organic geochemistry 
in the post-war years. Hence, it is not surprising that 
almost all the contributors to the book are from the 
United States. 
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The chapter on petroleum includes a list of hydrocarbons 
(ranging up to C,,H..), sulphur, nitrogen and oxygen 
compounds, which have been identified in crude oils, a 
total of about~450 compounds. This useful compilation 
gives the amounts, where known, the crude oil, and 
references to the sources of the information. The chapter 
on the origin and classification of naturally occurring 
carbonaceous substances includes charts classifying coals, 
kerogen rocks and coals, and solid fuels of known vegetable 
origin. As a key to further information the book is especi- 
ally valuable, and another excellent feature is its extremely 
full index (with, however, a few unexpected omissions) ; 
indeed, references and the index take up some 19 per éent 
of the space. 

There can be few geologists dealing with sedimentary 
rocks who will not find something in this book which will 
be of interest; those concerned with the fossil fuels will 
find much of interest. Solubility, precipitation, cementa- 
tion, all tend to conjure up pictures of inorganic environ- 
ments, where rocks are involved, yet organic matter or 
living organisms may play a vital part in these phenomena 
in numerous cases. The mechanism of the precipitation 
of calcium carbonate as a component of sedimentary rocks 
is still a subject of debate, and selectivity of some kind is 
indicated for the removal of silica from what are seemingly 
under-saturated solutions of this substance. 

Detective work based on the recognition of fragments of 
large molecules is proving helpful in identifying the likely 
parent materials, while some molecules are now known 
not to be such definite pointers to a unique organic source 
as was thought to be the case. Molecules with a mission 
in life may well be present in sediments, but their dis- 
entanglement from the complex mixtures of organic 
substances, in which they probably occur as quantita- 
tively minor components, is an operation fraught with 
many difficulties, not the least of which is the separation 
of the organic matter from the associated mineral matter, 
without alteration of the former. These are only a few 
of the fascinating achievements and possibilities in organic 
geochemistry, and thoughtful examination of the various 
chapters in Organic Geochemistry will prove stimulating 

` to many readers, whether they be geologists, soil chemists 
or others. Obviously, more data are needed on the com- 
position of living and decaying organisms, especially 
those which may be incorporated in sediments. The book 
also shows that the obtaining of anything more than super- 
ficial information on the organic matter in rocks and recent 
sediments is commonly a difficult and time-consuming 
process, in spite of the wonderful capabilities of the various 
kinds of chromatography. 

During the past eighteen months Europe has had two 
symposia, and the United States at least two symposia 
and a Gordon Research Conference, at which some aspects 
of organic geochemistry have been the main topic; another 
symposium is planned for this year. With Organic 
Geochemistry. Prof. I. A. Breger and his associates have 
given the subject a good start in the matter of major 
comprehensive publications. G. D. Hosson 


FLUID MECHANICS IN CHEMICAL 
ENGINEERING 


Fluidised Particles 
By Dr. J. F. Davidson and Dr. D. annoi Pp. xv + 
1554 11 plates. (Cambridge: At the University Press, 
1963.) 35s. not. 


HE use of fluidized beds in chemical engineering and in 
mining as well as in other engineering processes is a 
well-established practice, but it is only in the past few 
years that they have been investigated. in detail as prob- 
lems in fluid mechanics. It is fortunate for chemical 
engineers and for workers in applied mechanics that two 
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of the leaders in this field have written this connected 
account of the subject in which they and their colleagues 
have made the most significant advances. That solid 
particles can be held apart and fluidized by an upward 
current of fluid flowing between them is well known, That 
tho fluidized bed so formed can be cither uniform or 
agitated by the separation of discrote bubbles of fluid is 
perhaps less well known and cortainly has not been undor- 
stood. The key to understanding the situation lay in the 
recognition of an analogy between tho disereto masses of 
fluid rising through the bed and large air bubbles rismg in 
water. 

To workers in fluid mechanics, perhaps the most 
interesting section of Fluidised Particles is contained in 
Chapters 4 and 5, where the modification of the bubble 
analogy needed to take account of the separate motions of 
fluid and particles is worked out. 

Among the most striking of the theoretical predictions 
which were verified experimentally was that when the 
vertical velocity of the bubble is greater than that of 
the interstitial fluidizing fluid a sheath of the latter 
surrounding the bubble is carried up with it. The fluid in 
the sheath travels in closed streamlines which lie partly 
inside the bubble and partly outside it. 

To workers in fluid mechanics the book will be valuable 
because it introduces a subject which is developing rapidly 
but is not yet completely understood. The mechanics, for 
example, of the process by which fluidized particles aro 
able to offer resistance to the surrounding fluid when the 
flow is not vertical is not clear, in any event to me. The 
magnitude and direction of the interparticle forcos aro 
deduced as a result of a reasonable assumption that the 
reaction between fluid and particles is the same as that 
which supports the particles against gravity during incip- 
ient fluidization, and the motion of the particles is taken to 
be that which makes the whole mechanical system self- 
consistent. These interparticle forces must be the result of 
particle impacts just as the pressure in a gas is dne to 
molecular impacts, and the question whether there is any 
relationship between this impact pressure and tho local 
density of particles in the bed seems to need an answer. 
The effective viscosity of the bed might perhaps also be 
treated from this point of view. 

The designer of fluidized beds for industrial use will find 
the book valuable because it will enable him to make a 
reasoned choice of the elements of his design and will help 
him to predict its limitations. The bearing of the finid 
mechanical results on the use of fluidized beds in chemical 
operations is discussed in Chapter 6 and three appendixes 
are added to assist those unfamiliar with the methods used 
in fluid mechanics. 

The volume has a full bibliography containing about 
140 references, few of which are moro than five vears 
old. GEOFFREY TAYLOR 


RECENT DISCOVERIES IN PHYSICAL 
ORGANIC CHEMISTRY 


Advances in Physical Organic Chemistry 

Vol. 1. Edited by V. Gold. Pp. xv+443. (London: 
Academic Press, Inc. (London), Ltd.; New York: Academic 
Press, Inc., 1963.) 90s. 


HE rapidly increasing number of chemical journals 

and other serial publications leads one to look more 
critically at each new series of “Advances i in... ”, “Progress 
in... ”, “Annual Reviews of. *, ote., in order to assess 
whether its existence is justified i in terms of its value to 
chemists as well as of the profits it brings to its publishers. 
The test is passed by Advances in Physical Organic 
Chemistry, the first volume of a new series, which Sir 
Christopher Ingold, the leading contributor to the develop- 
ment of physical organic chemistry, describes in a short 
foreword as “an indispensably needed guide” to new 
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workers seeking to enter the subject. It will also serve to 


-keep established workers in the field fully aware of the ` 


‘potentialities of recent discoveries in branches of the 
subject removed from their own area of specialization, 
and the editor has wisely taken ‘physical organic chemis- 
try’ to cover the whole field of the application of quantita- 
tive and mathematical techniques to organic chemistry, 
réjecting its commonly accepted identification with organic 
reaction mechanisms only. : 

L. L. Schaleger and F. A. Long discuss (in 33- pages) 
““Entropies of Activation and Mechanisms of Reactions in 
Solution”, and, after outlining transition-state theory, 
they consider thermodynamic quantities for some well- 
chosen equilibria, and the relation between activation 
entropy and mechanism for some hydrolyses. This essay 
is a model of presentation, and makes most enjoyable 
reading. f 

* L. M. Stock and H. C. Brown offer “A Quantitative 
‘Treatment of Directive Effects in Aromatic Substitution”. 
This account (120 pages) is packed with facts, concisely 
presented, mainly in well-devised tables. It will be 

. very frequently consulted and cited as a reference in 
research publications. A historical approach is adopted, 
and this occasionally means that concepts are not pre- 
sented as clearly as if they were offered directly in their 
present-day context, but it is justified in view of the 
scepticism which greeted Prof. Brown’s first suggestions, 
less than ten years ago, that substituent effects in electro- 
philic aromatic substitution might be analysed in terms of 
substituent constants. 

A chapter (46 pages) by A. I. Shatenshtein, on “Hydro- 
gen Isotope Exchange Reactions of Organic Compounds 
in Liquid Ammonia”, illustrates one important function 
of this new series, for the author’s work, described in many 
papers in Russian journals, has been unjustifiably neg- 
jected by Western chemists, who cannot fail to see its 
significance now that it has been presented in its context 
of modern developments of physical organic chemistry. 
The account, which is at a lower level of sophistication 
than the othér contributions in the volume, comes 
opportunely, at a time when the chemistry of carbanion 
reactions is receiving rapidly increasing attention. 

An account (79 pages) of “Planar and Non-Planar 
Aromatic Systems”, by G. Ferguson and J. M. Robertson, 
considers the detection and explanation of non-planarity 
in aromatic molecules. While other spectroscopic methods 
are also discussed, the emphasis is on X-ray diffraction 
investigations, and the review points the necessity of 
refining by three-dimensional analysis the structures 
previously examined by two-dimensional methods. 

In the section (80 pages) on “The Identification of 
Organic Free Radicals by Electron Spin Resonance”, 
by M. C. R. Symons, a clear, non-mathematical, introduc- 
tion is followed by a discussion, with well-chosen examples, 
of the structures of organic radicals in solution, in crystals, 
and in glasses, and of structures of triplet states, bi-radi- 
cals, and molecular complexes. Application of the method 
to the investigation of reaction mechanisms is not con- 
sidered. 

The present-day intensification of interest in photo- 
chemical reactions of organic molecules renders timely 
the review (59 pages) by J. C. D. Brand and D. G. William- 
son of “The Structure .of Electronically Excited Organic 
Molecules”, although, as the account points out, spectral 
analysis of structures of excited states has so far been 
successful only in molecules which are small (up to 6-8 
atoms) or highly symmetrical, or both. Indeed, only for 
about 10-12 organic molecules can at least one electronic- 
ally excited state be characterized, but fortunately they 
include the prototypes of most chromophores of special 
interest in organic chemistry. 

The articles are not uniform in standard. Nor are they 
consistent in scope or intent, but this is not necessarily a 
fault; for example, the entertaining essay by Schaleger 
and Long and the detailed analysis by Stock and Brown 
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have great value in their quite distinct ways, and it would 
be hard to say which is the more useful. In all, the authors 
and the editor are to be congratulated on this volume, 
and future volumes in the series will be awaited with 
interest. ©. Easorn 


PHOTOCHEMISTRY OF DYES AND 
RELATED COMPOUNDS 


Die Photochemie der Organischen Farbstoffe 

Von Dr.:Hans Meier. (Organische Chemie in Einzeldar- 
stellungen, Band 7.) Pp. xvi+ 471. (Berlin: Springer- 
Verlag, 1963.) 79 D.M. 


HE light energy absorbed by coloured organic 

compounds can manifest itself in several ways 
depending on ‘the particular chemical system under 
consideration. It might reappear as luminescent radiation, 
be converted into electrical energy or heat, or induce 
photochemical reactions. This variety of behaviour 
imparts to the subject a significance for such diverse 
fields as physics, chemistry, biochemistry, biology, 
medicine and physiology. 

Dr. Hans Meier aims at a unified picture of these 
different phenomena, a task similar to that undertaken by 
Terenin in The Photochemistry of Dyes and Related Com- 
pounds, which was published in 1947 by the Academy of 
Sciences of the U.S.S.R. Since then there have been rapid 
developments in this subject, and Dr. Meier’s book helps 
to fill a decided gap in the literature. 

After an initial section dealing with the absorption of 
light and the theories relating it to molecular structure 
come three sections each dealing with a different mani- 
festation of the absorbed energy. The first discusses the 
release of the absorbed energy as fluorescence and 
phosphorescence. Then follows a discussion, based largely 
on the work of Schenk, of the way in which photochemical 
reactions can be initiated when the absorbing molecule 
changes, by a non-radiative process, from its excited 
singlet to its metastable triplet state. The resultant 
reactions can destroy the absorbing material itself, as 
instanced by fading of dyes, or they can, by the photo- 
catalytic action of the absorbing material, affect the 
substrate, as in the photo-tendering of dyed textiles and 
in the sensitization of photographic emulsions. In the 
third of these sections the author considers the photo- 
electric properties of érganic compounds. 

The treatment of these three sections is, however, far 
from uniform in depth. A fair indication of this is provided 
by the number of pages, 25, 37 and 145, respectively, 
devoted to them, and by the restriction of experimental 
details to the last section. Moreover, certain aspects of 
modern photochemistry, such as flash-photolysis and the 
photochemical reaction investigations of the Porter- 
Norrish school, receive but scant mention. This is 
deliberate policy on the part of Dr. Meier, who wishes to 
emphasize the recent discoveries concerning the intrinsic 
photoelectric behaviour of coloured organic compounds. 

In the presence of oxygen the photoconductivity of 
some of these compounds decreases relative to that 
obtained in a vacuum, while with others an increase is 
found. Hydrogen affects these two groups of compounds 
in the opposite manner. The reversibility of this 
phenomenon and the fact that these gases similarly affect 
the dark conductivity show that photochemical reactions 
cannot be involved. Dr. Meier argues that electron 
exchange must occur between the adsorbed gas layer and 
the solid and, from this and other evidence, classifies these 
organic compounds as n- and p-types, analogous to those 
long recognized in the inorganic semiconductor field. The 
familiar energy-bond model is then extended to these 
materials, the photoconductivity being attributed to the 
photoexcitation of m-valence electrons so as to form 


No, 4927 


mobile electrons or electron holes, the n- or p-character of 
the materjal being determined by the nature of the 
‘tras’. 

A particularly fascinating feature of this book is the 
discussion on the relevance of the observed photoelectric 
behaviour of many naturally occurring pigments to 
processes in living organisms. For example, the primary 
step in plant photosynthesis can be regarded as an 
exchange action between the illuminated chlorophyll, a 
p-type photoconductor, and the electron-donating water; 
this loosening of the bonds in the chemisorbed water then 
results in oxygen liberation. The reduction of the carbon 
dioxide occurs in a second stage. Another example is the 
action of the rods and cones of the retina, which can be 
thought of as semiconductor photocells containing 
photoactive pigments such as the visual purple. Consider- 
ation is also given to the highly important photodynamic 
effect: certain compounds, when injected into an 
organism or taken orally, lead in the presence of light 
and oxygen to cell damage, paralysis and even death. 
Although some compounds are carcinogenic in the dark, 
others are only so in the light. Many of these effects can 
be explained as photosensitized chemical reactions, but 
others, such as the photodynamic contraction of muscles, 
are more adequately explained by photoelectrical 
behaviour. 

This book is @ valuable contribution and will certainly 
arouse, as Dr. Meier hopes, much discussion and further 
experimentation. Nevertheless, there is yet scope for a 
book with the same or similar title as the present one, 
but showing a better balance of material. 

R. C. Faust 


GAS CHROMATOGRAPHY 


Gas Chromatography 

Third International Symposium held under the auspices 
of the Analysis Instrumentation Division of the Instru- 
ment Society of America, June 13-16, 1961. Edited by 
Nathaniel Brenner, Joseph E. Callen and Marvin D. Weiss. 
Pp. xxiv+719. (New York: Academic Press, Inc.; 
London: Academic Press, Inc. (London), Ltd., 1962.) 
157s. 


Gas Chromatography Abstracts, 196! 

Edited by C. E. H. Knapman, assisted by A. G. Scott. 
(Sponsored by the Gas Chromatography Discussion Group 
(Associated with the Hydrocarbon Research Group of 
the Institute of Petroleum).) Pp. x+219. (London: 
Butterworth and Co. (Publishers), Ltd., 1962.) 42s. 


Gas Chromatography 

By John H. Knox. (Methuen’s Monographs on Chemical 
Subjects.) Pp. viii+ 126. (London: Methuen and Co., 
Ltd.; New York: John Wiley and Sons, Inc., 1962.) 
15s. net. 


Gas Chromatography 

Principles, Techniques and Applications. By A. B. 
Littlewood. Pp. xi+514. (New York: Academic Press, 
Ine.; London: Academic Press, Inc. (London), Ltd., 
1962.) 107s. 6d. 


Biochemical Applications of Gas Chromatography 
By H. P. Burchfield and Eleanor E. Storrs. Pp. xviii+ 
680. (New York: Academic Press, Inc.; London: 
Academic Press, Inc. (London), Ltd., 1962.) 157s. 


N an earlier review of gas chromatographic literature! it 

was pointed out that published volumes on the tech- 
nique tended to fall into four classes: (a) proceedings of 
symposia; (b) compilations of abstracts; (c) handbooks; 
(d) authoritative tests. Five more volumes published 
since provide a further representative of each, together 
with one other which necessitates a new heading: ‘Appli- 
cations in a Specialized Area’. 
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The first of these is the Proceedings of the third inter- 
national symposium organized by the Analysis Instru- 
mentation Division of the Instrument Society of America, 
which, on this occasion, was published with commendable 
speed complete with a verbatim record of the interesting 
discussion, author and subject index and an additional 
2,362 references. 

The introductory lecture by Marcel Golay ranges in a 
stimulating way over capillary and packed columns with 
some emphasis on special geometrical forms. Itis interest- 
ing to note that the hard-centred particle with a thin 
sorptive layer on its outside that he proposes has recently 
been achieved by Halasz. Eight papers on various 
aspects of column performance follow, four on packing 
parameters, two on capillary columns and two on the 
theory of temperature programming. The latter, by 
Giddings and Said, respectively, provide a solid basis for a 
general tidying up of this valuable experimental method. 
Capillary column performance is still rapidly improving 
both in respect of resolving power and speed of elution; 
fast chromatograms with fifteen components separated in 
less than two seconds are illustrated. Averill’s addition of 
surface active corrosion inhibitors to coating solutions for 
capillary columns is courageous in the light of the already 
confused situation, but whether the reduced residual 
adsorption for polar solutes is obtained only at the 
expense of film stability is not clear. 

Detectors are well covered with a few now ideas such as 
ultrasonic whistles, thermionic diode and the radio- 
frequency mass spectrometer being explored. Useful 
additional information is given on the ill-understood 
electron-capture detector. The paper by Sternberg et al. 
is an outstanding contribution to an understanding of 
the versatile flame-ionization detector, for the first timo 
bringing together gas chromatographic experience and 
basic combustion chemistry. An effective demonstration 
that quantitative results at least as good as those obtained 
with conventional equipment may be achieved with a 
sample splitter, capillary column and fiame-ionization 
detector is provided by Halasz. 

The remainder of the thirty-seven papers included 
describe ancillary apparatus, such as sampling valves, 
fraction cutters and integrators, and a wide variety of 
applications, ranging from gases evolved during vacuum 
are casting of metals to petroleum fractions in the indus- 
trial chemical field, citrus juice to nutmeg flavour in the 
food industry and sternids and related substances in 
biochemistry. An interesting account of the development 
of what must be easily the most expensive and highly 
engineered chromatograph ever produced—that for the 
lunar probe—appears as a late contribution to tho mecting. 
The book is extremely well produced and is to be recom- 
mended to all those actively interested in the technique 
who can face the somewhat formidable price. 

The fourth in the series Gas Chromatography Abstracts, 
1961, contains some 883 more references and these, togethor 
with the author index and improved, very comprehensive, 
subject index, continue to provide this valuable service 
to all those interested in developing or applying gas 
chromatography. Consolidated indexes for all the 
volumes would be a useful additional feature which may 
well be available in the near future. 

The standard of small handbooks on the technique has 
always been very high and it must be difficult in this com- 
petitive field for a newcomer to find a place. The new 
Methuen Monograph by J. H. Knox has done so very 
effectively, however. Its firmly based, broad coverage in 
such a compact form, coupled with a very favourable 
price, make it the obvious choice for the new goneration of 
students for whom gas chromatography is just one of the 
important physical methods of separation and analysis. 
After a very clear introduction to the subject, there is an 
excellent chapter on theory covering the whole range from 
definitions to the Golay equation. Events seem to have 
overtaken the author just a little in connexion with his 
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table on high-speed elution on p. 37, in that capillary 
columns have already achieved some of the calculated 
figures given. Practical aspects are described in the 
remaining four chapters with, as the author claims, 
sufficient detail and diagrams to allow at least simple 
equipment to be constructed by the reader. The general 
presentation is good with clear, if occasionally over- 
simplified, diagrams. 

A. B. Littlewood’s book is interesting as one of the first 
of the second echelon of text-books which eventually will 
replace the volume by Keulemans, the standard work for 
almost a decade. It is well arranged, with an introductory 
chapter on definitions and technical terms followed by two 
on the retention volume and relevant variables, three on 
column performance and preparation, four on detectors 
and a long final chapter on applications. The whole treat- 
ment shows an effective combination of tho basic physical 
chemistry behind the technique and its more practical 
aspects, which is particularly well done in the chapters on 
retention volumes. Some mention of the effect of gas- 
phase interactions on the partition coefficient might well 
have been made. All aspects of column performance are 
well covered with a good theoretical background, but more 
emphasis on capillary columns both as a theoretical model 
and as a practical tool would seem appropriate. The 
weakest section is undoubtedly that on detection, mainly 
because of its confusing and somewhat unbalanced 
arrangement. To deal with quantitative analyses as an 
introduction to the subject is a little strange, but to ignore 
chronological development completely to the extent of 
describing ionization detectors first is distinctly irritating. 
A whole chapter devoted to catharometers is unjustified 
at this late stage, particularly since such important 
modern developments as the direct use of the mass spectro- 
meter as a characterizing detector receive only passing 
mention in other parts of the book. The inclusion of the 
important topic of sample injection under ancillary 
apparatus looks almost like an afterthought. Applications 
are clearly and compactly covered on amolecular class basis. 
_ The book is well produced with excellent diagrams and 
is strongly recommended for all those with a serious 
interest in the technique. 

In principle, the appearance of books describing the 
applications of what is already a fairly specialized tech- 
nique in a particular branch of chemistry seems an unwel- 
come trend, as it opens the way for an expanding pile of 
narrower and narrower texts. Fortunately, Burchfield and 
Storrs have, to a large extent, avoided this difficulty in 
their volume Biochemical Applications of Gas Chroma- 
tography by taking in examples from other fields, where 
important classes of compounds such as hydrocarbons are 
the subject of few, if any, biochemical investigations. 
They have also not hesitated to include other methods 
such as liquid chromatography and ion-exchange tech- 
niques when these are an essential part of the pre-frac- 
tionation procedure. This, together with an excellent 
first chapter covering all aspects of the technique in a 
general way, prevent the volume becoming a specialized 
instruction manual for biochemists. 

Although methods of analysis for most groups of com- 
pounds are included, the authors have wisely chosen to 
orientate the arrangement according to the methods used 
to obtain the-samples for gas chromatographic examina- 
tion from the biological material rather than functional 
groups. This leads to organic acids, for example, being 
considered in several chapters but does allow a more 
coherent treatment from a practical point of view. Thus, 
there are chapters on volatile components of tissues, 
essential oils, resin acids, lipids and non-volatile com- 
ponents of tissues in rough volatility order, each group 
being further subdivided according to elemental composi- 
tion, molecular structure or functional groups as appro- 
priate. A number of applications less directly related 
to biochemistry are included in the final chapter. The 
section on elemental analysis and structure determination 
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is of general interest to all chemists and is seldom described 
in other books. ‘Pesticides and pharmaceuticals aro glso 
covered briefly. There are useful appendixes on equip- 
ment manufacturers, somewhat surprisingly, comparative 
sieve sizes and the hazards of manipulating diazomethane. 
The general presentation is very good with a clear style 
firmly based on the authors’ personal practical experience 
of much of the work described. It is unfortunate that the 
book is so expansive as it should obviously be read by all 
up-and-coming biochemists. D. H. Destry 
1 Desty, D. H., Nature, 194, 822 (1962), 


SALTING AND CHEMISTRY 


A History of the Salters’ Company 
By J. Steven Watson. Pp. 161+7 plates. (London and 
New York: Oxford University Press, 1963.) 30s. net. 


HE historical records of the twelve great City Com- 

panies certainly vary in detail, but they all have in 
common their ancient origin covering a span of several 
centuries, their inception as private guilds or fraternities 
of craftsmen associating for mutual assistance and for the 
maintenance of approved standards in the conduct of 
their craft, and their ultimate emergence as organizations 
dispensing benefactions for educational or charitable 
purposes. In fact, to-day these Companies find their 
closest counterpart in the trusts and foundations that 
have come into existence in quite recent years to serve 
similar functions. But the City Companies are motivated 
by the sense of tradition, an astonishingly long history - 
that still continues to bind together a fraternity composed 
of men of very varied interests and experience, imbuing 
them with a common purpose in seeking to fulfil their 
functions to the best advantage. 

All this is made very clear in A History of the Saliers’ 
Company, for the author, whose rich qualifications as a 
historian are well recognized, has treated his subject in a 
most illuminating and interesting exposition. 

Like the other old City Companies, the Salters’ Com- 
pany in its early years had its tussles with the civic 
authorities and with the Crown over matters of finance 
and policy, and it sometimes found itself implicated in 
political wrangles. But following the grant of the Livery 
by Richard IT in 1394 (though it is to be noted that even 
before that date there already existed a Guild of Salters), 
it retained its integrity and independence as a corporate 
institution concerned mainly with the craft of dry salting 
—in those days, of course, a very important and skilled 
craft. It also engaged in other activities, such as the 
collection and distribution of flax, logwood, cochineal, 
potash, and chemical preparations of one sort or another. 
It was therefore by a process of natural evolution that 
the Company was led in 1918 to inaugurate the Salters’ 
Institute of Industrial Chemistry, and thus to devote the 
major part of its funds (apart from the maintenance of 
alms-houses) to the promotion of industrial chemistry by 
the annual award of fellowships and scholarships, : grants 
to universities and schools for education and research in 
chemistry, the organization and financing of conferences, 
and so forth. In the year 1962-63, for example, the 
company contributed more than £16,000 to these ends. 

It is pleasing to note that a number of its past, Fellows 
have now reached positions of distinction in the chemical 
field, and that under the present director of the Institute, 
Prof. A. R. J. P. Ubbelohde, its activities continue to 
expand with rewarding success. `The history of the Com- 
pany makes salutary reading for those who are little ac- 
quainted with the good work now undertaken by the twelve 
great Companies the origin of which centuries ago arose 
from the organization of craftsmen in various industries 
with which the Companies now have only an indirect 
concern—and that by the nature of their long tradition. 

W. Le Gros CLARK 
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HETEROCYCLIC COMPOUNDS 


Advances in Heterocyclic Chemistry 

Vol. 2. Edited by A. R. Katritzky, assisted by A. J. 
Boulton and J. M. Lagowski. Pp. xiv+459. (New York: 
Academic Press, Inc.; London: Academic Press, Inc. 
(London), Ltd., 1963.) 14 dollars. 


HE promise shown by the first volume in the series 

Advances in Heterocyclic Chemistry has been more 
than maintained in the second. This is an excellent work 
and any adverse criticism in this review must be judged 
in the light of the overall high quality. It is now clear 
that this sories will be mostly used for general reading 
and that its weakness as a work of reference lies in the 
irregular sequence of the chapters. Possibly a cumulative 
subject index should be considered for incorporation in & 
subsequent volume or volumes. 

As in Volume 1, approaches have been made in several 
ways. Thus, some chapters are based on the type of 
heterocyclic nucleus; some deal with a particular reagent 
and its effects on heterocyclic compounds in general; and 
others are highly specialized, dealing with a particular 
reaction of a particular class of heterocycle. In addition 
the editor and one of the assistant editors have contributed 
two more chapters on prototropic tautomerism. Of the 
chapters of the first type, one on three-membered rings 
with two hetero-atoms comprises an excellent account of 
the chemistry of the oxiranes, the diaziridines and the 
diazirines, to the last two of which the author, E. Schmitz, 
has made a considerable personal contribution. These 
fascinating small-ring systems were unknown before 
1950, although in earlier days nitrones, hydrazones and 
aliphatic diazo compounds had all been erroneously 
formulated as such. The contrast between the properties 
of the diazirines and their linear isomers, the diazoalkanes 
is partioularly interesting. Thus the cyclic compounds 
are much more stable (except possibly in the condensed 
state) and much less reactive. 

Quinoxalines and isoxazoles, much better known 
heterocyclic classes, are the subjects of chapters by 
G. W. H. Cheeseman and by N. K. Kochetkov and 8. D. 
Sokolov respectively. The translation from the Russian 
of the latter by A. L. Pumpiansky is worthy of the highest 
praise. Both are first-rate reviews of the work that has 
been done on these compounds in the past eight to ten 
years. A great deal of interest has centred on the N-oxides 
of the quinoxalines because of the rearrangements and 
reactions they undergo and their biological activity. For 
the rest, the quinoxalines fall neatly into place in the 
general scheme of aza-naphthalene chemistry. The 
isoxazoles, on the other hand, are characterized by a 
propensity to undergo ring fission on nucleophilic attack. 

An, even. less-stable nucleus is that of the selenazoles. 
Difficulties in synthesis and toxicity of some members 
have, in addition, led to this group of compounds being 
little investigated. E€. Bulka has provided an interesting 
account of this little-known subject. The chapter on 
1,3-oxazines will be found of less general interest, since 
the only compounds of authentic structure are all hydro- 
hetero-aromatic and consequently their properties are 
largely those that could be forecast from an investigation 
of their open-chain analogues—thus, typically, tetra- 
hydro-1,3-oxazines are cyclic aldehyde-ammonias or 
carbamates and dihydro-1,3-oxazines are cyclic isoureas 
or isoamides. 

There are two chapters on reactions of hetero-aromatic 
‘compounds with particular reagents. That by R. O. ©. 
Norman and G. K. Radda, who have given a general 
account of the reactions with free radicals, is most informa- 
tive. The surprismg power of orientation of the hetero- 
atom or atoms is well emphasized in the text and in a 
table which gives examples of the products of reaction of 
aryl radicals with, among others, pyridine, quinoline, 
pyridazine and quinoxaline. Reactions with diazo- 
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methane are the subject of the chapter by It. Gompper, 
who has covered a most diffuse topic in masterly fashion. 
His approach throughout has been to tie together hus 
account of the multitudinous reactions of diazomethanc 
with heterocyclic compounds with a strong thread of 
theory of reaction mechanisms. In the longest section. 
which is devoted to the methylation of cyclic lactaias, the 
large measure of correlation between the point of attack 
(O or N) and the amide-carbony] stretching frequency is 
clearly demonstrated. 

_ Those readers who are interested in the highly special- 
ized subjects of the action of metal catalysts on pyridine 
and the polymerization of pyrroles and indoles are well 
catered for in excellent reviews by G. M. Badger and 
W. H. F. Sasse and by Q. F. Smith respectively. 

A. R. Katritzky and J. M. Lagowski have continued 
their account of prototropie tautomerism with two more 
chapters in this volume. Their discussion of the structures 
of, largely, amino and hydroxy derivatives of furan, 
thiophene, pyrrole, indole, pyrazole, imidazole und the 
like is excellent on a factual basis. The style, particularly 
in tho second chapter, is rather tiresome and in places is 
little more than a list of references joined by non-cornmittal 
phrases of the type: “Brown has shown that... but 
Robinson has indicated that . . . whereas Jones has 
suggested that ...’. 

This is an excellent volume and can be wholeheartedly 
recommended for students and research workers in tho 
field of organic chemistry. A. F. CROWTHER 


MOLECULAR REARRANGEMENTS 


Molecular Rearrangements 

Part 1. Edited by Paul de Mayo. Pp. xii+ 706. (New 
York and London: Interscience Publishers, a Division of 
John Wiley and Sons, 1963.) 185s. 


‘HIS volume forms the first part of a comprehensive 

two-volume monograph of molecular rearrang:inents 
in organic chemistry. It deals mainly with the rearrange- 
ments that have been the subject of detailed mechanistic 
investigations and have provided the foundation of our 
understanding of this field; the second volume is intended 
to deal with some less-understood rearrangements involv- 
ing steroids, terpenes, alkaloids, carbohydrates and amino- 
acids. The division between the volumes is not ther-fors, 
simply based on the chemical structures involved: Part 1 
includes a discussion of the detailed mechanistic investi- 
gations involving the rearrangement reactions of bie yelic 
terpenes. 

The scope of the work is illustrated by the folowing 
chapter headings: ‘“Wagner-Meerwein ard Pinacolic 
Rearrangements” (Y. Pocker); “‘Allylic Rearrangernents”’ 
(P. D. B. dela Mare); “Carbonium Ion Rearrangements 
in Bridged Bicyclic Systems” (J. A. Berson); “Rearrange- 
ments in Small Ring Compounds” (R. Breslow); “‘.\rome- 
tie Rearrangements” (M. J. S. Dewar); ‘“Base-catalysed 
Rearrangements” (H. B. Zimmerman); “Free Radical 
Rearrangements” (C. Walling); “Rearrangements Involv- 
ing Electron-deficient Nitrogen or Oxygen” (P. A. Ñ. 
Smith); ‘“Transannular Hydride Shifts” (V. Prelog anil 
J. G. Traynham); ‘Heterocyclic Rearrangements” (1. M. 
Badger and J. W. Clark-Lewis); ‘“‘Claisen and Related 
Rearrangements” (Sara J. Rhoads). 

The length of the chapters varies considerably. those by 
de la Mare, Berson, and Smith together making up ahnost 
half the book. The first of these covers a wider ficld than 
allylic rearrangements; it includes many of the data on 
the solvolysis of allylic compounds, together with an 
account of the formation of allylic carbonium ions by 
additions of electrophiles to dienes. The chapter provides 
a valuable summary of these interrelated reactions. The 
description of bicyclic rearrangements by Berson tarts 
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with a discussion of the conversion of camphene hydro- 


‘ chloride to isobornyl chloride and develops into an exam- 


ination of the evidence for non-classical carbonium ions. 
Later topics discussed include the evidence for internal 
return and homo-allylic interaction. The mechanistic 
information available on these bicyclic rearrangements 
‘necessarily produces a rather complex pattern, but the 
author is to be congratulated on the presentation and 
development of his arguments so that the chapter is 
always clear and readable. The migrations to electron- 
deficient nitrogen or oxygen appear to provide a slightly 
simpler field, but one in which a number of problems are 
still unsolved. These topics are clearly discussed by 
P. A. S. Smith; the account of the Beckmann rearrange- 
ment being particularly complete. 

The majority of the other chapters reach the same high 
standard, The first, rather short, chapter by Pocker 
provides interesting reading because of his critical assess- 
ment of the evidence for various types of intermediates and 
transition states. The chapter on ‘‘Aromatic Rearrange- 
ments” by Dewar ably defends the thesis that x-complexes 
are involved in the main intramolecular aromatic re- 
arrangements, but I had the feeling that some awkward 
facts were being too easily dismissed, as, for example, 
the deuterium solvent effect on the rate of the benzidine 
rearrangement (p. 341). The other chapters include a 
valuable discussion of the thermal, acid-catalysed and 
base-catalysed rearrangements of cyclopropane and cyclo- 
butane by Breslow. 

It would be difficult for any single author to attempt a 
‘work of this kind, but the collaboration has made the 
volume appear as å& collection of almost independent 
reviews. Each chapter is complete in itself, but the 
relationship and order of the individual chapters do not 
correspond to any obvious pattern based on the mechan- 
isms involved. The delay in publication appears some- 
what greater than necessary, for the chapter on “‘Aromatic 
Rearrangements” has only one reference later than 1959, 
and in other chapters references to work in 1960 have often 
been added as footnotes. However, some authors have used 
such footnotes to include a discussion of work published 
as late as 1962. _ 

The book is well produced, and the misprints appear to 
be fow, although one of these has unfortunately added an 
extra hydrogen. atom. to the tricyclobutonium ion (p. 263), 
thereby modifying the symmetry of the system. The 
absence of a subject index and author index in this 
volume is regrettable, because some purchasers may not 
want both volumes. 

Despite these minor criticisms, there is no doubt that 
Molecular Rearrangements succeeds in its aim of showing 
how the apparent turmoil of organic rearrangements has 
slowly been reduced to the orderly consequences of a few 
simple concepts. In emphasizing the present uncer- 
tainties and difficulties, some of the chapters also point the 
way to future progress. J. H. Rip 


. 


MODERN BIOCHEMISTRY | 


Introduction to Modern Biochemistry 
By P. Karlson. Translated by Charles H. Doering. Pp. 
xviii +433. (New York: Academic Press, Inc.; London: 


Academic Press, Inc. (London), Ltd., 1963.) 80s. 


HE original German edition of this book was pub- 

lished a few years ago under the title Kurzes Lehrbuch 
der Biochemie fiir Mediziner und Naturwissenschaftler. The 
1962 edition has now been translated by C. H. Doering, 
of the University of California, and has been given the 
title Introduction to Modern Biochemistry. This is a more 
suitable title, for the author’s approach to biochemistry is 
from, the chemical rather than medical angle, and medical 
students will not find much about the biochemistry of 
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disease. In order to cover the main fields of modern 
biochemistry in a book of this size, Prof. Karlson has 
found it necessary to omit most of the explanation of how 
the various reaction pathways were discovered. From 
the point of view of teaching, this tends to restrict the 
usefulness of the book. For example, a student relying on 
this book would learn nothing about Knoop’s classical 
experiments on fatty-acid oxidation, nothing about 
Wieland’s work on biological dehydrogenation, and noth- 
ing about the exciting series of biochemical adventures 


- which culminated in the formulation and verification of the 


citric acid cycle. Yet, the most interesting and worth- 
while approach to these different aspects of biological 
oxidation is the historical one. 

For advanced students who have time to read more 
widely, this book has much to recommend it. In particu- 
lar, the chemical structures and reaction sequences are 
very clearly set out and are well explained in the text. 
There are helpful diagrams to illustrate aspects of stereo- 
chemistry and enzyme action, and some impressive 
electron micrographs. More space might well have been 
given to enzyme kinetics, and the treatment of the impor- 
tant subject of enzyme inhibitors is very inadequate. The 
book ends with a chronological table of important bio- 
chemical discoveries, starting with the discovery of urea 
which is attributed to Rouelle (1773). This table fails to 
include such revolutionary discoveries as the use of 
isotopes as tracers in biochemistry, or the development of 
chromatography in its different forms; moreover, it omits 
some of the greatest names in the evolution of biochemistry 
—Bernard, Willstitter, Hopkins, Cori, Szent-Györgyi, for 
example. Perhaps in future-editions this table might be 
expanded to give a more balanced, picture of how bio- 
chemistry developed. Each chapter ends with & short 
bibliography, mostly of books in English, and there is 4 
folding chart, summarizing the chief metabolic pathways 
and their interrelationships, and showing, on the other 
side, the sequence of amino-acids in the protein chains of 
adult human hemoglobin. In spite of certain defects ` 
which are mainly attributable to its restricted size, this 
volume is a useful addition to the list of modern text-books 
of biochemistry. D. C. Harrison 


NUTRITION AND DIETETICS 


World Review of Nutrition and Dietetics 
Vol. 4. Edited by Geoffrey H. Bourne. 
(London: Pitman Medical Publishing Co., Ltd., 
60s. 


N this fourth volume of the World Review of Nutrition 
and Dietetics, the international distribution of the 
reviews is well upheld with the eight contributions from 
France, Yugoslavia, Switzerland, the United States, Israel, 
Belgium, Scotland and England. The reviews are some- 
what uneven in value, and a tougher editorial hand would 
have enhanced their readability. This applies particu- 
larly to papers where the original draft was presumably 
not in English and inept wording tends to obscure the 
meaning. 

The useful discussion of the validity of present-day 
ideas of public health nutrition from Dr. Tremolieres 
(National Institute of Hygiene, Paris) unfortunately loses 
some of its drive in translation. The author has. much to 
contribute from his own experience of work in nutrition of 
developing communities. His criticisms of interpreta- 
tions of survey data and of recommendations of expert 
committees are well founded. 

It is interesting to have reports on the nutritional 
situation in Yugoslavia from Dr. Ferber (Central Institute 
of Hygiene, Zagreb) and of the situation among the peoples 
of remote mountain villages in Switzerland from Dr. 
Verzar and Dr. Gsell (Basle). In both these countries, 
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advancing industrialization is producing a revolution in 
older cultwral patterns, and altering food supplies and 
food habits in a way which may lead to malnutrition 
unless public health and social and education services are 
called into action. 

Dr. Consolazio (U.S. Army Medical Research and 
Nutrition Laboratory, Denver) gives an account of recent 
investigations of energy requirements under conditions of 
extreme heat and cold. Energy metabolism is also the 
theme of the paper of Dr. Shapiro (Hebrew University— 
Hadassah Medical School, Jerusalem). He discusses the 
problem of endogenous fat. His speculative hypothesis 
that in failure of release of free fatty-acids there may be a 
compensatory mobilization of neutral fat would seem to 
open up new possibilities in the investigation of fat 
metabolism and of obesity. 

The review from Prof. Bigwood (Brussels) provides a 
summary of work done during the past ten years in 
applying chromatographic methods to the investigation of 
amino-acids in milk and colostrum from human beings and 
cows. Detailed comparisons were made of pooled samples 
of normal human milk and colostrum and of samples from 
Dutch cows. In addition to the amino-acids, hexosamines 
were examined and their greater occurrence in human 
colostrum and milk was established. The overall results 
are compared, with those from other workers reported in 
the literature on milk composition. 

The nutritive value of colostrum and milk is partly the 
subject of the review by Dr. Preston (Rowett Research 
Institute, Aberdeen) of the nutrition of the early weaned 
ealf. He deals with the problem of the development of 
the ruminant stomach in post-natal life and with the conse- 
quences of early introduction of solid food into a system 
more adapted to liquid food. His findings indicate that 
although the anatomical aspects of change from digesting 
liquid to digesting solid food are fairly clearly defined, the 
physiological changes that occur in the early post-natal 
life of the calf are less well understood. 

The final paper by Miss Chatt (British Food Manufactur- 
ing Research Association) reviews the strange routes by 
which adventitious metals contaminate processed foods, 
in spite of the continuous vigilance exercised in modern 
manufacturing processes. A. M. Corrine 


BIOLOGICAL DIVERSITY 


The Nature of Biological Diversity 

Edited by John M. Allen. (The University of Michigan 
Institute of Science and Technology Series.) Pp. vii+ 304. 
(New York and London: McGraw-Hill Book Company, 
Inc., 1963.) 89s. 


YMPOSIA. so often consist of papers grouped around a 
theme, and sometimes related only tenuously to it, 
that it is a pleasure to find one that is coherently planned 
and so integrated that each paper follows logically from 
the one before it and leads on to the one after. In 1961 a 
series of lectures was given in the University of Michigan: 
it is not clear whether they were given during a brief 
period to the same audience, or given at intervals; it may 
well be that the reader of The Nature of Biological 
Diversity, seeing them all at once, will get a better impres- 
sion of the subject than the audience did. The book is 
expensive, but this may be justified by the many photo- 
graphs in it. 

Urey discusses the probiotic environment and the 
manner in which organic molecules would be expected to 
accumulate on a planet with the probable composition of 
this one. He is dogmatic about the impossibility of life 
based on any element but carbon. Given the amount of 
carbon probably present at the terrestrial surface, he may 
be right; but the abundance of elements on Earth follows 
no obvious rules, so there is no reason to assume it is the 
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same in other parts of the Universe. Given different 
abundance ratios, and a different ambient temperature. 
quite different polymers could operate. The justiticaton 
for calling entities in another system ‘alive’ is an interest - 
ing theme for argument. Unenterprising systems not 
based on carbon might be excluded, but anything with 
sense organs or purposive behaviour could scarcely be 
excluded merely because it transgressed our ideas about 
composition, rate of working, or preferred temperature. 
Urey is admirably quantitative in his approach; the 
excuse for a more qualitative approach to the problem is 
that it shows us what to be quantitative about. 

Biology is now dominated by photosynthesis. (alvin. 
limiting himself to this Earth, argues that much of 
biochemical evolution preceded photosynthesis and so 
took place in largely anaerobic conditions. He speculates 
interestingly on the evolution of enzymes and phosphoric 
esters, and on the way in which independently evolved 
systems may have begun to co-operate. Existing evidence 
on the differences between organisms at different levels in 
the evolutionary hierarchy suggests that ‘progress’ is n 
matter of morphology and is more often than not uccomm- 
panied by biochemical losses. Baldwin uses the evolution 
of nitrogen metabolism to illustrate this. We know 
little or nothing about the earlier phase of increasing 
biochemical complexity, and I am suspicious of Baldwin’ 
conclusion that whatever is universal in organisms is the 
metabolic activity of the original forms of life—efficiency 
rather than antiquity may lead to universality. This. 
more or less, is Boyer’s point of view and he discusses the 
advantages of having a diversity of enzymes with similar 
activities. Markert carries on the story from here: 
especially from the point of view of the substances that 
control the genes that control which particular synthesi- 
is carried out. At this point in the symposium we move 
into cytology, for he describes the environmental control 
of the ‘puffing’ pattern on dipteran salivary chromosomes 
and its probable influence on their activity. 

Cytological diversity is illustrated by Porter with an 
impressive series of plates. He states that an experienced 
observer can identify tissues from the appearance of 
their endoplasmatic reticula while at the same time 
recognizing a common ground-plan in all organisms except 
the bacteria and some blue-green algae. 

Sonneborn gives a masterly account of the changes that 
can be wrought on Paramecium by surgical and other 
procedures and concludes that certain end-results are con- 
trolled by the cortex and not by nuclear mechanisms, but 
he recognizes that control may work through differentia! 
absorption by the cortex of products of gene action. 
The importance of the cell-wall in morphogenesis is also 
stressed by Grobstein, and he describes experiments in 
which the inducing tissue is soparated by different types of 
membrane from the one that is developing. The agent in 
his system appears to be a protein, but he mentions the 
role of mucoid in the re-aggregation of dispersed masses of 
tissue. 

The present state of assumption about the biochemistry 
of genetics is summarized in a lively article by Williams. 
He stresses the value of some insect larve and pupæ as 
experimental material because of the close synchronism of 
the development of 100 or more individuals coming from 
the same, clutch of eggs. Like Markert he discusses 
‘puffing’? and the way in which it can be modified by 
hormones and other components of the environment. 
The final paper tells the complex story of the development, 
occasional dissolution. and intricate migrations of the cells 
in the chick-embryo brain. Levi-Montalcini goes on to 
describe her own work on the nerve-growth factor that 1s 
present in many tissues and that stimulates the growth of 
nervous tissue in their vicinity. In spite of much ingenuity, 
it is still not clear whether this agent is synthesized in the 
tissue from which it can be extracted, or whether it is 
made centrally and then held for later release by the 
tissues. 
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These last four papers give a vivid picture of the pro- 
gress that is being made towards solving Hamlet’s problem, 
and determining the chemical composition and mode of 
action of the ‘divinity that shapes our ends, Rough-hew 
them how we will”. N. W. Prem 


THE REMARKABLE HAGFISH 


The Biology of Myxine 
Edited by Alf Brodal and Ragnar Fänge. Pp. xiii+ 588. 
(Oslo, Norway: Universitetsforlaget, 1963.) 120s. 


HIS book will interest not only biologists who are 

especially concerned with the biology of the Cyclosto- 
mata, but also those who are working on the basic prob- 
lems of physiology, evolution and immunology to which the 
study of Myxine glutinosa is making useful contributions. 

The book was conceived as a tribute to Prof. Jan Jansen, 
head of the Anatomical Institute in the University of 
Oslo, on attainment of his sixty-fifth birthday. So long 
ago as 1930 Prof. Jansen published an exhaustive study 
of the brain of Myxine and recently he has examined also 
its muscles and myoneural junctions. Earlier, in the same 
Institute, Prof. K. E. Schreiner and his wife did classic 
work on its gonads, alimentary canal and integument. 
When the explorer, Fridtjof Nansen, worked on Myxine, 
he discovered the bifurcation of the dorsal nerve roots. 

The plan adopted by the editors of the volume has been 
to invite articles from twenty-four research workers at 
present working on various aspects of the structure and 
biology of Myxine at universities and other centres in 
Norway, Sweden, Great Britain, Australia, Canada, the 
United States, Australia and Germany. All these articles 
are in English, and the manuscripts submitted by authors 
whose native langugages are not English were checked by 
Dr. A. Peters, of the Department of Anatomy, University 
Medical School, Edinburgh, and Miss J. A. Dawson, of the 
Middlesex Hospital Medical School, both of whom also 
contribute articles. The result is a text which is clear and 
pleasant to read, and it is amplified and made even more 
attractive by the excellent and well-reproduced line 
drawings and photographs which illustrate the book. All 
the articles are provided with references to the consider- 
able literature and these together constitute a valuable 
bibliography. 

Chapter 1, one of the shortest, deals with the systematic 
position, phylogeny, behaviour and ecology of Myxine 
glutinosa. Some readers will, no doubt, wish that this 
chapter could have been longer. Among other things it 
discusses the statement, often made, that Myxine attacks, 
and bores into the flesh of, teleostean fishes and thus 
inflicts considerable economic losses on fisheries in some 
parts of the world. But, says Ronald Strahan, in his 
discussion. of its feeding habits, most biologists who have 
studied living myxinoids believe that they are not para- 
sites or predators. Undoubtedly they will eat dead or 
dying fishes, and also other dead or dying organisms, such 
as molluses and perhaps polychaete worms, but normally 
they seem`to act as scavengers that feed on a variety of 
dead or dying benthic animals. The same author contests 
the view that Myxine feeds by rasping and sucking in the 
flesh of other animals. As his description of its peculiar 
teeth (also described in Chapter 5) and their action shows, 
Myxine cannot suck, but bites into the tissues it consumes. 
A useful section in this chapter deals with the maintenance 
of hagfishes in the aquarium and their experimental uses. 

Chapter 2 deals with the nervous system and sense 
organs, and Chapter 3, which is relatively short, with the 
muscular system. These are followed by Chapter 4 on the 
skin and its derivatives, and Chapter 5 on the alimentary 
canal and its glands: Then follow the longest chapter, on the 
circulatory and respiratory systems, and a valuable chapter 
on the endocrine system and osmoregulation. The book ends 
with Chapter 8 on the urinary and reproductive systems. 
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It is not possible, in the space here available, to indicate 
all the anatomical and physiological detail qontained in 
these chapters and it is difficult to select particular 
sections for special comment. But attention may be 
directed to the section on adrenocorticosteroids by Prof. 

_ I. Chester Jones and to the article by Dr. J. D. Robertson 
on osmoregulation and the ionic composition of the cells 
and tissues of the myxinoids and the interesting bearing 
of these two contributions on theories of the origin of 
vertebrates from either freshwater or marine ancestors. 
Valuable also is Prof. Clyde Manwell’s article on the 
investigation, by the methods of molecular biology, of the 
blood proteins of the lampreys and hagfishes and on the 
bearing of the experimental results obtained on concepts of 
the functions of hemoglobins and on our knowledge of the 
ecology and physiology of these two distantly related 
groups of cyclostomes. In the same chapter is Morten 
Harboe’s note on the remarkable absence from myxinoids 
of any immunological reactions. 

The index is brief, but adequate. The publishers deserve 
special commendation for their production of a volume 
which is handy in size and well printed and bound. 

i : GQ. LAPAGE 


` 


TAXONOMY OF THE TREMATODA 


Systema Helminthum 

By Satyu Yamaguti. Vol. 4: Monogenea and Aspido- 
cotylea. Pp. vii+699 (134 plates). (New York and 
London: Interscience Publishers, a Division of John 
Wiley and Sons, Ine., 1963.) 600s. 


OLUME 4 of Satyu Yamaguti’s Systema Helminthum 
concerns the taxonomy of two unequal orders of the 
Trematoda, Monogenea and Aspidocotylea. The Aspido- 
cotylea contains twelve genera and thirty-six species 
which are mainly endoparasites of gastropod and lamelli- 
branch molluscs, as well as chelonians and fishes, in many 
parts of the world. These are forms with a simple rhabdo- | 
ccelan intestine, a posterior excretory pore and an unusual 
organ of adhesion which has an alveolar surface but no 
hooks or other haptorial accessories. There are two 
families, the Aspidogastridae (with ten genera and thirty- 
four species) and the Stichocotylidae (with a solitary genus 
and species). The genus. Zonocotyle forms an addendum 
to the group, although Dollfus: referred it to the Digenea, 
and three sub-families of Aspidogasteridae are recognized 
by the arrangement of one, three or four rows of alveoli 
on the haptor, although this distinguished French master 
was content with two sub-families. 

The Monogenea, which recent effort has enlarged to 
formidable proportions, was the subject of a large mono- 
graph by Bychowsky (1957), and in @ review of the trans- 
lated edition (1961) I pointed out the weaknesses of the 
taxonomic scheme?. Many of the twenty-nine families 
were recognized already, and many others were formed. by 
promotion of sub-families, only two being new. The 
fallacy of the scheme, however, lay in the arrangement of 
families in orders based on the numbers of hooks, hooklets 
and other haptorial accessories, which produced some 
systematic oddities. My criticism has since been upheld, 
but some authors favour the opinion that the group 
should have the status of a class, thus implying more 
remote affinity with the Digenea than has been envisaged 
hitherto. Whether or not Yamaguti has unravelled the 
tangled taxonomy of the Monogenea satisfactorily remains 
to be seen. He does not deny the importance of external 
structures as systematic criteria, but gives value also to 
the features of internal anatomy, so far as they are 
known. Larval structure is given some consideration 
also, but, it would seem,‘not to the extent which is desired. 
This much is indicated by a recent suggestion that 
Diclybothriids may have to be transferred from their 
usual association with Hexabothriids (as indicated in 


No. 4927 


Yamaguti’s scheme) to a closer relationship with Diclido- 
phoroidea’. s Regrettably, Yamaguti does not explain his 
disagreement with the scheme of Bychowsky by direct 
statement, merely indicating in a footnote (p. 7) that he 
disagrees “in some respects, especially in the status of 
taxa, superior to genera”, adding, in the same sentence, 
“differences of opinion are noted in respective footnotes”, 
although only nine out of 178 footnotes refer to taxonomic 
allocations in the Russian work, and then in meagre 
terms. However, it is clear that Yamaguti favours 
classification along the older traditional lines, from the 
re-establishment of the sub-orders Monopisthocotylea 
and Polyopisthocotylea, sensu Odhner, onwards. The 
‘alien look’ of the taxonomic scheme has been effaced 
and the family Udonellidae has not merely been restored 
to the Monogenea but is the type of a superfamily. The 
Monopisthocotylea is credited with six superfamilies, 
fifteen families, twenty-six sub-families and 142 genera, 
and the Polyopisthocotylea with seven superfamilies, 
twenty-six families, fifty-two sub-families and 128 genera, 

The six superfamilies of Monopisthocotylea are the 
Udonelloidea (one family), Gyrodactyloidea (one family), 
Dactylogyroidae (five families), Tetraoncoidea (two 
- families), Acanthocotyloidea (one family) and Capsaloidea 
(five families). Of the ten families of Bychowsky’s order 
Dactylogyridea, one (Acanthocotylidae) represents the 
Acanthocotyloidea, five (Capsalidae, Dionchidae, Loimi- 
dae, Microbothriidae and Monocotylidae) are referred to 
the Capsaloidea, and the remaining four (Dactylogyridae, 
Diplectanidae, Protogyrodactylidae and Calceostomati- 
dae) to the Dactylogyroidea, along with the Bothitrema- 
tidae, which stood in Bychowsky’s order Tetraonchidea. 
Two other families of this last-named order were referred 
to the Tetraoncoidea, but the Amphibdellatidae is sup- 
pressed. The family Gyrodactylideae is retained in the 
superfamily Gyrodactyloidea, but major change is indi- 
cated by the restoration of two families (Polystomatidae 
and Sphyranuridae) to the Polyopisthocotylea. This 
sub-order contains the superfamilies Avielloidea (one 
family), Chimaericoloidea (one family), Diclidophoroidea 
(ten families), Diplozooidea (one family), Megaloncoidea 
(two families), Microcotyloidea (seven families) and 
Polystomatoidea (four families). 

All three of Bychowsky’s orders of Oligonchoinea are 
suppressed and the following changes made: the two 
families of the Diclybothriidea (Diclybothriidae and 
Hexabothriidae) are transferred to the Polystomatoidea, 
although the desirability of separating them more widely 
was noted earlier; the Chimaericolidae is now the type 
and only family of a superfamily, Chimaericoloidea, not 
an order; of the nine families of Mazocraeidea in Bychow- 
sky’s scheme, one (the Anthocotylidae) is demoted to the 
rank of a sub-family in the Discocotylidae, and this 
family, along with five other families (Diclidophoridae, 
Hexostomatidae, Mazocracidae, Plectanocotylidae and 
Protomicrocotylidae), are placed in the superfamily Dicli- 
dophoroidea. Four other families are included in this 
major group; one of them (Dactylocotylidae) was con- 
sidered invalid by Bychowsky, another (Pterinotrema- 
tidae) was erected by Bychowsky and Nagibina in 1959, 
and two (Macrovalvitrematidae and Octolabeidae) are 
new. Two families (Microcotylidae and Gastrocotylidae) 
are transferred from the order Mazocraeidea to the super- 
family Microcotyloidea, along with a promoted sub- 
family (Axinidae) and four new families, three (Allopyra- 
graphoridae, Pyragraphoridae and Heteromicrocotylidae) 
with one genus each and one (Cemocotylidae) with two 
genera. 

Small families are conspicuous in Yamaguti’s scheme; 
thirteen families have one genus each (six of them only 
one species).and it is doubtful whether some of them will 
be allowed to stand in future schemes. According to 
Bychowsky, the Aviellidae was erected because of “a 
certain regrettable error”, its solitary species, Aviella 
baikalensis (Viassenko, 1928) being an anomalous Gyro- 


- difficult to satisfy every critic. 
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dactyloid form with four typical hooks and what. in an 
erroneous description, were regarded and figured as 
six cup-like suckers, but are not. It seems very likely 
that Bychowsky was correct when he asserted that this 
odd trematode is none other than Tetraoncus borealis 
(Olsson, 1893), in which case it must be regarded as a 
well-known member of the Monopisthocotylea and not the 
solitary type of a superfamily in the Polyopisthocotylea. 

The perplexing uncertainties of tangled taxonomy could 
scarcely be better displayed than in the two highly con- 
trasting schemes of Bychowsky and Yamaguti, both of 
whom are experts in this field. Major disquiet will he 
felt by many students of the Monogenea, however, in 
respect of lower taxonomic units. The diagnosis of genera 
and species often involves immature judgments con- 
cerning minute and insignificant characters and many 
new species have been erected for no better reason than 
the finding of specimens which show marked resemblances 
in different species of host or in the same host from differ- 
ent localities, thus begging important questions oi host 
specificity. Bychowsky dealt with about 158 gencra and 
958 species of Monogenea. Yamaguti tentatively recog- 
nized 268 genera and about 1,355 species, but 449 of the 
latter are referred to only four genera (Gyrodactylus, 
Dactylogyrus, Neodactylogyrus and Microcotyle). Many 
of these ‘species’ will most certainly prove to be invalid. 
Of eleven species of Dactylogyrus erected by Jain, seven 
are named after the host and one is called indicus; seven 
species erected by Tripathy show the same feature four 
times, but in the joint effect two ‘species’ occur in the same 
host. Indien workers are not the only transgressors who 
fail to realize that breeding characteristics are impertant 
distinctions of specific identity, and fail to consider fully 
ranges of specific or generic variability. Bychowsky 
(alone or with a colleague) erected a dozen species in each. 
of the genera Dactylogyrus and WNeodactylogyrus. and 
more than a score of species in the genera Gyrodactylus 
and Gyrodactyloides. Most remarkable, however, is the 
total of five dozen new ‘species’ of Neodactyloayrus 
erected by Gussev. Yamaguti (in footnotes) states that 
“some of the species” of Gyrodactylus and Dactylogyrus 
may be ‘synonyms’; but he makes no mention of Nec- 
dactylogyrus or Microcotyle in this respect, although these 
are the ultimate webs of a tangled taxonomy on which 
much further effort will need to be expended. 

In reviewing previous volumes of this serics, I noted 
that the criterion of size had been left out of consideration. 
This defect has been corrected in the present volume, 
which has 134 plates and nearly 900 excellent line dia- 
grams, many of which carry a scale of size. Size data are 
also given in the text in respect of type and some other 
species, but a sense of ‘false accuracy’ is sometimes mani- 
fested when length or breadth is given to the third place 
of decimals (the nearest micron !). Typographical errors 
are rare, but it is puzzling to know why “Pyragraphor- 
idae” is set in special type and disconcerting to find two 
mistakes in a few corrected “errors of transcription”’, 
one in a specially recommended name. The references 
number 791, but must be incomplete because, although 
my book is mentioned, my Ray Society Monograph is 
not. However, in such a work as this it would be very 
Without question. this 
book has estimable value, providing a great mass of 
diagnostic information concerning parasites dealt with. 
The hosts of Monogenea are mainly Teleostei, but unusual 
forms occur in many other kinds of hosts and the groups 
of these are mentioned in the systematic survey, as are 
some examples of hyperparasitism. Many keen helmin- 
thologists will wish to have this book within easy reach 
and there will be many occasions on which Yamaguti is 
silently thanked for this accomplishment of another 
monumental task. Bex Dawes 


? Dollfus, RB, Ph., Ann. Parasit., 88, 805 (1958). 
2 Dawes, B., Nature 194, 55 (1962). 
3 Llewellyn, J., in Advances in Parasitology, edit. by Dawes, B., 1, 237 (1968). 
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HEALTH AND PRODUCTIVITY OF 
THE GRAZING ANIMAL 


Animal Health, Production and Pasture 

By Alastair N. Worden, Dr. Kenneth C. Sellers and Dr. 
Derek E. Tribe. With the collaboration of Donald W. 
Jolly. Pp. xii+786. (London: Longmans, Green and 
Co., Ltd., 1963.) 60s. net. 


T book owes its origin to a suggestion once made by 
Sir James Scott Watson, who expressed, the need. to 
" sum up the factors which influence the health and pro- 
ductivity of the grazing animal. This the editors have 
achieved : perhaps the only criticism is the lack of adequaté 
treatment of the horse, for only its parasitic infestation 
with worms is considered. There are in all twenty-nine 
chapters, the authors being mainly from Great Britain, 
but the Commonwealth is well represented. Each expert 
brings his own peculiar knowledge to bear on the problem 
—Imowledge which has mainly been accumulated since 
the War. The book is intended as a work of reference to 
farmers, students and veterinarians and as a stimulus 
to agricultural and veterinary research workers and the 
advisory services. It is excellently produced and well 
indexed. Hach chapter has its own bibliography. 

It is freely recognized that our knowledge of the 
problems of producing grass and of managing pastures 
outstrips our knowledge of the problems of animal produc- 
tion and of satisfactorily conserving grass. The deficien- 
cies and uncertainties are discussed. 

In the introduction, which occupies the first twenty-nine 
pages, the editors describe the disorders of the foot of 
grazing animals, facial eczema, silica, selenium, industrial 
contaminants and the ecology of these animals. Then 
follow the chapters on grassland management, pasture 
chemistry, the nutritional value of herbage, forage crops 
and of their conserved products ; the nutritional physiology 


of the ruminant; the measurement of pasture output; ` 


grazing behaviour; the animals which use grass; disorders 
of cattle related to grass including parasitic diseases; 
mineral requirements and metabolism; plant toxicology 
and photosensitivity; and finally herbicides. Each author 
has taken his subject from first principles to an advanced 
stage and in a straightforward. synthesizing account. 

This valuable book by so many distinguished contribu- 
tors will do much to rectify the lack so far of an effective 
and concerted effort to evaluate the contribution of our 
pastures, especially as feed for our ruminants. But it is 
still salutary to remember that no really adequate methods 
of pasture evaluation are yet available. 

D. P. CUTHBERTSON 


WILDFOWL IN BRITAIN 


Wildfowl in Great Britain 

A Survey of the Winter Distribution of the Anatidae and 
their Conservation in England, Scotland and Wales. 
Prepared by the Wildfowl Trust. Edited by G. L. 
Atkinson-Willes. (Monographs of the Nature Conser- 
vancy, No. 3.) Pp. xiv+368+42 plates. (London: 
H.M. Stationery Office, 1963.) 458. not. 2 


J HIS officially published volume gives the results of an 
investigation promoted by the Nature Conservancy 
through the agency of the Wildfowl Trust. The aim was 
to estimate the numbers of the various species of ducks, 
geese and swans inhabiting or visiting Great Britain, with 
regional and seasonal breakdown of the numbers and 
regard to fluctuations from year to year; the figures will 
also provide an indispensable base-line for later study of 
long-term trends. The project involved securing the 
constant co-operation of many observers, and working out 
reliable methods for making the counts. The considerable 
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feat of organization was performed, for the Trust mainly 
by Mr. Atkinson-Willes, who also edited the report. 

An introduction on aims and methods is followed “by a 
survey, region by region, of wildfowl habitat and distri- 
bution throughout the country. The third section gives 
the present status of wildfowl, species by species, in 
Great Britain as a whole. Two short sections then discuss 
the influence of man and the establishment of refuges. 
There is also a selected bibliography. 

The reliability of the estimates naturally varies from 
species to species, and suitable qualifying words are used 
in each case. There is enough evidence, however, to 
convince the reader that the figures do approximately 
represent the orders of magnitude of the respective 
populations. A few examples may be quoted: the popula- 
tion of the mute swan is about 18,000; 45-60,000 pink- 
footed geese arrive in autumn; the number of mallard is 
guessed as 500,000 at its winter peak; of the tufted duck 


. there are probably not more than 1,000 breeding pairs, 


but there may be 30,000 birds in mid-winter; and there 
are, perhaps, 25-35,000 eiders, mainly resident, in Scotland 
and a further 4,000 in England and Wales. 

The monograph is well produced, with numerous maps, 
diagrams, and relevant photographs. It is also pleasantly 
decorated with drawings by Mr. Peter Scott, honorary 
director of the Wildfowl Trust; and his previously pub- 
lished colour plates of all the species are also included. 
This enterprise in ‘quantitative ornithology’ was well 
worth undertaking, and its outcome deserved such 
handsome presentation. LANDSBOROUGH THOMSON 


WILD ANIMALS IN CAPTIVITY 


The international Zoo Year Book f 

Vol. 4, 1962. Edited by Caroline Jarvis and Desmond 
Morris. Pp. viii+ 3454+48 plates. (Published for the 
Zoological Society of London by Hutchinson of London, 
1963.) 84s. 


ENAGERIES, bear pits, aviaries and aquaria were 
for centuries the prerogative of the sporting and the 
curious among royalty and landed magnates. But it was 
not until the end of the eighteenth century that naturalists 
and anatomists, notably those of France, began to make 
scientific use of such collections. The Jardin des Plantes 
in Paris dates from this period and the Zoological Societies 
of London, Ireland and Antwerp from the early years of 
the nineteenth century. These marked the real commence- 
ment of the modern zoo, which usually has a three-fold 
object——the advancement of science and the education and 
recreation of the public. In the present century, zoos have 
multiplied enormously and there are now more than 400 
of them in the world, ranging from tiny specialized 
collections, some of them little more than amusement 
parks, to grèat institutions counting their annual attend- 
ances in millions. 

The publication by the Zoological Society of London in 
1959 of its first International Zoo Year Book reflects 
great credit on the officers of the Society at that time. 
The enterprise has been rewarded by the success it 
deserved, and now we have Volume 4 for 1962, extending 
to 350 pages with more than 50 photographie and other 
illustrations. A glance at this splendid production, shows 
at once the great scientific importance that zoos, in the 
widest sense of the term, have now assumed in the modern 
world. Apart from the standard reference section, which 
lists the zoos and aquaria of the world, their personnel 
and the species of the main vertebrate groups bred therein 
during the year under review, there are special sections— 
all of them of great importance. One can do little more 
than list them. 

Section 1 has articles by 15 or more authors on “aquatic 
exhibits”, and the latter part of the book contains ten 


’ 
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articles constituting an international survey of “animal 
milk, analyses and hand-rearing techniqués”—a com- 
pendium of knowledge indispensable to all those concerned 
with the rearing of mammals in captivity. But the 
largest section of all, extending to 100 pages, surveys new 
developments in the zoo world. Here are discussed the 
architectural and educational activities of zoos, medical 
and veterinary research in zoos and the technique of 
breeding and keeping many rare and interesting animals. 
Particularly welcome this year is the emphasis on the vital 
part which zoos are beginning to play, no doubt a steadily 
increasing part, in the conservation of wild life. We are 
beginning to see that the ethological, ecological and 
physiological investigation of animals under zoo conditions 
is likely to prove indispensable if the national parks of the 
world are to succeed in their race to save our most precious 
heritage of wild-life. But the modern popularity of the 
zoo is itself also a potential danger. The desire of people 
to see the rarest animals alive could, if uncurbed, lead to 
their rapid extinction. Such a danger is only too obvious 


-in species such as the orang-utan. It is therefore urgently 


necessary that voluntary co-operation among the zoos of 
the world, as well as legislation to safeguard threatened 
species, should be pursued relentlessly. 

The International Zoo Year Book will, I believe, prove 
immensely valuable in disseminating biological knowledge 
and technical ‘know-how’, and in developing and co- 
ordinating intercourse and co-operation among those 
devoting themselves to the science of animal conservation. 
Tt should also do a very great deal towards improving the 
still sadly sorry lot of some species of animals in some 
zoos. It is becoming increasingly possible to design 
accommodation, feeding and methods of management in 
such a way as to make—so I believe—the lot of most 
captive animals reasonably healthy and reasonably 
agreeable. The better an animal is kept, and the happier 
it is, the more pleasing it is to look at, and the greater the 
educational value to the visitor. 

The editors of Volume 4, Caroline Jarvis and Desmond 
Morris, deserve warm congratulations on a splendid 
volume. May the International Zoo Year Book continue 
from strength to strength. ~ W. H. THORPE 


PLANT PARASITIC NEMATODES 


The Biology of Plant Parasitic Nematodes 
By Dr. H. R. Wallace. Pp. viii+280. (London: Edward 
Arnold (Publishers) Ltd., 1963.) 50s. 


N recent years several books have been published 
concerned with the taxonomy of plant nematodes or 
with the diseases which nematodes cause to plants. 
Dr. Wallace is to be congratulated on drawing together the 
available information on the relationships of plant nema- 
todes to their environment and for presenting it in a 
concise and readable form. 
The Biology of Plant Parasitic Nematodes is divided into 


“ten sections. After a brief introduction and a short 


summary on nematode reproduction, Dr. Wallace deals in 
some detail with the subjects of soil, influence of environ- 
ment and movement. It is not surprising that these 
sections are the most comprehensive, because Dr. Wallace 
himself has contributed much of the original knowledge. 
Throughout the book great stress is laid on the necessity 
of investigating the influence of the environment on the 
nematode. The inclusion of such topics as soil porosity, 
temperature, osmotic pressure, hydrogen-ion concentra- 
tion and parasites and predators emphasizes the importance 
of examining the chemical and physical factors influencing 
nematodes in the soil. 

The sections on host-parasite relations and populations 
also stress the interrelation between the nematode and its 
environment. The absence in this book of a chapter on 
nematode physiology indicates, as Dr. Wallace himself 
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says in the introduction, the greatest gap in our present 
knowledge of plant parasitic nematodes. Nowhere 1s this 
deficiency more apparent than in the investigation of the 
factors affecting the control of plant nematodes. 

Dr. Wallace poses four fundamental questions: (11 How 
do different chemicals kill nematodes ? (2) Why are some 
species resistant to chemicals ? (3) How does the soil 
environment affect the dispersion of the chemicals, its 
ability to reach the nematode and its persistence in soil? 
(4) What are the best methods for assaying the efficacy of 
nematodes ? Answers to the first: two questions are 
lacking because there is insufficient basic knowledge about 
nematode physiology. Although considerable work has 
been done on the dispersion of chemicals in soil and the 
assessment of nematode kill, there will have to be consider- 
able advances in techniques before reliable dosage 
mortality data in soil are obtained. 

Throughout the book, one is aware of two important 
trends in plant nematology. First, the concentration of 
work on one family of obligate plant parasites, the 
Heteroderidae. This is scarcely surprising because species 
of genera, Meloidogyne, root knot nematodes, and Hetero- 
dera, root eelworms, cause the most damage economically : 
moreover, these nematodes are easily obtained in large 
numbers for experimental work. However, in order ta 
understand the biology of plant parasitic nematodes mare 
thoroughly, comparative work is necessary on other 
groups of plant nematodes. 

Secondly, Dr. Wallace refers to the lack of interchange 
of experience between animal and plant nematologisis. 
This unfortunate situation can only be rectified by 
rejecting the present division of biology into separate 
disciplines. 

The book is well presented and illustrated with numerous 
graphs and drawings. The large number of references at 
the end of each chapter will be of the greatest use to the 
student. The Biology of Plant Parasitic Nematodes 
contains much of interest for the specialist and yet can be 
of value to students with a general biological background. 

Even if the book had not been the first of its kind in the 
field it would have deserved recommendation. Dr. 
Wallace has successfully compiled and condensed the 
results of a large field of investigation. It is to be hoped 
that when the book is revised the study of physiolowy and 
biochemistry of plant parasitic nematodes will have 
reached a stage to merit a chapter on its own. 

N. G. Haare 


NEW BOTANICAL REVIEWS 


Advances in Botanical Research 

Vol. 1. Edited by Prof. R. D. Preston. Pp. xii 4-384. 
(London: Academic Press, Ine. (London) Ltd.: New 
York: Academic Press, Inc., 1963.) 70s. 


Vistas in Botany 

Edited by Dr. W. B. Turrill. Vol. 2 :° Applied Botany. 
(International Series of Monographs on Pure and Applied 
Biology. Division: Botany, Vol. 5.) Pp. xiit+3x0. 
(London and New York: Pergamon Press, 1963.) 100s. 


OTH these volumes are concerned with reporting 

progress in botanical research. They therefore add 
to the already considerable number of reviews, recent 
advances, symposium reports and contemporary eneyclo- 
pedia works available to students of plant science. 
Together with the multiple output of journals. covering 
new branches of the subject, they add to tho already vust 
literature with which the botanist, who wishes to be some- 
what knowledgeable, has to cope. There are also soine 
cognate considerations of expense and shelf-ronm to 
individuals and to institutions of learning. But these 
are preliminary thoughts to which we should. perhaps. 
return later. 


60 


In introducing Advances in Botanical Research, the 
editor, Prof. R. D. Preston, is appreciative but critical of 
some of the existing reviewing journals, especially those 
which offer little more than sequences of abstracts. What 
is needed are review articles in which experienced and 
knowledgeable exponents will both collate ’recent acces- 
sions of fact and discuss them freely, critically and imagina- 
tively—as it were “‘to deal not only with the letter but 
also with the spirit” of the new information. Moreover, as 
Prof. Preston explains, this new series should have “‘special 
features at present unique to it”, which will make “all 
the articles of special merit and some of them of lasting 
value”. “Theo authors of this first volume have been 
asked to do three things. They have been asked to write 
about some special topic within their chosen field, of 
especial current interest tò them and upon which they 
have been actively engaged; they have been asked to set 
their own work against the background of cognate re- 
searches in other laboratories both past and present; and 
they have been asked to express opinions freely and to 
speculate as widely as théy dare upon future trends and 
future developments. This will remain the policy of these 
volumes. The articles will, moreover, range over the whole 
field of botanical enquiry dealing both with the more 
spectacular modern chemical and physical approaches and 
the less well publicized developments in more classical 
fields upon which all else depends.” These may be 
accepted as both reasonable and liberal aspirations on 
which to base a new series. - 

In this brief article it is evident that the reviewer 
cannot enter on a ‘review of reviews’ of the kind that the 
world of belles letires has made familiar. The contents are 
much too substantial for anything of that kind. But the 
reader may be given some indication of the scope and 
authorship of the several articles. These run from about 
thirty to seventy pages and are as follows: “The Status 
of some Fossil Plants”, Alan Wesley ; “Growth Regulation 
by Metals and Chelates”, Hans Burström; “Comparative 
Anatomy as a Modern Botanical Discipline”, C. R. 
Metcalfe; ““Palynology”, G. Erdtman; “Metabolism and 
the Transport of Organic Substances in the Phloem”, 
A. L. Kursanov; “Water Relations of Plant Cells”, Jack 
Dainty; “Electron Paramagnetic Resonance in Photo- 
synthetic Studies”, G. M. Androes. 

This -is undoubtedly valuable coverage of significant 
topics by distinguished exponents; and it is well and 
clearly set out. Accordingly, one may anticipate that 
many specialist readers who dip into the volume for a 
mature and informed view of the contemporary state of 
plant anatomy or the action of chelates in growth regula- 
tion may be tempted to browse a little among some very 
anciént fossil plants or to sample the latest ideas on trans- 
location in the phloem. No doubt those who have 
launched this series are hoping for just such a result; 
and if their hopes are fulfilled, scholarship in botanical 
science cannot fail to be broadened and deepened. So 
far as I am able to judge, the contents of this volume are, 
individually, of high quality. But how botanists in 
general will accept this broad spread of very different 
ingredients, accumulating over the years, remains to be 
seen. To express a somewhat mean view, the specialist 
may regard this as a rather cumbrous and expensive 
way of getting at the one particular article he specially 
wants to read. However, if the present standard can be 
maintained, the series over the years could become an 
impressive and valuable repository of information and 
eritical comment. . 

This, second, volume on Vistas in Botany, edited by the 
late Dr. W. B. Turrill and produced under the supervision 
of a distinguished international editorial advisory board, 
deals with advances in the very important and varied field 
of applied botany. In addition to an obituary notice on 
Dr. Turrill, contributed by Sir George Taylor, the contents 
include ‘Botanical Aspects of Wood Science”, by the late 
F. W. Jane; “Recent Researches in Grassland”, H. K. 
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Baker; “Cereal Breeding”, G. D. H. Bell; “New Light on 
the Origins of Horticultural Plants”, G. Haskell; “Recent 
Researches on Fruit Crops”, L. C. Luckwill and R. W. 
Marsh; “The Taxonomy of Cultivated Plants’, G. H. M. 
Lawrence; “Economic Plant Products”, F. N. Howes; 
“Some Aspects of Applied Plant Ecology”, W. B. Turrill; 
“Vistas in Plant Pathology”, R. W. G. Dennis: “Uses of 
Seaweeds’’, L. Newton. 

The editor’s preface (by W. B. Turrill) is well worth 
reading for its mature outlook and good common sense. 
Here, again, we have a group of important topics, freely 
discussed by well-known exponents. Individual articles 
occupy 30-80 pages, so that the coverage is reasonably 
ample. As before, one attempts to judge the volume by 
first reading those papers in which the subject-matter is 
most familiar; but, quite apart from faithfully performing 
the reviewers’ devoir, one finds oneself tempted to sample 
the various other offerings. In fact, all the contributions 
are well worth reading. Moreover, the fruits of applied 
botany, which are, after all, of the greatest importance to 
human well-being, deserve careful study and wide publicity. 
The book is handsomely produced, with a good elear type 
and some illustrations. Still, it is hard-to exclude the 
carping thought that, at £5 per volume, this is perhaps a 
rather expensive way of buying some 350 pages of text, 
or of having access to one particular article. However, 
this kind of comment could evidently be made about many 
contemporary reviewing journals or series. 

: C. W. Warptaw 


THE TRANSITION TO FLOWERING 


The Flowering Process , 
By Prof. Frank B. Salisbury. (International Series of 

Monographs on Pure and Applied Biology. Division: 
Plant Physiology, Vol. 4.) Pp. xii+234. (London and 
New York: Pergamon Press, 1963.) 50s. net. : 


GO ton the pioneering work of Klebs, Gassner and 
Tournois on the effects of temperature and day-length 
on the transition from vegetative growth to the reproduc- 
tive state, flower initiation has held a special interest for 
plant physiologists as an example of a developmental 
process governed by environmental factors. It is with 
this aspect of flowering, not the flowering process in the 
broader sense, that The Flowering Process is concerned. 
The early part of the book is devoted to a general com- 
mentary on the biology of flowering, to the classification 
of the ways in which plant development may be affected 
by environment, and to the ecological implications of these 
reactions. These chapters are useful in offering a general 
orientation for the newcomer to the field, and also in 
bringing together various data relevant to the environ- 
mental control of flowering, such as variation of day- 
length with latitude, intensity of twilight, and the range 
of light sensitivities for various biological responses. - 
Temperature effects on flowering are treated in a single 
chapter, and the remainder of the book is concerned 
principally with photoperiodic responses. This represents 
a somewhat unbalanced treatment of the subject, and it 
is yet further unbalanced in that the emphasis is strongly 
on the responses of one plant, Xanthium pennsylvanicum. 
The justification for concentrating on Xanthium is not 
that it is typical in any general sense, but that its high 
photoperiodic sensitivity has made it a principal object 
of research. Salisbury has himself contributed much to 
Xanthium lore, and he records a number of new experi- 
ments in this present work. Some of these are concerned 
with the properties of the time-keeping mechanism in 
photoperiodism, and the chapter devoted to the timing 
phenomenon is one of the most valuable and informative 
in the book. The author seemingly favours Biinning’s 
view that time-keeping depends on an internal ‘oscillator’ 
of some sort, but supposes that other factors must inter- 
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vene. One of these is undoubtedly the behaviour of the 
pigment system concerned in the initial act of light 
perception. The discovery of this, the phytochrome 
system, by Borthwick’s group at the U.S. Department of 
Agriculture is a classic of plant physiological research, 
and it receives its due treatment in this book. 

The view that the perception of the photoperiodic 
stimulus in the leaf leads to the synthesis of a hormone— 
Chailachjan’s florigen—-which is afterwards translocated 
to the apex where the response oceurs has Jong been gener- 


ally accepted. Salisbury is firmly wedded to it, and he - 


reviews much of the circumstantial evidence bearing on 
synthesis and translocation. That a hormone is concerned 
can barely be doubted in the face of so much evidence; 
yet florigen continues to defy isolation. Salisbury 
interprets the fact that amino-acid analogues inhibit 
synthesis as indicating that the hormone may be a 
peptide. 

The final chapter of the book is concerned with ‘the 
action of the hormone in the meristem. That its effect 
is to change patterns of gene transcription has long been 
evident on general genetical grounds, and it is satisfactory 
that recent work with anti-metabolites, some of which is 
reviewed in the book, does show that the flowering stimulus 
is ‘perceived’ only in apices where there is an active 
nucleic acid synthesis. 

The book is written in a style which varies from the 
coldly professional to the matey, but the text is readable 
enough. It is well illustrated, although some of the 
graphs are difficult to evaluate because information about 
some features of experimental design, for example, 
numbers of replicates, is lacking. Perhaps this is because 
the author eschews statistics in the evaluation of Xanthium 
experiments on the grounds that differences are generally 
clear cut—‘“‘the trends are quite clear”, although “the 


experimental points (the actual data) do not always fall: 


upon the curves as drawn”. 
Production is good, but the book is distinctly expensive 
for a British publication. J. HESLOP-HARRISON 


USES OF PHYTOCHEMISTRY IN 
TAXONOMY 


Chemical Plant Taxonomy 

Edited by T. Swain. Pp. ix+543. (London : “Academic 
Press, Inc. (London), Ltd. ; New York: Academic Press, 
Inc., 1963.) 110s. 


AXONOMY serves the twin functions of classification 
and phylogeny. It has long been recognized that 
even the most detailed morphological and histological 
investigations, while completely adequate as a means of 
classification and identification, can only serve as a very 
general guide in establishing phylogenetic relationships. 
Taxonomists are therefore very alivo to the need for 
exploring the possibilities afforded by more sensitive 
methods. Of the ancillary techniques that have become 
available, plant taxonomy has derived most benefit from 
phytochemistry and experimental genetics, although the 
severe limitations imposed by the ability of taxa to inter- 
cross restrict the usefulness of the latter to disappointingly 
narrow fields of enquiry, mostly at the species-level. 
Phytochemistry is free from this restriction and can be 
applied over the entire range of living organisms, but, as is 
clearly shown by A. J. Birch and by R. Hegnauer in this 
volume, the great diversity of interwoven pathways in 
biogenesis can frequently render studies on the distribu- 
tion of plant products completely uninformative, and 
sometimes misleading, as a taxonomic method, unless 
homologous, gene-controlled steps in the biosynthesis of 
the compounds under investigation are also critically 
established. í à 
Chemical Plant Tazonomy is the first attempt to convey 
the scope and analyse the application of phytochemistry in 
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plant taxonomy. All the contributors emphasize both thy 
inadequacy of present knowledge of plant chemistry and 
the dangers inherent in attaching too much weight to 
patterns of distribution of end-products of biosynthesis 
in discussions on phylogeny. Nevertheless, the book 
indicates clearly the considerable potential of phy tovhemi- 
cal methods when properly applied to taxonoiie problems, 
and conveys the immense interest that has omerged in the 
chemistry of natural products with the recent develop- 
ment of rapid and powerful techniques of plant analysis. 
Of the sixteen chapters contributed by varions authors, 
six deal with general topics covering methods of claosi¢e] 
plant taxonomy (S. M. Walters), species concepts (J. 
Heslop-Harrison), history of chemical taxonorny (R. D. 
Gibbs), factors affecting the production of natural pro- 
ducts (H. Flick), biosynthetic pathways (A. J. Burch) 
and the usefulness of the flavonoid constituonts in plant 
taxonomy (E. C. Bate-Smith). Four chapters deal with 
aspects of the chemistry of defined taxonomic groups: 
some aspects of chemotaxonomy (H. Erdtman), chemical 
taxonomy of acetylenic compounds (N. A. Swrensen), 
taxonomic significance of alkaloids (R. Hegnauer) and tho 
distribution of alkaloids in the Rutaceae (J. R. Price. 
The remaining six chapters are devoted to accounts of 
the distribution of certain groups of natural products in 
the plant kingdom. These include the alkanes (G. Eglinton 
and R. J. Hamilton), fatty acids in plant lipids (F. R. 
Shorland), aliphatic polyols and cyclitols (V. Plouvier}. 
glycosides (R. Paris), anthocyanins (J. B. Harborne), and 
sulphur compounds (A. Kjaer). 

As might be expected from authors who are active in 
research, each subject is presented in great detail, and the 
taxonomic implications are generally candidly discussed. 
Those who might have expected decisive solutions to 
long-standing evolutionary problems will be disappointed 
by the rather tentative taxonomic indications that have 
so far emerged from the investigations ; but, as is repeatedly 
emphasized by the authors, the present investigations 
on plant products are only just a beginning and much 
more intensive work needs to be done on the distribution 
of carefully chosen compounds within defined taxonomic 
groups, before the full contribution of chemistry to plant 
taxonomy can be objectively assessed. It is immediately 
clear from the great deal of effort that underlies the present 
exploratory phase of chemotaxonomy what a tremendous 
task this will be. However, if some of the investigations 
presented here, such as those on the chemistry of the 
Pinales, on the alkaloids of the Rutaceae, and en the 
glycosidic patterns of anthocyanins, may be taken as 
indicative of future promise, the effort is bound io b> 
taxonomically rewarding. 

Considering the vast number of botanical nenes and of 
organic chemicals mentioned, the book is remarkably 
free of printing errors, and the standard of production 
and of editing is high throughout. The appendix of ovders 
and families within the plant kingdom provides viluable 
assistance in following the discussions on taxonomie 
implications, and the indexes of genera and species and 
of chemical compounds make the book valuable to both 
chemists and botanists as a work of reference on the 
distribution of a wide range of natural products. 

W. WILLA 


MARINE MICROBIOLOGY 


Symposium on Marine Microbiology 
Compiled and edited by Carl H. Oppenheimer. Pp. 
xviii+769. (Springfield, Illinois: Charles C. Thomas, 
Publishers, 1963.) 22.50 dollars. 
ARINE microbiology, as S. ©. Rittenberg in this 
volume suggests, is concerned more with those 
marine processes which are effected by microbial agency 
than merely with the affairs of micro-organisms that 
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happen to be of marine origin. Thus unified, the various 
disciplines begin to emerge as a corporate science. Cer- 
tainly many of the most important questions—nitrification 
in the open sea, for example—have been with us for very 
many years, and the fact that they remain largely un- 
answered during the slow beginnings of marine micro- 
biology must be ascribed to the inaccessibility of the deep 
oceans. This collection of papers is from a symposium 
organized by the American Society of Microbiologists in 
Chicago during 1961. It testifies both to the youth and 
vigour of this branch of oceanography. 

In addition to their role, for example, in mineralization 
and regeneration, marine micro-organisms have the sole 
responsibility for incorporating energy into the ecosystem. 
The economy of the sea differs in this respect from that of 
terrestrial environments, and one might hazard that, were 
there no multicellular organisms, the overall picture would 
be changed scarcely at all. It is, therefore, appropriate 
that nearly a quarter of the 66 papers in this volume deal 
with photosynthetic forms, embracing such topics as the 
size of the organisms responsible for most of the primary 
production; the heterotrophic potential of many photo- 
synthetic species, and, by implication, the contribution 
to the heterotrophic biomass and curtailment of nutrient 
regeneration cycles by those species; nutrition of diatoms 
and flagellates and interaction with heterotrophic micro- 
organisms at the vitamin and antibiotic level; and, not 
least, a timely reminder by T. J. Smayda that phyto- 
plankton successions might take place without the inter- 
vention of so-called ‘ectoerines’. Several contributors 
discuss the microbe’s relation to salinity. It is right that 
a marine organism should both require sodium and tolerate 
a high concentration of it; but as these are about the only 
practical criteria distinguishing marine from terrestrial 
and freshwater micro-organisms, it is the more necessary 
that they should be meaningful. The existence of endemic 
and biochemically distinct marine bacterial types leads 
to speculation on the origin of the terrestrial floras. 
However, as A. E. Kriss reminds us, cultivable microbes 
as yet form but a small proportion of the total. J. M. 
Shewan’s scheme of differentiation for Gram-negative 
bacteria is nevertheless very welcome. Investigations on 
nitrogen metabolism in the sea—nitrogen fixation, nitrate 
reduction, chitinoclasty and- proteolysis, nitrification— 
are well represented. 8. W. Watson reports the isolation 
from the water column off the Atlantic shelf of apparently 
oceanic strains capable of oxidizing ammonia. Other 
topics include mineralization of phosphorus, mobilization 
of sulphur and iron in sediments (the latter form a group on 
geomicrobiology), hydrocarbon oxidation, bacteria and 
invertebrate nutrition, and many more of interest. 

Whether individually important or trivial, together the 

apers reflect much of the present-day activity and 
thought in this growing science. Authoritative introduc- 
tory essays to each of the six parts only partially mitigate 
the inevitable impression of hotch-potch engendered by 
so many short contributions. The book would have 
benefited by a thorough reshuffle and the addition of an 
index. M. R. Droop 


MOLECULAR GENETICS OF THE 
HÆMOGLOBINS 


The Hemoglobins in Genetics and Evolution 

By Prof. Vernon M. Ingram. (Columbia Biological Series, 
No. 22.) Pp. 165. (New York and London: Columbia 
University Press, 1963.) 45s. 


N the whole field of biological research, the area in 
which recent advances have been most rapid and most 
dramatic is probably that of biochemical genetics. Many 
highly complicated problems have been solved which a 
few years ago would have been beyond the reach of 
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available techniques, and, of these, one of the most 
difficult to have come near to complete solution isthat of 
the mechanism of determination of the human hemo- 
globins. 

The story begins with the discovery by Pauling, Itano, 
Singer and Wells in 1948 that sickle-cell anemia is a 
‘molecular disease’, caused by the presence in the red 
cells of an abnormal variant replacing the normal adult 
hemoglobin molecule. The complete story involves, 
besides genetics and biochemistry, co-ordinated work on 
disciplines as far apart as morphological hematology, 
clinical medicine, anthropology and demography, but the 
main emphasis has been on the precise biochemical 
pees whereby the genes concerned express them- 
selves. 

The story has unfolded against the background of the 
recent, extremely rapid, advance in our understanding of 
the whole genetical process at the molecular level. To 
this understanding, work on the hemoglobins and the 
closely related myoglobins has contributed substantially, 
and one of the leading workers on the former has been 
Prof. Ingram himself, 

In The Hemoglobins in Genetics and Evolution, we have. — 
the story as seen by the author, who frankly admits that 
the subject is too big to present completely in a book of 
this size, and that he has selected those aspects which 
particularly interest him. 

However, on the biochemical side at least, practically 
the whole story is told here, and a very fascinating one it 
is. Itis also an exceedingly complicated one, and one of the 
greatest merits of the book is that it explains step by step, 
in a remarkably clear manner, the solution of what is 
perhaps the most complex single problem yet solved 
in biochemistry. This does not mean that every step 
taken in the solution of the problem is described in 
chronological order: what the book does is to describe 
the present state of knowledge and the up-to-date 
evidence for it. 

The introductory lecture, starting from Garrod’s 
classical concept of ‘inborn errors of metabolism’, illus- 
trates some of the principles of human biochemical 
genetics, mainly by using as examples glucose-6-phosphate 
dehydrogenase deficiency and the haptoglobins. 

The second lecture sets out the evidence for the structure 
of normal human adult hemoglobin, and then describes 
what is known of the mechanism of its synthesis by 
ribosomes carrying the appropriate genetical information. 

Then follows a comprehensive account of the structure 
of the abnormal human hemoglobins, and of the bio- 
chemical aspects of their genetical control. The fourth 
lecture uses hemoglobin A, to illustrate the possible 
mechanisms of quantitative control of protein synthesis, 
and the next, on foetal hemoglobin, goes yet deeper into 
the problem of the mechanisms controlling protein 
synthesis. 

The final lecture considers in biochemical terms the 
evolution of the hemoglobins of vertebrates, from the 
lamprey to the higher apes and man, and the book 
concludes with a bibliography of nearly 200 items and 
an adequate index. i 

As implied by the title, the book does indeed deal ‘with 
genetics and evolution, but the use of the unqualified 
word ‘genetics’ is perhaps slightly misleading, for only 
rather specialized molecular genetics are discussed in any 
detail: there is not a single pedigree, and the conclusions 
of classical geneticists who have worked on the hemo- 
globins are usually taken as a gtarting point, to be 
developed in terms of biochemistry. 

The book is fully up to date; the lectures on which it 
is based were delivered in March 1962, the preface is 
dated July 1962, and yet more than 10 per cent of the 
references are dated 1962, and more than 20 per cent 
1961. The work as a whole is a clear and stimulating 
statement of the latest developments, the present position 
and the probable future evolution in a field to which the 
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author is one of the chief contributors. To have this in 
one’s zhands*so soon, one is prepared to forgive minor 
shortcomings, and there are, in fact, a few places where 
what must have been a hurried transfer from lecture to 
literary form has left the joins showing. There has, for 
example, obviously been some rewriting of the paragraph 
which begins at the bottom of p. 24, and the first three or 
four sentences do not follow one another logically. There 
is no adequate legend to Fig. 4—1, and the references to 
it in the text are therefore ambiguous. There has been 
an interpolation at the end of the first paragraph on 
p. 110 so that the second paragraph does not now follow 
logically, and needs to be re-worded. 

Because recent fundamental discoveries in biochemical 
genetics have been based mainly on the study of miero- 
organisms, there has been a tendency to regard work on 
higher organisms, and especially on man, whose breeding 
cannot be controlled, as being of secondary importance. 
_ This book shows not only that such work can shed a 
flood of light on the genetics of the species directly 
concerned, but also that, because of the complex organ- 
ization of mammals, and the vast evolutionary changes 
that lie behind this, they possess molecular genetical 
mechanisms which cannot be paralleled in simpler 
organisms. In the case of man, too, far more unselected 
or ‘wild’ individuals have been examined for genetically 
based characters than is the case for any other organism, 
and this has led to the finding, especially in the case of 
the hemoglobins, of very large series of allelic genes, 
which have served as material for exceedingly fruitful 
fundamental investigations of molecular genetics. 

Thus the study of molecular genetical mechanisms in 
man, or in vertebrates in general, is of value not merely 
as a contribution to the biology of one important group 
of organisms. It also reveals fundamentally significant 
mechanisms which cannot be present at the level of 
evolution represented by unicellular organisms and fungi, 
as well as throwing light on the process of evolution 
itself. All this is well brought out in the book. 

While parts of the book may be fully understood only 
by those with a fairly advanced genetical background, it 
is so clearly written that most of it is within the scope 
of any intelligent person interested in understanding one 
of the important growing points of biological research, 
and it can be recommended without hesitation to readers 
of both these classes. A. E. MOURANT 


THE NEW HÆMATOLOGY 
The Red Cel! 


Production, Metabolism, Destruction: Normal and Abnor- 
mal. By Prof. John W. Harris. Pp. xix+482. (London: 
Oxford University Press, 1963.) 46s. 


Gl ie appearance of this book bears eloquent testimony 
to the revivifying influence which enzymology and 
the newer biochemistry, armed with isotope techniques, 
have had on hematology. The title, The Red Cell, may 
be rather deceptive unless one takes due note of the sub- 
title Production, Metabolism, Destruction: Normal and 
Abnormal, for here we have a comprehensive work ranging 
with equal care from hem and globin biosynthesis through 
iron metabolism, the anemias to the production and meta- 
bolism of the red cell itself and its ultimate dissolution. 
The book is unusual, also, in the way in which each topic 
is developed, first the fundamental facts being given, 
then a necessarily brief but succinct summary of the 
relevant pathological states, the pathogenesis of their 
signs and symptoms and, when possible, the means of 
treatment available. In the foreword it is stated that 
“John W., Harris has devised this monograph for students, 
showing his faith in them and in their ability and desire 
to learn principles and the bases of principles”. This is 
the crux of the matter, and not only the advanced student 
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but also the young teacher and research werker has been 
well served. It is doubtful whether the student beginning 
his clinico-pathological work could cope with so much 
material unless he has already decided to specialize in 
hematology. 

The book is divided into 7 parts and 11 chapters. Part 
1, dealing with hemoglobin biosynthesis, covers the path- 
ways of normal hem and porphyrin production. the 
different porphyrias, and acquired abnormalities of 
porphyrin metabolism in one chapter. Iron inetabolisiu 
and ‘ferrokinetics’ fill another and globin biosynthesis 
and its aberrations are dealt with very fully in Chapter 3. 

Part 2 covers the anemias. Part 3 discusses the concept 
of the erythron, red cell production and ‘erythrokinetics’. 
Part 4 is devoted to pernicious anemia and the non- 
Addisonian megaloblastic anæmias. In Part 4 the meta- 
bolic capabilities of the red cell are discussed, including 
hereditary methemoglobinemia and the preservation of 
red cells. Hamolysis and hemolytic disorders are treated 
in Part 5, which occupies about 70 pages. Finally, in 
Parts 6 and 7 red cell over-production and under-produc- 
tion are surveyed. To many of the sections useful sum- 
maries are appended. 

The references number more than 2,000 and are placed 
at the end of the book under chapter headings; there is 
also a useful list of general references. On the whole, the 
literature has been very fairly surveyed with due considera- 
tion of non-American contributions and includes many 
papers published during 1962. 

The work as a whole is attractively produced in a paper 
cover and with clear type and excellent figures and the 
cost is eminently reasonable. Some errors have been noted, 
but they are few and far between. PbCl, on page 27 
should be PbCl,, and in Table 1.2 the unit for fæcul proto- 
porphyrin excretion is given as “yg/24 hr./Gm dry wgt.”, 
and so on. 

It is probable that the reader in Britain lkely to 
benefit most from Prof. Harris’s book will be the young 
hamatologist who has already chosen his speciality and 
who wishes to broaden and deepen his knowledge of the 
subject, whether it be with the view of practice, teaching 
or research. For him it can be strongly recommended. 

i ©. RIMINGTON 


ESSAYS IN MEDICAL HISTORY 


Janus in the Doorway 
By Douglas Guthrie. Pp. xi+316. (London: 
Medical Publishing Co., Ltd., 1963.) 50s. 


N this volume Dr. Guthrie has collected a number of his 
previously published papers which deal chiefly with 
medical history. His Oslerian Oration to the Osler Club, 
London, in 1961, gives the title to the book. He observes 
that like the Roman god of doorways, Janus, Osler looked 
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, both backward and forward. Other medical Januses here 


were Andrew Boorde, Cardan (more usually known as 
Giralamo Cardano) and Pieter Camper, artist and obstet- 
rician. Dr. Guthrie omits to mention that Cardano, after 
treating successfully Archbishop Hamilton, primate of 
Scotland, for asthma at his country palace near St. 
Andrews, was summoned to prescribe for King Edward VI 
in 1552. Cardano’s secret opinion was that Edward. who 
was suffering from pulmonary tuberculosis, “showed th» 
mark of death in his face that was to come so soon”. He 
liked Edward and dedicated his book. De Varietate Rerum. 
tohim. Cardano did not dare to tell Northumberland and 
the Council his true opinion, but produced a false horo- 
scope of the king, warned against over-fatiguc, and, with 
a fee of a hundred gold crowns, departed in safery to 
Italy. 

The first essays deal with the philosophy of medicine 
and on writing a history of medicine, on which no more 
experienced adviser could be found. There are five essays 
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treating of the genesis of medical thought; a Scottish 
symposium, which begins with the rise of medical educa- 
tion in Scotland; followed by the medical and scientific 
exploits of King James IV—it must have been a relief to 
some of his enforced. patients when he was killed at 
Flodden; .Surgeon Apothecaries and Physick Gardens; 
“Dr. John Brown, ‘Rab’ and ‘Marjorie’,” in which the 
author gives a reliable account of the youthful genius, 
Marjory Fleming, whereas Dr. Brown gave rein to his 
imagination; and ‘“Dr.-Francis Adams of Banchory”, who 
-combined general practice with Greek scholarship, and 
refused the professorial chair of Greek in the University of 
Aberdeen. The next section, “The Geographical Outlook”, 
in addition to the Oslerian Oration, already mentioned, 
contains an account of ‘‘Coryat’s Crudities’” (published 
1608), by an early English traveller, who died “‘of a flux” 
at Surat, India, in 1617; “In quest of the witch-doctor’’, 
based on the author’s African travels; and the Oration 
to the Harveian Society of Edinburgh, given in 1956 and 
entitled “Harvey in Space and Time’. Then come a 
scientific section on ‘Researches and Discoveries”, and & 
final one, ‘“By-ways in Biography”. This last section 
includes a tercentenary tribute to Religio Medici and Sir 
Thomas Browne; excellent descriptions of John Hunter, 
Dr. William Heberden, Laennec and his stethoscope; and. 
two other essays, one on “Medical Dynasties”, which, 
admittedly, omits several notable instances; the other, on 
“Sherlock Holmes and Medicine”, discovers some new 
aspects in a well-tilled field. Dr. Watson gradually 
weaned Sherlock Holmes from cocaine. This is very 
exceptional; but W, S. Halsted, the famous surgeon of 
Johns Hopkins, also succeeded in overcoming this 
addiction. 

All the essays are well written, full of historical lore, 
and will appeal to the general reader as well as to the 
scientist and medical historian. 


MAN’S SHARE IN HIS OWN 
EVOLUTION 


Culture and the Evolution of Man 
Edited by M. F. Ashley Montagu. (Galaxy Book, No. 88.) 
Pp. xiii+ 376. (London and New York: Oxford University 
Press, 1962.) 18s. 6d.; 2:95 dollars. 


T is something of an achievement that recent years have 
returned discussion of the evolution of man’s high 
‘intelligence’ to the point where Darwin and Wallace had 
it, that is, as something produced by natural selection, 
following the rdther confused views of fifty years ago. 
But the problem is by no means settled; at least, it is one 
on which, during the past decade, specialists have been 
able to express a really astonishing diversity of views as to 
both cause and process. 

In the first place, what part of the elephant have we 
got hold of? In Culture and the Evolution of Man, 
Dr. Montagu’s volume of previously published papers, 
some authors naturally are content to deal with intelli- 
gence or mentality, not further defined; others consider 
brain. (or endocranial) volume as a statistical quantity; 
and yet others, the whole central nervous system in its 
capacity as the most general kind of response mechanism. 
Within such a range the cause (sometimes the pathway) 
leading to modern man’s intellect is suggested to be: the 
use of external tools as a selective force (Washburn); 
cortical expansion to control emotional behaviour 
(Chance); general socialization, particularly of the males 
(Etkin); mneoteny, or the retardation of growth and 
retention of fcetal proportions of brain and body 
(Montagu); re-structuring of personality concomitant 
with the emergence of culture, with ‘intellect’ being a 
function of general personality (Hallowell). 
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Naturally, these are inadequate tags, but they should 
serve to show that the subject is not yet everburdened 
with factual evidence; and the same evidence cén still 
lead to quite different conclusions, of some importance. 
Noting the equal brain sizes of Neanderthal and sapiens 
man, Dobzhansky and Montagu find demonstration in the 
stone artefacts of the ‘existence of minds of a high order of 
development” in Neanderthal, while Washburn believes 
the first Homo sapiens to have been a “much more intelli- 
gent creature” by comparison. 

This collection of articles, some already well known, is 
a most useful one. Three of the writers are British, the 
rest American. Not all—only about half—deal primarily 
with mental evolution, the rest having to do with the 
nature of culture and its psychobiological prerequisites, or 
with some specific connexion-of culture and biology. Such 
a one is Livingstone’s reconstruction of the spread of the 
sickling gene in equatorial Africa, as a defence against 
malaria, following man’s own creation of a malarial 
environment by clearing the shade forest and creating 
pools for mosquito-breeding. 

Except in his title, the editor does not convey clearly 
what was in his mind in his introduction or the ordering 
of the papers, and it is well to begin with Eiseley’s review 
essay (though it comes near the end) dealing with ideas on 
brain evolution reaching back to Darwin and Wallace. 
However, the range of treatment and view is satisfying and 
suggestive. Brace has a good article on the changing role 
and effect of the dentition in the hominids. Livingstone 
deals intensively with the history of one gene, while 
Dobzhansky and Montagu suggest in the broadest terms 
how human success came about through a genotype 
affording great fluidity and plasticity of phenotypical 
behaviour. Hallowell and Henry provide essays, imagin- 
ative but judicious, on the relations of personality and 
culture as the matrix for selection in brain evolution. 
Baker and Alice Brues deal with nature, culture and 
physical form, the former with morphological and physio- 
logical responses to climate as mediated by clothing, etc., 
and the latter with the male body types which would 
hypothetically be selected by various culture stages or 
conditions: the running spearman-hunter, the archer, the 
tiller. (Both fastidiously eschew reference to Sheldon, 
although the maintenance of marked variety in body-form 
within modern populations—or families—is a phenomenon 
still clamouring for attention.) 

The closing essay, by Stott, is on the possible self- 
regulation of the size of a population (for its own 
Malthusian safety) by the rise of deleterious mutations, and 
by pre-natal damage to the fœtus (or at least evocation of 
latent genotypic defects) by the stresses on the mother of 
crowding, harsh living or malnutrition. Much interesting 
animal and human evidence is cited. ‘“The chief implica- 
tion of the theory is that the predicted catastrophe of a 
world population increasing . . . to the point of starvation is 
unlikely to occur.” W. W. HOWELLS 


ANTIMICROBIAL AGENTS AND 
CHEMOTHERAPY 


Die Rohstoffe des Pflanzenreichs 

Von Julius von Wiesner. Fünfte Auflage herausgegeben 
von Constantin von Regel. Lieferung 2: Antibiotiques. 
Par Q. Hagemann. Pp. iii+272. (Weinheim: Verlag 
von J. Cramer; Codicote, Herts: Wheldon and Wesley 
Ltd.;. New York: Hafner Publishing Company, 1963.) 
n.p. 

Antibiotica aus Actinomyceten 

Leitfaden für die Isolierung und Charakterisierung. 
Bearbeitet von V. Seveik unter Mitarbeit von I. Málek, 
V. Mustlek und Z. Rehácek. Pp. xv+647. (Jena: Veb 
Gustav Fischer Verlag, 1963.) 70.70 D.M. ` 
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Second International Symposium on Chemotherapy 
Naples, 1961.° Edited by H. P. Kuemmerle, P. Preziosi 
and P. Rentchnick. Part 1: New Antibiotics, Side Effects 
of Modern Chemotherapy. Pp. xxii+ 354. 78 Sw. fr.; 
78 D.M. Part 2: Antiviral Chemotherapy. Pp. xx+412. 
98 Sw. fr.; 98 D.M. Part 4: New Penicillins, Chemo- 
Antibiotics, New Antibiotics, Tetracyclines. Pp. xx+276. 
62 Sw. fr.; 62 D.M. Part 5: Antibiotics, Chemoprophy- 
laxy and Chemotherapy of Lesions caused by Ionizing 
Radiations, Sulphonamides. Pp. xx+288. 64 Sw. fr.; 
64 D.M. Part 6: Nitrofurans. Pp. xx+236. 65 Sw. fr.; 
65 D.M. (Basle and New York: S. Karger, 1963.) 
„Antibiotica et Chemotherapia 

Fortschritte, Advances, Progress. Edited by Prof. O. 
Gsell. Vol. 10. Pp. viii+ 4344-36 figures. (Basle and 
New York: S. Karger, 1962.) 75.50 Sw. fr. 
Antimicrobial Agents and Chemotherapy—1962 
Proceedings of the Second Interscience Conference on 


Antimicrobial Agents and Chemotherapy, Chicago, Illinois, . 


October 31-November 2, 1962. Edited by J. C. Sylvester. 
Pp. xiv+884. (Ann Arbor: American Society for Micro- 
biology; London: H. K. Lewis and Co., Ltd., 1963.) 
12 dollars. 

NEW era of chemotherapy began about a quarter of 

a century ago when. the sulphonamides and penicillin 
were introduced, in turn, into medicine. An immense 
amount of work was stimulated by these events, both in 
academic laboratories and in the pharmaceutical industry. 
Hundreds of new antimicrobial agents, some of them 
synthetic and some obtained from micro-organisms 
selected in screening programmes, have appeared in the 
past two decades. 

Although many of these substances can be grouped in a 
limited number of chemical families, they have little in 
common overall except some degree of antimicrobial 
activity. They include molecules with widely different 
structures and biological properties and only a very small 
proportion of them are clinically useful. The heterogeneity 
of the substances and the limited coherence between. some 
of the disciplines concerned in their study set peculiar 
difficulties in the way of any attempt to produce a com- 
prehensive book on antimicrobial agents. 

Antibiotiques, which forms Part 2 of the Julius von 
Wiesner Die Rohstoffe des Pflanzenreichs, lists briefly the 
physical and chemical properties, range of antimicrobial 
activity and the clinical applications, if any, of more than 
600 antibiotics, or families of antibiotics, from micro- 
organisms and higher plants. It summarizes effectively a 
great deal of data and refers to many of the publications 
in which the antibiotics listed were first described, but its 
usefulness could have been increased by more liberal 
references to later work. The structures of some sub- 
stanses, such as magnamycin and antimycin, are not given 
although they have been known for some time; and the 
structure given for gliotoxin was superseded by that 
now accepted in 1958. 

Antibiotica aus Actinomyceien is the German translation 
of a substantial book, completed in 1959 by four members 
of the Institute for Microbiology in Prague. It is well 
described as a guide for isolation and characterization, and 
its first nine chapters are concerned with methods for the 
isolation and culture of actinomycetes, for screening 
strains for their ability to produce antibacterial, anti- 
fungal, antiviral and antitumour substances, for the 
purification of these substances and for determinations of 
toxicity. Many of the methods are not restricted in their 
use to antibiotics from actinomycetes, or even to the 
antibiotics as such. The isolation of new antibiotics from 
culture fluids has been facilitated less by the discovery of 
specific methods for dealing with these substances than 
by the use of powerful methods of wide application for the 
resolution of mixtures of compounds, such as chromatog- 
raphy and counter-current distribution, which have been 
introduced in the past twenty years. No detailed guide 
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can be provided for the isolation of new natural products; 
each may present its own problems. However, this book 
gives an account of the properties of more than 300 
antibiotics and summarizes some of their properties in 
well-constructed tables. In work with the actinomycotes 
the chance of discovering an entirely new antibiotic is 
now considerably smaller than that of encountering a 
member of a family already known. The book could 
help those who enter this field to avoid time-consuming 
repetition of the work of others. 

Contributions to the Second International Symposinm on 
Chemotherapy, held in Naples in 1961, are embodied in six 
volumes. They consist of papers in English, French, 
German or Italian, for the most part concerned with the 
clinical use and pharmacology of antimicrobial and anti- 
tumour agents and reviewed by their authors in June 
1962. But a small section of Part 5 contains a discussion 
of a very different subject—the use of chemical substances 
to protect the tissues from the effects of oxidizing radicals 
produced by ionizing radiation. 

Volume 10 of Antibiotica et Chemotherapia contains six 
review articles, five in German and one in English, on 
subjects ranging from the chemical and biological proper- 
ties and clinical use of the tetracyclines to the placebo in 
theory and practice. 

Antimicrobial Agents and Chemotherapy represents tho 
proceedings of the Second Interscience Conference on 
this subject held in Chicago in the autumn of 1962. Th 
contains articles concerned with the propertics and 
clinical. evaluation of new antimicrobial agents. with 
problems of microbial resistance, and with the chemo- 
therapy of infectious diseases and neoplastic growths. 

Tt is in the treatment of bacterial and certain fungal 
infections that modern chemotherapy has had much of its 
remarkable success. Many infections which were once 
dangerous and some which were almost invariably fatal 
can now be controlled by antibacterial agents. Strepto- 
mycin, chloramphenicol, the tetracyclines, erythromycin, 
amphotericin and griseofulvin, all chemically unrelated, 
are among the antibiotics which followed penicillin into 
medicine and helped to solve serious clinical problems. 
These substances and many others were discussed at the 
two conferences. 

But it is apparent from contributions to these volumes 
that the problems themselves may alter with time. 
Evidence is produced for a change in the pattern of 
bacterial diseases between 1950 and 1960. One manifes- 
tation of this is an increase in the proportion of infections 
caused by Gram-negative bacilli. Another has been an 
appearance, particularly in hospitals, of antibiotic- 
resistant strains of bacteria among species in which resist- 
ance was at first seldom encountered. These changes 
have provided a continued stimulus to the search for new 
antibacterial agents and to attempts to improve, by 
chemical modification, those already known. An interest- 
ing development here, discussed at both conferences, has 
been the introduction into medicine of semi-synthetic 
penicillins with new side-chains, which only became 
accessible when a method was found for the production 
of the penicillin nucleus, 6-aminopenicillanic acid (6 -APA). 
A further development has stemmed from the discovory of 
cephalosporin C and its nucleus, 7-aminocephalosporanice 
acid, which, differs from 6—-APA, but is related to it. Some 
of the new compounds are resistant to staphylococcal 
penicillinase and have helped to solve, at least tem- 
porarily, the serious clinical problem presented by the 
penicillinase-producing staphylococcus. Others have 
extended the range of infections against which anti- 
bioties of the penicillin type can effectively be used. 

Nevertheless, there is little indication that bacterial 
chemotherapy will be able to rest securely on one or two 
broad-spectrum antibacterial agents. It seems more 
likely that an increasing number of different compounds 
will be needed to deal with the variety of problems which 
can arise. 


“be ascertained. 
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The series of articles concerned with the chemotherapy 
of viral infections deals mostly with synthetic substances 
but also with interferon and other natural products. A 
variety of different substances also appear in the articles 
on antitumour agents. There may be no a priori reasons 


.why chemotherapy should not make an effective entry 


into these fields, but the problems here are a great deal 
more difficult than those presented by bacterial infections. 
Thus, the screening of many thousands of compounds 
yielded four, with unrelated structures, which appeared 
to have a significant action on the influenza virus in vivo. 
But whether chemotherapy will be able to compete on 
favourable terms with the immunological approach to the 
problems of viral infections, and whether antitumour 
substances will be found by screening programmes, in the 
foreseeable future, which have more than temporary 
effects on most forms of human cancer in doses tolerable 
to the patient, are still entirely open questions. 

Several articles illustrate the difficulties which some- 
times face attempts to make reliable assessments of the 
clinical value of antimicrobial agents, particularly,in the 
treatment of self-limiting virus diseases, or other infec- 
tions from which the untreated patient normally recovers; 
and also attempts to compare the value of one agent with 
that of a second with similar properties. Others deal with 
‘side-effects’, which are liable to be produced by any 
chemotherapeutic agent but may vary from one patient to 
another and which are not always easy to assess before 
the drug has seen extensive use. Some people, though 
not most, are hypersensitive to the penicillins and reac- 
tions range from mild urticaria to severe anaphylactic 
shock.. The nitrofurans, the antibacterial activity of 
which was discovered in 1944, have often been used 
without toxic symptoms for the treatment of urinary 
tract infections, but they have caused polyneuritis in 
patients with impaired kidney function. Millions have 
benefited from chloramphenicol, but in a few cases 
prolonged treatment with this drug has resulted in fatal 
bone marrow depressions. These facts do not seriously 
impair the immense contributions of antimicrobial agents 
to medicine; but they exemplify the need for continued 
skill and vigilance in the use of drugs of all kinds. 

Relatively little appears in these publications about 
other matters of some general biological interest: the 
biosynthesis of antibiotics and their place in the economy 
of the organisms which produce them; their use as 
biochemical tools; and the mode of action of those with 
chemotherapeutic properties. Although half a century 
has passed since Ehrlich coined the term ‘chemotherapy’ 
and more than twenty years since the Woods-Fildes 
hypothesis illumined the mode of action of the sulphon- 
amides, we are still largely dependent on chance or on 
systematic but empirical screening procedures for the 
discovery of new families of substances of clinical value. 
The empirical approach has been impressively organized 
by the pharmaceutical companies, which have risked large 
sums of money on research and produced results of basic 
scientific importance as well as of practical value. It is 
difficult to believe that any other form of organization 
would have done better in this field. But this approach 
could begin to encounter diminishing returns. What 
stands out here is that although we know much about the 
chemical structures of the chemotherapeutic agents 
themselves, we know very little about the specific mole- 
cular structures in cells with which they react, or which are 
involved in their transport through cell membranes. 
Puromycin and actinomycin D, which show a broad range 
of toxicity, are now being given a place in our growing 
knowledge of the molecular events of protein and nucleic 
acid synthesis respectively. But chloramphenicol, which 
also inhibits protein synthesis, and the penicillins, with an 
action which appears to have been localized to an inter- 
ference with the synthesis of bacterial cell-walls, react 
selectively with structures the nature of which has yet to 
It is perhaps from a better under- 
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standing of some of the molecular structures which 
distinguish different kinds of animal cells and micro- 
organisms from each other that we can hope eventually to 
put chemotherapy on a more rational basis. 

E. P. ABRAHAM 


INTERSEXUALITY 


Intersexuality 

Edited by Claus Overzier. Pp. xiv+563. (London: 
Academic Press, Inc. (London), Ltd.; New York: 
Academic Press, Inc., 1963.) 168s. 


PS pee goes it is a far ery from the medieval ecclesi- 
astical courts which made fools of themselves by 
putting cocks on trial for laying eggs, intersexuality was 
regarded as a mysterious entity until about thirty years 
ago. Very rapid advances have been made recently, and 
now much more is known of the condition. 

The first advances were made in the discovery of the 
male and female hormones and this gave some insight 
into important factors which had a controlling influence 
on the physical sexuality. Although the endocrine 
elements had been suspected for many years, not until 
the actual hormones had been isolated and could be 
tested was it known for certain what was at work. Once 
the hormones had, been isolated, however, it was possible 
to devise biochemical tests which would allow for their 
artes and measurement in the urine and other body 

uids. 

These investigations, combined with clinical work, led 
to the definition of conditions such as the adreno-genital 
syndrome in which the steroids could be detected and 
assessed, and the abnormality isolated from somewhat 
similar ones; hermaphroditism and pseudo-hermaphro- 
ditism and so on. Histological investigations have 
recently revealed a great deal concerning the cytological 
aspects of intersexuality and this has led to further 
understanding of the sex chromatin and the chromosome 
distribution. Buccal smears now offer an easy method of 
differentiation. . 

Surgeons have investigated the malformations associ- 
ated with these states and devised useful operations to 
make the patients’ lives happier ones. The surgeon still 
has a place in treatment of these patients, although 
adrenalectomy has been replaced by hormone therapy. 
The removal of tumours in certain cases is still an essential 
part of therapy. Indeed, suddenly what had appeared 
an abstruse investigation of rare conditions of abnormal 
sexuality has been seen to contribute a groat deal to all 
branches of medicine and surgery. 

Intersexuality gives an excellent account of our present 
knowledge of the subject. Since many of those who have 
written chapters in it are those who have contributed to 
the advances they describe, one can be sure that it is 
factual and reliable. The contributors are workers in 
Canada, America, Germany, England, Switzerland and 
Scotland, so the whole book is international in outlook and 
does not represent a small isolated clique of investigators. 
Indeed, there is an air of clinical reality about the whole 
book which will make it attractive to the general physician 
even though he sees few of these cases, but which makes it 
doubly important to the specialist interested in them. 

It is particularly pleasant to see that the psychological 
side is not disregarded. There is, for example, a long 
chapter on transvestism and intersexuality. So often 
does one find that, in their fascination with the organic 
conditions, clinicians disregard the psychology, although 
only too often they need the advice of the psychiatrist 
when deciding on the patient’s future. Incidentally, in 
my own experience, Overzier’s suggestion in his chapter on 
methods of clinical investigation that “these patients are 
not easily persuaded to visit a psychiatrist or psycho- 
therapist” is not so. Properly approached, they will talk 
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freely to the psychiatrist and are as forthcoming as the 
transvestists Overzier finds so unreserved. 

This book is an essential to be consulted by those 
interested in intersexuality, and even those who may 
disagree with minutiz will find that the extensive literature 
is of immense value; almost every chapter has four or five 
pages of references. 

It is pleasantly bound in brown cloth with gold lettering. 
clearly illustrated with photographs and diagrams, and 
has a very extensive index, both of authors and subjects, 
of 26 pages. C. ALLEN 


A MODERN SCHOLASTIC 


Memories, Dreams, Reflections 


By C. G. Jung. Recorded and edited by Aniela Jaffé. 
Pp. 382. (London: Collins and Routledge and Kegan 
Paul, 1963.) 45s. $ 


EMORIES, Dreams, Reflections is not exactly a 

formal autobiography ; rather it is a series of loosely 
connected autobiographical writings almost literally 
coaxed out of the author in his extreme old age by the 
indefatigable Dr. Jaffé. Nevertheless, the book has great 
value for those interested in the history of psycho- 
analysis and the origins of Jung’s philosophy. 

Dr. Jung’s account of his early years is undeniably 
attractive. In spite of a somewhat chequered school 
career, he clearly possessed outstanding talent, though his 
blank incomprehension of mathematics will come as no 
surprise to anyone familiar with his work. It emerges, 
too, that Jung’s interest in medicine, and ultimately in 
psychiatry, had much to do with his early religious difficul- 
ties, especially in relation to his father, a highly respected 
Protestant pastor. But, unlike Freud, his reaction to 
parental religion was in the direction not of atheism but 
of an unorthodox Christianity. As is well known, this 
later came to colour his whole outlook towards psycho- 
logical issues and the practice of psychotherapy. 

From the beginning, Jung’s psychiatric interests clearly 
lay in the study of the individual patient rather than in 
the forms and syndromes of mental illness. Indeed, had 
Freud never existed, it seems likely that Jung would have 
evolved a form of psychological medicine in which the 
personality of the patient occupied the central place. His 
aim seems always to have been to ‘understand’ in the sense 
of the modern existentialists rather than to ‘explain’, as 
the term is understood in science. Psychiatric treatment, 
as he saw it, is in the broadest sense a dialogue between 
patient and doctor, in which neither has the last word. 

However, Freud did exist, and for many years Jung was 
the foremost Freudian. The account given here of Freud 
is not unsympathetic, but scarcely bears out the tolerance 
and broadmindedness attributed to him by his official 
biographer. Disappointingly, perhaps, Jung adds little 
to what is already known regarding the circumstances of 
his break with Freud, though it is instructive to find 
Jung’s celebrated dream of the two skulls, which touched 
off the conflict between the Freudian and Jungian theories 
of dream symbolism, for the first time narrated by the 
dreamer himself. Jung ends his account of his differences 
with Freud on the somewhat sententious note that he, 
unlike Freud, was concerned with investigating truth, not 
with, questions of personal prestige. Freudians tell a 
different story. 

Jung’s chapter entitled ‘Confrontation with the Uncon- 
scious” is a frightening document, perhaps more so than 
the author himself realized. After his parting from 
Freud, it seems that Jung went through a period of extreme 
psychological turmoil in which his mind was beset by 
dreams and phantasies of bizarre content and alarming 
intensity. Many of his best-known concepts appear to 
have arisen from these odd experiences; for example, his 
idea of the anima, the supposed feminine element in the 


Supplement to NATURE of April 4, 1964 67 


masculine psyche, evidently derived from an inner female 
voice which he himself experienced on a number of occa- 
sions at this time. Some may see in all this evidence of a 
schizophrenic illness, but if this was indeed the case it 
can only be said that it underwent spontaneous and 
apparently complete remission. 

In later chapters, Jung gives some account of the growth 
of his interests in alchemy and the mystical pre-occupa- 
tions of his old age. There are also accounts of his travel» 
to Africa and India and the intellectual stimulation 
which he derived from them. Finally, there are reflections 
on visions, life after death, and the unending complication. 
of the human psyche. Some will find in these ‘late 
thoughts’ much of interest—even profundity. Others may 
be tempted to treat them as vague, speculative and, by 
and large, unhelpful. 

in spite of his remarkable intellectual gifts, Jung appears 
to have been a strange and credulous man, with little 
appreciation. of scientific method and its place in medicine. 
His psychological system, unlike Freud’s, gave little scopo 
for empirical validation and has more in common with 
medieval scholasticism than with the corpus of modern 
science. Yet Jung was a physician of outstanding 
quality, a scholar of breadth and accomplishment, and 
a man who seems to have inspired affection and respect in 
most of those who knew him well. O. L. ZANGWILL 


MAN’S POTENTIALITIES AND THEIR 
REALIZATION 


The Human Crisis 
By Sir Julian Huxley. Pp. vi+88. (Seattle: University 
of Washington Press, 1963.) 2.95 dollars. 

HIS little book contains two lectures given under the 

auspices of the John Danz Fund in the University of 
Washington. The purpose of the Fund is said to be to 
provide lectures from distinguished scholars ‘who have 
concerned themselves with the impact of science and. 
philosophy on man’s perception of a rational universe”. 
Things are what they are: to call the universe ‘rational’ 
may be an elliptical way of saying it can be rationally 
considered. Or is some a priori view of the nature of the 
universe demanded of Danz Lecturers ? Be that as it may. 
Sir Julian Huxley gives us a summary of his familiar view 
of evolution. as comprising three stages, the inorganic, the 
organic or biological, and the psycho-social or human. 

In the third stage men’s purposes and intelligence hase 

a shaping power; indeed Sir Julian makes extremely high 
claims for the extent to which these may be able to shape 
our ‘destiny’. Yet by using the language of evohition for 
social processes such as tradition, education, policy mak- 
ing, he sometimes seems to underestimate their precarious- 
ness, and to use terminology which suggests that the 
ways they develop are closer to the working mechanisms 
of inorganic and biological systems than may be the case. 
For example, on p. 22 he writes: “Human cultural 
evolution operates by a form of feedback or cybernetic 
system. Something in the existing situation acts as a 
stimulus or a challenge to human society and human mind. 
and human society and human mind make some sort of a 
response to the stimulus or challenge. It may not always 
be the right response, but there is always a process of 
challenge and response, resulting in directed change’. But 
while feedbacks are built-in mechanisms for bringing a 
system back into equilibrium, in social problems, ‘‘chal- 
lenge and response” may simply mean something is done 
(and, as Sir Julian says, the response may not be the 
“right one”). What does “‘directed change” mean in cases 
where all we can say is that life goes on somehow ? It 
might not even do that: the horrifying picture he gives in 
the second lecture of the “population explosion” und its 
probable trends suggests a state of affairs where desperate 
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remedies might be tried. (Sir Julian even suggests that 
bodies like the World Health Organization should refuse 
aid to countries not “demographically creditworthy”.) 
But the challenge may not be met in any way sufficiently 
“eybernetic”’ to fulfil the admirable aim stated on p. 57 of 
“achieving some sort of balanced relation between the 
rate of reproduction and the rate of production of food and 
other resources”, Reactions to the population explosion 
might lead to famine and mutual extermination in fights 
for living space—Sir Julian obviously feels the horror of 
this possibility. ; 

Yet “possibilities”, when he is talking theoretically, are 
presumed to be good things: the word is taken to mean 
not just anything that may happen, but what it would be 
desirable to realize. So-he advocates ‘‘Professorships of 
Human. Possibility” (p. 38), saying “we certainly need a 
new branch of study concerned with man’s potentialities 
and their realization”. What sort of study would this be ? 
Specialists in demography, economies, sociology, biology, 
town-planning, ete., should indeed be encouraged to look 
ahead, even to speculate more than they generally do, 
and to hold discussions about “human ecology” with 
perhaps a few psychologists and philosophers thrown in. 
But what sort of subject-matter are “human possibilities” 
tout court ? I have an uneasy sense that when Sir Julian 
scents a “possibility” it soon slides into a kind of fact. 
For example, he says (p. 6) on the theory of probability 
there must be some other planets on which life has evolved. 
(Why “must”? ? Can we say more than there is a high 
probability 7) He goes on (pp. 7-8) to say that on this 
planet the psycho-social evolution is restricted to man and 
his works “and we can be sure that only a very small 
minority of the planets habitable by life elsewhere in the 
cosmos have produced organisms of similar properties”. 
How can we be sure that any have ? And what about the 
ambiguity in “can” in the sentence on p. 27: “The over- 
riding aim of the psycho-social process can only be to 
provide greater fulfilment for more human individuals and 
fuller achievement by more human communities” ? 

I have written critically; this does not mean I do not see 
that Sir Julian’s vision is a noble one. He must be used 
by now to taking compliments for granted. But I wish he 
worried more over the various logical distinctions between 
what may be, what ought to be, and what is. 

Dororsy EMMET 


ENGLISH MEDIEVAL MURALS 


English Medieval Mural Paintings 

By A. Caiger-Smith. Pp. xvii+190+4 25 plates. (Oxford: 
Clarendon Press; London: Oxford University Press, 1963.) 
45s. net. 


ROM the title, it might easily be assumed that English 
Medieval Mural Paintings would be mainly of interest 
to art-historians. Without denying that interpretation, 
however, there is much in these pages which will appeal 
to scientists whose outlook includes a concern for the 
progress of techniques, and who will find, in the examina- 
tion of English wall-paintings, a fascinating field of 
applied physics and chemistry. 

These murals, with their characteristic structure, are 
largely conditioned by climatic considerations akin 
(roughly) to a process of natural selection and the sur- 
vival of the fittest. This, of course, is independent of 
much destruction by iconoclasts,. and of the neglect and 
lack of appreciation of this particular phase of British art 
until comparatively recent times. But, as the author 
points out, we have little to show on the scale of the great 
examples of France, Italy and Denmark—not to mention 
Yugoslavia. In those countries, conservation is largely 
the responsibility of the State, and it is scarcely to be 
wondered at that, in spité of generous help from certain 
charitable trusts, it is uphill work in Great Britain to 
cope with so many patients awaiting treatment. 
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One physical factor is significant; in Denmark, for 
example, much of the best work is on ater) Gothic 
vaulting, whereas in Britain a lerge proportion is on the 
inner surface of outside walls. Consequently, there is less 
resistance to attack from rising damp and penetration 
through the masonry of driving rain. Moreover, damp- 
courses are absent from medieval churches. Our quin- 
quennial inspections (now a formal obligation) may be 
expected to help considerably in establishing and main- 
taining reasonable standards of dryness. It is clearly 
essential to attend to such matters before attempting 
any kind of prophylactic treatment of the paintings 
themselves, and, once done, the heating and ventilation 
of all buildings containing murals are subjects for special 
care. It is encouraging to note that some, at ledst, of the 
most barbarous systems previously in use are being 
gradually superseded. 

In this connexion, when a building containing a certain 
amount of moisture within is dried, then a gradient is set 
up in the walls and water moves towards the interior 
surfaces, When evaporation eventually occurs, any 
soluble salts will be deposited as crystals, thus weakening 
the plaster and perhaps the surface-coating as well. The 
detrimental effect on any wall-paintings is obvious, and 
points to the need for care in the positioning of heating 
apparatus. Murals themselves do not fade; it is usually 
necessary for their well-being to remove any wax surfacing 
which may have been applied. Wax itself is stable; the 
difficulties met with in removing it are due to the presence 
of oils and resins which become progressively more 
insoluble with time. . 

The Romanesque period of architecture provided 
tremendous scope for artists on account of the large 
expanse of walls available for decoration. With the 
advent of the Gothic style, these large spaces were reduced 
with increased fenestration. Kempley, Canterbury and 


Durham provide outstanding examples of the former, ` 


and Chichester (Bishop’s Chapel) of the latter. In all 
these cases, recent years have witnessed special efforts 
of various kinds to save for posterity these masterpieces 
of English art. But constant watch and ward are needed, 
reinforced by accurate recording, whenever conservational 
treatment is undertaken. When dossiers are faithfully 
kept, much of vital importance and interest to historians 


“ can be handed down. 


English Medieval Mural Paintings treats the whole 
subject chronologically and iconographically; the result 
is a most readable and useful compilation. Not least 
among its merits is the selective catalogue of surviving 
examples with an indication of their condition. The 
traveller will find all that he needs, and not too much. 
In the Middle Ages, the south and east of England carried 
most of ‘the population, so that churches, with their 
decorations, were few in the north and far west. 

The bibliography is valuable, but the footnote on p. 118 
is a little inadequate, since a great deal of information— 
in English—relative to materials can be found in Technical 
Studies in the Field of the Fine Arts (ten volumes, 1932-42), 
and in Painting Materials by Gettens and Stout (1942). 
It is characteristic of the subject in general that a close 
link exists between the investigation of art-history as 
such and an appraisal of the gradual development of 
technique. In fact, this two-way traffic is one of the means 
whereby humanists and men of science may find common 
ground. The investigation of murals reveals the way 
in which men’s minds and hands worked through the 
centuries, giving us a heritage to cherish and from which 
to learn. 

The illustrations in this book are well chosen, but one 
would have liked to see the forceful “St. Paul and the 
Viper” (about A.D. 1170) from St. Anselm’s Chapel in 
Canterbury Cathedral included in the collection. The 
frontispiece, in colour, from Brent Eleigh, Suffolk, is 
an excellent example of an early Gothic mural, and beauti- 
fully reproduced. F. I. G. RAWLINS 
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International Symposium on Nonlinear Differential 
Equations and Nonlinear Mechanics 

Edited by Joseph P. LaSalle and Solomon Lefschetz. 

Pp. xiv+505, (New York and London: Academic Press, 

1963.) 128s. 6d. 


HIS volume covers the forty-nine papers delivered at 

the international symposium on “‘Nonlinear Differen- 
tial Equations and Nonlinear Mechanics”, which was held 
at the U.S. Air Force Academy, Colorado Springs, in 
August 1962, and which was sponsored by the Air Force 
Office of Scientific Research and the Research Institute 
for Advanced Study, Baltimore. A very large range of 
topics is covered, and particular emphasis was given to 
oscillations and asymptotic behaviour; applications of 
differential equations; control and stability; and qualita- 
tive theory. Some of the papers were very short, in fact 
little more than an abstract, with ‘details to be published 
later”; on the other hand, there were some much more 
extended papers, such as the one by Prof. Cesari on 
“Periodic Solutions of Hyperbolic Partial Differential 
Equations”, in which purely mathematical aspects are 
emphasized. 

The papers which definitely deal with applications 
cover various fields, such as servomechanisms, automation, 
space communication, and the flight of space vehicles. 
A typical paper is that by Beneš on “Ultimately Periodic 
Behaviour in a Class of Non-linear Servomechanisms”’. 
There are also a number of papers in various electrical 
fields including ‘The Nonlinear Effect, Arising from White 
Noise and the Flicker Effect in Nuclear Resonance 
Spectrometers of the “Marginal Oscillator’ Type”, by 
Blaquiére and Grivet. 

The participants in the symposium came from many 
countries including the United States, the U.S.S.R., 
France, Germany, Japan and the Argentine. It is evident 


that research into differential equations and their applica- - 


tions is worldwide, and this field must be one of the most 
active research domains in mathematics. Every library 
concerned with mathematical research should have a 
copy of this book, and many individuals carrying out 
research in differential equations will also need a copy. 
L. S. GODDARD 


The Amateur Astronomer and his Telescope 
By Günther D. Roth. Translated by Alex Helm. Pp. 
152+ 23 plates. (London: Faber and Faber, Ltd., 1963.) 
25s. 
Ae astronomy now enjoys a popularity greater 
than ever before. Whether the contributions of 
amateurs to astronomy are correspondingly great is 
debatable. Clubs, societies and associations may experi- 
ence increases in membership, but in the great majority 
of cases serious practical work depends on a small nucleus 
of active observers. This, some would say, is what we 
should expect. Out of every hundred persons who profess 
a deep interest in astronomy, only one, if one, has sufficient 
time, patience, ability and aptitude to undertake regular 
and systematic observation, Yet the rapid growth of 
interest in the subject is an excellent thing in itself and 
promises well for practical activity in the future. 
To-day, anyone wishing to take up active observation 
can draw on a fairly oxtensive literature. Gimter D. 
Roth now adds a furthor book to the list. A prominent 
lunar and planetary observer, Roth has also had much to 
do with organizing astronomical societies in Germany. 
The first five of fifteen chapters deal with telescopos— 
with choice of instrument, type of mounting, eyepieces, 
telescope drives and optical performance. The last ten 


chapters tell the beginner what to observe—sunspots 
(forms, numbers and positions), solar prominences, the 
bright rays on the Moon, lunar occultations. planets. 
variable stars and shooting stars—and how to set about 
observing them. Also included is a short chapter on stollar 
photography and one on building a sundial. 

As an introduction to amatour astronomy, the book will 
certainly whet the beginner’s appetite. On the other hand, 
it gives an overall impression of incompleteness, duc 
largely to the fact that it attempts to cover too much in 
too few pages. Many beginners will want to know how to 
make a reflector or align the mirrors of a Nowtonian 
telescope, reduce tube currents, protect mirrors, preveni 
dewing up of optical surfaces, make a simple observatory. 
obtain a heliographic grid (p. 79) . . . and much more. 
Roth is, however, fully aware of these shortcomings. Hu 


~admits that he is offering only a few samples from n 


wide field of amateur activity and that the subjects he 
has chosen are not necessarily better than others which 
he has not mentioned. 

Even so, the value of the book could have been onhanced 
had some of the material been more carefully chosen (for 
example, comets instead of sundials) and more references 
given to supply sources, books, articles and papers. 
Further, a work of this kind requires a good index: that 
provided is more frustrating than useful. Yet. apart 
from these shortcomings, the book contains a great deal of 
useful information and presents would-be observers with « 
good overall picture of the kind of work that can be dons 
with small and medium-sized telescopes. H. ©. Kivu 


The Distribution and Motion of Interstellar Matter tn 
Galaxies 

Proceedings of a Conference held at the Instituto for 

Advanced Study, Princeton, New Jersey, Apri] 10-20, 

1961. Edited by L. Woltjer. (Benjamin Books in the 

Planetary and Earth Sciences.) Pp. xiii+330. (New 

York: W. A. Benjamin, Inc., 1962.) 11.75 dollars. 


T Distribution and Motion of Interstellar Matter in 
Galaxies testifies to the increasing interest in tho 
problems of the interstellar matter in both our own and 
other galaxies; what was once regarded merely as u 
nuisance has become one of the most important ohjents of 
study in astrophysics. The conference covered the distr- 
bution and motion of interstellar matter in our Galaxy us 
revealed by both optical and radio methods; the distr: - 
bution of gas in spiral, elliptical and irregular galaxies ; 
large-scale and small-scale dynamical problems: and 
questions connected with interstellar magnetic fields and 
cosmic rays. Attendance at the conference was restricted 
to a small number of leading workers in the subject. and 
the papers printed have a much more authoritative tono 
than one finds in many of the papers presented to larger 
conferences. The very lively discussions should probably 
be attributed to the cosy atmosphere of the smal] con- 
ference. The book is well produced and is a ‘must’ for 
every library of astronomy. R. H. GARSTANG 


An Introduction to Atmospheric Physics 

By Robert G. Fleagle and Joost A. Businger. 
national Geophysics Series, Vol. 5.) Pp. xi+ 346. 
York and London: Academie Press, Ine., 1963.) 
dollars. 


N Introduction to Atmospheric Physics is the fifth 
volume in an International Geophysics Sories under 

the general editorship of J. Van Mieghem. Tt has formed 
the basis of a year’s course for graduate students in the 
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withheld for a subsequent volume. 

There are seven chapters dealing with gravitational 
effects; the properties of atmospheric gases; the proper- 
ties and behaviour of cloud particles; solar and terrestrial 
Jadiation; turbulent transfer and its application to such 
things as nocturnal cooling and fog formation; geo- 
magnetic phenomena and the propagation of electro- 
magnetic and sound waves. including a section on the 
radiation and blast effects of nuclear explosions. 

Inevitably some topics are sketchily dealt with, and, less 
satisfactorily, references to original papers are few and 
confined to footnotes. At the end of each chapter, 
however, are listed the relevant text-books to which the 
reader must go for deeper treatment of the subject. 

There is a breathlessness about this book which suggests 
that the authors have attempted too much, as indeed 
they had to if they were to live up to tho title and at the 
same time keep the publication within manageable size. 
The attempt has been a gallant one, however, and there is 
much of value within its pages, both to those who are new 
to the subject and to those in need of refreshment. 
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As is usual with this sories, the book is handsomely 


produced and almost entirely free from printing errors. 
R. F. Jones 


Advances in Upper Atmosphere Research 
Papers presented at the NATO Advance Study Institute at 
Corfu, July 1960. Edited by B. Landmark. Pp. vii+ 
340. (London and New York: Pergamon Press, 1963. 
Published for and on behalf of Advisory Group for Aero- 
nautical Research and Development, North Atlantic 
Treaty Organization.) 808. net. 

HIS book is a compendium of papers presented at 

the NATO Advance Study Institute held at Corfu 
during June-July 1960. As is so often the case, a good 
deal of the freshness is removed by the fact that nearly 
three years elapsed before the book appeared. In a 
subject which is now advancing very rapidly this is a 
serious delay. For example, three of the earlier papers 
are concerned with the results of the Argus experiments, 
matters of topical interest at the time but now put in the 
background by the Starfish high-altitude hydrogen bomb 
explosion of July 1962. 

The 21 papers cover a wide range of subjects concerned 
with the upper atmosphere. They are-collected in cight 
groups each of which concludes with a discussion which is 
suminarized in the text. The subjects of the groups are, 
broadly, solar-terrestrial relations, effects of the Argus 
high-altitude explosions, recombination processes in the 
ionosphere, waves in plasmas, optics of the upper atmo- 
sphere, the F-layer, whistlers, scattering from the iono- 
sphere and auroral ionization and soler activity and polar 
cap absorption. 

-The presentation is clear, and there is a considerable 
amount of useful material in the book, even though some 
is rather uncritically presented and some is out of date. 

The price is somewhat high for the individual purchaser, 
but this seems to be a feature of publications of conferences 
and symposia. Harrie Massey 


Encyclopedia of Physics 

- Edited by S. Flügge. Vol. XLI/2. Beta Decay. Pp. 

vi+117. (Berlin: Springer Verlag, 1962.) 49 D.M. 

6 Bins study of ®-decay has always been associated with 
the investigation of nuclear structure as well as that 

of the @-interaction itself. Its implications for nuclear 

structure, as well as a description of the techniques 

generally used, are described in other volumes of the 

hand-book, so that the authors are free to concentrate on 
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tion of the B-interaction has made this a very appropriate 
time to review the subject. The historical development 
is not neglected, there being an invigorating account of 
experiments designed to check the nature of 8-particles 
and the reality of neutrinos, and also on the spectral shapes 
and decay constant of allowed and forbidden decays. 
However, a good part of the volume is given over to a 
description of experiments on 6@-recoil, a strong section 
on the measurement of the helicity of 8-particles and 
neutrinos and a critical examination of the experiments 
on the neutron decay. Finally, the authors gather 
together all the evidence to determine the character and 
magnitude of the $-interaction, but end on the cautionary 
note that the experiments are still not accurate enough 
to establish the interaction as pure V-A within quite 
large limits. 

A surprising omission in the otherwise rather complete 
discussion of the observation of the helicity of 8-particle 
is that of the double-scattering experiments of Chase and 
Cox thirty years earlier. A feature of the book is the 
inclusion of a large number of diagrams of the apparatus 
of key experiments; 6-spectrometers themselves are, how- 
ever, dealt with in yet another volume. 

This is not only a work of reference within its specified 
limits, it is also a very readable account of experimental 
work in this field. P. E. Cavanagh 


Electroluminescence and Reláted Effects 
(Advances in Electronics and Electron Physics, Supple- 
ment 1.) By Henry F. Ivey. Pp. xiii+276. (New York 
and London: Academic Press, 1963.) 88s. 


R. H. F. IVEY has written a review of exceptional 
length on a subject which must rank among the 
untidiest in physics. So many variables have been 
introduced in the search for economically useful electro- 
luminescence, both in preparing material and in exciting 
it, and again in seeking correlations with other luminescent 
behaviour and with elementary electronic properties, that 
the length comes as no surprise. The author does not 
hide the difficulties and inconsistencies abounding in the 
subject, though they often reduce him to brief summaries, 
side by side, of the key findings of several investigations 
of nominally the same effect with little or no comment on 
the contradictions thus revealed. 

Half Electroluminescence and Related Effects is devoted 
to zine sulphide, the material the efficiency of conversion 
of electrical energy to optical energy of which may be 
high enough for widespread application. The vital roles 
of activators, particularly copper and manganese, and of 
co-activators, particularly chlorine, open this half, 
followed by considerations of the electrical conditions and 
temperature, and an account of time effects. The mechan- 
ism of excitation, preparatory to the emission processes, 
is discussed with a sense of proportion that only someone 
with a wide experience of the subject could hope to 
achieve; but, even so, no clear picturo emerges. 

Attention switches to other materials in the third’ 
quarter of the book. For some of them, injection lumin- 
escence at motal-semiconductor interfaces and across p-n 
junctions dominates and is better understood. The 
discovery of laser action in gallium arsenide diodés 
oceurred after the review was written; it would have 
made an interesting addition to this section without 
requiring serious modification to anything already 
included. 

The last quarter of the book is devoted to the many 
influences electric fields exert on excited phosphors, 
beginning with the Gudden and Pohl effect, the first of 
many transient effects. Later studies showed many 
complexities, with trapped electrons generally playing 
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major parts. The quenching of luminescence by electric 
fields is descyibed, revealing further gaps in our under- 
standifig of the whole subject, and the review concludes 
with a little on enhancement in both non-electrolumin- 
escent phosphors as well as those showing electrolumin- 
escence. 

Newcomers should find the book easy to read, though 
the subject may still bewilder them; and workers in 
adjacent fields will find the descriptions comprehensive. 
Experts might prefer more critical comment, but they, 
particularly, will welcome the extensive bibliography. 

; J. R. TILLMAN 


Organic Electronic Spectral Data 

Vol. 4. 1958-1959. Edited by J. P. Phillips and F. C. 
Nachod. Pp. 1179. (London and New York: Interscience 
Publishers, a division of John Wiley and Sons, 1963.) 150s. 


HE scheme of Volume 4 of Organic Electronic Spectral 

Data is the same as that of Volumes 1 and 2 (Nature, 
191, 107; 1961), which covered the years 1946-55. It is 
promised that Volume 3 (1956-57) will be issued as soon 
as possible. Some notion of the increasing labour involved 
may be formed from the fact that pages-per-year, in the 
three published volumes, constitute something like a 
geometrical progression with a common ratio of 2. 

About a dozen journals have been added to the list of 
those regularly searched; and there are also some forty 
‘miscellaneous’ references to journals, especially of the 
Far East, to which continuous access is often difficult. 
Restriction to a selected reading-list, however extensive, 
is bound to have its drawbacks, since a journal prolific 
in data in one biennium may prove barren in the next, 
in which an unsearched journal (say, The Analyst or the 
Journal of the Association of Oficial and Agricultural 
Chemists) might be producing a bumper crop. Several 
journals in the regular list are thus reduced to a return of 
“none” in their assessment for data in the two years now 
considered. A few more are noted as ‘not included’ or 
‘no longer published’ (which, indeed, can scarcely be 
applied to the Quarterly Journal of Pharmacy, for although 
it has long been dead, references to it still crop up). 
Mikrochimica Acta seems to have disappeared rather 
unaccountably and without trace. 

The problem of the most profitable casting of the net, 
however, must be one in which the editors’ due is much 
less criticism than sympathy, and gratitude for so large 
a haul of serviceable information. E. Q. KELLETT 


Chromatographic Reviews 

Vol. 4: Progress in Chromatography, Electrophoresis and 
Related Methods. Edited by Michael Lederer. Pp. 
viii+ 184. (Amsterdam and New York: Elsevier Publish- 
ing Company, 1962.) 50s. 


S the editor comments in his preface, the original 
purpose of Chromatographic Reviews, to provide in 
permanent form reprints of review articles which have 
appeared in the Journal of Chromatography, is obviously 
changing when, in Volume 4, more than half the contribu- 
tions are new and published for the first time. This trend 
is in the right direction, as now the volumes can have the 
positive task of providing a compact up-to-date source of 
information about the range of experimental techniques 
covered, rather than act as an echo of already published 
material. In this light, perhaps thinking of the contribu- 
tions as authoritative articles with personal flavour rather 
than straight-forward reviews would do much, to make the 
series more readable and stimulating. A critical appraisal 
of the present position and future potentiality of a method 
by a recognized worker is often more valuable than a 
magnificent bibliography of references that there is not 
time to look up. 
Perhaps the two articles by C. S. Knight, on the part 
played by the filter paper and ion-exchange papers in the 
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separation of amino-acids, are an indication of the editor’s 
intention to move towards this. Both present a refreshing 
new look at the limitations of papers and techniques at. 
present available, the second article being particularly 
comprehensive. Two of the other contributions havo not 
been published before. One reviews the work dono over 
the past twelve years on the paper chromatographic 
separation of the fatty acids. In addition to a considera- 
tion of the merits and limitation of the methods developed. 
during this period, it includes an interesting section on 
special procedures for the quantitative analysis of ‘critical 
pairs’ not separated by the usual techniques. The other, 
after describing paper chromatography, paper electro- 
phoresis and column chromatography as is applied to the 
separation and identification of the oligosaccharides, 
comes to the conclusion that more ‘automation’ would 
be of particular benefit in column methods and more highly 
specific reactions for the various molecular groups and 
linkages involved should be actively sought. 

The review by Demole on thin-layer chromatography, w 
continuation of an earlier article, and that by Adloff on a 
well-covered field, the gas chromatography of radioactive 
substances, appear for the first time in English. Other 
contributions are on radio paper chromatography and thy 
chromatography of porphyrins and metalloporphyrins. 

The book maintains the previous high standard of 
presentation and, in common with previous members of the 
series, should be read by all those with an active interest 
in physical methods of separation. D. H. Drestry 


Chymia 

Vol. 8. Annual Studies in the History of Chemistry. 
Editor-in-Chief: Henry M. Leicester. Pp. 185. (Phila- 
delphia: University of Pennsylvania Press; London: 
Oxford University Press, 1962.) 40s. net. 


EVIEWS in Nature of earlier volumes of this impor- 
tant publication have been uniformly favourable. 
and the present volume continues its high standard. 
The articles include accounts of copper and its alloys in 
early Argentina, solution analysis before Boyle, William 
Lewis as a chemist, the history of acetone, the develop- 
ment of ideas on chemical affinity and mass action, the 
metal hydrides, and a diverting story of the malicious 
attacks on Humphry Davy in contemporary periodicals. 
The articles are well documented and interesting. 
Chymia, although dealing primarily with the history of 
chemistry, contains much general information on the 
history of science; and now that this subject is attracting 
increasing attention, a set of the volumes should be 
acquired by libraries while they are still available. They 
cannot fail to be of interest and value to a wide circle of 
readers. J. R. PARTINGTON 


Progress in Inorganic Chemistry 

Vol. 5. Edited by F. Albert Cotton. Pp. 464. (New 
York and London: Interscience Publishers, a Division of 
John Wiley and Sons, Ine., 1963.) 105s. 


Praen of Volume 5 of Progress in Inorganic 

Chemistry is taken up by two of its four articles. The 
first long article, “Preparation and Properties of Primary. 
Secondary and Tertiary Phosphines”’, by L. Maier, is » 
mine of information covering the literature (in more than 
500 references) from 1950 to March 1962. The information 
is set out systematically. Summaries in extensive tables 
mako it possible to find the properties and methods of 
preparation of a particular phosphine in about 2 min. 
This article will no doubt be consulted rather than read 
through, and those interested will include a high propor- 
tion of organic chemists. The other long article, ‘‘Polaro- 
graphic Behaviour of Co-ordination Compounds”, by 
A. A. Viéek, is mainly concerned with the evaluation of 
various kinds of experimental results obtainable in 
polarographic investigations on solutions of metal com- 


72 Supplement to NATURE of April 4, 1964 


plexes. Again the information is summarized in tables, 
each giving possible experimental results and the con- 
clusions that may be drawn from them. The argument 
is developed at length in the text, and many examples 
are given. 

“Dinitrogen Trioxide’, by I. R. Beattie, is a short 
critical account of an interesting compound, with emphasis 
on physical aspects. It can be read and comprehended 
in less than 2 h by someone unfamiliar with the subject, 
and thus fulfils the aim of the series. It is difficult to 
make informative comments on the article by A. D. 
Liehr, “The Coupling of Vibrational and Electronic 
Motions in Degenerate and Nondegenerate Electronic 
States of Inorganic and Organic Molecules, Part 3, Non- 
degenerate Electronic States”. A summary of the chief 
results of the three parts is given in this concluding article. 

J. S. Coz 


The Birds of the British Isles 

Vol. 12: Stercorariidae, Alcidae, Rallidae, Tetraonidae, 
Phasianidae. By Dr. David Armitage Bannerman. 
Illustrated by George E. Lodge. Pp. xiti+ 443+31 
plates. (Edinburgh and London: Oliver and Boyd, Ltd., 
1963.) 63s. net. 


OLUME 12 of The Birds of the British Isles completes 

the enterprise that began with the publication of 
the first two volumes in 1953, when I described the series 
as “a work on British birds in the grand manner... 
sumptuously produced, beautifully illustrated, and written 
in a leisured style, with care and distinction” (Nature, 
174, 327; 1954). The standard has been fully maintained 
in the volumes that have since appeared annually. - The 
entire work is handsome to possess, pleasant to read and 
-valuable for reference. With meticulous scholarship, 
Dr. Bannerman has assembled and critically assessed a 
body of information about all the species of birds that 
are in any sense British. In doing this, he has taken a 


world-wide view of his subjects and has not confined ` 


himself to those aspects of their lives that can be observed 
within the British Isles; even the utmost rarities in the way 
of accidental vagrants are fully documented by evidence 
from the countries where they are at home. The author 
has both read and travelled extensively; he has also 
drawn. directly on the knowledge of many others whom 
he has invited to contribute on special points. The work 

_ thus contains much that is not readily to be found else- 
where. 

The author has throughout closely associated the name 
of his artist, the late George Lodge, with his own. Lodge 
was supreme in this sphere in his day, and happily many 
of the plates represent his best work. All had been painted 
some time before publication began, and indeed the 
artist was an old man when he died in 1954. It was he 
who had originally suggested the work; and his generosity 
facilitated production. 

This final volume covers the skua, suk, rail, grouse and 
pheasant families. LanpssoroueH THOMSON 


Faune de Madagascar (Publiée sous les auspices du 
Governement de la République Malgache) 
XVI. Crustacés Décapodes: Portunidae. Par Alain 
Crosnier. Pp. 154+ 27 planches. The plates are i-xviii 
comprising 27 figures (photos). (Bondy (Seine), Office de 
la Recherche Scientifique et Technique Outre-Mer, 
1962.) n.p. 
N a-recent addition to the Faune de Madagascar series 
of publications (No. 16, “Crustacés Décapodes, 
Portunidae”, 1962), Dr. Alain Crosnier has monographed 
the swimming crabs. The total of 73 species includes 
several not yet reported from Madagascar but which 
probably do occur there since they have been reported 
from South Africa and either Mauritius or the Seychelles. 
Of this total, 23 also occur in South African, 33 in Aus- 
tralian, and 33 in Japanese waters. While this work was 
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in progress. Prof. Stephenson and his co-workers published 
a number of papers on -Australian swimming crabs. 
Crosnier has, therefore, been able to translate thdir key 
to the determination of the sub-families of this large 
family. He has also been able to dispense with full 
bibliograpaical references and has restricted his lists to 
original references, those referring to Madagascar, and 
very recent ones. 

Technical terms are kept to a minimum and are 
explained by means of simple diagrams so that non- 
specialists can use the keys and follow the descriptions of 
species, most of which are illustrated. The line drawings 
and photographs are exceptionally clear. Difficulties 
were encountered in naming many of the species, but 
where possible type specimens were re-examined or 
material was sent for comparison with types to various 
institutions. No mention is made of the economic 
importance, if any, of the larger species; but Scylla 
serrata, a supposedly coastal species, was found in the 
stomachs of more than thirty tiger sharks taken over 
deep water far from land. The monograph should prove 
useful to all who wish to identify material not only from 
East Africa but also from any part of the Indo-West 
Pacific region. I. GORDON 


Chromosome Botany and the Origins of Cultivated 
Plants 

By Prof. ©. D. Darlington. Pp. xvi+231. 

George Allen and Unwin, Ltd., 1963.) 36s. 


T is seven years since Chromosome Botany was published. 
Chromosome Botany and the Origins of Cultivated Plants, 
which may be looked on as a welcome second edition, has 
a new section on the origins of cultivated plants in which 
Prof. Darlington has brought together the facts and the 
opinions on the evolution and origins of cultivated plants 
from all relevant sources—botany, plant breeding, 
genetics and cytology, history and anthropology. He has > 
synthesized these diverse and numerous data into a read- 
able and unified account. In its scope and cohesion it is 
in the direct line of descent from the works of Darwin, 
de Candolle and Vavilov. 

The principles on which the ‘origins’ are based are 
elaborated in the first part of the book. Here the reader 
will find, among the well-known classical ideas, several 
new and stimulating concepts. There is “mutuat selection’ 
which is variously illustrated throughout the book, for 
example, selection of the breeding system is accompanied 
by a selection in the behaviour of chromosomes at meiosis. 
These two quite different systems must be mutually 
adjusted by simultaneous selection. Examples are taken 
from all kinds of plants and some animals and, thanks 
to a note by Prof. E. B. Ford, we see that the principles 
are also of great value in the study of animal ecology and 
speciation. 

The text, although highly condensed, contains adequate 
references, making the book not only readable but also 
valuable to all systematists, ecologists and students of 
evolution. D. Lewis 


(London : 


World Without Want 
By Paul G. Hoffman. Pp. 144+24 photographs. (Lon-~ 
don: Chatto and Windus, Ltd., 1963.) 22s. 6d. net. 


ITHIN 150 pages, the man mainly responsible for 

the success of the Marshall Plan reduces the com- 
plexities and technicalities of technical assistance and the 
proposal for the World Development Decade to terms 
that the ordinary citizen can relate to his every-day life. 
The meaning and implications of the growing gap between 
the advanced and the backward peoples are made vividly 
manifest in terms of human existence which few, if any, 
can fail to understand. Merely as a piece of superb and 
accurate exposition it deserves to be noted by all scientists 
and technologists. However, the magnitude of Mr. 


No. 4927 


Hoffman’s achievement will be best appreciated by those 
most familiar with the extent and ramification of technical 
assistance and technical co-operation in any sphere. It is 
addressed primarily to the American reader and the figures 
for aid which are quoted relate largely to the contribution 
of the United States. While the exposition is too clear 
and vivid for this to hinder any British reader from grasp- 
ing the extent of the problem or the urgency of the chal- 
lenge, the excellence of the book would justify the inclu- 
sion in any subsequent reprint in Britain of a note on 
Britain’s effort, even if only condensed from the White 
Paper on Overseas Aid or the pamphlets of the Overseas 
Development Institute. Poignancy is added to the 
present interest of the book by the commendations on the 
cover from two former Presidents of the United States ; few 
books have dealt so vividly with a subject which lay so 
closely to the heart of the late President Kennedy—the 
task of eliminating poverty and hunger from the world and 
helping the backward peoples to do this for themselves. 


The Incubation Period of Coronary Thrombosis 
By G. R. Osborn. Pp. x+190 (figures). (London: 
Butterworth and Co. (Publishers), Ltd., 1963.) 55s. 


HE results of a painstaking histological study are 

presented in this book with profuse illustration so 
that it provides an atlas of the pathology of coronary 
artery disease. Although fully developed lesions are 
studied in detail, there is much emphasis on the early 
stages of the disease, and it is here that an improved 
understanding of the pathological changes may have the 
greatest therapeutic implications. 

It is clear that coronary artery disease is not an inevit- 
able result of ageing, but the picture emerging from this 
study is of a disease beginning in childhood and adoles- 
cence. Early mucoid changes are noted in the arterial 
wall, and it is suggested that the later accumulation of 
lipid may be a secondary complication rather than the 
primary cause of the lesions. The later development of 
fibrosis and necrosis, vascularization and calcification is 
followed in detail, and the part played by thrombosis in 
the later stages is analysed. The effects on the vascular 
lumen are shown in the form of serial sections. 

The usefulness of the analysis to the general reader is 
somewhat diminished by the lack of a clear statement of 
the conclusions derived from the histological study. 
Nevertheless, it is a valuable contribution to this facet of 
coronary artery disease. JOEN HAMER 


Conditioning Factors for Cardiac Necroses 
By Eérs Bajusz. Pp. viii+327. (Basle and New York: 
S. Karger, 1963.) S.Er./D.M.75. 


HIS is an unusual monograph describing a series of 

researches conducted over several years in the 
Institute of Experimental Medicine of the University of 
Montreal. The author has demonstrated that the produc- 
tion of myocardial necrosis in animals by entirely different 
noxious stimuli may be uniformly aggravated or suppressed 
by certain agents which are considered to be conditioning 
factors. Numerous specific experiments are described 
in this treatise to illustrate the general principle that 
disease is a biological expression of inadequate adaptation 
resulting from conditioning influences. As pointed out 
by Hans Selye in the foreword, there is nothing new in the 
view that many diseases are due to multiple factors; 
however, this monograph illustrates some of the mechan- 
isms through which pluricausal diseases can develop. 
Although the application of this experimental work to 
clinical problems is sometimes clearly indicated much 
of it seems rather remote from clinical medicine: this is 
inevitable because of the lack of data concerning the cause 
of focal necrotizing cardiomyopathies in man. Clinical 
cardiologists and laboratory workers will find much of 
interest in the pages of this monograpli. W, BRIDGEN 
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Cardiac Output and Regional Blood Flow 
By Prof. O. L. Wade and Dr. J. M. Bishop. Pp. xv + 268. 
(Oxford: Blackwell Scientific Publications, 1962.) 45s. 


Caprice Output and Regional Blood Flow provides 
an excellent review of the present knowledge 
concerning cardiac output and regional blood flow 
together with a synthesis of the original work carried out 
on this subject in the department of medicine of the 
Birmingham Medical School. An interesting introduction 
by Prof. K. Donald describes the evolution of this research, 
and the first six chapters are concerned with the measure- 
ment of cardiac output in man and normal physiology. 
Subsequent chapters deal with haemodynamic problems in 
heart disease. 

This is probably the most authoritative account of the 
subject so far prepared. It is clearly written, well illus- 
trated and there is a good bibliography. This monograph 
may be firmly recommended to clinicians, physiologists 
and others interested in the subject. W. BRIGDEN 


Psychology and Religion 
An Introduction to Contemporary Views. By G. Stephens 


Spinks. (Methuen’s Manuals of Modern Psychology.) 
Pp. xv+221. (London: Methuen and Co., Ltd., 1963.) 
28s. . 


ANY writers, from William James onwards, have 
attempted to analyse and explain religious oxper- 
ience and behaviour in psychological terms. Psychology 
and Religion presents a well-ordered and readable review 
of this literature which is often tedious and difficult to 
understand in its original form. There are two main 
sections. The first deals with theories regarding tho 
nature of religion and surveys a number of views put 
forward by philosophers, anthropologists and psychol- 
ogists as a prelude to a fuller treatment of the ideas of Freud 
and Jung. The second part is concerned with attempts 
to analyse different types of religious experience and 
practice, such as prayer and worship; it again draws 
heavily on anthropological data and also on comparative 
religion as well as on specifically Christian sources. The 
book is scholarly throughout and is enlivened by many 
penetrating observations and stimulating comments. It 
is, in my opinion, by far the best survey in this field since 
R. H. Thouless’s book, Introduction to the Psychology of 
Religion, published in 1924. 

Yet it must be admitted that in one respect it is disap- 
pointing; it is not really a manual of modern psychology. 
With only sporadic exceptions, it stops short at Freud and 
Jung. Predominantly it reflects the arm-chair pontifica- 
tion of half a century ago. There is no sustained offort to 
translate ideas into the idiom of present-day clinical, 
social or experimental psychology and to see what impli- 
cations these might have for religious practice and thought. 
In this respect the book contrasts markedly with Gordon 
Allport’s The Individual and his Religion published in 1951, 
which makes a truly modern analysis of certain aspects 
of religious attitude, and with Michael Argyle’s Religious 
Behaviour, published in 1958, which casts propositions 
about the function of religion in human affairs in a manner 
which enables them to be tested by controlled, scientific 
research. Neither of these books has the wide coverage of 
the present work, but they are genuinely representative 
of contemporary psychology and show something of 
what it could be doing in the examination of religion 
to-day. 

What this book does do is to provide an excolient 
outline of traditional approaches to the psychology of 
religion. The general reader who takes religion seriously 
will find much in it that provokes thought and helps 
towards a balanced perspective, while anyone wishing to 
study religion from a psychological point of vicw has & 
concise and authoritative historical introduction. 

A. T. WELFTORD 
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The Enterprise and its Environment 

A System Theory of Management Organization. By A. K. 
Rice. Pp. xiv+364. (London: Tavistock Publications 
(1959), Ltd., 1963.) 63s. net. 


T is unusual for the outsider to'be able to benefit from 
the experience of a consultant; but then, Mr. Rice is 
an unusual consultant, and Calico Mills an unusual client. 
In The Enterprise and its Environment, his second book 
about his nine years’ work with the Company, Mr. Rice 
continues the Tavistock Institute’s case-histories of con~ 
sultant-client relationships. He says that he has been 
lucky in his client; so are we, in being permitted to read 
the history of the changes in organization, the analyses 
that led to them, and the successes and failures of their 
implementation. 

The first half of the book describes the history of 
reorganizations in the Calico Mills and in Sarabhai 
Chemicals, which is managed by the same family. In the 
second half, Mr. Rice discusses the concepts and assump- 
tions about organizations which he used to help in deciding 
what form of organization was most suitable for his clients 
at the different stages of change and expansion that they 
reached. This part of the book also includes a general 
discussion of the nature of organization and of some of the 
problems of change. His purpose “has been to try to 
provide a framework of analysis that is sufficiently 
abstract to make it possible to examine tasks and organiza- 
tions irrespective of value systems and other cultural 
determinants of behaviour’. Those who are interested 
in knowing more about Mr. Rice’s methods can read the 
lengthy working notes in the appendixes. 

The framework of analysis is a simple one, and clearly 
‘explained, so that readers who are sufficiently interested 
could try to apply it to the examination of their own 
organizations. Mr. Rice sees the organization as an open 
system, which must be analysed in relation to its environ- 
ment. He stresses the importance of distinguishing the 
primary task, or occasionally tasks, of an organization, 
and of being alert to changes that may necessitate a 
re-definition of it. . 

The book is also worth reading for the thought-provoking 
comments scattered throughout it; those tempted to skim 
should, therefore, resist the temptation. An illustration 
of these comments is his suggestion’ that differences 
between the kinds of leadership required at different 
levels mean that, except in very stable conditions, it is 
unlikely that promotion from within will produce enough 
adequate leaders. Those who may have been deterred 
by the language of some other Tavistock Institute publica- 
tions should try again; this one is easier going. The 
book is admirably printed, but the spacious and attractive 
layout makes it look much longer than it is. 

ROSEMARY STEWART 


Kempe’s Engineers Year Book 
Vol. 1. Pp. xiv+1324,. Vol. 2. Pp. viii+ 1394. (London : 
Morgan Brothers (Publishers), Ltd., 1964.) 92s. 6d. 


EMPE'S Engineers Year Book is revised annually. 

It is a valuable source.of data for engineers, contain- 
ing, as it does, mathematical tables and formulz, tables of 
properties of materials, steam, steel sections and details of 
standard manufactured components, together with sum- 


maries of British Standards and Codes of Practice. Other-, 


wise its contents are concerned with abbreviated theory 
relevant to the numerous branches of engineering from 
public health engineering to electrical engineering, and 
descriptive matter of engineering works and equipment. 

Additions which have been made this year include those 
concerned with modern industrial and marine gas turbines; 
gas reforming processes and interchangeability of gasès; 
navigation aids and fog signals; catchment areas and 
dams; details of piles and piling; pre-stressed concrete 
methods; chemical cleaning of machine tools, details of 
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copper and nickel alloys; multiple lift systems and 
escalator dimensions; and taxation allowanees as get out 
in the Finance Bill of 1963. 

While the work as a whole conforms to a high standard, 
it is surely time that the sections on thermodynamics, 
theory of structures and design of steel structures were 
brought up to date. For example, in the section on 
thermodynamics the reader is referred to Thermodynamics 
for Engineers by Ewing and The Properties of Steam by 
Callendar for fuller information. While these books are 
classics, both have been superseded for practical purposes 
by modern works such as Engineering Thermodynamics, 
by Rogers and Mayhew. Then, in the sections on theory 
and design of steel structures, there is no information what- 
ever on. the plastic theory and its use for providing a design 
criterion based on the ultimate load-carrying capacity of 
rigidly jointed frameworks. The section on reinforced 
and pre-stressed concrete does, incidentally, include 
information on the so-called load factor method which 
corresponds closely to the plastic theory of design of steel 
structures. 

Nevertheless, the new edition of Kempe’s Engineers 
Year Book will be welcomed by practising engineers and 
the engineering industry generally. T. M. CHARLTON 


i 
Directory of Learning 
The World of Learning 1963-64. Fourteenth edition. 
Pp. xvi+ 1424. (London: Europa Publications, Ltd., 
1963.) 140s. 


HE fourteenth edition of The World of Learning 

continues the traditions of its predecessors. Since its 
inauguration, this directory has established itself as an 
indispensable guide to universities, colleges, learned 
societies, libraries, museums, art galleries and research 
institutes throughout the world. 

The opening section is devoted to international organiza- 
tions. This commences with Unesco, giving its origins, 
aims, functions and organization as well as an account of 
its recent activities and future plans. Then follow details 
of the International Council of Scientific Unions, the Inter- 
national Council for Philosophy and Humanistic Studies 
and other international organizations according to the 
discipline concerned. The section which follows deals 
with the organization of science, country by country. All 
in all, 155 countries are included: this is the major part of 
the directory and occupies 1,300 pages. 

Under each country information is supplied first of the 
learned societies and professional associations: details of 
the background, councils and members are given for the 
major academies and societies. The research institutes 
are then listed according to the field of work concerned, 
and here addresses, names of directors and, in some cases, 
executive members are included as also for the libraries, 
museums and art galleries that follow. Universities are 
extensively dealt with alphabetically, information being 
given of addresses, senates, governing bodies, deans af 
faculties and professors. Most recent statistics are given 
of the number of teachers and students and also the library 
holding and, where applicable, publications. Colleges of 
university standing are likewise treated, so also are schools 
of art and music. 

Except for private compilations and such publications as 
Index Generalis, The World of Learning is unchallenged in 
its field. Unfortunately it is a hard taskmaster, for though 
its coverage of the world of learning is from the point of 
view of places fully comprehensive—the information is 
easily accessible by means of the index of institutions— 
it is not so for people. To find the whereabouts of a specific 
scientist is an arduous job unless one has some idea of 
where he might be, for there is no author index. With the 
modern techniques available of indexing, this lacunze 
could be filled without great expense to the publishers. 
Certainly it would make The World of Learning an even 
more valuable directory than it is now. 
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: LETTERS TO THE EDITOR 


GEOPHYSICS 


Resemblance between Macro-impact with a 
Great Meteorite and Micro-impact with a 
Drop or Sphere 


Recentrty G. G. Johnson et al. have computed and 
shown. a height contour map (extending over a diameter of 
33 miles) for the crater and surroundings of the meteoritic 
impact crater, Ries Kessel, in Germany (15 miles across). 

I have been struck by the fact that this macro-contour 
map very closely resembles maziy of the optical interfero- 
metric microtopographical contours observed in my 
laboratory during experiments made in 1956 on the 
damage done to moving surfaces by a collision at speed 
either between a suspended water droplet, or when a 
surface at rest is struck by a small high-speed polythene 
sphere?. 

It will suffice to reproduce here but two multiple-beam 
interferograms. In one set of my experiments, a drop of 
water of radius 1 mm was suspended from a fine fibre and 
at this was fired a small cylinder, with flat polished ends, 
using a small air-gun and a pressure cylinder. Spocds up to 
900 m.p.h. were attainable with the equipment available. 
Cylinders of a variety of materials were used and, after 
collision and recovery, the damage produced by the 
impact was assessed by taking multiple-beam interfero- 
grams of the region of collision, using green mercury light 
and standard multiple-beam interferometric techniques. 

Fig. 1 shows (at 40 times in extension, but of course 
with the high magnification of interferometry in the up- 
down direction) the crater formed by impact at 750 m.p.h. 
between a moving ‘Perspex’ cylinder and a stationary 
water drop. If reference be made back to the macro- 
topographical meteoritic crater contours of Ries Kessel 
shown by Johnson et al., it will immediately be recognized 
that the two impact patterns, the micro- and the macro-, 
strikingly resemble each other, in crater, in rim pattern, 
and, in other features. 

The micro-interferogram happens to extend to a greater 
distance from the impact centre than does the Ries Kessel 
diagram, and this leads to a possible prediction about the 
latter. For a notable feature in the interferogram is the 
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fact that on the rim, and more so outside it, there exists a 
considerable region of microscopic ‘crazing’. clearly an 
extensive series of microcracks. Such micro-crazing is 
even still more marked in our second set of experiments, 
that is, those in which small spheres of polythene were 
fired at speed at stationary targets; which. of course, 
simulates the meteorite impact situation. 

Fig. 2 shows such an interferogram on ‘Perspex’ and the 
extensive crazing is notable. If, indeed, there docs exist 
a close analogy between my micro-crater and the macro- 
crater of the meteoritic impact, then one can predict that 
outside the region of the Ries Kessel shown. one could 
anticipate crazing, or shearing cracks, to occur within a 
circle of diameter of about 60 miles or so. Tnileed, there 
already appears some evidence of such cracks in the ontcr 
contours given by Johnson et al. 

Some of my observations on water-drop impact have 
already been discussed elsewhere in connexion with the 
problem of rain erosion suffered by impact with rain-crops 
by high-speed aircraft, but it appears now that tho obser- 
vations may have a real bearing on problems of metvorite 
craters. It may, therefore, be appropriate in this von- 
nexion to direct once more attention to a crude relation I 
have already reported relating the volume of # niero- 
crater (as found interferometrically) with the velocity of 
impact. For different materials, and in the velocity range 
available to me, I find to a very rough approximation 
that the volume eroded obeys a power law, which ranges 
actually from the high value of V* indeed to about V19, in 
which FP is the velocity. It is this formidably high power 
law which explains the great multiplication of rnin erosion 
damage as the aircraft velocity mounts up. 

If a law even remotely approaching this operates in the 
ease of meteoritic impact then it might indeed bo possible 
to secure an approximate indication of impacting velocity 
from the character of the crater, namely, its volume and 
the range of damage. 

S. Tonansgy 

Royal Holloway College, 

(University of London), 

Egham, Surrey. 
1 Johnson, G. G., Vand, V., and Dachille, F., Nature, 201, 592 (hac) 
? Tolansky, S., Surface Microtopography (Longmans, 1960). 
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Rubidium Self-oscillating Magnetometer 
for Earth’s Field Measurements 


A SELF-OSCELLATING rubidium vapour magnetometer, in 
which measurements of the total field magnitude are 
obtained by counting the frequency of self-oscillation in 
the radio-frequency range, has been developed for rocket 
and satellite experiments. Field trials have recently 
demonstrated that this type of rubidium magnetometer 
can be used in certain observatory applications and other 
ground investigations of the geomagnetic field. 

The instrument utilizes circularly polarized filtered 
rubidium, light to optically pump! a rubidium gas cell to 
a state of magnetization, which in turn is destroyed by the 
depumping effect of a radio-frequency field applied to the 
gas cell. The frequency of this radio-frequency field is 
the Larmor resonance frequency corresponding to tran- 
sitions between the Zeeman sub-levels arising from spectral 
splitting in the ambient field?. The resonance signal, 
observed by photocells as a modulation of the source 
light viewed through the gas cell, is amplified and shifted 
in phase by 90° before reapplying to the radio-frequency 
field coils. The system thus self-oscillates at a frequency 
which varies according to the degree of Zeeman splitting 
in the ambient field. 

The magnetometer is dependent in orientation inas- 
much as maximum signal/noise occurs when the optical 
axis is at 45° to the field direction and there is a slight 
change in frequency (approximately 10y for an orienta- 
tion of 180° in the Earth’s field), so that although the 
instrument is free from any form of drift, it is not strictly 
absolute. Self-oscillation only continues under optimum 
conditions of vapour pressure temperature (25°-45° C) 
requiring environmental temperature control within these 
limits. 

The sensing head, consisting of the optical system includ- 
ing lamp, lamp excitation, gas cell and photocells, is a 
circular cylinder 12 in. long and 3 in. in diameter, weighing 
1 lb. As-used for ground investigations the power con- 
sumption of the electrodeless lamp is 3 W. A four-stage 
transistorized amplifier is used with a flat phase charac- 
teristic over the working range (0-05-0-75T), the 90° 
phase shift between light modulation and radio-frequency 
current being provided by the photocell capacitance. A 
low-field instrument has been constructed to operate in 
fields below 100y and up to 0-1T. The frequency of oscilla- 
tion is 4-67 c/s/y, amounting to approximately 200 ke/s in 
the Earth’s field in the United Kingdom. The signal-level 
is 1-0 V peak to peak with a signal-to-noise ratio of 10 : 1 
in a band-width of 500 ke/s. 

The field magnetometer is composed of the sensing 
head and amplifier together with a counting and recording 
system. For a sensitivity of 0-05y in the total field. 2 x 
105 cycles of the signal are used to gate a 108-c/s oscillator 
(for 1 sec) and the resulting count (108) is decoded and 
displayed on an analogue recorder. The total weight of the 
equipment is less than 100 Ib. and power consumption is 
100 W from mains or batteries. 

A vector version of the instrument has also been con- 
structed. If the vertical field is annulled by the field of a 
Helmholtz system. the magnetometer then responds to 
changes in the resultant horizontal field. In this arrange- 
ment a sensitivity of 0-02, can be attained with a counting 
time of only 1/10 sec, giving a frequency response to 
changes in field of better than 1 c/s. Similar arrangements 
are possible for the other fiéid components. 

Recent micropulsation studies at various observatories 
demonstrated that this type of magnetometer could 
usefully be applied to observatory work. The sensitivity, 
continuous signal, large signal-to-noise ratio, fast response, 
wide range and freedom from drift are advantages not 
easily achieved in comparable types of magnetometer. 

‘The rubidium magnetometer can measure very low- 
level rapid fluctuations in total field strength and by 
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utilizing biasing fields can be operated.as a vector 
instrument. Suitable programming of such a system 
could provide complete, observatory information from 
normal magnetograms to rapid-run records resolving 1-c/s 
pulsations of 0-ly amplitude at the same time, in both 
analogue and binary form. 

A self-oscillating low-field magnetometer using optically 
pumped. helium has also been constructed. This instru- 
ment, which operates on the same principle as the rubidium 
magnetometer, requires no temperature control and is also 
suited to biased field applications. A fuller account of the 
self-oscillating rubidium magnetometer is in preparation. 

This work was supported in part by grants from the 
British National Committee on Space Research and 
‘Shell’ Research, Ltd. 


W. F. STUART 
M. J. USHER 
S. H. HALL 


Department of Geophysics, 
Imperial College of Science and Technology, 
$ London, 8.W.7. 
1 Dehmelt, H. E., Phys. Rev., 105, 1487, 1024 (1957). 
2 Bloom, A. L., App. Optics, 1, 61 (1962). 


Observation of the OH Day-glow 


In 1960 Noxon and Vallence Jonest with the co-opera- 
tion of the Canadian Armament Research and Develop- 
ment Establishment launched a balloon-borne spectro- 
meter and observed bands of the Av = 1 sequence of 
upper atmospheric hydroxyl emission for the first time. 
Since then several balloon flights have been made from the 
Canadian Armament Research and Development Estab- 
lishment for photometric measurements of the night air- 
glow from 2 to 4u. A description of the spectrometer 
used and the results of these flights will appear soon’. 

On July 10, 1962, the spectrometer was flown during the 
day. Fig. 1 shows an average of several spectra obtained 
during 11.30-noon E.D.T.; at this time the balloon was at 
95,000 ft. At wave-lengths shorter than 2-754 a very 
strong signal was present due to scattered sunlight. The 
synthetic spectrum in the figure was constructed from the 
line position and intensities of Richardson and Gush‘; 
Chamberlain and Smith’s‘ values were used for the relative 
band intensities. In addition to the emission due to OH. 
there appears to be features centred at 2-9 and 3:3u 
which have not been identified. 

The zenith intensity of the 1-0 band of OH is estimated 
at 400 kR, though this value may be in error by as much 
as a factor of two. 








Wave-length (x) 
, Day-glow; -~-—, OH synthetic spectrum. 





Fig. 1. 
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The appearance of the hydroxyl emission during the 
day with arf intensity close to that observed at night is of 
interest in view of the suggested excitation mechanisms. 

Bates and Nicolet’ originally proposed: 


H + 0,— OH* + O, 
Krassovsky*, on the other hand, advocated: 
H + 0O,* + OH* + 0 


Recently, Wallace? has examined a model hydrogen— 
oxygen atmosphere in photochemical equilibrium. He 
concludes that if the hydrogen ozone reaction is responsible 
for the hydroxyl emission one would expect a night- 
time-day-time emission ratio of 8 : 1. 

E. A. LYTLE 
J. HAMPSON 


Electronics Wing, 
Canadian Armament Research and 
Development Establishment, 
Valcartier, P.Q. 
1 Noxon, J. F., and Vallence Jones, A., Canad. J. Phys., 39, 1120 (1961). 
? Lowe, R. P. (to be published). 
? Richardson, E. H., and Gush, H. P., Computation Centre, Univ. Toronto. 
1 Chamberlain, J. W., and Smith, C. A., J. Geophys. Res., 84, 611 (1959). 
* Bates, D. R., and Nicolet, M., J. Geophys. Res., 55, 301 (1950). 
* Krassovsky, V. I., Doklady Akad. Nauk, S.S.S.R., 80, 735 (1951). 
1 Wallace, L., J. Atmos. Sci., 18, 1 (1962). 


Sub-glacial ‘Supercavitation’ as a Cause of 
the Rapid Advances of Glaciers 


Tue rapid advance of the Otto Fjord Glacier reported 
by Hattersley-Smith! seems to be very similar to the 
catastrophic advances which happened in the Alaska 
Range? and in the Andes of Santiago?. As observed on the 
Muldrow Glacier, the flood of the lower part of the glacier 
is associated with a collapse of the upper one. It is a slip 
caused by a reduced friction on the bed-rock. It has 
nothing to do with the real floods observed on temperate 
glaciers after a sequence of wet years‘. 

A decrease of the specific budget can change an accumu- 
lation zone into an ablation zone. The ice can rise instead 
of sink, and basal temperatures are very sensitive to this 
reversal’, This, and the rising of mean air temperatures, 
can bring the basal ice to melting point on a greater area. 

In a swiftly moving glacier, almost all the movement 
proceeds from sliding, and so Robin’s explanation® seems 
inadequate. A sudden destruction of the quasi-statical 
equilibrium of the glacier can scarcely be explained by a 
progressive warming of its ice. The phenomenon arises 
from two facts: (1) Friction is considerably lessened when 
melting water accumulates between ice and rock, at the 
lee of any protuberance where ‘glaciostatic’ pressure is 
lower. (2) Owing to these water-filled cavities, kinetic 
friction decreases when sliding increases. X 

These ideas were advanced some years ago? ®; the cal- 
culations are summarized and improved here. 

Ice can over-ride a protuberance of the bed in three 
ways: (4) by melting and refreezing; (B) by plastic 
deformation (with or without a water-filled cavity on the 
down-side); (O) by generalized ‘supercavitation’. The 
first mechanism is efficient for the smaller protuberances, 
the last two for tho bigger ones, so the movement is con- 
trolled by the protuberances of intermediate size. In a 
former theory, Weertman?! only brought in mechanisms 
A and B. 

Weertman’s calculation of mechanism, A must be 
changed’ as: (1) for a given stress, pressure melting is 
probably irae times Weertman’s value; (2) basal tem- 
perature ice contains an appreciable amount of liquid 
ies which can freeze and so bring heat to the melting 
side. 

For protuberances of height a, width b, length] mutual 


distance 4, an approximate value of the slip by mechanism 
A is: 
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Phu eT = LE a8 
= JL" mak JZ 

Au, specific volume difference between ice and water; 
p, density of ice; L, heat of melting; f, friction per unit 
area; K’, thermal conductibility of rock; K., thermal 
conductibility of ice. The friction is greater as b inereases. 
So the calculation must be made for protuberances of 
infinite width (that is to say: b = 4). 

To calculate the slide by mechanism B we assume that 
during a time 2/(2 vz) the compressive strain is 4 @jà. 





Taking y = B7? as the deformation law for ico, a sinus 
profile for the protuberance, and putting a/’ = f: 
a 2f 
2 = 84/8 1? a 


When only mechanisms A and B are acting, the sliding 
velocity is, taking n = 3 and putting KT Au/JL%p = k?: 


2k4/B f? 


v= Qu = Qun = 
^ 7 Bn? res 








Pertinent values are: 
B = 0-2 bar year; r= 0-1-0-2; f =[1-1:5 bar 


It follows v = 0-34-8-5 m/year, which is insufficiont, as 
sliding velocities of 100 m/year or more are commonly 
observed. 

If a cavity filled with water at a low pressure, p, exists 
on the lee of an isolated protuberance (a fact which, by 
analogy with hydraulies, may be called ‘supercavitation’). 
then it follows, forn = 3: 


8B aff 
Qn? e +p ogy 


= ga r? ED] 


(h = thickness of the glacier). 

This can explain the higher velocities found at melting 
season. or after heavy rain (as was found at the Kongsbre 
marine front, Svalbard, last summer). 

The state of affairs changes completely when water-filled 
cavities are abundant. The smaller ones are inundated. 
and the ice pushes only the top of the protuberances. A 
new calculation (for n = 3) has given. a velocity of sliding : 


mBr (pgh — p): 
ve = -ig @ oe 


vg = 


instead of: 


Combining the two sliding mechanisms A and C, highor- 
values of the total velocity v are acquainted for: 


4 2nB (pgh — 
o = dog = 500 = F e | Se 
So the kinetic friction f diminishes when the sliding 
velocity increases, and in some glaciers a catastrophic. 
glacier slip appears as soon as melting point is reached. 


=p) 


L. LLIBOUTRY 


Laboratory of Geophysics and Glaciology, 
University of Grenoble, France. 


1 Hattersley-Smith, G., Nature, 201, 176 (1964). 

2 Post, A. B., J. Geophys. Res., 65, 3703 (1960). 

3 Dliboutry, L., Nieves y glaciares de Chile (Univ. Chile Press, 1056), 
t Miler, M. M., J. Glac., 3, 293 (1958). 

*Lliboutry, L., Bull. 1.A.S.H., 8, No. 2, 62 (1968). 

* Robin, G. de Q., J. Glac., 2, 623 (1955). 

7 Lliboutry, L., Symp. Chamoniz, I.A.S.H. Pub. 47, 125 (1955), 

8 Liiboutry, L., Annales de Géophys., 15, 250 (1959). 

°? Weertman, J., J. Glac., 8, 83 (1957). 

2? LHboutry, L., C.R. Acad, Sci., Paris, 258, 1577 (1964). 
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Measurement of Sample Quenching of Liquid 
Scintillator Solutions with X-ray and Gamma- 
ray Sources 


Dosss' recently reviewed several methods commonly 
used for determining the degree’ of quenching in a liquid 
scintillator sample. In another method used in this 
laboratory?-* the relative pulse heights for the Compton 
edges produced by high-energy y-rays or for the photo- 
peaks produced by low-energy (<60 keV) y-rays and 
X-rays are used for measuring the degree of quenching in 
liquid scintillator samples. This method differs from one 
devised by Higashimura et al. which depended on the 
counting rate of an external y-ray source. 
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Fig. 1. Compton edges for cæsium-137 and sodium-22 sources with 
0-25 ml, of a liquid scintillator solution 
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Fig. 2. Photopeaks for silver K-X-rays and americium-241 y-rays with 
0-25 ml. of a liquid scintillator solution 
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Fig. 3. Using cmsium-137 Compton edge to determine the quenchin 
of ethyl alcohol and di(2-ethylhexyl) phosphoric acid (HDEHP) 
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Fig, 4. Counting efficiency of a carbon-14 sample as degree of quenching 
determined by cexsium-137 Compton edge 


This method described here has several advantages over 
those discussed by Dobbs'. Since a pulse height is 
measured this method is independent of positioning, 
counting rate and half-life of the y-ray or X-ray sources. 
It is not time-consuming since a highly active source can 
be used without fear of contamination of the sample. Also 
there is no waiting time for the source and liquid scintil- 
lator to reach an equilibrium. The sample is unaltered. 
This method can be used equally well with a single channel 
or coincidence-type spectrometer. It is applicable to any 
size or shape sample. It is very sensitive and useful over a 
large quenching range. The quenching of high counting 
rate samples can be obtained as the Compton edges or 
photopeaks can be distinguished from the B continuum 
of the sample. 

Compton edges for cesium-137 and sodium-22 sources 
have been observed even with liquid scintillator volumes 
as small as 0-25 ml. (Fig. 1). The maximum energy of the 
Compton scattered electrons, E max, can be calculated from 
the equation: 

2 BP 
2Hy + 0-51 
where Ey is the energy of the irradiating y-ray. Photo- 
peaks for 22-5-keV silver K-X-rays and the 60-keV y-rays 
of americium-241 have been measured with 0-25 ml. 
volumes also (Fig. 2). For comparative work it is not even 
necessary to know the y-ray or X-ray energies. 

The y-ray and X-ray sources are prepared by evaporat- 
ing and sealing the desired amounts of an active isotope in 
‘Pyrex’ tubes. These tubes are placed near the liquid 
scintillator sample and the y-rays and X-rays penetrate the 
solution producing electrons. 


E mar = 
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Fig. 3 shows the degree of quenching for ethyl alcohol 
and i(2-etfiylhexyl) phosphoric acid (HDEHP) as 
obtained by measuring the Compton edge for a cæsium-137 
source. The same quenching curves were obtained by 
observing the maximum in the pulse height distributions 
for dissolved, «-emitterst. Fig. 4 shows the counting 
efficiency of a carbon-14 sample quenched with ethyl 
alcohol as a function of the relative pulse heights of the 
Compton edge for a cæsium-137 source. 
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Optical Combination of Two Sources 
avoiding Multiple Images 


Ir is often desired to combine light from two sources 
without generating multiple images in the mixing device. 
Image multiplication, which results from extra reflexions, 
occurs in methods already in use, such as a partly alumin- 
ized mirror, a sheet of plain glass used as a mirror, or a 
mixer cube (otherwise used as a.beam-splitter). With the 
last, the apparent multiplication of the sources may not be 
as obtrusive as with the first two, but the mixer cube has 
other disadvantages, being less economical than the 
method described here, in which the components can serve 
other purposes when the device is no longer needed. 

The new method (Brit. Prov. Pat. App. 04357/64) uses 
optically polarizing sheets to absorb light which would 
otherwise form the unwanted multiple images. The light 
from the two sources may converge at any of a large range 
of angles, but, for illustration, light paths meeting at 
right angles will be considered; and the mixed light will 
be regarded as being seen by an observer, although, in 
principle, this light may fall on a photosensitive surface or 
on some stage of an optical apparatus. 

The observer views source 1, in front of him, through a 
sheet of polarizing material (A) placed at 45° to his line of 
vision (Fig. 1). Source 2 is to the side of sheet A and is 
seen. by reflexion in its front surface. A second polarizing 
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OBSERVER 


Fig. 1. —@-—-, Unpolarized light; ——, plane of polarization in, and, 
@, perpendicular to, plane of incidence 
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sheet (B) is placed across the light path from source 2. 
Sheet B is orientated to give the best reflexion at A of 
light from source 2: its direction of polarization is such 
that it plane-polarizes that light perpendicularly to the 
plane of incidence at sheet A. (The plane of polarization 
is here taken to be parallel to the electric vector!.) The 
direction of polarization of sheet A is at right angles to 
that of sheet B. Therefore, although its front surface 
reflects light from source 2 towards the observer, light 
entering it from that source is absorbed and fails to 
reach its back surface. Should any light escape absorption 
and be reflected at the back surface, this light will be 
absorbed, as it then passes forward through the polarizing 
sheet. In this way single reflexion of source 2 is ensured. 

Multiple images of source 1 also are avoided. These 
would be formed by reflexions within sheet A. Since this 
sheet is orientated: to transmit light plane-polarized in the 
plane of incidence and such light is poorly reflected 
(except at large angles of external incidence), multiple 
images of source | are not produced. 

The intensity of the reflected light from source 2 can be 
increased, at the expense of that of the transmitted light 
from source 1, by partial aluminizing of the reflecting 
surface of sheet A: for example, the two intensities may 
be equalized. It is possible continuously to contro) the 
intensity of the light from source 1 by rotating as required 
an additional polarizing sheet in the light path between 
that source and sheet A. The intensity of the light from 
source 2 may be similarly controlled by a rotatable polar- 
izing sheet placed either side of sheet B. However, in this 
case, in order to maintain the plane of polarization of the 
light incident at the front of sheet A, it is necessary to 
counter-rotate sheet B to compensate fòr rotation of tho 
added sheet relative to the original orientation of sheet B. 
Alternatively, reciprocal control of the intensities of the 
light from the two sources may be achieved by rotating 
one polarizing sheet put across the light path between 
sheet A and the observer. 

The polarizing material used may be of various types, 
including ‘Polaroid’. For sheet A, however, a polarizing 
layer mounted, between two glass sheets has been found 
best. This can be obtained commercially, or polarizing 
material can be cemented between glass sheets with 


Canada balsam. The front sheet of glass gives a regular 


surface for reflexion. Without the back sheet of glass, 
I have been unable to obtain complete extinction of a 
secondary image. It is probable that polarizing material 
with optically flat surfaces would slone suffice for sheet A. 

A simplified form of the device, eliminating sheet B, may 
be used only when the light from source 2 is incident at 
sheet A at the polarizing (Brewster’s) angle (about 57° for 
glass). In this condition, the angle of internal incidence at 
the back surfacé of sheet A is also the appropriate polariz- 
ing angle, and hence only light plane-polarized perpendicu- 
larly to the plane of incidence can be reflected at that 
surface. Since sheet A is orientated to impede such light, 
no reflexion occurs at the back surface. It should be 
pointed out that this simplified arrangement is of restricted 
application because the polarizing angle is critical. 

A fuller account of this means of combining two single 
images is in preparation. For the moment, it may be said 
that the method avoids visible multiplication of images, 
even with bright sources seen against a completely dark 
background. The weak, diffuse glare inherent in any 
reflecting system has been found to be essentially no 
greater, expressed as a fraction of the intensity of the 
wanted image, than with the other mixing devices men- 
tioned in the first paragraph. It is hoped that the device 
described here will be of value in optical instruments, or 
visual research when combined displays have to be 
presented to the subject; in the latter situation. plane- 
polarized stimuli are not contra-indicated, because 
evidence is lacking of any important differential response 
of the visual system to light polarized in various planes*. 
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CHEMISTRY 


Hydrogen Peroxide in the Siow Thermal 
Reaction of Hydrogen and Oxygen 


We have measured the amounts of hydrogen. peroxide 
and water produced during the hydrogen/oxygen reaction 
at 538° C between pressures of 300 and 400 mm in a vessel 
coated with boric acid, using a flow system similar to that 
of Linnett and Tootal'. 

(1) The partial pressure of hydrogen peroxide continued 
to rise after the rate of production of water had become 
steady. 

(2) After allowing for decomposition, the rate of pro- 
duction of hydrogen peroxide became constant at the same 
time as that of water. 

(3) The yields of hydrogen peroxide changed whenever 
the reaction vessel was recoated and fell considerably as 
the surfaces ‘aged’; in contrast the yields of water were 
identical for different freshly coated vessels and only 
decreased slightly as ageing occurred. 

(4) The rate of production of hydrogen peroxide was 
inversely proportional to: constant + (H,0)*. 

It was concluded that : 

(1) Hydrogen peroxide is not an essential active species 
in the hydrogen/oxygen reaction as has been suggested, 
for example, by Lewis and von Elbe®, Egerton and Warren}, 
and Baldwin and Mayor‘. 

(2) Hydrogen peroxide is formed by a heterogeneous 
process, which is distinct from the main overall reaction 
in which water is produced. 

(3) The heterogeneous process involved two active sites, 
which are poisoned by water ; from an examination of the 
effects of varying the proportions of hydrogen, oxygen and 
inert gases, it seemed probable that the reaction was : 


w 
HO, + HO, — H,0, + 0, 
MICHAEL GREEN 
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Heat of Formation of Difluoromethylene : 
Evidence from the Kinetics of Pyrolysis of 
Chlorodifluoromethane 


TEE thermochemistry of difluoromethylene is of con 
siderable interest in view of the apparent high stability 
of this radical. The largest (least negative) value for the 
heat of formation of difluoromethylene requires an un- 
expectedly low value for the dissociation energy of the 
carbon-carbon bond in tetrafluoroethylene!. Other esti- 
mates of the heat of formation of the radical suggest an 
even greater stability with respect to tetrafluoroethylene*. 

A source of information on the heat of formation of 
difluoromethylene that does not appear to have been 
exploited is the thermal decomposition of chlorodifluoro- 
methane to produce tetrafluoroethylene as major product’. 
This decomposition is generally supposed to involve the 
reaction‘ : 
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CF,HCL > CF, + HO | (1) 


which is followed by dimerization of difluoromethylene - 
radicals to give tetrafluoroethylene. We have recently | 
completed a study of this reaction (to be published in 
detail elsewheré), which confirms this mechanism, but 
which shows that the reaction of difluoromethylene 
radicals with hydrogen chlorides : « 


CF, + HCl —> CF,HCI (2) 


competes with the dimerization of difluoromethylene 
radicals. In the temperature range 670°-750° the reaction 
proceeds homogeneously. The overall energy of activation 
of the reaction (in the absence of hydrogen chloride) is 
the energy of activation for reaction (1), and has the 
value 51:4 + 2:5 keal/mole. This value is close to that 
obtained by Norton, (49 keal/mole)* in a less complete 
investigation of the pyrolysis. 

From examination of the retarding effect of hydrogen 
chloride on the rate of formation of tetrafluoroethylene 
the ratio k,/k,3, where k, is the rate coefficient for re- 
action (2), and k, that for the dimerization of difluoro- 
methylene radicals, may be determined. The temperature 
coefficient of this ratio gives the difference between the 
energies of activation (E, — 4 H,) for the associated re- 
actions. For this the value 15 + 5 kcal/mole has been 
obtained. The heat of reaction (1) equals the difference 
between the energies of activation for reactions (1) and (2). 
The latter of these energies of activation is not available 
directly from the experimental results. The energy of 
activation for the dimerization of difluoromethylene is 
likely to be small, and may-be supposed to be zero, so 
that we may assume that E, equals 15 + 5 kcal/mole. 
The heat of formation of difluoromethylene [AH (CF,)] is 
related to the heat of this reaction AH, and to the heat 
of formation of chlorodifluoromethane [AHy (CF,HC)] and 
that for hydrogen chloride (AHy (HCl) —22-1 keal/mole)* : 

AH = AHy (CF,) + Ay (HCl) — AH; (CF,HC) 

The heat of formation of chlorodifiuoromethane has not 
been determined. The quantity may be estimated from 
available heats of formation of chlorofluoro-compounds? 
as about —109 kcal/mole. The heat of formation of 
difiluoromethylene derived is —50 + 7 kcal/mole. Allow- 


- ing for the uncertainties involved in this calculation it 


would seem likely that the heat of formation is close to, 
or more negative than, —43 kcal/mole. If there were 
an appreciable energy of activation for the dimerization 
of difluoromethylene this value would become more 
negative (by an amount equalling H,/2). 

This value confirms those (about —35 kcal/mole or 
more negative) suggested by other investigations»*. Taken 
together with the heat of formation of tetrafluoroethylene® 
the dissociation energy of the carbon-carbon bond in the 
latter compound is of the order of 70 kcal/mole or less, 
elose to that for carbon-carbon single bonds in hydro- 
earbons'* and fluorocarbons’, and puzzlingly so. 
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Nuclear Magnetic Resonance 
Evidence for the Diborohydride lon in 
Polyethylene Glycol Ethers 


Tae complex formed by absorption of diborane in 
solutions of borohydride ion in polyethylene glycol ethers 
is of considerable interest because it probably contains 
the simplest B—H-—B bridge system known. Brown et al.t 
reported that solutions of sodium or lithium borohydride 
in diethylene glycol dimethyl ether absorb a half molar 
equivalent of diborane. On this evidence it was suggested 
that the diborohydride ion B,H- was present and that 
its structure probably contained a single B—H—B bridge. 


BH; + 1/2 B,H, = B,H; 


H H” 
N / 

H—B—H-—B—H 
/ N 

H H 


Baker et al.? report a similar reaction on electrolysis of a 
solution of sodium borohydride in diethylene glycol 
dimethyl ether : 


BH; — e = BH, + 1/2 H, 
BH, + BH; = B.E; 
B,H; — e = BH, + 1/2 H, 


Several attempts’? have been made to prepare the salt 
in a pure form but so far it has not been possible to 
prepare a salt with less than one molecule of solvent per 
molecule of the salt’. 

This work describes an attempt to confirm the structure 
using B® and H? nuclear magnetic resonance. Indepen- 
dently, the B! nuclear magnetic resonance spectrum has 
been studied by Gaines’. 

The B" nuclear magnetic resonance spectra were 
obtained using a Varian 4200 B wide-line spectrometer at 
a frequency of 10-9 Mc/s on a dispersion mode with 20 e/s 
field modulation. The spectra obtained are similar to 
those found by Gaines*. Solutions of sodium borohydride 
were made up direct and placed in a vacuum line. After 
the line was evacuated, diborane was allowed to stand 
over the solution for several hours. The B® nuclear 
magnetic resonance spectrum showed the complete dis- 
appearance of the borohydride quintet and the appearance 
at lower field of 1 : 3 : 3 : 1 quartet with J = 110 + 5e/s. 
This splitting is slightly greater than that reported by 
Gaines’. Solutions obtained by electrolysis in an apparatus 
similar to that described by Baker et al.? showed a spectrum 
identical to that of the solutions obtained by absorption. 
This therefore confirms that the same species is present in 
both solutions. 

‘The 1:3:3:1 quartet is due to splitting of the BY 
resonance line by three equivalent protons. The bridge 
proton would be expected to split each component of the 
quartet into a doublet. This splitting was not observed 
in this work or by Gaines. The lines are, however, some- 
what broadened. The value of J is similar to that observed 
for other boranes and also for BH, bonded to an ether 
solvent’. Chemical evidence, however, suggests that the 
BH, group would not combine with the solvent at room 
temperature. Diborane is only slightly soluble in diethy- 
lene glycol dimethyl ether’ and does not therefore dis- 
sociate to any appreciable extent. Such an explanation 
of the B" nuclear magnetic resonance spectrum does not 
account for the stoichiometry of the absorption reaction 
and gives no indication of the position of the negative 
charge. 

H! nuclear magnetic resonance spectra were examined 
at 30 Mc/s on a high-resolution spectrometer built by 
Richards*. The spectrum of sodium borohydride in 
diethylene glycol dimethyl ether was obtained with some 
difficulty due to the high noise-level at the sensitivity 
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required. On absorption of diborane into such solutions 
the borohydride ion lines disappeared but were not 
replaced by any new lines. This suggests that the H? 
resonance lines of the diborohydride ion are broadened 
and thus not observed because of the high noise-level. 
This broadening and the absence of further splitting in 
the B! nuclear magnetic resonance spectrum could be 
due to exchange of the bridge proton. Lipscomb’ suggests 
the bridge may be unsymmetrical with exchange between 
two equivalent proton positions. Further investigations 
of the H nuclear magnetic resonance spectrum with a 
suitably sensitive high-resolution spectrometer might be 
very interesting and might elucidate the structure com- 
pletely. 

Although not confirming absolutely, it seems more likely 
from this work and that of Gaines that the diborohydride 
ion does contain a single B—H—B bridge. The diborane 
used in this work was prepared by the action. of potassium 
borohydride on phosphoric acid as described by Duke eż al.*. 
One of us (B. J. D.) thanks the Gas Council for the award 
of a scholarship. 
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Effect of Temperature on the Photosensitized 
Degradation of Textile Fibres 


THE importance of oxygen and water vapour on the 
photosensitized degradation of textile fibres by near ultra- 
violet and visible light has been demonstrated! ; but the 
effect of temperature on these reactions has received little 
attention. Because of the fluctuating intensity of sunlight 
and consequently the difficulty of accurate temperature 
control, we have used in our experiments an artificial 
light source (400-W high-pressure mercury-vapour lamp), 
which has been shown! to produce qualitative results 
similar to those of sunlight. The textile fibres were ex- 
posed in the form of yarns in the interior portion of a 
double-walled glass cell (diam., 1-5 in. int., 2-0 in. ext.). 
The temperature of the cell was controlled by passing 
water or steam continuously through the annular space. 
Dry air pre-warmed to the requisite temperature was 
passed continuously through the central portion of the 
cell at 0 per cent relative humidity, and a quantity of 
water not in contact with the fibre was maintained at 
the bottom of the cell at 100 per cent relative humidity. 
For the short exposure periods involved in these experi- 
ments the thermal degradation occurring in the dark was 
negligible. : 

Titanium dioxide is widely used as a delustrant for 
man-made textile fibres, the pigment being usually in- 
corporated in the polymer mass prior to extrusion. 
Although the pigment must be present in the fibre in 
much larger aggregates than is the case with vat dyes 
applied to textile fibres by conventional dyeing processes, 
nevertheless there are considerable similarities in the be- 
haviour of these two types of sensitizer in the photo- 





(eee 


82 NATURE 


chemical degradation of textile fibres'. We have found 
that the sensitizing effect of titanium dioxide, which is 
particularly evident in a moist atmosphere, is accentuated 
as the temperature is raised. The results obtained with 
bright yarns (free from delustrant) and dull yarns (con- 
taining titanium dioxide) of cellulose secondary acetate 
rayon (Courtaulds, 250 den. 48 fil.), viscose rayon 
(Courtaulds, 200 den. 40 fil.) and nylon (Du Pont de 
Nemours, 4-fold 45 den. 13 fil.) are illustrated in Fig. 1. 
These yarns had been scoured before exposure with a 
warm dilute aqueous solution of soap and ammonia. 
The curves for bright acetate and viscose rayon yarns 
exposed in dry air were not significantly different from 
those for the corresponding dull yarn, and only the values 
for the latter have been plotted. With bright nylon (not 
illustrated) the curves in both dry and moist air (except 
at the highest temperatures) were close to the curve 
recorded in Fig. 1 for dull nylon in dry air. 

The combined effects of moisture and temperature are 
much greater in the presence than in the absence of 
titanium dioxide, although viscose, acetate and to a less 
extent nylon, yarns suffer rapid photochemical attack in 
moist air at temperatures above 70° C even when free 
from titanium dioxide. Any assessment of the effect of 
humidity on the degradation of the dull yarns clearly 
depends on the temperature. At room temperature the 
effect of humidity on the degradation of dull nylon is 
very slight, but at higher temperatures the effect becomes 
increasingly pronounced. A loss in tensile strength of 
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Fig. 2. Effect of temperature on the degradation of silk yarn dye 
with Durindone Orange R exposed to high-pressure mercury-vapot 
lamp in air at 0 per cent relative humidity (©) and 100 per cent relatii 

humidity ( x ) for 10 (....) h, 20 (---) h, and 50 ¢ 





4 per cent at 25° C increases to 87 per cent under 
same conditions at 75° C. Comparison with the cu 
for dull viscose rayon exposed in moist air for a shor 
time (45 h) also illustrates the remarkably rapid efi 
of temperature on the photochemical degradation of c 
nylon. In dry air the effect of temperature is small w 
both viscose and acetate rayons, although it is m 
significant with nylon. 

With sensitizing dyes the degradation of the tex 
fibre is increased significantly in dry air as well as in mx 
airt. The effect of temperature on the degradation in ı 
air is likewise much more pronounced than it is with 
dull undyed yarns (Fig. 1) in which the sensitizer 
titanium dioxide. This is illustrated in Fig. 2 with rest 
for silk yarn (degummed Japanese silk, 190 den.) dy 
with Durindone Orange R (6,6’-diethoxythioindigo) in 
normal way. The large effect of moisture on the degra 
tion is clear even at low temperatures. In dry air a 
to an even greater extent in moist air, where the eff 
is illustrated after different periods of exposure, the : 
gradation is markedly dependent on temperature. Simi 
results indicating the importance of temperature on 1 
dye-sensitized photo-oxidation of textile fibres have be 
obtained with other dyeings on silk, cotton, viscose ray 
and nylon yarns. 

The evidence in Figs. 1 and 2 that temperature ha 
greater influence on the degradation in moist air than 
dry air supports the contention! that the reaction me 
anisms involved in the photosensitized degradation 
textile fibres are different in dry and moist air. In i 
latter atmosphere there is evidence of the formation 
volatile hydrogen peroxide, which is able to migrate a 
degrade adjacent undyed textile fibres not in immedi: 
contact with the dyed fibre. The attack by this volal 
peroxide on the fibre appears to be photochemica 
activated and may also involve the transient deco 
position products, HO and HO,. The relative importa 
of these oxidizing entities may well depend on 1 
particular fibre, and since the degradation reactions | 
temperature-sensitive, on the temperature of the syst 
as well. 
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Use of Retention Index in Qualitative 
e Gas~Liquid Chromatography 


In a recent communication, Dhont? concluded that re- 
tention index? data for non-polar solutes on apolar 
stationary phases were comparable between different 
workers and independent of experimental conditions. 

This conclusion can be supported by means of the 
established relationship? between retention index (I) and 
relative retention (Rzy) : 


log Raw 
r= 1004 +x i (1) 
b 


where b is the slope of the n-alkane ‘log plot’ and may be 
regarded as the increment in the logarithm of the retention 
per isolated methylene group, and Rey is the retention 
of an unknown (xv) relative to that of a n-alkane with N 
carbon atoms. For non-polar systems in which dispersion 
forces are primarily responsible for retention there is a 
close parallel between the variations in log Rzy and b and 
hence a virtual constancy in the value of I. The depen- 
dence of relative retention on 6 is clearly illustrated by 
the rearranged form of equation (1) : 


I 

— -N ) b 
100 
The foregoing conclusions are clearly in agreement with 
the data in Figs. 1 and 2 of Dhont’s communication. In 
view of the relation between I and Rey it is clear that 
Fig. 2 should be replotted as log Rey versus boiling point 
in order to be strictly comparable with Fig. 1. However, 
presenting the results in this form does not give a single 
smooth curve but a series of curves, each for a particular 
column temperature, thus reflecting the variation of b with 
temperature. Further difficulty in comparing relative 
retention data is caused by the non-adjustment of reten- 
tions for apparatus dead volumes. The errors introduced 
by non-adjustment are more serious with relative retention 
results, where the standard and unknown are often widely 
separated on the chromatogram, than with retention 
indices where two closely eluted standards adjacent to the 
unknown are used. Even though retention index measure- 
ments tend to compensate for differences in experimental 
conditions, for example, temperature, it should be em- 
phasized that for data to be strictly comparable! the 
retentive character of the columns used must be identical. 
At present no method is available for assessing this 
property, but it is anticipated that wider use of a single 
method of presenting retention data will assist in this 
respect and so make the intercomparison of data more 
reliable. 

An interesting implication in Dhont’s communication 
is the correlation between retention index and boiling 
point. It is a popular misconception that these retention 
data versus boiling point plots are substantially linear and 
that they can be confidently used for identification pur- 
poses. As the boiling points of the n-alkanes are not a 
linear function of carbon numbers the plot of retention 
index or log Rzy versus boiling point?4 cannot be linear. 
Smooth curves are observed when the solute-solvent inter- 
actions operating in the gas-liquid chromatography column 
are substantially the same as the intermolecular forces of 
attraction within the solutes, for example, hydrocarbons 
on apolar phases, esters on polyester phases and alcohols 
on polyglycol phases’. These curves can then be used to 
predict the approximate position in a chromatogram of a 
solute of known boiling point. They can also be used to 
calculate the column efficiency in terms of theoretical 
plates required to resolve components of known boiling 
point difference**, Thus from Dhont’s Fig. 1 for hydro- 
carbons with retention indices between 600 and 700 a 
difference of 1° C in boiling point will result in a difference 
in retention index of ~ 3 units. On a column with a 
value of b = 0-4 (for example, squalene at 65° C) an 








log Rey = (2) 
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efficiency of ~ 20,000 plates would then be required to 
produce a separation, between the peak maxima, equal 
to the peak width at base. 

It must be emphasized that since subtle shape and 
electronic effects, as well as difficulties in determining 
accurate boiling points, can lead to deviations from these 
curves extreme caution must be exercised in the appli- 
cation of this correlation to solutes of similar retention 
or boiling point. ` 

M. B. Evans 
G. M. C. HIGGINS 
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Nature of the Iron- Oxygen Bond in 
Oxyhemoglobin 


HÆMOGLOBIN (Hb) can combine with molecular oxygen 
to give oxyhemoglobin (HbO,) in which one molecule of 
oxygen. is associated with one hemin group. In hemo- 
globin the iron is in the ferrous state, and it is generally 
assumed that the combination with molecular oxygen does 
not change its valency so that HbO, is likewise supposed 
to be a ferrous compound. However, it would appear 
that many of the physical properties of oxyhæmoglobin 
are at variance with such a view. Principally these are’: 
(1) magnetic properties ; (2) absorption spectrum ; (3) acid 
dissociation constant. These facts suggest that the con- 
version of hemoglobin into oxyhemoglobin is associated 
with a more profound electronic rearrangement. 

Examination of the mechanism of the reaction between 
ferrous ions and molecular oxygen in aqueous solution 
has shown that the primary step can be represented by 
an electron transfer process according to’: 


Fe+ + O, = Fe*t.0; (1) 


This process is reversible unless the ferrie state is stabilized 
by precipitation or complexing. 

At first sight it might not appear to be realistic to draw 
a parallelism between the behaviour of ferrous ions in 
aqueous solution and in hemoglobin, although it is clearly 
not without significance that the paramagnetism of ferrous 
ions is very close to that of the ferrous ion in hemoglobin. 
There are, however, other arguments which suggest that 
the bonding of the oxygen molecule in oxyhwemoglobin 
can be described by an electron transfer process similar 
to equation (1) according to: 


N N N N 
ENL a aa 
globin Fas + O, @ globin —Fe*t - QO; (2) 
N N N N 


This would mean that HbO, is a hemiglobin peroxide, tho 
iron being in the ferric state and the oxygen molecule has 
gone over into the Oj ion, which is then taken up in the 
co-ordination shell of the ferric ion. Such an assumption 
would explain the change in the magnetic properties and 
of the absorption spectrum even on a qualitative basis. 

Oxyhemoglobin is diamagnetic, which implies that in 
the combination of hemoglobin and oxygen not only the 
hemoglobin molecule but also the oxygen molecule loses 
its paramagnetism. 

It is known that the combination of a diamagnetic ion 
such as CN- with the paramagnetic hemiglobin (Hb*) 
reduces the magnetism of the ferric state from 5 unpaired 
electrons to a state of one unpaired electron. It is there- 
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fore reasonable to suggest that in the interaction of Hb+ 
with O; this remaining free spin can pair up with the one 
spin of the Oz, which the latter is known to possess‘, to 
give the diamagnetic oxyhemoglobin. 

The absorption spectrum of HbO,and HbCO shows two 
characteristic bands at 577 and 540 my which are very 
similar to the two bands of hemiglobin hydroxide and 
the latter band to that of hamiglobin cyanide, but rather 
different from the two bands of hemoglobin at 555 and 
430 my (ref. 5). 

A similar state of affairs pertains to carbon monoxy- 
hemoglobin, the formation of which would be represented 
by the following equilibrium : 


N N N N 
NA ee. A 
globin —Fe?+ + CO = globin —Fe*+ . CO- (3) 
ra ZX 
N N N N 


The formation and existence of the CO- radical ion has 
been fully substantiated! by the reduction of CO in aque- 
ous systems, for example, by radiation-produced electrons. 
In aqueous systems, CO- can go over into the COH radical 
(CO~ + H*+z*COH) the presence of which has also been fully 
established. The observed diamagnetism of carbon 
monoxyhemoglobin would then again be due to the 
primary formation of the paramagnetic CO- radical ion, 
which afterwards enters into co-ordination with the ferric 
ion in the hæmin. 

Wyman and Ingalls? have found an acid dissociation 
constant, pK, = 6-8, of the hem-linked group in oxy- 
hemoglobin, which is considerably higher than that of 
hemoglobin (pK, = 7-8) but is practically identical with 
that of hemiglobin. On the basis of the considerations of 
Coryell and Pauling® this would again suggest that oxy- 
hæmoglobin is in a ferric state. 

If oxyhemoglobin has the structure (Hbt+O;) it should 
be able, under suitable conditions, to exert a definite 
oxidizing effect due to the Oj or rather the HO, radical 
which would be formed from it under acid conditions 
according to: (O3 + H+ = HO,). This conclusion is in 
agreement with the hitherto unexplained findings of 
Lemberg et al.® that oxyhemoglobin, in the presence of 
phosphoric acid, shows a marked oxidizing effect towards 
hydrogen donors such as ascorbic acid. This activation 
of molecular oxygen in oxyhemoglobin is thus clearly 
due to the formation of an oxidizing free radical, HO,, 
which could afterwards lead to the formation of hydro- 
gen peroxide (2HO, — H,O, + O,) and to OH radicals. 

It has been suggested that evidenca for the ferrous state 
of oxyhemoglobin can be derived from the potentiometric 
titration of oxy- and carbon monoxy-hemoglobin with 
different oxidizing agents. However, closer inspection 
shows that such experiments do not allow a decision to 
be made regarding the state of oxidation in oxy- or carbon 
monoxy-hemoglobin. From the known reactivity of the 

z and CO- it is clear that these radical ions would react 
with oxidizing agents by transferring the relatively loosely 
bound electron and react, for example, with ferricyanide, 
according to : 

Hb+O; + Fe(CN)i--—» Hbt + O, + Fe(CN) (4) 
thereby stabilizing the iron in the ferric state and leading 
to the observed liberation of molecular oxygen. Therefore, 
the oxidation of oxy- or carbon monoxy-hemoglobin by 
ferricyanide or similar oxidizing agents could proceed 
` either by the oxidation of the hemoglobin in equilibrium 
with the HbO, or HbCO respectively, a mechanism 
suggested by Conant}, or by the direct oxidation of the 
latter compounds by a mechanism corresponding to re- 
action (4). The actual mechanism of oxidation should 
depend on the rates governing the establishment of the 
equilibria (2) and (3) respectively and on the relative 
rates of the particular oxidizing agent with the hæmo- 
globin in equilibrium and with the (Hb+O}) or (Hb+CO-) 
respectively. 
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Infra-red Spectra of Deuterated Gelatin Sols 


Tus infra-red, spectra of collagen and gelatin fibres and 
of hot- and cold-cast gelatin films have been reported 
by a number of investigators'-*. No data are evidently 
available, however, on either collagen or gelatin sols, It 
was of interest, therefore, in connexion with present work 
in this laboratory on the physical-chemical properties of 
ageing connective tissues! to determine whether or not 
such spectra could be obtained, especially during the course 
of the well-known. gelatin sol-gel transition. 

Spectra were obtained using a Beckman IR-5A recording 
spectrophotometer equipped with sodium chloride optics 
and calibrated linearly in y. ‘Irtran-2’ cells (purchased 
from Limit Research Corporation, Darien, Conn., U.S. 
subsidiary of Research and Industrial Instruments Co., 
London, and from Connecticut Instrument Co., Wilton, 
Conn.) were used with ‘Teflon’ spacers at a path-length of 
0-024 mm. The temperature of the reference cell was not 
controlled over that of the room, (25°-27° C); the test cell 
temperature was regulated using the Limit water jacket 
connected either to a Haake pump or to a cold tap line. 

Ten per cent sols of a monodisperse gelatin preparation 
(pI 4-8, kindly donated by Dr. D. Tourtellotte, Kind and 
Knox Gelatine Co., Camden, New Jersey) were prepared 
in 99-5 atoms per cent deuterium oxide (purchased from 
Volk Radiochemical Co., Skokie, Til.) and heated in 
‘Pyrex’ tubes at about 80° C for 15 min to erase their 
thermal history. Aliquots were either immediately 
placed in the ‘Irtran’ cells or stored in sealed tubes at 50° C 
for 10-14 days prior to use. 

All samples were finally equilibrated in the thermo- 
regulated cell at 50° + 0-5° C for 2 h prior to each run. 
After spectra had been obtained at this temperature, the 
sols were cooled at 15° C, equilibrated for a similar period 
and spectra again-obtained. They were then warmed again 
and equilibrated at 50° C for 2 h and spectra obtained, so 
that the reversibility of the observed spectral changes 
could be evaluated for each sample. 

Representative spectra (which were completely and 
repeatedly reversible) of the sol (‘hot’) and gel (‘cold’) 
forms of the gelatin preparation in deuterium oxide are 
reproduced in Fig. 1: 

Significant spectral changes during the sol-gel transition 
were obviously detectable primarily in the region above 
3,000 cm~. Concomitant changes also occurred at about 
1,550 cm~ and in the amide I band (deuterium-bonded 
carbonyl C-O stretching vibration at about 1,625 cmt}, 


but few, if any, significant changes were observed in the 


amide II band (in-plane N-D bending mode + C=N 
stretching mode of the peptide group at about 1,445 em.~1). 
Only slight increase in intensity was observed in the band 
about 1,330 cm~ in consequence of the temperature 
effect. ‘ 

Since there were no appreciable changes in the band 
above 3,000 cm-! even after prolonged interaction with 
deuterium oxide under the described experimental con- 
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Fig. 1. Infra-red spectra of gelatin in deuterium oxide. The dotted 
line is the spectrum of the gelatin preparation at 50° C; the solid line 
is the same preparation after equilibration for 2 h at 15°C 


ditions, it may be presumed that this band represents a 
non-deuterated, relatively acidic N-H frequency similar 
to that which is characteristic of the crystalline but not of 
the amorphous regions of nylon or cellulose!*. The band 
at 1,330 cm- is also present as a weak band with broad 
shoulder absorption in deuterated urea solutions and thus 
may represent either (a) C-N or C-ON stretching modes 
or (b) mixed vibration involving C-ON and N-D modes. 

In either event, it is quite apparent, in terms of results 
recorded by others!!-13, that the frequencies of the deuter- 
ated groups do not show appreciable changes on cooling. 
Typical spectra are obtained, however, with respect to the 
N-H frequencies (characterized by appreciable broadening 
and downward shift of the stretching frequency maximum) 
suggestive of the occurrence of cold-dependent C-O.... 
H-N forms. These are characteristic only of the collagen 
fold configuration. The spectral data thus accord with the 
long postulated hypothesis concorning the reversible form- 
ation of a systematic set of hydrogen bonds along and 
between the crystalline portions of gelatin polypeptide 
chains during the temperature-dependent mutarotation 
processes of the gelatin sol-gel transition#. 
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BIOCHEMISTRY 


Oxidation of Reduced Triphosphopyridine 
Nucleotide by Guinea Pig Polymorphonuclear 
Leucocytes 

Tue phagocytic process in guinea pig polymorpho- 
nuclear leucocytes (PMN) is accompanied by increases in 
the rates of oxygen consumption, of glucose oxidation by 
the hexosemonophosphate shunt and of formate oxidation 
to carbon dioxide!-°. The availability of triphospho- 
pyridine nucleotide (NADP) appears to regulate tho rate 
of glucose oxidation by the shunt in leucocytes**. 
Attempts have been made to correlate the stimulated 
activity of the hexosemonophosphate shunt in phago- 
cytizing leucocytes with increased NADPH oxidation. 
The evidence indicates that NADPH oxidation in phago- 
eytizing leucocytes is not accomplished by the classical 
route of hydrogen transport by way of eytochrome reduc- 
tase and cytochrome c (ref. 1) nor by means of an NADP- 
linked lactate dehydrogenase*®. Iyer, Islam and Quastel?* 
obtained results showing that PMN possess an enzyme 
system capable of oxidizing NADPH and NADH by « 
reaction involving the formation of hydrogen peroxide. 
The enzyme, however. is much more active towards 
NADPH than towards NADH and its activity is strongly 
enhanced by manganese ions’. Rechcigl and Evans’ have 
suggested that a hydrogen-peroxide-destroying system. 
such as myeloperoxidase, which is found in high concen- 
trations in leucocytes* may be important in protecting the 
cell from toxic effects of hydrogen peroxide. Results 
described here show that the oxidation of reduced tri- 
phosphopyridine nucleotide in PMN may be accomplished 
by a reaction involving peroxidase. 

Suspensions rich in PMN were obtained from peritoneal 
exudates of guinea pigs?. When the leucocytes aro dis- 
rupted by repeated freezing, thawing and homogenizing? 
and the dialysed homogenate is centrifuged at 19 000g for 
30 min, a clear supernatant (S—1) extract is obtained that is 
capable of oxidizing NADPH under acrobic conditions. 
The reaction is Mn*+ dependent, has an optimal pH of 
about 5 and is inhibited by 1 mM potassium cyanide. 
Among several hem proteins examined for their ability 
to oxidize NADPH only peroxidase was found to be active. 
The catalytic properties of the crystalline peroxidase on 
NADPH oxidation were similar to those of the luecocyte 
oxidase. Both enzyme preparations were considerably 
more active with NADPH then with NADH. 


Table 1. INFLUENOE OF BEEF LIVER CATALASE AND HYDROGEN PEROXIDE 
ON THE OXMATION OF NADPH BY HORSE-RADISH PEROXIDASE 


NADPH oxidized in 
1 min decrease in As 

Peroxidase only 0-075 
Peroxidase + catalase 0-370 
Catalase only 0 

Peroxidase + H,O, generating system 0-050 
Peroxidase + catalase + H,O, generating system 0-230 
Catalase + H,O, generating system 0-010 


The oxidation of NADPH was followed aerobically at room tempcrature 
at 340 mz in 1-cm quartz cuvettes in a Bausch and Lomb Spectronic 505 
spectrophotometer. ‘The assay mixture usually contained in 3 ml. (total 
volume) 0'5 umole MnCl, 6 moles sodium formate, 100 umoles phosphate 
buffer pH 5-5, 0-33 umole NADPH and 0-1 ml. enzyme solution. The HO. 
generating system consisted of 3 mg glucose and 0-3 mg glucose oxidase. 

ystalline horse-radish peroxidase, 40 ywg/cuvette; crystalline becf liver 
catalase, 400 ug/cuvette. 


The results given in Table 1 show that beef liver catalase, 
which, by itself, has no NADPH oxidase activity, groatly 
enhances the NADPH oxidase activity of horse-radish 
peroxidase, presumably by catalysing the breakdown of 
hydrogen peroxide, a product of the oxidation of NADPH 
by the peroxidase. The inhibitory effect of hydrogen 
peroxide on NADPH oxidation by peroxidaso may be 
demonstrated by adding a hydrogen-peroxide-generating 
system, such as that afforded by a combination of glucose 
and glucose oxidase, to the reaction mixture. 
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Coupled with the oxidation of NADPH in PMN is the 
oxidation of formate to carbon dioxide. Thus, the oxida- 
tion of formate by the leucocyte S—1 fraction, like that of 
NADPH, is inhibited by 1 mM potassium cyanide 
and takes place only when hydrogen peroxide is 
produced by NADPH oxidation. In the absence of 
Mn*+ or NADPH, formate oxidation by the leucocyte S-1 
fraction. does not take place unless another source capable 
of generating hydrogen peroxide is added to the reaction 
mixture (Table 2). Among the hem proteins examined 
for their ability to oxidize formate in the presenco of 
hydrogen peroxide, catalase was found to be highly 
active, whereas the other ham proteins were relatively 
inactive, 


Table 2, OXIDATION OF FORMATE BY THE LEUCOCYTE 5-1 FRACTION 

Radioactivity of COs 

(counts/min/vessel/h) 
leto 9,972 
Without NADPH 289 
Without Mnt+ 1,214 
Without S-1 fraction 61 
With 1 mM KON 2,017 

Without Mnt+ and NADPH, but with added H,O, 

generating system 12,720 


Formate oxidation measurements were carried out in Warburg mano- 
metric vessels at 87° in an atmosphere of air (ref. 2). Unless otherwise 
indicated cach vessel contained, in 3-ml., sodium formate-“C, 6 moles 
(165,000 ¢.p.m.); phosphate buffer pH 5:5, 100 ymoles; MnCl, 0:5 umole; 
NADPH, 1-5 moles and 0-1. ml. leucocyte S-1 fraction. The H,0. 


aa 
generating system consisted of 8 mg glucose and 0°3 mg glucose oxidase 
per vessel, 


When ammonium sulphate is added to the leucocyte 
5-1 solution, to 30 per cent saturation, a protein fraction 
(S-1~30) is precipitated out of solution, having a high 
catalase and a relatively low peroxidase content. On 
increasing the ammonium sulphate concentration first to 
60 per cent and then to 90 por cent saturation, another 
protein fraction (S-1-90) is obtained having a high 
peroxidase and extremely low catalase content (Table 3). 


Table 3. FRACTIONATION OF THE LEUCOCYTE S-i EXTRACT BY AMMONIUM 
SULPHATE PRECIPITATION 


NADPH Peroxidase Catalase Formate 
oxidized activity activity oxidized 
Fraction (units/mg (units/mg (units/mg {counts/min/mg 
protein/min) protein/min) protein/min) protein/h) - 
S-1 0-05 0-03 0-30 
S~1-30 0:08 0-04 0-47 2,760 
S-1-00 0-22 0-45 0-06 136 


Formate oxidation measurements were carried out as described previously 
(ref. 2). Hach vessel contained 6 wmoles sodium formate-™C (58,000 c.p.m.), 
3 mg glucose, 0-3 mg glucose oxidase, 100 «moles phosphate buffer pH 5-5 
and 0-1 ml, enzyme solution. The NADPH was assayed as in Table 1. 
The spectrophotometric assay for peroxidase was based on the oxidation 
of O-dianisidine and the reaction was followed by measuring the appearance 
of colour at 460 mz (ref. 7). Catalase activity was determined spectro- 
photometrically by the method of Beers and Sizer (ref. 8) wherein the 
disappearance of peroxide is followed at 240 mu. 


The S—1-30 fraction shows relatively little NADPH oxidase 
activity and a considerable amount of formate oxidase 
activity, whereas the S—1—90 fraction is rich in NADPH 
oxidase activity and poor in formate oxidase activity. 

Based on the available evidence, the following mechan- 
ism is proposed which will account for the relationship 
found between the increased rate of oxygen uptake, the 
increased rate of glucose oxidation by operation of the 
hexosemonophosphate shunt (HMPS) and the increased 
rate of formate oxidation by PMN during phagocytosis. 
This is seen as follows: 


Glucose. NADP x J 
| Peroxidase 
Pentose + CO,” NADPH” 
7#H,O, Formate 
Mn++ Catalase s 
No, 


The fact that 1 mM potassium cyanide appears to have 
only a slightly inhibitory effect on the stimulated glucose 
carbon-] oxidation in phagocytizing leucocytes? need not 
exclude the possibility of the involvement of hem enzyme 
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in the oxidation of NADPH in intact cells. The peroxidase 
content in leucocytes has been estimated to be as high as 
5 per cent of the dry cellular weight’, and it is possible 
that even in the presence of cyanide the activity of the 
enzyme is still sufficient to maintain an adequate rate of 
NADPH oxidation. The peroxidase activity of leucocytes 
has been found to reside in cellular granules*. Cohn and 
Hirsch? have shown that, during phagocytosis, leucocytes 
become degranulated, releasing a variety of lytic enzymes. 
It is possible that the striking metabolic changes occurring 
in leucocytes during particle ingestion are due to the release 
of peroxidase as the granules lyse. 
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Stability of a Synthetic Polyribosome Complex 
in the Cell-free System 


Dozine polyuridylic acid-stimulated phenylalanine in- 
corporation by Æ. coli cell-free systems, complexes are 
formed between polyuridylie acid (poly-U) and ribosomal 
monomers'*, Hvidence has been reported of similar 
complex formation in the rabbit reticulocyte cell-free 
system’. Such complexes, which result from the attach- 
ment of two or more ribosomes to the same poly-U 
molecule’, are thought to be analogous to the naturally 
occurring polysome complexes which can be isolated from 
mammalian®-* and other!?-1? cells. : 

It has been suggested®>*:%:8 that the synthesis of the 
polypeptide chain proceeds in conjunction with the 
passage of the ribosome along the strand of informational 
RNA which connects the ribosomes in the polysome 
structure. If such a mechanism is to operate reliably, 
without the continual interruption of polypeptide syn- 
thesis, the polysome complex must be resistant to com- 
petition for attached ribosomes by free informational 
RNA. Im addition, a mechanism must exist for the 
attachment of free ribosomes to polysome complexes. 
This communication takes the interaction between poly-U 
and reticulocyte ribosomes as a model of protein synthesis 
and shows (a) that ribosomes in the process of polyphenyl- 
alanine synthesis are not detached from the artificial 
polysome complex by the addition of a large excess of 
poly-U and (b) additional ribosomes may become attached 
to a ribosome-poly-U complex. The latter confirms the 
published studies of Goodman and Rich'*, which demon- 
strate the attachment of ascites cell ribosomal monomers 
to a natural polysome complex in a cell-free system. 

It has been shown elsewhere! that rabbit reticulocyte 
polysome (P1) and free ribosome (P2) fractions can be 
partially separated by differential centrifugation. In thre 
preparations each fraction was contaminated by the other 
to the extent of about 25 per cent. The dependence of 
phenylalanine incorporation on the amount of poly-U 
present was quite different for each fraction. In particular, 
fraction P2 showed a single optimum poly-U level at 
about 20 ug poly-U per mg ribosome. Fraction P1, after 
an early maximum of phenylalanine incorporation at 
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about 40 ug poly-U, showed a continued increase in in- 
corporation ag the amount of poly-U was increased up 
to 200 ug per mg ribosome, the highest value studied. 
Weinstein et al.4 have reported a similar effect using a 
more purified polysome preparation. 

When fraction P2 was briefly incubated with 20 ug 
poly-U per mg ribosome and C-phenylalanine in the cell- 
free system and analysed by sucrose density gradient 
centrifugation, phenylalanine incorporation was seen to 
occur in a fraction with a higher sedimentation coefficient 
(about 120s) than the free ribosome peak (Fig. la). This 
shows that the ribosomes actively engaged in poly-U- 
stimulated phenylalanine incorporation in this case were 
associated in complexes which contained, on average, 
between two and three ribosomes, but does not indicate 
whether the complexes were newly formed on the addition 
of poly-U. However, similar findings with Æ. coli ribo- 
somes have been clearly shown to be due to the formation 
of new complexes between ribosomal monomers and poly- 
U? An entirely different result was obtained when 
either fraction was briefly incubated with ™“C-phenyl- 
alanine and 200 ug poly-U per mg ribosome. Phenyl- 
alanine incorporation occurred chiefly into the 80s fraction 
(Fig. 16), suggesting that under these conditions each 
active complex consists of a single ribosome attached to 
a single poly-U molecule. 

To examine the-question of whether free ribosomes can 
become attached to a preformed ribosome-poly-U com- 
plex, fraction Pl was incubated briefly in the cell-free 
system with 200 ug poly-U per mg and #4C-phenylalanine. 
A six-fold excess of fraction P2 was then added, together 
with a 30-fold excess of #C-phenylalanine, and incubation 
was continued for a further brief time period. On the 
addition of the excess free ribosomes the prelabelled 
ribosomes became associated with a heavier fraction 
(Fig. 2a). In a control experiment in which the excess 
of fraction P2 was omitted from the second incubation, 
the prelabelled ribosomes continued to sediment with the 
ribosomal monomers (Fig. 26). These experiments clearly 
demonstrate that ribosomal monomers can become 
attached to a preformed ribosome-poly-U complex. 
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Fig. 1. Sedimentation analysis of polysomes and free ribosomes following 
poly-U-stimulated phenylalanine incorporation in the cell-free system, 
(a) Fraction P2 (mainly free ribosomes) incubated with 20 ug poly-U 
per mg ribosome. (b) Fraction P1 (mainly polysomes) incubated with 
200 ug poly-U per mg ribosome. Solid lines, optical density at 260 mx; 
dotted lines, radioactivity. Direction of sedimentation from right to 
left. The sedimentation coefficients along the abscissa were calculated!’ 
from a series of standard runs of E. coli ribosomes, taken as 70s. The 
ribosome fractions P1 and P2 were prepared from rabbit reticulocytes 
as described elsewhere“. One mg of the appropriate fraction was 
incubated with the stated amount of poly-U tor 10 min at 37°C in a 
total volume of 0-2 ml., containing in wmoles: ATP, 0:14; GTP, 0-04;. 
creatine phosphate, 1-4; MgCl, 1; KCI, 8; tris-HCl, pH 7:2, 8; glu- 
tathione, 3; 17 L-amino-acids, 0-005 each ; *C-phenylalanine (5:5 x 10% 
c.p.m. per umole), 0-01; 2:5 ug of creatine kinase and 15 ug of yeast 
s:.NA. The mixtures were chilled, layered on a nearly linear sucrose 
gradient (5-20 per cent) in 1:55 mM MgCl, 0:01 M KCl, 0-01 M tris, 
pH. 8-1, and centrifuged for 1 h at 30,000 r.p.m. in the Spinco S1739 
rotor at 2° 0. hree- or four-drop fractions were collected from the 
bottom of the tube. These were diluted to 3 ml. with distilled water and 
optical densities at 260 mg recorded. Serum albumin (0-2 mi., 1 per cent) 
and 0-5 ml. of 6 N NaOH were added and the fractions incubated at 37° 
for 2 min, after which 2 ml. of 50 per cent TCA was added. After 30 min 
the precipitates were collected on 2 cm diameter Oxoid membrane 
filters, washed with 5 per cent TCA, dried with ethanol and ether and 
counted in a Packard ‘Tricarb’ liquid scintillation counter 
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Fig. 2, Sedimentation of ribosomes labelled with ‘*C-phenylalanine in 
the presence of poly-U. Conditions were as for Fig. 1 except for the 
following qualifications 


(a, b) 0-5 mg of fraction P1 was incubated in the cell-free system (with 
the constituents at the concentrations given in the legend to Fig. 1) ina 
total volume of 0°15 mi. with 100 ug of poly-U and C-phenylalanine. 
After 10 min at 37° C the tubes were chilled and 6 volumes of incubation 
mixture was added containing a 30-fold excess of #C-phenylalanine and 
{a) 3 mg of fraction P2 or (b) no ribosomes. The tubes were incubated 
for a further 5 min at 37° © and 0-3 ml. of each applied to the gradients. 
(c, d) 1 mg of fraction P2 was incubated for 10 min at 37° C in the cell-free 
system with 20 wg poly-U and “C-phenylalanine. The tubes were chilled 
and a 10-fold excess of *C-phenylalanine was added together with (e) 
no poly-U or (d) 150 wg poly-U. After a further 5 min at 37° C the 
mixtures were applied to the gradients 


A further experiment was carried out to test whether 
ribosomes actively synthesizing a polypeptide chain can 
be dissociated from the synthetic polysome complex by 
an excess of poly-U. Free ribosomes (fraction P2) were 
incubated with “C-phenylalanine and only 20 ug poly-U 
per mg, and an excess of poly-U was then added together 
with a 10-fold excess of “C-phenylalanine. No change 
in the sedimentation behaviour of the prelabelled ribosome 
complex was seen following a second incubation (Fig. 2c 
and d). Thus it can be concluded that a free ribosome, 
once attached to a strand of poly-U and engaged in the 
incorporation of phenylalanine into peptide linkage, is 
not readily detached by another strand. 

A present model of protein synthesis®»7:*.19 postulatos 
the passage of a ribosome from one end of the informa- 
tional RNA molecule to the other in the course of the 
synthesis of a polypeptide chain. At the completion of 
chain synthesis the ribosome and the polypeptide chain 
are thought both to be released from the informational 
RNA molecule. The work recorded here and that of 
Goodman and Richi show that free ribosomes can 
become attached to preformed complexes of ribosomes 
with informational RNA. Further investigations" indicate 
that a proportion of the free ribosomes released from the 
polysomes in the course of protein synthesis in the cell- 
free system™,17 are able to participate in polypeptide 
synthesis after reattachment to a molecule of informational 
RNA. The present study affirms the stability of the 
ribosome-polypeptide-informational RNA complex to 
competition by free information RNA, at least in the 
synthetic system. Thus the main point remaining at 
issue is whether the ribosome actually travels along the 
length of the informational RNA molecule in the course 
of polypeptide synthesis. 
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Very considerable phenylalanine incorporation was 
carried out by the simple complex of a single ribosome 
with a single poly-U molecule. The localization of protein 
synthesis in the polysome fraction, and indeed the very 
existence of the polysome fraction, in living cells and 
cell-free systems must then be due to the presence of a 
considerable excess of active ribosomes over informational 
RNA molecules. 

This work was supported by a grant from the Medical 
Research Council. 


Joun O. BisHop 


Institute of Animal Genetics, 
Edinburgh, 
Scotland. 
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Destruction of Hydroxycinnamic Acids coupled 
to Oxidation of Indolyl-3-acetic Acid by 
Peroxidase as a Possible Mechanism for Adaptive 
Changes of Indoly!-3-acetic Acid Oxidase 
Activity 

Crams have been made that plant tissue after pre- 
incubation with indolyl-3-acetic acid (IAA) shows an 
enhanced, activity of IAA oxidase*. Galston? has pro- 
posed the idea that these adaptive changes are at least 
partly due to changes in the co-factor-inhibitor balance of 
this enzyme. The naturally occurring co-factors and 
inhibitors which have been identified so far all appeared 
to be sugar derivatives of hydroxycinnamic acids and the 
related fiavonolsi-?. We found that when the hydroxy- 
cinnamic acids p-coumaric acid, ferulic acid or caffeic 
acid are used as co-factor or inhibitor in the IAA oxidase 
reaction of horse-radish peroxidase, destruction of these 
modifiers takes place as a function of the disappearance of 
TAA. This may offer additional evidenco for Galston’s 
hypothesis. 

The following experiment shows how the rates of de- 
struction of IAA and of the co-factor p-coumaric acid can 
be determined simultaneously. A reaction mixture con- 
taining IAA (10-4 M), p-coumaric acid (2-5 x 10-5 M) and 
horse-radish peroxidase (Sigma, Type V, RZ 2-8, 0-05 
P.U./ml.) in a citrate-phosphate buffer (0-05 M citric acid 
+ 0-1 M dibasic sodium phosphate, pH 6-0) was kept at 
20° C in a water bath. Two samples were taken every 5 
min. The first sample (1 ml.) was used to determine the 
amount of IAA with the Salkowski test according to the 
method of Gordon and Weber*. To the second sample (3 
ml.) 2 drops of 10 N potassium hydroxide were addod and 
an ultra-violet absorption spectrum was taken with a Cary 
recording spectrophotometer. The spectral changes are 
shown in Fig. 1. The disappearance of the p-coumaric acid 
is demonstrated by the decrease of absorbancy at 335 my. 
After 35 min all the p-coumaric acid has been converted 
as has been shown by paper chromatography (paper: 
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Macherey, Nagel and Co. 2261 H, solvept mixture: 
isopropanol/1 N armmonia/water, 10 : 1 : 1, by vol. The 
residual absorbancy at 335 my is mainly due to a com- 
pound with Rr 0-50, probably an oxidation product of 
p-coumaric acid. The curve giving the rate of disappear- 
ance of p-coumaric acid shown in Fig. 2 has been calcu- 
lated from the formula: 


Aas (t) = 0-59 X + 0-16 (1 — X) 


(X x 25 x 10-5 = concentration of p-coumaric acid 
present at time t; Ass, (t) = absorbancy at 335 my at 
time t). That this method gives a reliable result was 
proved in the following way: 20-ml. samples taken at 
0, 10, 20 and 30 min after starting the reaction were 
acidified to pH 2-0 with 2 N sulphuric acid, extracted three 
times with ether and the ether extracts chromatographed 
under the conditions described here. After development 
of the chromatograms tho p-coumaric acid bands were 
eluated exhaustively with aleohol and the concentration 
determined with the spectrophotometer. The asterisks in 
Fig. 2 give the amounts of p-coumaric acid thus obtained. 

The ratio of the amounts of p-coumaric acid and IAA 
destroyed depends on the relative concentration of the 
reactants, the pH and the oxygen supply. Under the con- 
ditions tried so far at least two molecules of IAA were 
oxidized to cause the destruction of one molecule of 
p-coumarie acid. £ 

The destruction of ferulic acid and of caffeic acid coupled 
to the oxidation of IAA by peroxidase was demonstrated 
in a similar way using reaction mixtures of the following 
composition: ferulic acid (2-5 x 10-5 M), LAA (10-* M), 
horse-radish peroxidase (0-1 P.U./ml.) in citrate-phosphate 
buffer, pH 4-0, and caffeic acid (10-' M), TAA (2 x 104 M), 
horse-radish peroxidase (0-1 P.U./ml.) in citrate-phosphate 
buffer, pH 4-0. 

Analogous results were also obtained with a partly 
purified IAA destroying enzyme isolated from gherkin 
seedlings (Cucumis sativus)’. 
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Fig. 1. Ultra-violet spectra of samples taken at different times from a 
reaction mixture containing ITAA (10+ AD, Signa acid (2-5 x 10 M) 
and horse-radish peroxidase (0°05 P.U./ml.) in a citrate-phosphate 
buffer (pH 6-0) at 20° C. KOH has been added to separate the p-coumaric 
acid and IAA absorption peaks i 
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p-Coumarie, ferulic, and caffeic acid are not oxidized by 
oxygen in the presence of peroxidase. On addition of 
hydrogen peroxide, however, the hydroxycinnamic acids 
are readily destroyed. Chromatography of the final 
reaction mixture indicates that the [AA and the hydrogen 
peroxide dependent reactions give riso to the same 
oxidation products. 

When no phenols are added to the TAA oxidase reaction 
catalysed by horse-radish peroxidase or gherkin peroxidase 
the spectral changes are similar to those given by Ray for 
the action on TAA of the IAA oxidase from Omphalia’. 
The high absorption peak at 250 mu of the final reaction 
mixture has been ascribed to an oxindole derivative. 
Fig. 1 shows that for the reaction under the conditions 
described here the increase in absorbancy in the 250 mu 
region is much smaller. This is even more the case when 
the reaction is carried out at a lower pH and with a higher 
concentration of the reactants. ; 

A reaction mixture of 10-8 M IAA, 3 x 10-4 M p-coum- 
aric acid and horse-radish peroxidase (0-1 P.U./ml.) in a 
citrate~phosphate buffer of pH 4-0 yields a brown precipi- 
tate of reaction products. This consists mainly of two 
substances with a typical indole spectrum. Further 
properties are summarized in Table 1. 


Table 1, IAA OXIDATION PRODUOTS 
Substance Ry in IAW Native Oolourin HCl _ Fluorescence 
, colour vapour in ultra-violet 
1 088 Yellow Brick-red Orange-yellow 
2 057 Yellow Brick-red Orange-yellow 
Substance Salkowski Ehrlich reaction Spectral maxima and 
Teaction shoulders (s) 
1 Orange-red Brick-red turning 
brown 281, 290, 304 (s) 
2 Pink Pink 278 (8), 281, 290 


Experiments are being carried out to test whether the 
coupled oxidation of IAA and the modifier of the IAA 
oxidase. and the special pattern of conversion of IAA 
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connected with it, are significant processes within the 
living cell. 
G. ENGELSMA 
Philips Research Laboratories, 
N.V. Philips’ Gloeilampenfabrieken. 
Eindhoven, Holland. 
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Protective Effect of Gamma-aminobutyric Acid 
on Experimental Ammonia Intoxication 


GREENSTEIN et al.l! reported on the effectiveness of 
various agents in preventing experimental amino-acid 
and ammonia intoxication. Substrates of the urea cycle, 
most notably arginine, were the most effective materials 
tested and their protective action. required the presence 
of intact, functioning liver. 

This study was undertaken to confirm Greenstein’s 
group’s observations and to expand them to include other 
agents of theoretical value. y-aminobutyric acid was 
among the agents selected because of its central position 
in brain metabolism of ammonia and because it is not found 
in significant quantity outside the central nervous system. 
Its protective action was unexpected. 

Female Holtzman rats weighing 180-200 g and main- 
tained on Nutritional Biochemical Co. complete chow, fed 
ad lib., were used. The animals were fasted for 12 h prior 
to all injections. Ammonium acetate solutions sufficient 
to deliver 9-8-10-6 m.mol./kg body-weight in a volume 
of 2-3-2-7 ml. were prepared. Animals were injected 
intraperitoneally with various test agents in 2-5 mi. at 
dose-levels shown in Tables 1 and 2, and 1h later were 
injected with ammonium acetate, 9-8 mM/kg, the DD;,. 
No difference in survival was noted at 2, h and 24 h. 

Results are tabulated in Tables 1 and 2. y? analysis 
shows that arginine hydrochloride, arginine free base, 
arginine glutamate (“Modumate’), arginine and glutamic 
acid hydrochloride mixtures, and gamma-aminobutyric 
acid produced significant protection at the dose-levels 
shown in Table 1. As shown in Table 2, glucose at 10 
m.mol./kg was at the borderline of showing significant 
protective effect. 

Combination of GABA and glucose produced variable 
effect. Bunitanian® has demonstrated decreased ammonia. 


Table 1. PROTECTIVE ACTION OF VARIOUS SUBSTRATES ON LD,, INJECTION 
OF AMMONIUM ACETATE 


Agent Dose mM/kg No. animals Dead % survivors 
Tsotonic saline 2:5 ml 20 16 25 
Arginine hydro- 10 10 9 100 

chloride 2 8 2 75 
Arginine free base 10 10 0 100 
Arginine + glutamic 

acid hydrochloride 5 each 10 2 80 
Arginine glutamate 10 10 0 100 

(Nodumate’) 2 8 1 88 
Mono-sodium 

glutamate 2 8 6 25 
Mono-sodium acetyl 10 10 8 20 

glutamate 2 8 5 38 
Glutamic acid 5 9 9 0 

hydrochloride 2 8 5 38 
Ammonium chloride 10 10 8 20 
Hydrochloric acid 10 10 9 10 

5 10 10 0 


g 
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Table 2, EFFEOT OF GABA, GLUCOSE AND COMBINATIONS ON SURVIVAL 
FOLLOWING LD,s AMMONIUM ACETATE 


Glucose GABA 7 
mM/g mM/g Total Dead % survivors 

0 2 8 5 37 
0 10 20 1 95 
5 0 8 yi 12 

10 0 10 5 50 
1 1 8 0 0 
2 2 8 z 12 
5 2 8 4 50 
5 4 8 1 88 
5 6 8 0 100 
5 8 8 4 50 

10 2 8 0 100 

10 4 8 1 88 

10 8 8 4 50 

10 8 8 1 88 


production in brain slices when exposed to GABA and 
glucose combinations. Our im vivo study suggests that 
glucose enhances the protective action of GABA at lower 
GABA dose-levels and diminishes its effect at higher levels. 

Four agents, glutamic acid hydrochloride (10 m.mol./ 
kg); mono-sodium glutamate (10 m.mol./kg); histidine 
dihydrochloride (10 m.mol./kg) ; carbamyl phosphate (10 
m.mol./kg) ; all caused considerable mortality and were 
not further examined with reference to their effects on 
the ammonium intoxication. 

The protective action of urea-cycle substrates may be 
attributed to substrate stimulation of urea synthesis in 
the liver". This explanation cannot account for the pro- 
tective effect of GABA since it is found only in neural 
tissue and is not a substrate for urea synthesis. GABA’s 
effect may be via its capacity to enter the trichloroacetic 
acid cycle at the succinate-level, thus replacing «-keto- 
glutarate abstracted by the glutamic dehydrogenase 
reaction during increased ammonia exposure as proposed 
by Bessman‘. 

Analyses of tissue levels of the various substrates and 
enzyme involved in GABA metabolism in brain following 
exposure to ammonia are in process. 

Rosert T. MANNING 
Davin THORNING 
Joun FALLETA 
Department of Internal Medicine, 
University of Kansas Medical Center, 
Kansas City, 3. 
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Absence of Sterols in Blue-green Algae 


SrrRoxs are widely distributed in Nature, but they have 
not so far been detected in bacteria!. Among the higher 
plants and algae which have been examined, only the 
primitive blue-green algae (division, Cyanophyta) have 
been reported to lack sterols*, The blue-green algae 
represent an interesting borderline case taxonomically, 
because their mode of photosynthesis is of the advanced 
or plant type, whereas their morphology is similar to that 
of the bacteria. It was felt, therefore, that the blue- 
green algae should be re-examined for sterols with more 
sensitive modern methods. Analysing three representative 
species of cyanophycean algae by a combination of tracer 
and gas-chromatographic techniques we have failed, like 
earlier investigators?, to obtain any evidence for the 
presence of sterols in these organisms. 

Lipid extracts isolated from 2 g or more (wet wt.) of 
Nostoc muscorum, Anabaena variabilis, or Anacystis 
nidulans, yielded precipitates with digitonin, but these 
precipitates, usually coloured or mixed, with crystals of 
red pigment, never exceeded 1 per cent of the weight of the 
total non-saponifiable material. When the three organ- 
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isms were cultured in the presence of mevalonic acid-2-4C, 
the total uptake of carbon-14 was very poor (less than 0-2 
per cent), and in no case could a radioactive digitonide be 
obtained. In rapidly growing cultures, about 50 per cent 
of the label from acetate-1-“C was incorporated into fatty 
acids, but again only traces (0-03 per cent) of radioactivity 
were found in digitonin precipitates from the non-saponi- 
fiable fractions. 

Being ‘strict autotrophs* the blue-green algae may be 
unable to utilize exogenous organic compounds for certain 
Anacystis nidulans were therefore 
grown on CO, as the sole carbon source in a closed 
system. Two litres of medium‘ were inoculated, con- 
tinuously illuminated by daylight fluorescent lamps, and a 
mixture of 5 per cent carbon dioxide in air (v/v) containing 
10 me. “CO, was continuously circulated through the 
culture with the aid of a peristaltic pump. After 7 days 
the system was vented into a hood, flushed with a non- 
radioactive gas mixture of the same composition and then 
with air for several hours. From 1-3 g of cells (wet weight) 
46 mg of crude lipid extract containing 1-3 x 10° d.p.m. 
were obtained. Chromatography of the non-saponifiable 
material (88 x 108 d.p.m.) on deactivated aluminas 
yielded 2-2 x 10% d.p.m. in the ‘sterol’ fraction eluted with 
20-60 per cent benzene in ‘Skellysolve B’ (v/v)*.. The 
benzene-‘Skellysolve’ eluate contained 17 per cent of the 
radioactivity of the total lipid extract and 0-51 per cent 
of the wet weight of the cells. Because of the relatively 
small amount of starting material, it was not possible to 
precipitate a digitonide from this ‘sterol’ fraction, An 
aliquot of the eluate from alumina was methylated by a 
procedure suitable for the conversion of sterols to their 
methyl ethers*. Chromatography in the vapour phase of 
the methylated fraction failed to reveal any discrete peaks 
of radioactivity in the sterol methyl ether region (reten- 
tion time 2-8 that of free cholestane), thus excluding the 
presence of methyl ethers of monohydroxy sterols ranging 
in polarity from coprostan-36-ol and cholestan-36-ol to 
A5.24(28) stigmastadien-38-ol (fucosterol)®. Finally, aliquots 
of the alumina eluate were added to authentic samples of 
four of the most common algal sterols’, and the mixtures 
recrystallized from various solvents (Table 1). In each 
case, repeated recrystallization reduced the specific 
radioactivity to levels corresponding to a sterol content in 
the alumina fraction of no more than 0-03 per cent. 


Table 1. Co-ORYSTALLIZATION OF RADIOACTIVE MATERIALS FROM Anacystis 
nidulans WITH CARRIER STEROLS ` 


Carrier sterol . 
(mg)addedto C.p.m./mg Upper limits of sterol content (%) in 
radioactive in crystals Alumina Non-saponi- Lipid Wet wt. 
extract Initial Final fraction flable extract of cells 
&-Sitosterol, 
40 61,250 13 2x10% 5x10 3x10 11x104 
Fucosterol, 
39,000 12 3x107 txio 6x10? 18x10- 
Cholesterol, 
1,065,000 6 _ 6x10- 4x10 14x 105 
Ergosterol, t 
1,000 8,440 0 0 0 0 0: 


These observations, which confirm those of Carter et al.*, 
make it unlikely that any of the common sterols are 
present in typical members of the division Cyanophyta. 
If storols are at all synthesized in these organisms, their 
concentrations must be lower by several orders of magni- 
tude than they are in the higher algae. For example, in 
Chlorella pyrenoidosa® ergosterol constitutes 2 per cent of 
the total lipid and 0-15—-0-2 per cent of the dry weight of 
the cells. Crude cholesterol has been recovered from six 
species of red algae to the extent of 0-07—-0-007 por cent of 
a benzene extract®, and crude fucosterol from five species 
of brown algae in amounts ranging from 0-2 to 0-02 per 
cent of a benzene extract!®. 

Bacteria and blue-green algae have been grouped 
together as Lower Protista because of their common lack 
of sub-cellular organelles!!. It is therefore of interest that 
these organisms are also the only ones known to be devoid 
of sterols. Consistent with this absence of sterols is the 
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recent finding that blue-green-algae, like bacteria, resist 
lysis ky polyene anti-fungal antibiotics'*, agents which are 
believed to bind selectively to sterols in cell membranes**. 
The structural involvement of sterols in intracellular 
organelles such as the nuclear membrane has been sugges- 
ted as a feature distinguishing procaryotie and eucaryotic 
organisms!*. 

This work was supported by grants-in-aid from the US. 
Public Health Service, the U.S. National Science Founda- 
tion, the Life Insurance Medical Research Fund, and the 
Eugene P. Higgins Trust Fund of Harvard University. 
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Acetyl-carnitine in Heart and Liver 


Friedman and Fraenkel! showed that the reversible 
acetylation of L-carnitine by acetyl-coenzyme A could be 
catalysed by extracts from pigeon liver. Carnitine acetyl 
transferase (E.C.2.3.1.7) has recently been partly purified 
from pig heart?. The existence of a carnitine palmitoyl 
transferase, distinct from the acetyl transferase, has been 
shown?'5, and it has been suggested*§ that acyl-carnitine 
compounds might play a part in the transfer of activated 
acyl-groups across the mitochondrial membrane. Intra- 
cellular levels of acyl-carnitine compounds might be 
expected to be influenced by conditions known. to affect 
the tissue levels of acyl-coonzyme A compounds*’. 

Acetyl-carnitine has been assayed by combining reac- 
tion (1), catalysed by carnitine acetyl transferase, with an 
assay for acetyl-coenzyme A (reaction (2) ). 

acetyl-carnitine+ CoA — acetyl-CoA + carnitine (1) 
acetyl-CoA + L-malate + NAD — 

citrate + NAD.H, + CoA (2) 


Reaction (2) is catalysed by the combined action of 
malate dehydrogenase and citrate synthase. Acetyl- 
carnitine thus gives rise to an equivalent amount of 
reduced NAD. 

The assay system contained, in 2 ml., tissue extract 
containing up to 0-16 ymoles of acetyl-carnitine and the 
following components (final concentrations shown): tris- 
hydrochloride, pH 7-8, 50 mM; t-malate, 15 mM; NAD, 
0-25 mM; CoA, 0-15 mM; GSH, 1 mM; EDTA, 1 mM; 
excess malate dehydrogenase. On addition of 10 ul. 
of citrate synthase suspension, an increase in extinction 
at 340 my resulted, corresponding to the amount of 
acetyl-coenzyme A in the extract added. The addition of 
25 ul. of carnitine acetyl transferase suspension then 
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Table 1. MEAN VALUES OBTAINED FOR THE L-AOETYL-CARNITINE CONTENT 
OF VARIOUS TYPES oF RAT LIVER AND HEART 


Tissue pm.moles of t-acctyl- 
No. of rats carnitine per g wet 
weight of tissue 
Rat liver (fed controls) 4 61 
Rat liver (40 h fasted animals) 4 115 
Rat heart (normal fed animals) 
Non-perfused 8 364 
Perfused with glucose (1 mg/ml.) 
and insulin (0-05 units/ml. 10 28 
Perfused with glucose (1 mg/ml.), 
insulin (0-05 units/ml.) and acetate 
(4 mM) 8 809 
Perfused with 1 mM pyruvate 6 214 
Perfused with 1 mM pyruvate and 
4 mM butyrate 4 420 
Perfused with 1 mM pyruvate and 
5-5 mM £-OH-butyrate 4 689 
Rat heart (40 h fasted animals) 
Non-perfused 8 472 
Perfused with glucose (1 mg/ml.) 
and insulin (0-05 units/ml.) 3 23 
Perfused with 1 mM pyruvate 4 48 
Rat heart (alloxan diabetic animals) 
Non-perfused 3 420 
Perfused with glucose (1 mg/ml.) 
and insulin (0-05 units/ml.) 5 460 


caused a further increase in the extinction at 340 my 
corresponding to the amount of acetyl-carnitine present. 
Preliminary results for the acetyl-carnitine content of rai 
heart and liver extracts are shown in Table 1. 

The tissue extracts used were prepared from rat hearts 
and livers removed immediately after killing the animal, or 
from rat hearts perfused by drip-through as described by 
Newsholme and Randle’. The material was rapidly frozen 
by immersion in acetone containing solid carbon dioxide, 
and powdered in a percussion mortar. The tissue powder 
was homogenized in ice-cold 5 per cent (w/v) perchloric acid 
(about 1 g tissue in 3 ml.). After centrifuging, the super- 
natant was adjusted to pH 7-0. 

The acetyl-carnitine content of rat heart was found to 
be about five times higher than that of rat liver. This is 
in contrast to acetyl-coenzyme A levels, which are higher 
in rat liver (about 20 um.moles/g) than in rat heart (<10 
um.moles/g) under normal conditions. It appeared that 
in fasted rats acetyl-carnitine levels are raised slightly in 
liver and possibly also in heart. Perfusion with a medium 
containing glucose and insulin greatly lowered the level in 
heart from normal and fasted animals but had little effect 
with hearts from alloxan diabetic animals. Perfusion 
with pyruvate caused much more marked lowering of 
acetyl-carnitine levels in hearts from fasted animals than 
in hearts from fed controls. Amount of acetyl-carnitine 
in hearts from normal rats were raised above normal by 
perfusing with a medium containing pyruvate and 
8-hydroxy-butyrate, or by adding acetate to the glucose 
and insulin perfusion medium. 

In general it appears that acetyl-carnitine levels 
fluctuate in a similar way to those of acetyl-coenzyme A; 
however, particularly in heart, acetyl-carnitine is present 
in much larger amounts. 

We thank Prof. P. J. Randle and Dr. P. B. Garland for 
the perfused rat hearts. 
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Possible Locations for a Common Gene Product 
in Membrane Transport of Imino-acids and 
Glycine 

A GROUP of amino-acids may be suspected of sharing 
a ‘common’ cellular transport system when an interaction, 
probably competitive and resulting in inhibition of trans- 
port of only members of the group, can be shown én vivo. 
The evidence for a common system is strengthened when 
a genetic mutation can be identified, for which the 
phenotypic manifestation is a disturbance of cellular trans- 
port affecting the particular group. In man and other 
mammals, so-called ‘common’ cellular transport systems 
have been suggested for the following groups of amino- 
acids: cystine, lysine, arginine, and ornithine’; the 
dicarboxylic amino-acids‘; proline, hydroxyproline and 
glycine’, It is interesting that the remainder of the 
amino-acids normally found in human plasma are affected 
in the mutant transport phenotype known as Hartnup 
disease’?®, 

Amino-acid transport mechanisms are stereospecific and 
appear to have both reactive site, and transfer (carrier) 
components, wherein after combining with the reactive site 
the substrate is transferred across the membrane. Neither 
the primary phenotype of the ‘transport’ mutations nor 
the locus of ‘commonness’ for the amino-acid groups has 
been defined in terms of a particular component of a 
transport mechanism. It is apparent that when the term 
‘common’ is applied to the point of interaction for members 
of a group of substrates and their transport mechanism, 
it may refer to at least two aspects of functional organiza- 
tion of membrane structure: (1) it may mean a single 
reactive site, shared by more than one substrate ; (2) it 
may refer to a shared transfer mechanism (carrier) linked 
to several reactive sites. 

In order to determine which component of the imino- 
acid and glycine transport mechanism is ‘common’, we 
have made use of a principle which has been successfully 
applied to the transport of amino-acids in Ehrlich ascites 
carcinoma cells’, The principle (Fig. 1) involves the 
determination of the dissociation—association constant, Ks 
of a transport substrate for its own site, and of the constant 
Ki, which describes the relation of this substrate to a 
second site at which it acts as a competitive inhibitor of 
a second substrate. When K; and Ki values are the same, 
the two sites may be identical. This assumption is 
atrengthened if the values are identical when the test is 
done in reverse. This aspect of the study will be called 
the ‘A-B test’. Further confirmation of identity is 
obtained if the Ki values of a third molecule are the 
same when it is used as a competitive inhibitor of each 
of the other molecules. This procedure we will refer to 
as the ‘C test’. 
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Fig. 1 


Rat kidney cortex slices were cut from kidneys taken 
from male hooded rats (Venning stock) weighing 150-250 g. 
Unless otherwise stated, they were incubated at 37° C in 
Krebs-Ringer bicarbonate solution containing glucose 
(100 mg per cent), and under 95 per cent oxygen-5 per 
cent carbon dioxide. The labelled substrates employed 
were L-proline-U-'C, hydroxy-L-proline-U-°H and glycine- 
2-4C. Incubations were performed either with substrate 
alone for K; values, or with 10 mM unlabelled inhibitor 
for Ki values. 

Uptake of u-proline, bydroxy-t-proline and glycine into 
intracellular water occurred against a concentration 
gradient. The intracellular to extracellular concentration 
ratios in cell water were 2-3, 4-0 and 5:0 respectively, 
with the steady-state being attained at 40, 60 and 
120 min respectively. The ratios were depressed by 
incubation under nitrogen, or at 27° C. These observations 
confirm the work of others!® showing that kidney cortex 
slices exhibit mediated transport against a concentration 
gradient. On the left of Table 1 are the results of the 
A-B tests. The similarity of the Kj and K; constants for 
hydroxyproline suggests that the sites are identical. How- 
ever, the diversity of the K; and K: values when proline 
was used, and the absence of competitive inhibition with 
glycine, suggest that the sites are not identical. Com- 
pounds which are not members of the common group 
were then used as competitive inhibitors (C-tests, Table 1) ; 
the three K: values determined for each compound 
were never the same. It is therefore apparent that 
proline, hydroxyproline and glycine are not transported 
as a result of combination with a ‘common’ or identical 
site. 

The following observations imply that some locns is 
none the less common to the transport mechanisms for 
imino-acids and glycine: 





















































Table 1 
Boa a Í ege <= es z Hr Y ae way P A ge na 7 Sy ey 7% on 
seine heh ory testa: Inhibitors for C tests : Ky values (mM) | 
Substrate Ks L-Pro. | OH-L- | Gly DI- I- b- DL- t- |ACPCA| 1 1- 
value Pro. | Fip. Ala. Ala. Val. et. u. Lys. 
mM qa (2) (2) (3) (3) (3) (4) (4) 
I-Pro. 23 — 58 . 5-7 93 26 | 50-0 15 17 0 sS 
ht A a E EEN Oe ORAA AE 
OH-1-Pro. 59 17-0 am 0 123 | 500 | 208 | 740 | 122 | 122 s s | 
Gly. 69 l 130 49 aa | 18-0 49 | 97 51 0-6 37 | 380 | 278 | 
[o | am 





Inhibitor added to incubation : 10 mM concentration. 

* Inhibition observed but not competitive. 

S, Stimulated uptake. 

(1) Imino-acid. 

(2) Short-chain neutral with a- or p-group, 

(3) Long-chain neutrals. 

(4) Members of the dicarboxylic group‘ and diamino basic! groups. 


Aboreviatione z Pro.—Proline; OH-Pro.—Hydroxyproline ; 


Gły.—Gilycine ; 
al.—-Valine; Met.—Methionine; ACPCA—l-amino cyclopentane carboxylic acid ; 


Pip.—Pipecolic acid; Aln.—Alanine: #-Ala.—f-Alanine; 
Glu.—Glutamic acid; Lys.—Lysine. 
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(1) Counterflow was demonstrable with hydroxyproline 
when, slices were pre-loaded with proline. A similar pheno- 
menon has been reported when glycine-loaded ascites cells 
are placed in a proline-containing medium". 

(2) During in vivo transport in man® and in the rat 
(Seriver, C. R.. and Wilson, O. H., unpublished results), 
imino-acids and glycine do have selective interaction, not 
shared with other amino-acids. 

(3) The three compounds appear to be affected as a group 
in man, when the renal tubular amino-acid transport is 
maturing in the neonatal period (O’Brien, D., personal 
communication). 

(4) Certain human diseases which are clearly’* or pre- 
sumably hereditary (ref. 12, and Jonxis, J. H. P., personal 
communication) modify amino-acid transport such that 
imino-acids and glycine are affected as a group. 

On the other hand, there is a heritable condition the 
apparent phenotype of which is impaired transport of gly- 
cine alone’. It is thereforo necessary to consider that 
membrane transport mechanisms are specific with refer- 
ence to their individual substrates and also that the trans- 
port mechanisms exhibit group specificity which includes 
glycine and the imino-acids. The former feature can be 
accounted for by the presence of individual reactive sites, 
an occurrence which we believe has been demonstrated. 

The locus for common or group specificity could be a 
single gene product recurring as a component either in 
each reactive site or in their associated transfer mechan- 
isms ; this component must be the specific determinant 
for classification of the three transport mechanisms into 
one group. Alternatively, the common locus for the group 
is provided if the three reactive sites are associated with 
a single carrier mechanism. 

We thank Dr. Peter G. Scholefield for his advice. This 
work was supported by the U.S. National Institutes of 
Health (MA 05117-02) and the Medical Research Council 
of Canada (M. R. C. 1085). 
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Oxygen Consumption of Isolated Mast Cells 
in the Anaphylactic Reaction 

Histamine release in anaphylaxis is inhibited by low 
oxygen tension in guinea pig lung}? and with more diffi- 
culty in rat lung’. Conversely, at normal oxygen tension, 
the anaphylactic reaction is accompanied by a small in- 
crease in oxygen consumption in guinea pig lung tissue® 
(a fact which one of us (J. L. M.) has confirmed in unpub- 
lished observations). When histamine is released from 
lung, it probably originates largely from mast cells which 
form only a very small fraction of the tissue, and it seemed, 
therefore, that a clearer picture of the relevance of oxygen 
for the anaphylactic reaction could be obtained from 
investigations on isolated mast cells. Unlike the guinea 
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pig, the rat provides a good source of separate mast cells 
(4 million can be isolated from the peritoneal washings 
of one animal). 

The oxygen consumption of isolated rat mast cells was 
measured by the differential capillary respiromoter de- 
scribed by Cunningham and Kirk®. This consists essenti- 
ally of a block of brass containing two equal-sized cavities. 
Volume changes of the gas in one cavity in relation to the 
other are indicated by the movement of a drop of liquid 
in the capillary connecting tube. The apparatus was used 
in a slightly modified form which permitted the simultane- 
ous addition of reactant to both cavities and the stirring 
of their contents. 

About 1-5 million peritoneal cells were isolated from 
unsensitized rats or from rats sensitized to horse serwn 
with the aid of Hamophilus pertussis vaccine as previously 
described’, suspended in 1 ml. phosphate—Tyrode solution 
(sodium chloride, 8-0 ; potassium chloride, 0-2 ; magnesium 
chloride, 0-1; caleium chloride, 0-1; sodium dihydrogen 
phosphate, 0-05; glucose 1 g/l. + 50 ml./l of isotonic 
phosphate buffer, pH 7-4) and placed in a well 1-5 Gia 
diameter and 1 cm deep bored in a ‘Perspex’ disk. The 
disk was placed in one of the respirometer cavities and a 
similar disk containing Tyrode solution without cells in 
the other. The annulus between the disk and the wall 
of the cavity was filled with filter paper soaked in 10 per 
cent potassium hydroxide. The respirometer, fitted with 
a 0-4 mm bore capillary, was immersed in a thermostat 
at 37° C and slowly rocked about the axis of the capillary. 
A glass ball rolling in the well of each disk kept the cells 
in suspension and mixed the reactants. Each cavity had 
an opening to the atmosphere for gassing and for intro- 
ducing reactants. The required gas was slowly bubbled 
through the solutions in both cavities via loosely fitting 
hypodermic needles. The openings were then closed with 
a rotating ‘Perspex’ valve and the basal rate of respiration 
established by taking readings of the position of the 
capillary index every 5 min. When a steady baseline 
was obtained, equal volumes of about 0-02 ml. reactant 
(antigen or compound 48/80), previously equilibrated to 
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the bath temperature, were added to the two cavities 
using twin syringes fitted with pistons driven by a com- 
mon-threaded scrow. The rate of respiration was again 
determined as before. 

The basal rate of respiration of the cells in air remained 
steady for at least an hour even in a glucose-free medium. 
The cells consumed about 0:3 pl. per, min per cell. Ina 
series of nine experiments the addition of antigen (2 per 
cent horse serum) to sensitized cells or of compound 48/80 
(10-*) to unsensitized cells failed to produce any detectable 
increase of the rate of oxygen uptake although parallel 
experiments showed a substantial histamine release from 
the mast cella of 30 per cent and 58 per cent of their 
histamine content. 

In a further series of experiments carried out in glucose- 
free Tyrode and 100 per cent oxygen, the oxygen con- 
sumption of the mast cells was about 0-5 pl. per min per 
cell. When the oxygen concentration in the apparatus 
was reduced to 1 per cent, the oxygen consumption 
decreased to about 1/5. However, even under these 
conditions of reduced oxygen uptake addition of antigen 
to sensitized cells or of compound 48/80 to unsensitized 
cells did not cause an increase in oxygen consumption 
(Fig. 1). Control samples tested for histamine release in 
similar low oxygen concentrations showed normal releases, 
which agrees with previous findings in guinea pig lung 
that oxygen consumption has to be profoundly reduced*»* 
before inhibition of histamine release occurs. 

In summary, our results show that oxygen consumption 
is not increased in the anaphylactic reaction of isolated 
rat mast cells even. under conditions of reduced oxygen 
tension and in glucose-free media. They indicate that, 
in this tissue, oxygen is not a rate-determining factor in 
the reactions which follow the union of antigen with cell- 
bound antibody and lead to histamine release. 
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Direct Experimental Evidence of a Functionally 
Active Electron Transport System in 
Human Blood 


Desrire the prevailing interest in the redox potentials 
of biological systems! there still does not appear to exist 
in the literature a satisfactory experimental demonstration 
of a functionally active electron transport system in the 
blood. Published evidence? provides no adequate or con- 
clusive proof since most of the findings can be criticized, 
among other things, for the failure to keep the temperature 
of the blood samples within the biological range, and for 
the crucial omission of ascertaining the reliability and 
consistency of the readings, for example, through the use, 
simultaneously, of multiple electrodes. These and other 
shortcomings have been corrected in our investigations, 
which lend support to the view that an accurately measur- 
able and reproducible redox potential of a blood sample 
can indeed be obtained, The following is submitted as 
an illustration. - 

The blood was that of a 27-year-old healthy male, not 
on any medication, who prior to the venepuncture had 
been fasting for 10 h, and resting for 0-5 h. The blood, 
drawn without venous compression, was collected in @ 
sterile evacuated test-tube containing potassium oxalate. 
(The final concentration of the oxalate in the blood was 
approximately 2:5 mg/ml.) The tubes were immediately 


NATURE 


April 4, 1964 von 202 


placed on dry ice and stored in a conventional freezer 
(around —20°C). ‘ > 

The following day the blood sample was gently allowed 
to thaw to room temperature. It was then placed in an 
experimental cell in which it was diluted with a hemat- 
ological phosphate buffer (NaCl, 8-00 g; KH,PO,, 1-35 g; 
Na,HPO,12H,0, 20:28 g; water up to 1,00, ~™U to a 
cencentration of 5 : 50 v/v. A few drops of n- isd 
were added to the suspension to prevent foa 
pure argon, washed through a column of buf 
bubbled through the cell which in turn was. 
a buffer-filled guard tube. The temperatw 


and of the gas-washing device were he , 
37-8° + 01°C, a 

Three electrodes of pure gold were dip all 
and connected to the measuring instrum of 
light alligator clips. (Before use, the/ rere 
thoroughly washed with twice-distilled ‘ sthyl 
ether.) The reference cell was a saturated’ trode 
of conventional design, which prior to 7 1 kept 
at the temperature of the bath for mor weeks. 
The two half-cells were connected tog eans of 
agar bridges saturated with potassium 

The potentials were measured wit aput im- 
pedance (approximately 1,000 megoh itmeter to 
which the electrodes were connected very brief 
periods of time (some tenths of a n order to 


reduce the risk of polarization. 
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Fig. 1. Potential as a funct/ of time of three gold electrodes in 


a 
buffered dilution of previous} szen human blood measured. at 87-8° C 
against a saurated calomel electrode 


As can be seen from Fig. 1, showing the experimental 
results, there is a high interna] consistency in the readings: 
the limiting value of the electrode potential can be determ- 
ined with a precision that is better than 1 mV. (The 
average limiting potential computed from the last 6 read- 
ings, that is, from two readings from each of the three 
electrodes, is —217:-2 mV; standard error 0:65 mV; 
reproducibility of the millivoltmeter : 0-1 mV.) It should 
be added here that this value is not representative of a 
sample of fresh blood, for as will be reported elsewhere 
the value of the limiting potential is strongly dependent, 
among other things, on certain manipulations to which 
the blood had been subjected. CLAUDE MARMASSE * 
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d Electrical Activity of a Mammalian Vein 


Rabenrtuy it was found (Sutter, unpublished) that spiral 
strips cut from the anterior mesenteric vein of rabbits 
showed marked spontaneous contractions when suspended 
in Krebs-Henseleit solution at 37°C. Vascular smooth 
muscle is generally considered to be of the multi-unit type 
and to be devoid of spontaneous conducted activity. It 
was thought that the spontaneously active anterior 
mesenteric vein strip might prove a suitable tissue for 
investigating the electrical activity of vascular tissue. 

Spirals, 2 cm in length, were cut from the anterior 
mesenteric veins of freshly killed rabbits and mounted 
in a sucrose gap electrode’. Arrangements were made, 
using an R.C.A. 5734 mechano-electronic transducer, to 
record. isotonic contractions of the strip simultaneously 
with electrical activity. Strips were maintained at a 
tension of 250-500 mg and a total of 10 preparations 
were examined. Six of these showed pronounced spon- 
taneous mechanical activity which developed some 30-60 
min after mounting in the gap. 

Only a single preparation, the second vein tried, showed 
appreciable electrical activity. Some results from this 
preparation are shown in Fig. 1. A contraction of the 
preparation was accompanied by a plateau of depolar- 
ization on which spike-like action potentials were super- 
posed. In general, the amplitude and frequency of the 
spikes were greatest during the active phase of contraction. 
Some contraction waves were fused giving rise to an 
increase in tone lasting approximately 30sec (Fig. Ic, d). 
The electrical activity was either continuous (Fig. Ic). or 
showed periods of quiescence (Fig. 1d) during these tone 
increases. A record such as that shown in Fig. ld would 
be obtained if, during periods of increased tone, individual 
muscle cells alternated between rest and activity. 

The more usual record obtained from anterior mesenteric 
vein strips is shown in Fig. 2. Strong isotonic contractions 
were accompanied by either no electrical change (Fig. 26) 
or by ill-defined depolarizations (Fig. 2a). The sucrose 
gap electrode measures overall electrical activity from a 
small region of tissue, and only when this activity is 
synchronous will sharp electrical changes be observed. 
It is concluded, therefore, that the electrical activity in 
this tissue is largely asynchronous and poorly conducted. 

The method described does not provide a reliable way 
of investigating spike discharge in this vascular tissue ; 
but we are prompted to publish our results by the dearth 
of information on electrical activity in vascular smooth 





Fig. 1. Oscllloscope record of the electrical (upper trace) and mechanical (lower trace) activity 
of a spontaneously active strip of anterior mesenteric vein recorded with a sucrose gap 


electrode. Resting tension 350 mg 
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Fig. 2. Oscilloscope record as in Fig. 1. This preparation did not show 
synchronous electrical activity, although prominent mechanical activity 
was present. Resting tension 275 mg 


muscle in general. So far as we are aware this is tho 
first report on electrical activity in mammalian vains. 
A. W. CUTHBERT 
M. C. SUTTER 
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Strong Inhibition by 2-Chloroadenosine of the 
Aggregation of Blood Platelets by Adenosine 
Diphosphate 


Wira a turbidimetrie method™? it was shown that the 
aggregation of platelets that is brought about by adenosine 
diphosphate (ADP} is inhibited by adenosine mono- 
phosphate? and, about ten times more strongly, by adeno- 
sine?®, The aggregating effect of ADP is very specific’. 
Our work? suggests thatthe molecular structure required 
to inhibit the effect is just as specific. Thus, we determined 
the inhibitory activities of 19 other substances, all related 
to adenosine, compared to the activity of adenosine itself. 
Only four of these substances had an inhibitory activity 
greater than 1 per cent of that of adenosine ; and the most 
potent of these four, with an activity of 5 per cent, was 
isoguanosine (2-oxy,6-amino purine riboside). Since the 
only difference between isoguanosine and adenosine is the 
substitution of a hydroxyl group for a 
hydrogen atom in position 2, another 
analogue of adenosine substituted only in 
that position, namely, 2-chloroadencsine, 
has now been compared with adenosine for 
inhibitory activity. 

When the comparison was made as 
already described’, using human platelets 
in their plasma at room temperature (20°- 
22° C), the inhibitory activities of adenosine 
and 2-chloroadenosine were similar (Table 
1). However, when compared at 37° ©, 2- 
chloroadenosine was found to be moro 
inhibitory than adenosine. The experi- 
ments which showed this were based on the 
observation?» that the inhibitory activities 
of adenosine and adenosine monophosphate 
increase the longer the interval of time 
between their addition to platelet-rich 
plasma and the subsequent addition of 
ADP. Fig. 1 shows that this is also true 
for 2-chloroadenosine. However, whereas 
at 37° C the inhibitory activity of adenosine 
increased with intervals of up to 10 min 
and decreased with longer intervals, tho 
activity of 2-chloroadenosine continued to 
increase until, with an interval of 40 min. 
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Fig.1. Inhibition of the aggregation of platelets by ADP in human plasma 
brought about by adding ‘adenosine (@) or 2-chloroadenosine (O) at 
increasing intervals of time before adding the ADP. The plasma was at 
87°C. The initial rate of platelet aggregation was measured as the de- 
crease in optical density of the plasma that occurred in the first 0:5 min 
after the addition of ADP. The concentration of ADP was 3-3 x 10 
Mand, of the inhibitors, 1-7 x 10-5 M. Abscissa: interval of time 
between addition of inhibitor and the subsequent addition of ADP; 
ordinate : percentage inhibition of initial rate of aggregation by ADP 


aggregation was completely inhibited (Fig. 1). When the 
samo experiment was done with the platelet-rich plasma 
of a rabbit the results were similar (Fig. 2). 

The most probable explanation for this difference be- 
tween adenosine and 2-chloroadenosine is that the adeno- 
sine was increasingly inactivated whereas the 2-chloro- 
adenosine was not. Many tissues contain an enzyme which 
is capable of deaminating adenosine but not 2-chloro- 
adenosine’. It seems, therefore, that platelet-rich plasma 
contains adenosine deaminase and that its activity is 
greater in rabbit plasma than in human. 

The results suggest that 2-chloroadenosine is the most 
potent inhibitor yet discovered of platelet aggregation 
brought about by ADP. ADP diminishes the concentra- 
tion of circulating platelets®?, an effect that can be pre- 
vented by adenosine. Moreover, it is likely" that ADP 
is involved in the process by which platelets circulating 
through injured blood vessels aggregate into mural thrombi 
which embolize as ‘white bodies’. These observations 
suggest that adenosine or, better, 2-chloroadenosine 
should be able to inhibit such pathological aggregating - 
of platelets in vivo. Born, Honour and Mitchell have 
indeed found (results to be published) that infusions of 
these substances prevent and suppress the formation of 
white bodies in injured cortical arteries of rabbits. On 
the other hand, 2-chloroadenosine causes vasodilatation 
and hypotension which, at least in cats, is greater and 


Table 1. INHIBITORY ACTIVITY OF 2-CHLOROADENOSINE COMPARED WITH 
THAT OF ADENOSINE 
Expt. Concentration Concentration Concentrations Activity % 
No. of platelets of ADP of adenosine or of the 

(x 108/ml.) (M) 2-chloroadenosine activity of 
) adenosine 

1 52 1x10-° 5x10* 105 

2 6-7 1x10-° 5x10 100 

3 3-6 3x10-* 6x10-* 89 


Human citrated platelet-rich plasma was stirred at 1,000 r.p.m. at room 
temperature (20°-22°C). Inhibitors were added 5 min before ADP. The 
maximal decreases in optical density were recorded, and inhibitory activity 
was expressed as the percentage: 3 

concentration of adenosine selected for the comparison i 
x 





concentration of inhibitor required to produce the same 
inhibition as the chosen concentration of adenosine 
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Fig. 2. Inhibition of the aggregation of platelets by ADP in rabbit 
lasma brought about by adding adenosine (@) or 2-chloroadenosine 
©) at increasing intervals of time before the addition of ADP, The 

experimental conditions and measurements were as in the experiment of 

Fig. 1, except that the concentration of ADP and of the inhibitors was 

1-7 x 10-° M. Abscissa : interval of time between addition of inhibitor 

and the subsequent addition of ADP ; ordinate: percentage -inhibition 

j of initial rate of aggregation by ADP 


30 


40 


more prolonged than the similar effect of adenosine’, 
These and other effects? and the toxicities of adenosine 
and 2-chloroadenosine will have to bo investigated before 
the possibility arises of testing them in thrombotic 
diseases. g 
I thank Dr. J. A. Montgomery of the Southern Research 
Institute, Birmingham, Alabama, for kindly supplying 
2-chloroadenosine ; also the Life Insurance Medical 
Research Fund of the United States and the Medical 
Research Council for grants. 
G. V. R. Bory 
Department of Pharmacology, 
Royal College of Surgeons of England, 
Lincoln’s Inn Fields, 
London, W.C.2. 
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* Born, G. V. R., and Cross, M. J., J. Physiol., 168, 178 (1963). 


3 Gaarder, A., Jonsen, J., Laland, S., Helem, A., and Owren, P. A., Nature, 
192, 531 (1981). 
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PHARMACOLOGY 


Reversal by Nicotinamide Adenine Dinucleo- 
tide of the Inhibitory Action of Salicylate 
on Mitochondrial Malate Dehydrogenase 


SALICYLATE causes an increased incorporation of carbon- 
14 in fumarate and malate in rat liver mitochondria 
incubated ‘with radioactive succinate’. This effect is 
explicable in terms of a direct action of the drug on the 
mitochondrial malate dehydrogenase because salicylate 
inhibits the activity of the purified enzyme from pig heart’. 
The mechanism of inhibition of the isolated enzyme 
involves competition with nicotinamide adenine dinucleo- 
tide (NAD)? and the presence of excess of the coenzyme 
prevents the accumulation of labelled malate’in mito- 
chondria incubated with salicylate and radioactive 
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Fig. 1. Effects of 10 mM salicylate and 3:25 mM NAD on the incorpora- 
tion of radioactivity from (1: 4-“C,) succinate into fumarate and 
malate of rat liver mitochondria. A, Control; @, incubated with 
salicylate from 0 min; A, control to which NAD was added after 30 min; 
©, incubated with salicylate from 0 min and NAD added after 30 min 


succinate*. We have now shown that the addition of NAD 
will reverse the inhibitory action of salicylate on mito- 
chondrial malate dehydrogenase after this inhibition has 
become established. 

Rat liver mitochondria were incubated with 1: 4-#C, 
succinate for 30 min at 37° in either the presence or the 
absence of 10 mM salicylate. Each incubation, mixture 
was then divided into two equal portions and either 0-1M 
potassium phosphate buffer, pH 7-4, or a solution of NAD 
in the buffer sufficient to give a final concentration of 3-25 
mM was added to each portion and the incubation 
resumed. Samples of the incubation mixtures were 
removed at a number of time intervals from the various 
incubation mixtures; the radioactive fumarate and 
malate separated and the amounts of carbon-14 were 
measured. The techniques used for the preparation and 
subsequent incubation of the mitochondria, for the 
oxtraction and chromatographic separation of the labelled 
acids and for the estimation of the radioactivity were 
based on those described previously®. 

The results (Fig. 1) show that the initial incubation for 
30 min with salicylate caused an increased incorporation 
of radiocarbon in fumarate and malate which persisted 
during the subsequent 60 min. The addition of NAD at 
30 min considerably diminished the amounts of isotope in 
the labelled acids both in the presence and in the absence 
of salicylate. Thus the accumulation of radioactive 
fumarate and malate, caused by pre-incubation of the 
mitochondria with salicylate, was decreased to the level 
of the corresponding control experiments by the subse- 
quent addition of NAD. M. J. B. SMTH 


C. BRYANT 
W. J. W. Hines 
Chemical Pathology Department, i 
King’s College Hospital Medical School, 
Denmark Hill, London, 8.E.5. : 
1 Bryant, C., and Smith, M. J. H., Biochem. J., 84, 67P (1962). 
z Bryan. Veg Smith, M. J. H., and Hines, W. J. W., Biochem. J., 86, 391 


2 Smith, M. J. H., and Bryant, C., J. Pharm., 15, 189 (1963). - 


Inhibition of Tremorine by a Group of 
Non-anti-Parkinson Phenothiazine Derivatives 


TREMORINE, 1-4-dipyrrolidin-l-yl-but-2-yne (I) is a 
substance which was originally shown by Everett! to 
produce generalized tremor and some rigidity accompanied 
by marked parasympathetic stimulation in a wide variety 
of animals. These effects are antagonized by drugs 
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effective in the treatment of Parkinson’s disease in man, and 
Ahmed and Marshall? found that with anti-Parkinson 
drugs there was a correlation between the clinically 
effective dose and the ability of the compound to inhibit 
the tremor produced by tremorine in mice. 

However, Kocsis and Welch? found that tremorine was 
metabolized in vitro to a substance many times more 
potent than tremorine itself. Cho, Haslett and Jenden* 
have isolated and identified this active metabolite of 
tremorine and found it to be 1-(2-oxopyrrolidin-1-v})-4- 
pyrrolidin-1’-yl-but-2-yne (oxotremorine) (IT) 
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This latter compound produces tremor in mice in doses of 
0-05 mg/kg subcutaneous as compared to 15 mg/kg sub- 
cutaneous of tremorine. The pharmacological actions of 
tremorine may be entirely due to the metabolically 
formed oxotremorine. 

During the routine examinations of the ability of 
various drugs to inhibit the central actions of tremorine, 
we found that several phenothiazine derivatives (thiazin- 
amium, prochlorperazine, thioproperazine, etc.) were 
highly active in inhibiting the effects of tremorine in mice. 
This finding appeared paradoxical since these compounds 
had never been reported as possessing any useful clinical 
anti-Parkinson activity in man. This discrepancy has 
been resolved by finding that these drugs did not prevent 
the tremor produced by oxotremorine. 

The experiments were carried out in albino mice of both 
sexes and in weight ranging from 18 to 25 g. Tremor was 
assessed subjectively 1 h after premedicating groups of ten 
mice with at least three graded doses of the test compound. 
Tremorine was administered intravenously 30 min after 
premedication and oxotremorine 55 min after premedica- 
tion. (The effects of tremorine appear some 20 min after 
injection, while the effects of oxotremorine are immediate.) 
The dose of compound (effective dose; ED) which reduced 
the tremor score in mice by 50 per cent of the maximum 
was determined from a log-dose response curve. The 
results obtained are set out graphically in Fig. 1. 

It is clear from these results that compounds effective 
against tremorine can be divided into two distinct groups: 
first, the anti-Parkinson drugs which have a similar order 
of potency in inhibiting the central actions of tremorine 
as of oxotremorine, and secondly, a group of phenothiazine 
derivatives (and possibly other compounds) which are 
very effective in inhibiting the central actions of tremorine 
but have little or no action in preventing the effects of 
oxotremorine. ‘SKF 525A’ also inhibits the effects of 
tremorine and not oxotremorine. This compound is 
known! to inhibit the metabolic transformation of many 
drugs by the liver. : 

We interpret these results as indicating that the anti- 
Parkinson drugs inhibit tremorine by antagonizing, 
presumably centrally, the pharmacological actions of the 
metabolically formed oxo-derivative. With the pheno- 
thiazine derivatives the most logical explanation is that 
these compounds are inhibiting the oxidation of tremorine 
to oxotremorine, possibly by an action on the liver. 

Although we have no information on the mechanism 
by which the phenothiazines may inhibit the metabolic 
transformation of tremorine, it is possible that this is due 
to an interference in the permeation of tremorine across 
the cell membranes since it has been suggested* that 
chlorpromazine reduces the penetration of mono-amines 
into brain cells. 
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Fig. 1. Relative activities of some anti-Parkinson drugs and some 


non-anti-Parkinson phenothiazine derivatives in inhibiting the tremor 
produced by tremorine or oxotremorine in mice. Activity is expressed 
as the reciprocal of the effective dose in mg/kg subcutaneous 


In view of the apparently widespread use of tremorine 
for the examination of new anti-tremor agents, we feel 
that these findings are important. It is clear that because 
a new substance is found to be effective in preventing the 
tremor produced by tremorine in experimental animals, 
this does not necessarily indicate a central anti-tremor 
activity, for the drug may be merely inhibiting the con- 
version into the active metabolite. The effects of the 
drug in inhibiting the tremor produced by oxotremorine 
must be investigated before such a conclusion can be 
reached. 


G. B. Lzsrm 
D. R. MAXWELL 


Research Laboratories, 
May and Baker, Ltd., 
Dagenham, Essex. 
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HÆMATOLOGY 


Effect of Glycerol on the Resistance of Blood 
and Plasma Clots to the Action of Proteolytic 
Enzymes f 


We have previously demonstrated that plasma clots 
and whole blood clots are very resistant to the action of 
trypsin and «-chymotrypsin in saline but can be lysed 
by solutions of trypsin and «-chymotrypsin in 50 per cent 
glycerol in saline. A fibrin clot, however, prepared from 
bovine fibrinogen is not resistant to trypsin or «-chymo- 
trypsin in saline although it can be lysed more quickly 
by trypsin or «-chymotrypsin in 50 per cent glycerol in 
salinel. 
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We have attempted to investigate whether the enhanc- 
ing effect on fibrinolysis obtained by addig glycerol to 
trypsin or a-chymotrypsin is specific or whether it also 
occurs when glycerol is added to other proteolytic enzymes. 
The following enzymes have been investigated both in test- 
tube experiments and in the thrombelastograph: bromelain, 
ficin, papain and streptokinase. 

Two types of clot were prepared in test-tubes as follows s 
(a) 1-0 ml. of human plasma to which 5 units of thrombin 
were added ; (b) 1:0 ml. of 0-4 per cent bovine fibrinogen 
to which 5 units of thrombin were added. 0:4 ml. of either 
the enzyme solution to be tested, or in the case of the 
controls 0-4 ml. of normal saline, was added to the clots. 
The test-tubes were then placed in an incubator at 37° C 
and the clots inspected every 15 min for evidence of lysis. 
The degree of lysis occurring in the clots was photographic- 
ally recorded. at intervals. 

The clots for use in thethrombelastograph were prepared 
by allowing 0-25 ml. of blood to drip from a needle inserted- 
into the median cubital vein of a human volunteer directly 
into each steel cup of the thrombelastograph and then to 
clot spontaneously. 0-1 ml. of either the enzyme solution 
to be tested, or in the case of the controls 0-1 ml. of normal 
saline, was then added to the surface of each clot. The 
thrombelastogram was examined after 7 h for evidence of 
lysis and a graph was prepared by plotting the percentage 
clot lysis (obtained by measuring the amplitude of the 
recorded lines on the thrombelastogram) egainst time. 

The following enzymes were used : crystalline trypsin 
(B.D.H.); bromelain (Calmic), ficin (Calmic); papain 
(B.D.H.) ; streptokinase (‘Varidase,’ Lederle). 

For the test-tube experiments, the enzymes were used 
in a concentration of 20 mg/ml. of saline or in 60 per cent 
glycerol in saline. (In the case of the streptokinase 
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f Fig. 1. The effects of various enzymes in saline or in 50 per cent glycerol 
in saline on plasma and fibrinogen clots, photographed after incubation 
or a y 
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solution, 20 mg of streptokinase is equivalent to 80,000 
units.) 

One quarter of the above quantities of enzyme solutions 
was used in the experiments in the thrombelastograph. 

The results of the test tube experiments, photographed 
after incubation for 3 h, are presented in Fig. 1. Trypsin 
lysed the fibrinogen clot but had no effect on the plasma 
clot. Both types of clot were lysed by trypsin in 50 per 
cent glycerol in saline. Ficin and bromelain had a similar 
effect to that of trypsin but to a lesser extent. Papain 
by itself had little activity on fibrinogen or plasma clots, 
but with glycerol it partially lysed both types of clot. 
Streptokinase by itself had no effect on either the plasma 
or the fibrinogen clot, but with glycerol it partially lysed 
the plasma clot. However, even with glycerol the 
streptokinase had no effect on the fibrinogen clot. 

The results of the thrombelastograph experiments are 
presented in Fig. 2, and it can be seen that on whole 
blood clot the enzymes show the same fibrinolytic activities, 
relative to each other, as in the test-tube experiments, 
with the sole exception that streptokinase with 50 per 
cent glycerol in saline is now intermediate in activity 
between trypsin and ficin. Glycerol again markedly 
enhances the fibrinolytic activity of all the enzymes. 

Although the enzymes which we have used are regarded 
as proteolytic and break down fibrin prepared from bovine 
fibrinogen, they do not break down fibrin prepared from 
plasma and whole blood. This may be due to the presence 
of a fibrin-stabilizing-factor? and a retracto-enzyme® in 
plasma and blood, both of which are believed to alter 
the nature of the fibrin. 

It would, therefore, appear that the addition of glycerol 
in some way conditions the proteolytic resistant fibrin to 
the lytic action of the enzymes used. 

It is difficult to draw comparisons between the relative 
activities of the enzymes used, because some of them could 
not be obtained in a pure state. 

Glycerol has been found to enhance markedly the lytic 
activity of bromelain, ficin, papain and streptokinase as 
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Fig. 2. Graph of results obtained in the thrombelastograph experiments, in which the percentage blood clot lysis is plotted against time. 
enzymes used were in saline or in 50 per cent glycerol in saline. 
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G= 50 per cent glycerol in saline 


well as trypsin and «-chymotrypsin on plasma and whole 
blood clots. 
M, R. ABEYARATNE * 
I. A. PORTER 
D. N. WALDER 


Departments of Surgery and Microbiology, 
University of Newcastle upon Tyne. 


* British Commonwealth Scholar. 


1 Dunstone, G. H., Fleming, L. B., Porter, I. A., and Walder, D. N., Brit. 
J. Surg., 51, 227 (1964). 


2 Lorand, L., Thromb. Diath. Haem., 7, 238 (1962). 


° Hartert, H., Flow Propertics of Blood and Other Biological Systeme, edit. 
by ara A. L., and Stainsby, G., 194 (Pergamon Press, London, 


PATHOLOGY 


Induction of Hydronephrosis by Prolonged 
Intraperitoneal Injections of Sub-toxic 
Dose of Mitomycin C in Mice 


Tue method of experimental induction of hydro- 
nephrosis by chemical agents has not yet been established, 
and this forms a bottleneck for research on lesions. During 
the course of work on the side-effects of anticancer 
agents, we found many cases of hydronephrosis in SM 
strain mico injected continuously with subtoxic doses of 
mitomycin C, an anticancer agent. 

Sixty 9-week-old SM strain mice weighing about 22-5 g 
were divided into the following three groups: 30 mice were 
injected with sterile water as control (group 1); 15 with 
0-008 per cent aqueous solution of mitomycin C (group 2); 
15 with 0-016 per cent solution of the same agent (group 3). 
Injection was made intraperitoneally, six times weekly for 
six weeks. All mice of these three groups wero main- 
tained equally with synthetic cube diet (Central Labora- 
tory of Experimental Animals, Tokyo) and water. 

About 5-7 weeks after the beginning of injection. mice 
of groups 2 and 3 suddenly increased in weight (Fig. 1), 
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Table 1. EFFECTS OF PROLONGED INJECTIONS OF SUB-TOXIO DOSES OF MITOMYCIN C IN THE SM STRAIN MICE 
V VenA 
Body-weight a A E 
pe pleen Liver Lung Kidne Presence of 
Group Treatment Initial At death weight weight weight weight ascites andjor araona ie 
| (g (g) (mg) (g (mg) (ng) hydrothorax 
1 Water 22-6 26:8 155 1-38 215 394 
2 0-008 per cent 1/80 
mitomycin Č 22-3 212 54 1:03 213 335 18/15 
0-016 per cent 
mitomycin C 225 21:3 66 1-13 182 377 13/15 
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and showed enlargement of abdomen, anemia in the eyes 
and in the skin of the tail, and fluffy hair. Death of the 
mitomycin group mice began after 1-2 weeks following 
discontinuation of the injection, and most of them died 
after 15 or 18 weeks following the beginning of the 
experiment (Fig. 1). Contrarily, control mice (group 1) 
gained gradually in weight and no death occurred 
throughout this experiment (Fig. 1). 

Autopsy revealed, retention of rather turbid fluid in the 
thoracic and peritoneal cavity in almost all the mice of 
groups 2 and 3 (Table 1). No hydroureter or stone 
formation in the bladder or ureters was found. The 
kidneys were enlarged and contained large amounts of 
clear fluid (Fig. 2), and consisted of only membranous 
parenchyma induced by dilatation of the renal pelvis in 
some cases. A small difference between control and 
mitomycin groups was found in the averago weight of 
kidneys at death for the killed mice (394 mg in group 1, 
335 in group 2, and 377 in group 3). In these cases with 
renal lesions the lungs appeared normal, and the spleen 
and liver were atrophic (Table 1), confirming the results 
of earlier work?. 


Body-weight (g) and survival rate (per cent) 





2 4 6 8 10 12 


Weeks after first injection 
Fig. 1. Weight curves and survival rates of mice injected with 0-008 
or 0-016 per cent aqueous solution of mitomycin C (groups 2 and 3) 


compared with the controls (group 1) injected with sterile water. 
~——, group 1; ~~~, group 2; ——, group 3 
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Fig. 2. Hydronephrosis induced by injections of mitomycin C. Arrow 
denotes stricture in the canal of the ureteropelvic juncture, 





Microscopical examinations revealed papillomatous 
proliferation of the epithelium in the ureteropelvic 
juncture (Fig. 3), diffuse cystic dilatation of the renal 
tubules in varying degree and an amorphous protein-like 
substance in some dilated tubules. In almost all cases, 
the pelvic epithelium was stripped, forming sheets, 
into the pelvic cavity. 





Fig. 3. Papillomatous proliferation of the epithelium in the uretero- 
pelvic juncture indicated by arrow in Fig. 2. Squamous cell meta- 
plasia of the cells of the epithelium and cyst formation among these 


cells are seen, (Hematoxylin and eosin, x e. 72) 


These findings seem to denote that the mechanism of 
oceurrence of the present hydronephrosis is due to stric- 
ture or obstruction in the ureteropelvic juncture and that 
the presence of stripped sheets of the pelvic epithelium and. 
of protein casts in the tubules is a secondary effect of 
hydronephrosis, though further work on this is necessary. 

This work was supported by grant from the Japan 
Ministry of Education. 
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Department of Pathology, 
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Deoxyribonucleic Acid Content (Feulgen 
Photometry) and Dry Weight (Interference 
Microscopy) of Normal and Hypertrophic 

Heart Muscle Fibres 


In human hypertrophic hearts an increase in volume of 
the heart muscle fibres and an enlargement of the cell 
nucléus can be observed. Linzbach! has proved that a 
true enlargement in numbers of heart muscle fibres can be 
found with heart hypertrophy of more than 500 g (numeri- 
cal hyperplasia). 

The degree to which the weight of the heart correlates 
with the dry weight of single fibres can be examined by 
means of micro-interferometric dry weight determinations 
on single heart muscle fibres. The determination of DNA 
content permits clarification of the question as to whether 
the enlargement of the cell nuclei is caused by functional 
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Fig. 1. Graph of the relation between heart weight and dry weight of 
heart muscle cells (10x long) 
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swelling of the nucleus or by increase in DNA (polyploid- 
ization). 

With a Baker interference microscope the dry weight of 
human heart muscle cells (segments 10u long) was determ- 
ined?. The optical path difference was determined by the 
analyser and, after photographing, the area was plani- 
metrically defined. 0-018 was inserted for the factor y 
(ref. 3). For the method of cytophotometrical measure- 
ments see ref. 4, The results are expressed in A=extine- 
tion x area (2 0 = diploid cell nuclei with 15 A). 

Fig. 1 shows that normal hearts (330-370 g) have a 
fibre dry weight (10u long) of 200 x 10-2 g. In hyper- 
trophic hearts (475-920 g) the dry weight of the fibres 
rises maximally up to about 450 x 10-1? g. Consequently, 
no correlation exists between weight of heart and the dry 
weight of fibres. The weight of 450 x 10-! g therefore 
seems to be the limit of fibre growth. From this we must 
conclude that at least in some cases the increase of the 
number of heart muscle fibres is responsible for the 
increase of heart weight’. 

The measurements of DNA content (Fig. 2) show that 
tetraploid (4 O) cell nuclei of normal or slightly hyper- 
trophic heart muscles (350-510 g) are found in 97 per cent. 
The cell nuclei of the interstitial connective tissue are 
diploid. With increasing heart hypertrophy (530-980 g) 
the number of cell nuclei of muscle fibres with octoploid 
(8 C) DNA. content rises from 31 per cent up to 82 per 
cont. With hearts weighing more than 600 g the DNA 
content redoubles (16 C) by a certain percentage (16-33 
per cent); even cell nuclei with 32 C occur in small num- 
bers. Hence it follows that the stimulation of cell function 
(increase of dry weight) causes an endomitotic polyploid- 
ization of the DNA content (from 4 C to 8 O). This poly- 
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ploidization starts with a heart weight of 500 g (critical 
heart weight according to Linzbach'). With hearts of 
more than 600 g, cell nuclei of a DNA-content of 16 C must 
also be interpreted within this conception. Determinations 
on dry weight show that we also have to reckon with an 
inerease of the number of fibres. 

Therefore, redoubling the DNA-content from 8 C up to 
16 C could also relate to a pre-amitotic DNA synthesis». 
Frequently in hypertrophic hearts we can observe nucloi 
images which indicate an amitosis. The occurrence 
of cell nuclei with a DNA content of 12 O (heart weight 
720 g) is probably connected with regeneration procedures 
(case of heart infarct). 


W. SANDRITTEN 
G. SCOMAZZONI 


Institute of Pathology, 
Justus Liebig-University, 
Giessen, Germany. 
1 Linzbach, A. J., Z. Kreisl. forsch., 41, 641 (1952). 


* Sandritter, W., Grosser, K. D., and Schiemer, H. G., Verh. Deutsch, Ges. 
Path., 44, 192 (München, 1960). 
` Boblenaet, H. G., Alt, W., and Sandritter, W., Arta Histochem.. 4, 325 


4 Sandritter, W., Mondorf, W., Schiemer, H. G., and Müller, D., Mikroskope, 
14, 25 (1959). 
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IMMUNOLOGY 


Sources of Immunological Variation 


Tr is well established that there is great variation in 
the level of immunological response between indivisiual 
animals of a non-inbred population when subjected to the 
same antigenic stimulus. The sources of variation may 
be partitioned into one or other of two main components : 
(a) The ‘genetic’ component, that is, the component of 
variation in response which is due to genetic differences 
between individuals of a non-inbred population ; (b) the 
‘environmental’ component, that is, the component of 
variation which is susceptible to environmental modifica- 
tion. 

The ‘genetic’ component of variation includes the degree 
of disparity {or foreignness) of the antigenic characu r of 
the stimulus, with respect to the genetically fixed nnti- 
genic structure of the recipient. The ‘environmental’ 
component may be due to the sum effect of physiological 
factors such as hormonal balance, stress and nutrition, 
which influence the level of the immunological response. 

It is of considerable interest to assess the degree to which 
the ‘genetic’ and ‘environmental’ compon- 
ents respectively contribute to varimiion 
in the level of the immunological response 
between individuals within a population. 
However, these sources of variation are 
confounded in a normal non-inbred popula- 
tion. The components may only he isolated 
by analysis of the variation in the immuno- 
logical response between individuals in » 
population in which the genotypes are 
replicated. This unique condition is ful- 
filed by analysis of the variation in 
response observed between several isogenic 
strains of mice and between individils 
within the strains. Thus the varietion 
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observed in the level of the immunological 
response between strains to the same nnti- 
genic stimulus is due to both ‘genetic’ and 
‘environmental’ sources, and, in this 
respect, variation between inbred strains 
is similar to the variation between indivi- 
duals in a non-inbred population. The 
variation in response between individuals 
within each inbred strain, that is, beiwoen 
genetic replicates, is due to the ‘environ 
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mental’ component alone. By appropriate analysis of the 
difference in the immunological response of groups of 
isogenic mice from several inbred strains, the major 
sources of variation in the response of individual animals 
to the same antigenic stimulus can be assessed. The 
following experiment was therefore carried out. 

For the convenience of experimental technique, the 
washed red blood cells from a single donor sheep provided 
the antigen for the stimulus and the immunological re- 
sponse was assessed by end-point titration of specific 
agglutinins developed by the immunized mice. From 
each of nine inbred strains of mice (C;H, O,,Bl, T-101, 
Bagg, T-CBA, A-line, T-DBA, DBA and McM) a group 
‘of 8 adult male mice was assembled. Each animal was 
bled from the tail vein for a serum sample before injection 
intraperitoneally with 0-5 ml. of 25 per cent packed sheep 
red blood cells on day 0. Each animal was again bled on 
day 14 and then injected as before with red blood cells 
obtained from the donor sheep. Serum samples were 
obtained from all mice on day 28. 

From an initial 1/10 dilution of each serum a series of 
doubling dilutions was prepared in physiological saline. 
Packed red blood cells were diluted in physiological saline 
to give a 1 per cent suspension, and 0-25 ml. was added to 
0-25 ml. of each serial dilution of the mouse serum. 
Naturally occurring agglutinins for the sheep red blood 
cells were not detected in the sera obtained from the mice 
before immunization. 

The mean response for each group of 8 individuals from 
different inbred strains, expressed as the reciprocal of the 
arithmetic mean of individual agglutination titres (x), is 
shown in Table 1, and the appropriate analysis of variance 
on the logarithmic transformation of x is given in Table 2. 
The variance components of the mean squares attributable 
to sources of variation were calculated and expressed as 
percentages of total variance. These data are also included 
in Table 2. 

The results of the analysis show that the contribution 
which the ‘strain’ effect made to overall variation was 
12-8 per cent, while the effect ‘between mice within strains’ 
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Table 1, MEAN* 
INBRED STRAINS OF MICE AFTER Lt isa with SHEEP RED BLOOD 
S 


Day of bleeding 
Mouse strain 


6,400 


0 5 
10,160 


510 4,580 





* Arithmetic mean of the reciprocals of agglutination titres for each group. 


VARIANOE OF THE IMMUNOLOGIOAL RESPONSE 
AND WITHIN INBRED STRAINS OF MIOR 


Table 2, ANALYSIS OF 
BETWEEN 












Components 






Source of Degrees expressed as 
varlation of Mean square | Components | % of total 
freedom variance 


















Between strains 8 14°8585* 0:8719 12-8 
Between days of 

bleeding 1 361-0000* 500639 73-5 
Between mice . 

within strains 63 0-9077T 01840 27 
Interaction ` 




























bleeding 8 2°1875* 0-20598 3-0 
Residual (error) 63 0:5397 0:5397 78 
Total 143 9 








*P<01% 
ti% <P<5% 


NATURE 


April 4, 1964 Vor. 202 


was 2-7 percent. As these percentages provide a measure 
of the contributions which the ‘genetic’ And ‘epviron- 
mental’ components made respectively to variation in 
immunological response, it is concluded that, for the system 
used in the present studies, the genetic component was 
the major source of immunological variation. Thus the 
contribution to the total variation within the population 
due to genetic differences was 4-7 (p.8719/0-1840) times 
that due to environmental effects. 

Further work is being carried out to assess the roles 
of the two main components of immunological variation 
when antigenic disparity is changed in predictable fashion 
on a phylogenetic basis and when the animals are sub- 
jected to controlled environmental stresses. 

I thank Dr. 8. S$. Y. Young, C.S.I.R.0. Division of 
Animal Genetics, for advice and assistance with the 
statistical analysis. 


J. K. DINEEN 


C.8.I.R.0. 
Division of Animal Health, 
McMaster Laboratory, 
Glebe, New South Wales. 


Effect of Autologous Protein on the Specificity 
of the Antibody Response: Mouse and Rabbit 
Antibody to MuBI 


iy an earlier communication’, we reported the occur- 
rence of an antigen, MuBl, in the serum of some 
inbred strains of mice. This antigen was detected by 
means of an antibody obtained by immunization of mice 
of strains DBA/2J and A/HeJ with the serum from mice 
of strains DBA/1J and C57L]/J, respectively. We have so 
far examined 70 inbred strains of mice; 28 lack the 
antigen and 42 others possess it. * 

The antibody not only reacts with the serum of mice 
but also with the serum of other rodents; and indeed, 
with the serum of many other species of mammals. We 
have tested in all cases the reaction of the serum of several 
individuals of any one species. These findings are given 
as ratios of animals found to possess the antigen over 
the number of animals tested. The antibody reacted 
with all serum samples of man, dog. ground-hog, sheep, 
pig and rabbit (Homo sapiens 80/80; Canis familiaris 
10/10; Marmot monax 12/12; Ovis aries 30/30; Sus scrofa 
22/22; Oryctolagus cuniculus 31/31). Some other species 
of mammals seemed to lack the determinant: (Alcés alces 
0/15; Odocoileus virginianus 0/10; Equus caballus 0/5; 
Myotis lucifugus 0/12). Among goats and guinea pigs the 
serum of some individuals reacted with the antiserum 
to MuB1; that of others failed to give a demonstrable 
reaction (Capra hircus 18/36 and Cavia porcellus 16/20). 

In this context it is convenient to regard the determ- 
inants of a protein in terms of their evolutionary stability- 
Accordingly, one would distinguish mammalian determ. 
inants, which would remain unchanged in the course of 
mammalian evolution; order-determinants (say Rodentia- 
determinants), which would be unchanged in the course of 
the evolution of the order; and finally species-determin- 
ants, which would remain unchanged in the evolution of the 
species. If two individuals of the same species differed 
in an allotypic determinant only, both individuals would 
possess mammalian, order- and species-determinants. 


CS7L/J, C58/J, DBANJ, F, FU, HR|De, MO] Ko, NZO 
PHL, PS, RIUW{AnJ, RIIWYJ, 
SMIJ, STOLI! Iw, T6, WH, 120]J, 2BC3H, 203H 
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We have previously suggested that the specificity of the 
immune response depends largely on tolerance to autolo- 
gous proteins*., According to this view, all the determ- 
inants of autologous proteins would be excluded from 
immunogenicity. On this basis one would expect that 
antibody against a serum protein, raised in an animal of 
the same species as that of the donor of the serum protein, 
would be highly specific; that is, that it would not react 
with the serum of other mammals or that it would react 
with the serum of closely related species only‘. The former 
is, indeed, the case with most allotypic antibodies and we 
have observed that the antibody to MuA2 (refs. 5-7) gives 
no cross-reaction with the serum of any other species. The 
exception to this general rule, which we have observed with 
the antibody to MuB1, could find a ready explanation, if 
the animals which did not possess the specificity MuB1 
lacked completely the protein on which this specificity had 
been originally detected. 

This view was supported by the apparent inability of 
MuB1-positive animals to synthesize antibody to a hypo- 
thetical MuB2 determinant. After repeated injections 
with MuBl-negative sera incorporated in Freund’s 
adjuvant, we immunized C57L/J mice with RF/J serum 
over a period of 12 months, and MuBl-positive ‘Swiss’ 
mice with DBA/2J serum incorporated in Freund’s 
adjuvant over a period of 9 months. During this time, 
the sera of the injected animals were frequently tested for 
their reaction with MuB1-negative sera and were found to 
lack demonstrable antibody. 

In order to test further whether or not MuBl-negative 
animals lacked the molecule on which MuB1 specificity 
was detected, we immunized rabbits, which had previously 
been shown to possess an antigen corresponding to MuB1, 
with a carefully washed immune precipitate, separated 
from a mixture of mouse serum, containing MuBl, with a 
mouse antiserum to MuBl. The resulting immune serum 
could be shown by immunoelectrophoresis to react with 
several serum proteins. Most of these antibodies could be 
removed by the addition of small quantities of a pseudo- 
globulin fraction derived from DBA/1J mice, which con- 
tains virtually no molecules of MuB1 specificity. The 
resulting absorbed antiserum was examined for its inter- 
action with the serum of various strains of mice and it 
was found that the division into strains possessing and 
lacking antigen MuBl1 was the same as that previously 
found with the antibody of mouse origin. The antibody 
showed a cross-reaction with rat and hamster sera, but no 
detectable reaction with the serum of other species, such 
as man, pig or goat, was found. This experiment, there- 
fore, indicates that antibody to mouse protein MuB1, 
raised in an animal of another order (Lagomorpha) than 
the mouse, had a narrower specificity range than antibody 
raised in the mouse (order: Rodentia). 

It seems, therefore, reasonable to conclude that MuB1 
negative mice lack the molecule on which the specificity 
is carried and that they are consequently not tolerant to 
any portions of this molecule including those which, 
having not undergone evolutionary changes, are found on 
the isofunctional protein of other mammals. As a conse- 
quence, the mouse antibody can react with the correspond- 
ing serum protein of many other mammalian species. In 
the rabbit, on the other hand, many of the amino-acid 
sequences contained in other mammalian proteins of 
MuB1 type are present; the animals are tolerant to this 
protein; large portions of it aro excluded from immuno- 
genicity; and the antibody shows a correspondingly high 
degree of specificity. 

The absence of a molecule of identical isotypic speci- 
ficity® in mice negative with respect to MuB1 places MuB1 
in the same class as He (refs. 9 and 10). The relation of 
MuB1 to this molecule will be discussed elsewhere. 

This work was supported by grants from the Banting 
Research Foundation, the Medical Research Council 
(grant M T-832), the National Cancer Institute of Canada, 
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and the U.S. National Institutes of Health (grant 571 
GM-506). 
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Antibody Activity in 7,4-Globulin of Normal 
Human Serum 


Att antibodies studied so far have been associated with 
a structurally related group of proteins known as the 
‘immunoglobulins’. Included within this group are 78 
y-globulin, yım-(or 19S y-) globulin and y,4-globulin 
(synonym §,4-globulin). The latter is an antigenically 
and physico-chemically distinct plasma protein which was 
first detected by immuno-electrophoretic techniques in 
the sera of patients with multiple myeloma‘. Its general 
properties and antigenic characteristics have been des- 
cribed by Heremans ef al? and Franklin and Stanworth’. 
More recently, Cohen* has demonstrated that the three 
immunoglobins include within their structure peptide 
chains of a similar nature. 

However, unequivocal evidence of antibody activity in 
yı4-globulins has so far been lacking. Schultze® has des- 
cribed a range of naturally acquired antibodies in y,4- 
globulin preparations, but this finding must be interpreted 
with caution since there was known to be contamination 
from y,u-globulin. Heremans*and, more recently, Fireman 
et al.? have presented evidence that the skin sensitizing 
activity of allergic sera is associated with the y,4-globulins. 

We have studied the antibody composition of normal 
human serum taken one week after the second of two 
injections of typhoid vaccine given at an interval of one 
month (Wellcome brand—Typhoid/Paratyphoid A and R 
vaccine, prepared at the Wellcome Research Laboratories, 
Beckenham). ? 

The serum was fractionated by gel-filtration after the 
method of Flodin and Killander® using a column of 
‘Sephadex G-200’ (Pharmacia, Uppsala, Sweden). Elution 
was performed at room temperature with 0-85 per cent 
saline. This achieved a separation on a molecular size 
basis into three main groups of proteins broadly corre- 
sponding to the 19S, 7S and 4-55 components of normal 
serum as resolved by the analytical ultracentrifuge (Fig. 1). 

The distribution of the immunoglobulins considered as 
antigens is illustrated in Fig. 1, which is based on gel- 
diffusion analyses using antisera raised in rabbits. In tho 
case of anti-7S y-globulin, a Cohn Fraction IT 1: 2 pre- 
paration (y,mu free) was used as antigen; the anti-y,4 was 
raised against a urinary myeloma protein and was absorbed 
with excess 7S y-globulin. The antiserum to yım, has been 
described previously®, and the antiserum to the F (fast) 
component of papain digested 7S y-globulin was prepared 
by absorbing anti-7S y-globulin with excess S (slow) com- 
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Fig. 1. Gel-filtration of human anti-typhoid serum on ‘Sephadex @-200’ 

showing antigenic analyses of the eluate fractions and antigenic analyses 

of the antibodies after coating on to typhoid bacilli. (Agglutinin titres 
are shown as vertical lines) 


ponent of 7S y-globulin. All the antisera were shown 
to be specific by immunoelectrophoretic analysis. 

The distribution of reactivity in the ‘Sephadex’ fractions 
with anti-7S y-globulin was rather broad and extended 
into the 198 region. This was an expected finding since 
such an antiserum contains antibodies directed against 
determinants common to all immunoglobins. However, 
the antigenic specificity of 7S y-globulin is confined to its 
fast component and, as expected, an antiserum to this 
component reacted only in the 7S region. y,4-globulin 
was detected antigenically in the 7S peak and also in 
the region between the 19S and 7S peaks. This conforms 
with the demonstration that though the bulk of the y,4 
protein in serum has a sedimentation constant of 7, more 
rapidly sedimenting peaks are also present?*. y,as-globulin, 
as expected, was confined to the 19S peak. 

The typhoid agglutination titres of the different fractions 
were estimated using a suspension of S. typhi ‘A’ obtained 
from the Standards Laboratory, Central Public Health 
Laboratory, London, N.W.9. The titres are plotted in 
Fig. 1, which shows two main peaks of activity corre- 
sponding to the 19S and 7S regions, with a saddle of 
activity in the intermediate region. 

The antigenic features of the antibodies in the different 
regions were studied in the following manner. An appro- 
priate volume of S. typhi ‘H’ suspension was treated with 
one half of the minimal agglutinating dose of each fraction 
and incubated at 37°C for 2 h. After leaving overnight 
at 4° C, the bacilli were spun down and the supernatants 
withdrawn. The packed bacilli, now coated with antibody 
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but not agglutinated, were resuspended in their origin: 
volume of saline and agglutination then atéempted usin 
the rabbit antisera to the immunoglobulins in the manne 
of the Coombs test. Appropriate saline and antiserur 
controls were included. Prior to the agglutination tes 
all antisera were absorbed with S. typhi ‘A’ suspensio 
to remove natural rabbit agglutinins to S. typhi. Th 
reactivities of the different antisera in this test are show» 
in Fig. 1. 

Antisera to y,4-globulin and to the F component o 
7S y-globulin demonstrated. that antigenic determinant 
of these types were present on bacilli incubated with 
fractions from those regions in which these determinant: 
had previously been demonstrated by immunodiffusior 
analysis. The antiserum to 7S y-globulin showed a broar 
range of activity in this test which did not, however 
extend to the 19S region. The antiserum to y,u-globulir 
was inactive. This failure to potentiate agglutination o 
yım antibodies may beattributed to the high agglutinating 
efficiency of this type of immunoglobulin. The antibody 
nature of the reactivities of the various proteins wat 
confirmed by similar experiments on a non-immune serum 
as a control. Although the same distribution of immuno. 
globulins was observed, no coating of typhoid bacilli could 
be demonstrated. 

These studies provide evidence that y,4-globulin is 
active as an antibody which can adhere to typhoid bacilli, 
although they provide no direct evidence of its agglutinat- 
ing activity. If, however, y,4 is an agglutinating antibody 
then it probably represents only a small fraction of the 
total agglutinating activity of the serum. In fact we were 
not able to detect potentiation of agglutination by anti-y.4 
serum of bacilli incubated with sub-agglutinating doses of 
the whole unfractionated immune serum, thereby demon- 
strating the value of partial fractionation of the three 
immunoglobulins. 

These results warn against categorical grouping of anti- 
bodies as belonging to 7S or yım classes on the basis of 
their molecular weight distribution, since y,4 antibodies 
may cause confusion in this respect. The distribution 
of y,4 antibodies which we have observed is very similar 
to that of antibodies of intermediate sedimentation rate 
described by Rockey and Kunkel"!, who also speculated 
on the y,4 nature of this reactivity. 

One of us (M. W. T.) is in receipt of a Medical Research 
Council scholarship for training in research methods. 

D. 8. Rowe 
M. W. TURNER 
Department of Experimental Pathology, 
University of Birmingham. 
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RADIOBIOLOGY 


Calcium -Strontium Discrimination in Miniature 
Pigs as Related to Age 


A GREAT deal of work, summarized in a recent United 
Nations document, ‘has indicated the preferential incor- 
poration into the skeleton of calcium relative to strontium- 
90. Work in our laboratory with miniature pigs has shown 





me young animal has a decreased discrimination 
“against Sr relative to calcium for movement of these 
elements from diet to skeleton®. This finding was based 
on a comparison of the Sr and calcium content of tho 
skeleton and the diet of pigs ingesting Sr daily in a long- 
term study on the biological effects of *Sr in miniature 
pigs®*. Since these animals were ingesting "Sr each day, 
and animals were killed only at birth, weaning, 3 months, 
and older, it was not possible to demonstrate clearly the 
progressive change in calcium— Sr discrimination with 
-age. The work reported here was performed to clarify 
the age-dependency of calcium~strontium discrimination. 

Twenty-four young Pitman-Moore miniature pigs 
15-240 days old were given a single dose of Ca and "Sr. 
The radionuclides were given in a milk solution by gastric 
intubation to the suckling animals and to a portion of 
those of weaning age (6 weeks old). Other animals 6 
weeks of age and older were given the radionuclides in a 
feed pellet with an aliquot of feed. (These modes of 
administration were chosen to simulate the normal dietary 
source of the radionuclides, that is, the dam’s milk before 
weaning and dry ration after weaning.) 

Animals of suckling age were kept with their dam and 
allowed to suckle until death or weaning at 6 weeks of 
age. The amount of ration for the animals that had been 
weaned varied with their age: 6 weeks~3 months old, 
1/2 Ib. per day; 3 months—6 months old, 1 Ib. per day; 

- and 6 months and older, 2 lb. per day. The dry ration 
contained ~ 1-9 per cent calcium and 1-1 per cent phos- 
phorus. The solids of the sow’s milk contained approxim- 
ately 1-6 per cent calcium and 0-8 per cent phosphorus as 
estimated from other worké:®. 

All animals were anesthetized with pentobarbital 
sodium and killed by bleeding 10 days after radionuclide 
administration. The skeletons were freed of attached 
flesh, dried, and ashed at approximately 600° C. The ash 
was dissolved in concentrated nitric acid, duplicate 
aliquots of the solutions were plated on stainless steel 
planchets, and *°Ca and Sr determined by a differential 
absorber technique in a proportional 8-counter. 
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Fig. 1. Skeletal “Sr retention at 10 days after oral administration 
as related to age at time of administration. ©, Sr administered in 
milk; x, with dry feed 
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Fig. 2. Skeletal “Ca retention at 10 days after oral administration as 


related to age at time of administration. O, ‘*Ca administered in milk; 
x, with dry feed 
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In Figs. 1 and 2, the percentage skeletal retention of the 
administered dose of Sr and “Ca, is related to age at the 
time of administration of the radionuclides. Each point 
represents the results from a single animal. Since these 
values are based on the skeletal retention of Sr and “Ca 
at ten days after oral administration, they reflect n 
summation of metabolic processes operative between the 
diet and the skeleton. The highest retention of both 
radionuclides was observed in the youngest animals. 
With increasing age, the percentage retention of both 
decreased with the most marked change occurring in 
animals dosed between 15 and 45 days of age. 
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Fig. 3. Discrimination against “Sr relative to “Ca as related to age 
at time of oral administration of Sr and “Ca. ©, Sr and “Ca 
administered in milk; x, with dry feed 


In Fig. 3, the °°Sr/**Ca ratio of skeleton is related to the 
%Sr/Ca ratio of the administered dose. This expression 
affords a comparison of the metabolic behaviour of “Ca 
and Sr. Values approaching one are indicative of similar 
behaviour of the two, while values less than one indicate 
discrimination against *Sr relative to the Ca. Discrim- 
ination against °°Sr relative to calcium increases with age 
with the greatest change during the first six wecks. 

The results of this work, using a double tracer tech- 
nique, are similar to those reported in the previous work? 
with miniature pigs, in which it was estimated that tho 
ratio of "Sr/calcium in skeleton to the *Sr/calcium of 
diet was ~ 0-7-0-8 for birth-6 weeks of age, ~0-4 for 
6 weeks—3 months of age, and ~ 0-25 for 3 months of ago 
and older. Similar results have been reported for threo 
other species. Taylor et al.” and Thompson and associates® 
obsérved increased discrimination against °°Sr relative to 
calcium with increasing age in the rat. Della Rosa eż al.® 
have recently reported that with dogs chronically ingest- 
ing Sr, the Sr/calcium ratio of the pup’s skeleton was 
about 0-8 that of its diet, that is, the dam’s milk. After 
weaning, the ratio of Sr/Ca of the skeleton to that of 
diet was 0-4-0-5. Lough et al.?° observed values of ~ 0-9 
for the ratio of *Sr/Ca for skeleton to that of diot for 
young human infants. Bryant and Loutit!! have indi- 
cated a lessened discrimination in young children based on 
‘fall-out’ Sr and stable strontium and calcium analyses 
of diet and skeleton. Kulp and Schulert}*, using similar 
data, did not interpret the data as indicating any change 
in discrimination with age. 

Although from this investigation it was not possible to 
define precisely the basis for the change in discrimination, 
several factors appear to be contributory and are suggested 
from the results. Some investigators™!>1 have shown 
that the discrimination against Sr relative to calcium is 
less on a milk diet and further that this may he related to 
several constituents of the milk including lactose. lysine 
and arginine. In this work the change from milk to solid 
diet occurred at 42 days of age. Since a definite change in 
discrimination occurred prior to this time when the animals 
were still on a milk diet, it would appear that tho change 
in diet was not the sole factor effective in changing the 
discrimination. 
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Since it was not possible to do complete analyses on 
the sow’s milk, it is not possible to rule out changes in milk 
composition which could have been contributory to the 
changes in discrimination. 

Palmer and Thompson™ have aptly pointed out the 
role of the absorptive process in determining the overall 
discrimination. It is particularly important since gastro- 
intestinal absorption is a totally effective potential barrier 
for all ingested strontium and calcium since they must 
pass it before being subjected to other discriminatory 
organs such as the kidneys that have the opportunity to 
act on only a fraction of the ingested strontium and 
calcium. Considering the very high fraction of the 
ingested Sr and “Ca found in the skeletons of the younger 
animals, it would appear that a change in the absorptive 
mechanism with nearly complete absorption of both Sr 
and (Ca occurred in these animals. This would then seem 
to be a major factor in the changing discrimination. 
Taylor et al.” observed a marked increase in the discrimin- 
ation against strontium relative to calcium in the rat with 
advancing age. In their experiments the animals were 
killed relatively soon after receiving the strontium and 
calcium, so it may be assumed that the major process 
effective in changing discrimination was gastrointestinal 
absorption. 

Another factor which may have been contributory in 
our investigations was a change in skeletal turnover rates 
of the two radionuclides with time. Its importance was 
probably minimal in this study, considering that the 
animals were held for only ten days after receiving the 
Sr and “Ca. Its significance would certainly be greater 
at longer time intervals following a single exposure. 
Kornberg'* has previously discussed the importance of 
this latter factor as well as others relative to the use of 
data on element pairs for assessment of the hazards of 
radiation from internal emitters. a 

Additional work is indicated to clarify the mechanisms 
responsible for the changes in discrimination that are 
observed with age. 

I acknowledge the advice of Drs. L. K. Bustad, R. C. 
Thompson and H. A. Kornberg, the assistance of Dr. H. A. 
Ragan in dosing the animals, and the technical assistance 
of J. L. Beamer and R. L. McCluskey and the staffs of the 
Experimental Animal Farm and the Biological Analyses 
Operation in performing this work. 
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1350 between the U.S. Atomic Energy Commission and the 
General Electric Co. 
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Effect of Repeated X-irradia._ 
of Degradation of Deoxyribo.. 


X-IRRADIATION causes the degradation of Lb... 
exposed to medium and high doses of radiatio.. w 
doses have no visible effect on the synthesis of Dn ¿he 
degradative process starting only after 3--4 kr. However, 
we observed that there exists a saturation in the effect 
since doses of 24 and 32 kr. cause almost the same degree 
of degradation of DNA as do the lower doses. Stuy? has 
found the same effect with irradiated bacteria which were, 
however, starved after irradiation. 

There are a few possible ways of explaining this effect 
of saturation. One can suppose that there are two kinds 
of DNA, one sensitive to the direct or indirect action of 
irradiation, the other resistant to it. The same effect 
would be obtained if there were two ways of replication of 
DNA, one of them being sensitive to the action of X-rays. 
One can also suppose that X-irradiation leads to the 
activation of some nuclease which would be very quickly 
inactivated or blocked’. In our laboratory no activation 
of DNase was found in lysates of irradiated spheroplasts of 
E. coli B. (ref. 4). However, there is a possibility that some 
other nucleases similar to phosphodiesterase®, acting only 
on the single stranded DNA, and/or homologous DNA, are 
activated. The same effect would be obtained if a process 
were induced after irradiation which would progressively 
stabilize or protect DNA from the degradative process. 
Finally, we can suppose that the two functions of DNA 
(genetic and ‘physiological’) are separated, and that only 
one of them is sensitive to the action of X-rays. After 
irradiation, the DNA which enters into the ‘physiological 
function’ would presumably degrade, while the replicated 
DNA (genetic function) would be relatively resistant. 

By giving two subsequent doses of X-rays at different 
time-intervals, we thought that we could determine which 
of the last two hypotheses were right. Thus, if two func- 
tions of DNA were separated, and only one was sensitive 
to irradiation, then after the first dose the DNA that has 
not been degraded, being in the resistant phase, would 
enter into the second cycle of activity and become sensi- 
tive. The longer the time of the first post-irradiation 
incubation, the more the previously resistant DNA would 
enter into the sensitive phase, and could then be degraded 
with the second dose of radiation. If radiation should. 
apart from the degradative process, induce also a process 
with a progressively opposite activity, then the second 
dose of radiation would be less and less efficient in degrad- 
ing DNA, the longer the interval between the doses. 

A series of experiments, in which the second dose was 
applied 40 min after the first, has shown that the second ` 
hypothesis is more likely and that irradiation induces a 
process which prevents the degradation of DNA. 

After the first dose of 10 kr. we found the usual degrada- 
tion of DNA, but the second dose of 10 kr. was nearly 
without any effect. To see whether the process responsible 
for the prevention of DNA degradation was induced at 
lower doses of irradiation, which have no visible effect or 
DNA synthesis, we irradiated bacteria with 1 kr. 40 min 
before the second dose of 10 kr. The effect of this treat- 
ment on DNA synthesis is shown in Fig. 1. For com- 
parison, the effect of 10 kr. on the DNA synthesis in the 
control culture which had not been previously irradiated 
with 1 kr., is shown in the upper part of Fig. 1. One 
can soe that the initial degradative process is considerably 
stronger in the case of the control culture which had not 
been initially irradiated. 

As the addition of chloramphenicol to the irradiated 
bacterial culture strengthens the degradative process’, 
we added chloramphenicol to both cultures after the dose 
of 10 kr. It can be seen from Fig. 1 that in cultures thus 
treated the difference between the culture previously 
irradiated and that previously untreated becomes more 
evident. ‘There is a strong degradation in the latter 
culture followed by an insignificant synthesis, but in the 
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Fig. 1. Biosynthesis of DNA in a logarithmically growing culture of 
Escherichia coli B exposed to: A, 10 kr., and B, 1 + 10 kr. Bacterial 
culture growing in a mineral medium with glucose was cooled and divided 
in two parts. One part was irradiated with 1 kr. and then both parts 
were incubated at 37° C. After 40 min both cultures were cooled again 
and irradiated with 10 kr. To a half of each culture chloramphenicol 
was added to a final concentration of 10 ug/ml. and incubation at 37° C 
prolonged for next 80 min. Samples of 10 ml. were fractionated according 

© the method of Burton (ref. 7), and DNA was estimated by the 

modification of Dische’s diphenylamine reaction (ref. 8) 
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former culture, that is, the one previously irradiated with 
l kr., the degradative process is smaller and followed by a 
very strong resynthetic process. 

Although the experiments presented here do not 
exclude other possible explanations of the phenomenon of 
saturation of the degradative process, it is, however, 
evident that some process preventing or stopping DNA 
degradation appears after irradiation. While the process 
of degradation becomes measurable only after higher 
doses, this counteracting DNA degradation appears very 
effective already at lower doses of ionizing radiation. As 
for survival, it seems, on the basis of preliminary experi- 
ments, that both doses produce an additive effect. 

It is difficult to imagine what the nature of this regener- 
ative process might be; but since the degradation of DNA 
is stressed and prolonged after the addition of chloram- 
phenicol, it seems quite likely that this stressing and pro- 
longation is caused by the inhibition of the regenerative 
process. For this reason we suppose that the degradative 
process is connected with the process of protein synthesis. 


B. Mrerré 
Z. KuGan 
Ds. Novak 


Laboratory for Cellular Radiobiology, 
Institute ‘Ruder Bošković’, 
Zagreb, 

Yugoslavia. 
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Perennial Constancy of the Monoterpene 
Synthesis in the Wood Oleoresin of Pinus 
ponderosa 


Tare monoterpene composition of wood oleoresin of 
young trees is reported! to differ considerably from that of 
old trees in Pinus sylvestris L. The difference has been 
attributed to age; but it is more likely another instanco of 
intraspecific variation which has been found in othor 
pines: P. contorta Dougl.?, P. maritima and P. pinaster’, 
P. muricata D. Dont, and P. radiata D. Don’. An inten- 
sive study of P. ponderosa Laws.’ has shown wid» intra- 
specific variation in the quantitative oleoresin composi- 
tion among trees on the same plots. Variation between 
plot averages was much less than intraspecific variation. 
No age relationship could be found among tho trees, 
although they covered the age range of tho pine. 

Results of a recent examination’, in which the rate of 
change of the natural carbon-14 level in resin and cellulose 
of the annual rings of P. radiata paralleled the rate of 
change of atmospheric carbon-14, indicate little or no 
movement of resin between annual rings. There was © 
tremendous rate of change in atmospheric carhon-14 
during the period of growth covered by the investigation. 
The authors concluded that any movement or interchange 
of resin between rings must be extremely slow. even 
though a connective system of radial resin ducts between 
annual rings could permit such movement. 

These findings suggested that analysis of resin from 
different annual rings of the same tree would show whether 
monoterpene composition changes with age. To determine 
this, the resin from the annual rings of two 24-year-old 
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Table 1, MEAN AND STANDARD DEVIATION OF THE MONOTERPENE COM- reported in the plant kinga, . Sop — 
POSITION OF THE WOOD casa ae Pinus ponderosa FOR 18 AND he agen e eens ae otherst+, ~ ‘Oy 
Tree No.1 The NRO. i. roots, se stems and undergrouna: i 
18 years growth 15 years growth usually equal to or groater than that o._ 4B 
Monoterpene x _ 6 x o distribution suggests that with sucrose th, she 
5 eee i ce oer omp e tay major reserve of soluble carbohydrate during. a of 
a-Pimene z +0 M Z 
#-Pinene 31-7 + 07 33-5 £06 dormancy or vernalization. i . 
Ay-Carene 39-9 + 0-8 40-1 + 07 As a first step in elucidating the metabolism of these 
„yrcone er ets 20 + Ot oligosaccharides, a study was made of their changes and 
-Phellandrene 1:6 + 06 1:5 + 05 distribution in ripening and germinating seeds of Phaseolus 
Gann 28 +07 id £06 vulgaris L., varioty ‘Improved Canadian Wonder’. Fresh 
* Trace. samples of the beans and of the parent plant were taken 


P. ponderosa growing at the Institute of Forest Genetics at 
Placerville, California, : was examined. The trees were 
felled, and the cross-section of each stump was scraped to 
‘obtain a clean surface. As soon as resin appeared on the 
wood surface, a thin glass rod was carefully moved 
-along an annual ring. The resin picked up by the rod was 
transferred to a 0-5-dram screwceap vial to which 0-1-0-2 
c.c. of pentane (chromatographic quality) was added. 
Each ring, varying from 5 to 10 mm in width, was success- 
ively sampled two or three times during a 4-h period. The 
samples were analysed within 2 weeks by gas chromato- 
graphy as described by me’. 

The fortuitous use of a dull chain saw facilitated the 
isolation of resin from each ring. The saw did not sever 
the spring wood as cleanly as the summer wood. These 
poorly severed spring. wood rings formed alternating 
raised -barriers, and resin collected between them on the 

“summer wood. Analysable amounts of resin were obtained 

_ from the last 18 years growth of one tree and from the last 

-15 years of the other—representing radii of 94 mm and 
71 mm, respectively. 

The qualitative and quantitative analyses ‘of two 
successive samples from the last 18 rings of one tree 
(Fig. 1) show marked inter-ring uniformity and strongly 
suggest that the monoterpene synthesis in P. ponderosa is 

_perennially constant, at least for the indicated period. 
The analysis of the last 15 rings of the other tree showed 
even less annual variation (Table 1). Differences between 
the analyses of successive sets of samples of the same tree 
were extremely slight, being of the same magnitude as the 

_differences between repeat analyses of the same set. No 
radical deviation from year to year is evident, nor is any 
gradient apparent. Further work will be done to determ- 
ine the applicability of these conclusions to other species 
of pine and to older trees. 

R. H. Sumra 
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Forest Service, U.S. Department of Agriculture, 
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Distribution and Changes in the 
Galactose-containing Oligosaccharides in 
Ripening and Germinating Bean Seeds 


Tue galactose-containing oligosaccharides found in 
Phaseolus vulgaris appear to be those related to raffinose 
by virtue of having one or more «-p-galactopyranosy] 
residues joined by an a-1,6-link to the glucose moiety of 
sucrose; that is, members of the raffinose family of oligo- 
saccharides (sucrose series) as designated by . French! 
{namely, verbascose, stachyose, reffinose and including 
sucrose®*), These oligosaccharides. have been widely 


at various times after tho fortilization of the flowors until 
full maturation of the sced, and again after germination 
until the seedling stage. These samples were dissected 
into discrete morphological parts, for example, testa, 
cotyledons, embryo, ete. The parts were further sectioned 
into smaller pieces and then subjected to a direct chroma- 
tographic technique®. This technique allows the examina- 
tion of the soluble components of the tissue sap to be 
made without the necessity of preparing extracts, By the 
use of the appropriate series of sections, the soluble saccha- 
rides in the plant or the seedling could be assembled on 
the chromatogram in such a way as to indicate clearly 
their type and morphological distribution throughout the 
plant at that particular physiological stage’ The‘ occur- 
rence and distribution of the oligosaccharides (verbascose, 
stachyose, raffinose and sucrose) and the mono-saccharides 
(glucose, fructose and xylose) at the various stages of 
development are shown in Table 1 for ripening seeds and 
Table 2 for germinating seeds. Sampling times?” were 
selected to correspond to recognizable changes in morpho- 
logical appearance (these times are also given in days from 
flowering or days from germination—an, approximate time 
scele): Ripening seed samples were obtained. from plants 
grown in soil in a greenhouse whereas those of germinating 
seeds were obtained from beans grown. in moist verrhieulite 
in the laboratory. 

In summary, the direct chromatographio technique 
showed that,’ at anthesis, the flower contained sucrose, 
glucose, fructose and a trace of xylose, but after fertiliza- 
tion the ovule and peduncle contained only sucrose. As 
the pod appeared and the bean seeds-developed. reducing 
sugars were einige observed in the pod, pod parenchyma and 


DISTRIBUTION AND CHANGES OF THE SOLUBLE SACCHARIDES IN 
RIPENING BEAN SEEDS 


Table 1. 
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The peduncle contained sucrose only throughout all stages of ripening, 


Stage 1, fertilized ovule (0 days); stage 2, young pod developed (12 days); 
stage 3, rapid elongation of pod (25 days}: stage 4, swelling of pod but 
seed cotyledons unchanged (82 days); stage 5, convolution of pod with 


“seed cotyledons swollen (42 days); stage 6, dechlorophyliation of pod and 


seeds (50 days); stage 7, pigmentation of “seeds and dr ying of the beans 
and od (70 days). V, al ee St, stachyose; R, raffinoss:; Bu, sucrose; 
ucose; F, fructose; X, xy! lose. t, Trace; +, present; ++, appre- 
oak (J amounts; +++, very large amounts (these quantities refer to the 
observed intensity of the coloured spots on the chromatograms). 
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‘able 2, DISTRIBUTION AND CHANGES OF THE SOLUBLE SACOHARIDES IN 
GERMINATING BEAN SEEDS 


Stages of germination 
Parts of | Sacchar- jm mmnm mu aaae 





'* Determined by chromatography of 80 per cent ethanolic extract. 


Stage A, ungerminated (0 days); stage B, steeped g days); stage Ç, 
germinated (3-4 days); stage D, appearance of lateral roots (8-7 days); 
stage Æ, extension of hypocotyl (9-10 days); stage F, exhaustion of 
cotyledon reserve (12-14 days). 


apparently in the young seeds. The reducing sugars in the 
seed, however, proved to be located in the. testa; the 
actual cotyledons and embryo contained only sucrose. At 
later stages when the seeds began to fill with reserve 
materials and to dry out, the raffinose oligosaccharides 
appeared in the embryo and cotyledons with the initial 
appearance of the first member of the series, raffinose. 
In the ultimate stages of development of the seed when the 
pod shrivels and the testa becomes coloured, reducing 
sugars disappeared from all the parts examined (except 
the testa) leaving only small amounts of sucrose. The 
seed, now almost mature, contained the raffinose oligo- 
saccharides and sucrose in the embryo and cotyledons, a 
situation which persisted throughout the complete 
dormancy period. 

On germination, the first change in the saccharide 
composition occurred in the embryo when the radicle of 
the embryo burst through the testa. The raffinose oligo- 
saccharides disappeared leaving sucrose. while the reducing 
sugars glucose and fructose appeared. No change could be 
detected in the cotyledons until much later in germination 

| when the hypocotyl was well developed. Here again, the 
raffinose oligosaccharides disappear leaving sucrose, but 
in this case no reducing sugars were formed. At the final 
stage, when the cotyledons were almost exhausted of their 
reserve materials, traces of reducing sugars could be seen to 
be present in the cotyledons. The amount of reducing 
sugars and sucrose in the embryo portions was large at 
this stage and traces of xylose could also be detected. 
Throughout the subsequent life of the plant, the stem 
always contained sucrose, glucose, fructose and a trace of 
xylose. No free galactose was observed in any part of the 
plant at any stage of its life history or in any part of the 
plant where galactose-containing oligosaccharides were 
being metabolized. The results of this qualitative tech- 
nique as applied to the germinating seeds have been 
confirmed by quantitative results’. Further work is now 
in progress to substantiate quantitatively the findings with 
ripening seeds. 

It would appear from these results that the role of the 
raffinose family of oligosaccharides in this plant is to act 
as the soluble reserve carbohydrate material in the seed 
during dormancy. This reserve is probably more immed- 
iately available to the embryo on germination than are the 
polysaccharides like starch or the hemicelluloses, sucro- 
galjactans or galactomannans which often accompany the 
raffinose oligosaccharides. This pattern has been found 
for other seeds containing these sugars and also confirms 
the work of Duperon? and Colin and Franquet®*®, who have 
studied Phaseolus vulgaris. 

In the mature plant it would appear that sucrose, 
glucose and fructose are ubiquitous and are possibly the 
main sugars of translocation. As the seed ripens, the testa 
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appears to act as a filter. It contains the reducing sugars, 
glucose and fructose, but these sugars are not prosent in 
the developing cotyledons and embryo. Reducing sugars 
are found neither in the dormant seed nor in the cotyledons 
on germination but only in the embryo at germination. 
It can be concluded, therefore, that sucrose is the main 
and probably only sugar of translocation in the actual 
seed, both in the ripening and germinating stages. Further 
evidence for this conclusion was obtained by Greenshields'* 
using an adaptation of the present technique for 
autoradiography. Sucrose labelled with carbon-14 was 
shown to be readily translocated in the germinating seed- 
ling from cotyledon to embryo and vice versa. There is, 
however, an increasing amount of evidence to show that 
raffinose and stachyose are present in the normal trans- 
location streams of a number of higher plants including 
apple, plum and pear trees!!; white ash?*; raspberry and 
soybeans!®, In white ash, stachyose represents nearly 25 
per cent of the dry weight of the exudate from sieve tubos 
and verbascose is also detectable. Considering these 
findings, the role of the raffinose oligosaccharides is less 
clear, but whether these sugars are translocated in these 
plants is debatable. The use of the techniques suggested 
in the present study might be useful in elucidating this 
problem. However, in the white ash’, it is known that 
stachyose in the sieve tubes is produced mainly during the 
summer when the metabolic activity is greatest. The 
concentration diminishes in the winter (after natural or 
artificial defoliation) when this metabolic activity is least. 
This fact suggests that the role of these oligosaccharides is 
to provide temporary soluble reserve carbohydrate 
material which is readily accessible to the plant. 

Two main problems emerge from these studies: what 
is the pathway of biosynthesis of the galactose-containing 
oligosaccharides in higher plants, and in what manner is the 
galactose utilized when the oligosaccharides are metabol- 
ized by the germinating seedling ? 

M. F. Gourp 
R. N. GREENSHIELDS * 
Department of Biochemistry, 
University of Birmingham. 

* Present address: Laboratory, Mitchells and Butlers, Ltd., Cape Hill 

Brewery, Birmingham. 

2 French, D., Adv. Carbohyd. Chem., 9, 149 (1954). 

+ Duperon, R., O.R. Acad. Sci., Paris, 241, 1817 (1955). 

® Greenshields, R. N., Ph.D. thesis, Univ. Birmingham (1960). 
‘Archambault, A., Ph.D. thesis, Univ. Paris (1956). 

5 Preece, I. A., Royal Inst, Chem. Mon., 2 (1957). 

* Greenshields, R. N., Nature, 181, 280 (1958), 

? Gibbins, L. N., and Norris, F. W., Biochem. J., 88, 64 (1963). 
€ Colin, H., and Franquet, R., C.R. Acad. Sci., Paris, 187, 808 (1028). 
? Franquet, R., Rév. gén. bot., 44, 33, 97 (1932). 

19 Greenshields, R. N., Nature, 189, 851 (1961). 

Bradfield, A. E., and Flood, A. E., Nature, 168, 264 (1950). 

33 Zimmermann, M., Plant Physiol, 82, 288 (1957). 

13 Burley, J. W. A., Plant Physiol, 36, 820 (1961). 

1 Zimmermann, M., Plant Physiol., 88, 213 (1958). 


Effect of Reduced Oxygen Supply on Frost 
Hardening in Plants 


ExrERMENTS described by Siegel et alt show that 
cucumber seedlings are capable of surviving a temperature 
of —10° C if grown previously for three weeks in an 
atmosphere of 2 per cent oxygen and 98 per cent argon. 
This is a most interesting phenomenon, as cucumber 
normally shows little or no capacity for frost resistance. 

I have examined the effect of reduced oxygen tension on 
hardening of wheat seedlings under rather different condi- 
tions, but results have some relevance to this situation. 

Seedlings of “Tenmarq’ wheat were grown to the four- 
leaf stage under natural conditions with a mean daily 
temperature of approximately 15° C. They were hardened 
for 20 h at 0° C at different oxygen-levels, with appropriate 
controls as shown in Table 1, and then frozen at —3-2° C 
for 1 h. 
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Table 1. EFFECT OF PRETREATMENT ON MORTALITY OF WHEAT SEEDLINGS 
AFTER FREEZING | 








Pretreatment Mortality 
Poe Oxygen (%) 0-1 ~ 23 21 
Temperature 
(CC) 
0-0 35-1 * 24-1 13-2 
12-15 33-0 46-2 607 





Difference for significance P = 0:05 16-0 
001 22-0 


* Transformed value (P = sin*9) of percentage mortality, 3 weeks after 
freezing. 


Reduction of oxygen supply had some protective effect, 
but was also inhibitory to the normal process of low- 
temperature hardening. The beneficial result was similar 
in magnitude to treatments with hydrocyanic acid, 
narcotics and reduced moisture supply, all of which were 
capable of bringing about hardening, but not so effectively 
as did low temperature. These results are in accord with 
findings of other workers? and may best be attributed to 
the influence of reduced growth rate, which is common 
to all treatments. In no case, however, has an effect of 
the magnitude observed by Siegel eż al. been reported. 

It is suggested that a likely explanation of their results 
is that treated plants failed to freeze. In short-term 
experiments super-cooling is readily achieved and, in fact, 
usually has to be guarded against by artificial inoculation. 
Differences in the moisture content of the atmosphere in 
which plants were frozen could well contribute to differ- 
ences in behaviour in this regard. 

Experiments reported here were carried out with 
facilities provided by the University of Sydney. 

W. V. Srneatz 
Agricultural Research Station, 
Department of Agriculture, 
Tamworth, Now South Wales. 


1 Siegel, S. M., Halpern, L. A., Guimarro, C., Renwick, G., and Davis, G., 
Nature, 197, 329 (1968). 


* Levitt, J., Frost Killing and Hardiness of Plants. A Critical Review 
(Burgess Pub. Co. : Minneapolis, Minn., 1945). 


Polysiphonia urceolata in Axenic Culture 


Errors to obtain axenic cultures of red algae hitherto 
have been successful only with unicellular species‘? or 
multicellular species with monosiphonous thalli**‘. 

Among -the unialgal cultures maintained in this lab- 
oratory there are species with more complicated structures 
such as Ceramium strictum, Lomentaria clavellosa and 
Lolysiphonia urceolata: Small pieces of these species 
‘were treated with penicillin in a solution containing 3,000 
1.U./ml. After 24 h the species were placed on agar plates 
with only 2,000 1.0./ml. for 10 days. The pieces of 
Lomentaria and Ceramium had then lost their colour, 
whereas Polysiphonia appeared alive. The pieces of this 
alga were then transferred to agar plates containing 
nutrient medium ASP 6F with 5 g ion-agar, 5 g glucose, 
1 g asparagine and 0-5 g ‘N-Z-case’ (an enzyme-hydrolysed 
casein : Sheffield Chemical), per litre’. Most pieces were 
overgrown. by bacteria or yeast in a few days, but around 
three pieces no infections could be observed even after 14 
days. These small branches were then transferred to flasks 
containing 25 ml. of the artificial seawater ASP 67, where 
they grew out. Later, small pieces from these cultures 
were tested for purity, and in December 1962 it was 
possible to establish that Polysiphonia urceolata had been 
obtained in axenic culture. 

As other multicellular red algae had turned out to be 
more or less vitamin-heterotrophic, the requirement for 
growth substances was investigated. It was difficult to 
obtain a suitable form of inoculum for experiments, as 
Polysiphonia grows with only slightly ramified branches 
and does not form any sort of spores in culture. Tips 
of branches were used as inocula, and it was found to be 
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necessary to use branches with at least two or three lateral 
branches, if the alga were to grow out im all flasks of a 
series. 

The alga could then be tested for possible vitamin 
requirements. In order to produce as good a response as 
possible, the alga was starved for vitamins through culti- 
vation in vitamin-free ASP 6F and transferred into a.new 
solution every week. After four weeks an experiment was 
performed in the following series : (a) with no vitamins ; 
(b) with the complete vitamin solution of ASP 6F ; (e) 
with B}, riboflavin, pyridoxamine and folie acid ; (d) with 
the remaining 11 substances of the vitamin solution. 
Growth was very variable within the series, because too 
small inocula had been used in this experiment ; but in 
series (a) and (d) no growth at all occurred. The vitamin 
demand was absolute as the vitamin-starved alga died 
after cultivation in a vitamin-free solution for 8 weeks. 
Polysiphonia is thus vitamin-heterotrophic and the 
necessary growth substance or substances were among 
vitamin B; riboflavin, pyridoxamine and folic acid. As 
the earlier examined red algae, Goniotrichum elegan? and 
Erythrotrichia carnea*, were B,,-heterotrophic, this com- 
pound might be suspected to be the active substance. 

In the next experiment, B,, was tested alone or com- 
bined with other vitamins. As Table 1 shows, B,, was 
necessary for growth of Polysiphonia. 


Table 1. GROWTH OF Polysiphonia urceolata WITH VITAMIN By (= CYANO- 

COBALAMIN) ALONE OR IN COMBINATION WITH VARIOUS OTHER VITAMINS, 

INCUBATION TOE, 36 DAYS. INOCULA STARVED FOR 28 DAYS 
Dry weight of 


Vitamin added in the same algae from 6 flasks 


amount as in ASP 6F (mg) 

No addition 2-0 
All vitamins 23-6 
Biz 22-6 
Bis, riboflavin, folic acid and 

pyridoxamine 26-6 
Bı: and riboflavin + 308 
Bis and folic acid 28-0 
By and pytidoxamine 26-4 


Table 2. GROWTH oF Polysiphonia urceolata WITA DIFFERENT NATURALLY 


OCOURRING By ANALOGUES. INCUBATION TME, 80 DAYS. INOOULA 
STARVED FOR 26 DAYS 
Dry weight of 
Bis analogues Base of nucleotide algae from 6 
(1 ug/l.) flasks (mg) 

No addition 18 * 
Cyanocobalamin (= Bi.) 6-6-dimethylbenzimidazole 24°0 
Factor III §-hydroxybenzimidazole 20-4 
Factor Is = Factor B 

phosphoribose None 11-0 

‘actor B None §0* 
Pseudovitamin Bi: Adenine 8-8 * 
Factor A 2-methyladenine 4:8 * 
Factor Xs None 13-4 
Factor Z, None 16-6 


* The alga died beforé the end of the experiment. 


Different, naturally occurring B,, analogues were also 
tested (Table 2). During the first part of the experiment 
the alga grew with all additions. The best growth was 
obtained with cyanocobalamin and Factor ITI, but Poly- 
siphonia did not seem to ‘prefer’ Factor ITI to vitamin B,, 
as does Goniotrichum?. Another difference in the utiliza- 
tion of the different analogues could also be observed. 
Goniotrichum is unable to use Factor B or pseudovitamin 
B,» whereas Factor A gives as good growth as cyano- 
cobalamin. In the series where these three factors were 
added, growth ceased after some days, and at the end of 
the experiment the algae were dead. This might indicate 
that factors with another base than benzimidazole in the 
nucleotide, or with no nucleotide at all, could be used only 
for some metabolic purposes. 

LISBETH FRES 
Institute of Physiological Botany, 
University of Uppsala. 


1 Koch, W., Arch. Mikrobiol., 18, 232 (1953). 
2 Giraud, G. (personal communication). 

3 Fries, L., Nature, 183, 558 (1959). 

+ Fries, L., Experientia, 17, 75 (1961). 

5 Fries, L., Physiol. Plantar., 16, 695 (1963). 
* Fries, L. (unpublished results), 

? Fries, L., Physiol, Plantar., 18, 264 (1960). 
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FORTHCOMING EVENTS 


Monday, April 6 


INSTITUTION oF ELEcTRIOAL ENGINEERS, LONDON GRADUATE AND 
'SDENT SECTION (at Savoy Place, London, W.C.2), at 6.80 p.m.—Mr. 
. R. Krick: “Digital Dose Analogue”. 

SOCIETY OF CHEMICAL INDUSTRY, LONDON SECTION (at 14 Belgrave 
wuare, London, §.W.1), at 6.30 p.m.—Dr. J. L. Morris: “Thin Layer 
aromatography”’. 


Tuesday, April 7 


Puasrics INSTITUTE (at the Wellcome Building, Euston Road, London, 
.W.1), at 4 p.m.—Symposium on “Plastics Piping”. 


INSTITUTION OF ELECTRICAL ENGINEERS, SCIENCE AND GENERAL DIVISION 
xt Savoy Place, London, W.C.2), at 5.30 p.m. —Mr. M, L. Done: “Electronic 
ummation Metering”. 


Wednesday, April 8 


IRON AND STEEL ENGINEERS GROUP (at the Iron and Steel Institute, 
Grosvenor Gardens, London, S.W.1), at 10 o.m.—Meeting on Steel 
ixtrusion”. 2,30 p.m.—Meeting on “Swedish Mill Design”. 


INSTITUTE OF METALS (at 17 Belgrave Square, London, 8.W.1), from 
a.m. to 5 p.m.—Meeting on “The Nature and Properties of Solid Solutions”. 


COLOUR GROUP (GREAT BRITAIN) (in the Physics Department, Imperial 
tollege, Prince Consort Road, London, S.W.7), at 3 p.m.—Dr. L. Wheeler: 
Psychophysical Investigation of Induced Colours in Restricted Wave- 
‘and Conditions’; 4 p.m.—Talk and Discussion on “Colour Measurement 
a Industry”. - 

GEOLOGIOAL SOCIETY (at Burlington House, Piccadilly, London, W.1), 
4 5 pm.—Dr. O. T. Jones: “The Glacial and Post-Glacial History of the 
ower Teifi Valley”; Dr. J. F. Dewey: ‘The Structural and Metamorphic 
Bory, of the Lower Pala ‘zole Rocks of Central Murrisk, County Mayo, 
‘Teland”’. 


ROYAL STATISTICAL Soc ETY (at the London School of Hygiene and 
ropical Medicine, Keppel treet, London, W.C.1), at 5 p.m.—Prof. G. B. P. 
Box and Prof. D. R. Cox: “The Analysis of Transformations”. 


Soorzry OF INSTRUMENT TECHNOLOGY, MEASUREMENT TEOHNOLOGY 
3HCTION (at Manson House, 26 Portland Place, London, W.1), at 5 p.m.— 
3ymposium on “Accurate Dispensing of Liquids Below 100 ml.”. 


INSTITUTION OF MECHANICAL ENGINEERS (at 1 Birdcage Walk, West- 
minster, London, 8.W.1), at 6 p.m.—Mr. N. P. Inglis: “The Essential 
Partnership of the Engineer and the Metallurgist’’ (James Clayton Lecture). 


SOCIETY oy CHEMICAL INDUSTRY, FOOD GROUP—-NUTRITION PANEL (at 
Queen Elizabeth College, Campden Hill Road, London, W.8), at 6.15 p.m.— 
Annual General Meeting, followed by & joint meeting with the BRITISH 
DIETETIC ASSOCIATION. 


Wednesday, April 8—Friday, April 10 


INSTITUTION OF ELECTRICAL ENGINEERS, SCIENCE AND GENERAL DIVISION 
{at Bavor, Place, London, W.C.2}—Conference on “Dielectric and Insulating 
aterjals”". 


Thursday, Aprit 9 


MEDICAL RESEARCH CovNot (at the National Institute for Medical 
Research, Mill Hill, London, N.W.7), at 4.30 p.m.—Dr, Seymour Cohen 
(8chool of Medicine, University of Pennsylvania): “Virus-Induced Enzymes”. 


ROYAL SOCIETY (at Burlington House, Piccadilly, London, W.1), at 
4.30 p.m.—Dr. D. 0. Hebb (McGill University): “The Evolution of Ming”. 


ROYAL SOCIETY of ARTS, COMMONWEALTH SECTION (at John Adam 
Street, Adelphi, London, W.C.2), at 5.15 p.m—The Right Hon. Lord 

ecdsmuir, O.B.E., LL.D.: “Lhe Eskimos of Canada” (Neil Matherson 
MoWharrie Lecture). 


INSTITUTION OF THE RUBBER INDUSTRY, LONDON SECTION (at the Royal 
Overseas League, Overseas House, Park Place, London, 8.W.1), at 6 p.m.— 
Annual General Meeting. 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (joint 
meeting with the BRITISH INSTITUTION OF RADIO ENGINEERS COMPUTER 
GROUP, at the London School of Hygiene and Tropical Medicine, Keppel 
Street, Gower Street, London, W.C.1), at 6 p.m.—Discussion on “Road 
and Rail Trafic Control Using Computers”, opened by Mr. H. A. Codd, 
Mr. A. Gilmore, Mr. D. G. W. Mace and Mr. B. J. Preston. 


Thursday, April 9—Friday, April 10 


INSTITUTH OF PHYSICS AND THH PHYSICAL SOCIETY, OPTICAL GROUP 
{at Imperial College, London, 8.W.7)—-Symposium on “The Physics of 
Coherent Light Sources”. 


Friday, April 10—Saturday, April II 


ROYAL SOOIETY OF MEDICINE (at 1 Wimpole Street, London, W.1), at 
9.30 a.m. daily-—Symposium on ‘‘The Medical and Epidemiological Aspects 
of Air Pollution”. 


Monday, April 13 


INSTITUTION OF ELECTRICAL ENGINERRS, ELECTRONICS DIVISION (joint 
meeting with the BRITISH INSTITUTION OF RADIO ENGINEERS, at Savoy 
Place, London, W.C.2), at 2.30 p.m.—Colloquium on “Field-Effect and 
‘other High-Input-Impedance Devices and their Applications”. 


INSTITUTION OF MECHANICAL ENGINEERS, AUTOMATIC CONTROL GROUP 
{at 1 Birdcage Walk, Westminster, London, 8.W.1), at 4 p.m.—Discussion 
on “The Computer in the Design Drawing Office”; 6 p.m.—Discussion 
“Meeting on “Is Universal Programming for Machine Tool Control Possible ?” 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, 8.1.7), 
at 8.15 p.m.—Dr. John D. Nicholaides: “The Earth from Outer Space”. 
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APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or beforo 
the dates mentioned: - 

ASSISTANT EXPERIMENTAL OFFICER (with G.C.E. in five subjects, in- 
cluding two scientific subjects (preferably physics and mathematics) it 
“A” level or equivalent) AT THE TROPICAL PESTICIDES RESEARCH UNIT. 
Porton Down, near Salisbury, Wiltshire, to assist in field and laboratory 
research on the physical aspects of the application of pesticides—The Depart» 
ment of Technical Co-operation, Eland House, Stag Place, London, 8.\¥.1, 
quoting Ref. RE.261/185/03 (April 10). 

ASSISTANT LECTURER IN ORGANIC CHEMISTRY—The Secretary, Battersea 
College of Technology, Battersea Park Road, London, S.W.11 (April 10). 

SENIOR LECTURER (preferably with experience in medical or biological 
subjects) IN THE SUB-DEPARTMENT OF RADIOBIOLOGY~-The Secretary, 
Medical College of St. Bartholomew’s Hospital, West Smithficld, Londen, 
E.C.1 (April 11). . ; 

TEMPORARY ASSISTANT LECTURER FOR THE ACADEMIO YEAR 1904; 65 IN 
THE DEPARTMENT OF PHysiIcs—Prof. K. G. Emeleus, The Queen's Univer 
sity of Belfast, Belfast, Northern Ireland (April 11). eer 

DUNVILLE CHAIR OF PHYSIOLOGY—-The Secretary, The Queen's Univer- 
sity,-Belfast, Northern Ireland (April 15). 

RESEARCH ASSISTANT (university graduate or person of equivalent status) 
IN THE SCHOOL OF CHEMISTRY, to be responsible for the maintenance uf 
magnetic resonance spectrometers, and for recording and interpreting 
N.M.R. spectra—The Registrar, University of Bristol, Senate [fou-, 
Bristol 2 (April 15). 

LECTURER IN SEROLOGY, and a LECTURER IN TOXICOLOGY IN THE De- 
PARTMENT OF FORENSIC MEDICINE—The Secretary of the University Court, 
The University, Glasgow (April 17). 

LECTURER or ASSISTANT LECTURER IN APPLIED PRYSIOS; and à SENIOR 
LECTURER or LECTURER IN EXPERIMENTAL PSYCHOLOGY—The Registrer, 
The University, Hull (April 17). ` 

ASSISTANT LECTURER or LECTURER (preferably with research interests 
in some branch of comparative physiology) IN THE DEPARTMENT OF 
ZooLoGgy—tThe Registrar, The University, Leeds 2 (April 18). 

ASSISTANT LECTURERS (2) IN NUMERICAL ANALYSIS AND COMPTTATION ~ 
The Secretary, The Royal College of Science and Technology, George street, 
Glasgow, C.1 (April 18). aad ; 

DEMONSTRATORS (2) IN AGRICULTURE—The Bursar, The University, 
Reading (April 18). 

LECTURER or SENIOR LECTURER IN PURE MATHEMATICS or STATISTICS - 
The Secretary, The Royal College of Science and Technology, Ge rae 
Street, Glasgow, C.1 (April 18). 

READER IN MATHEMATICS; a SENIOR LECTURER IN MATHEMATICS: a 
LECTURER or ASSISTANT LECTURER IN MATHEMATICS; aud a SENIOR 
LECTURER or LECTURER IN COMPUTER PROGRAIQUNG—The Secretary. 
Ceres College of Technology, Battersea Park Road, London, 5.W 11 

pr a 

SENIOR RESEARCH ASSISTANT IN THE DEPARTMENT OF GEOLOGY (dur «3 
will be largely curatorial)—The Registrar, The University, Liverpool, quotng 
Ref. CV/118 (April 18). N 

LECTURER IN GEOPHYSICS IN THE DEPARTNENT OF GEOLOGY -The Regis- 
trar, The University, Leeds 2 (April 20). aa oa 

DIRECTOR OF THE INSTITUTE OF EDUCATION, The Royal Cellege, Nairsbi 
(University of East Africa}—The Secretary, Inter-University Council tor 
Higher Education Overseas, 33 Bedford Place, London, W.C.1 (April 22). 

SENIOR LECTURER and a LECTURER (with industrial and/or research 
experience and an interest in one of the fields of fluids, reactor disijin, 
automatic control or mass transfer) in the DEPARTMENT OF CHEMIN AL 
ENGINEERING—The Secretary, Battersea College of Technology, Battersea 
Park Road, London, S.W.11 (April 24). 

LECTURER IN EDUCATION (with special reference to the sociology of 
education}—The Registrar, The University, Manchester 13 (April 25). 

_ LECTURERS IN PHysIcs—The Registrar (Room 22, O.R.B.), The Univer- 
sity, Reading, quoting Ref. P.L.4 (April 25). 

ECTURER or ASSISTANT LECTURER (with a good honours degree and 
particular interests in either elementary particle physics or low temperature 
physics) IN PHysics—The Secretary and Registrar, The University, 
Southampton (April 25). 

LECTURER or ASSISTANT LECTURER IN THE DEPARTMENT OF ORGANIC 
CHEMISTRY-—The Registrar, The University, Leeds 2 (April 27). 

SENIOR LECTURER IN BIOCHEMISTRY at the University of Melbourne, 
Australia—The Secretary, Association of Universities of the British Com- 
monwealth (Branch Office), Marlborough House, Pall Mall, London, §.W.1, 
or The Registrar, University of Melbourne (Australia, Apri] 2%). 

CARNEGIE CHAIR OF PHYSICS at Queen’s College, Dundee—The Secretary, 
ey of St. Andrews, College Gate, St. Andrews, Fife, Scotlind 

pri e 

FELLOW IN THE DEPARTMENT OF STATISTICS of the Research School 
of Social Sciences, Institute of Advanced Studies, Australian National 
University—-The Secretary, Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, 8.W.1 (Australia 
and London, April 30). 

LECTURER IN THE DEPARTMENT OF PHYSICS, University of Ibadan, 
Nigeria—The Secretary, Inter-University Council for Higher Education 
Overseas, 33 Bedford Place, London, W.C.1 (April 30). 

LECTURER (interested primarily in numerical analysis) IN THE COMPUTING 
MACHINE LABORATORY IN THE DEPARTMENT OF ELECTRICAL ENGINEERING 
—The Registrar, The University, Manchester 13 (April 80). 

CHAIR OF PHILOSOPHY at Bedford College—The Academic Regisirar, 
University of London, Senate House, London, W.C.1 (May 1). 

LECTURER IN THE SuB-DEPARTMENT OF GEOPHYsIcs—The Registrar, 
The University, Liverpool, quoting Ref. CV/116 (May 1). 

LECTURER of ASSISTANT LEOTURER IN THE DEPARTMENT OF PURE MATHE- 
MATICS-—The Registrar, University College of Wales, Aberystwyth (May 1). 

LECTURERS (2) IN Statistics—The Registrar (Room 22, 0.R.B.), The 
University, Reading (May 1). 

NEVITT PROFESSOR OF CHEMISTRY at University College of Townsville, 
University of Queensland, Australia—The Secretary, Association of Com- 
monwealth Universities (Branch Office), Marlborough House, Pal! Mall, 
London, 8.W.1 (London and Brisbane, May 1). 

READER or SENIOR LECTURER.IN AGRONOMY at the Waite Agricultural 
Research Institute, University of Adelaide, Australia—The Secretary, 
Association of Commonwealth Universities (Branch Office), Marlboruugh 
House, Pall Mall, London, S.W.1 (Australia, May 1). 

ASSISTANT LECTURER (man or woman, preferably with some postgraduate 
training in mycology and/or microbiology) IN BoTany—The Secretary, 
Bedford College (University of London), Regent’s Park, London, N.W.1 

ay 4). 

LECTURER/SENIOR LECTURER IN CLINIOAL PSYCHOLOGY IN THE DEPART- 
MENT OF PSYCHIATRY, University of Sydney, Australia—The Secretary, 
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Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, S.W.1 (Australia and London, May 8). 

SENIOR LECTURERS, LECTURERS or ASSISTANT LECTURERS IN PHARMA- 
CEUTICS, PHARMACOLOGICAL CHEMISTRY, PHARMACOLOGY and PHARMA- 
OOGNOSY IN THE DEPARTMENT OF PHARMAOY, University of Ife, Nigeria— 
The Beoretary Inter-University Council for Higher Education Overseas, 
83 Bedford ace, London, W.C,1 (May 10). 

LEcTURER/SENIOR LECTURER IN HISTOLOGY AND EMBRYOLOGY at the 
University of Sydney, Australia—The Secretary, Association of Common- 
wealth Universities (Branch Office), Marlborough House, Pall Mall, London, 
8.W.1 (Australis and London, May 15), 

LAWRENCE HARGRAVE CHAIR OF AERONAUTIOAL ENGINEERING at the 
University of Sydney, Australia—The Secretary, Association of Common- 
wealth Universities (Branch Office), Marlborough House, Pall Mall, London, 
8.W.1 (Australia and London, May 20). 

ELLOW or SENIOR FELLOW IN THE DEPARTMENT OF DEMOGRAPHY, 
Research School of Social Sciences, Institute of Advanced Studies, Australian 
National University—-The Secretary, Association of Commonwealth Univer- 
sities (Branch Office), Marlborough House, Pall Mall, London, 8.W.1 
(Australia and London, May 29). 

SECOND CHAIR OF CHEMISTRY at the University of Otago, Dunedin, 
New Zealand—The Secretary, Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, 8.W.1, or the 
University of Otago (New Zealand and London, May 31). 

CHAIR OF RADIOLOGY at the University of Melbourne, Australla—The 
Secretary, Association of Commonwealth Universities oe Office), 
ea Trough House, Pall Mall, London, 8.W.1 (Australia and London, 

une 1). 

CHAIR OF MARKETING WITH SPECIAL REFERENCE TO HORTIOULTURE at 
Wye College—The Academic Registrar, University of London, Senate House, 
London, W.C.1 (June 8). 

BIOOHEMIST (preferably with an honours degree in biochemistry and 
experience in steroid research) TO WORK IN THE ENDOORINE UNIT on steroid 
biochemistry in relation to ovarian dysfunction—-The Secretary, Institute 
of Obstetrics and Gynecology, Chelsea Hospital for Women, Dovehouse 
Street, London, 8.W.3. 

MASTER TO TRACH PHYSICS AND CHEMISTRY in the main school and 
some physics in the Sixth Form—The Headmaster, Mill Hill School, Mill 
Hill Village, London, N.W.7. 

MASTER TO TEACH PuHysics to advanced and scholarship level—The 
Headmaster, School House, Tonbridge. 

PHYSIOLOGIST or ZOOLOGIST (with an honours degree in zoology or physio- 
logy and some experience in the field of mammalian reproduction) in a 
small unit investigating the biochemical and physiological properties of 
cervical secretions with particular reference to fertility—-The Secretary, 
National Institute for Research in Dairying (University of Reading), Shin- 
field, Reading, Berks, quoting Ref. 64/8. 

SENIOR LECTURER (preferably with a Ph.D. degree and some industrial 
clinical experience) IN BIOCHEMISTRY IN THE DEPARTMENT OF APPLIED 
MICROBIOLOGY AND BroLoGy—The Secretary, Royal College of Science and 
Technology, George Street, Glasgow, C.1. 


REPORTS and other PUBLICATIONS 
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Library Association. Pamphlet No. 18: Archives and Manuscripts in 
Libraries. By Philip Hepworth. Second edition. Pp. 70+-4 plates. (London : 
The Library Association, 1964.) 12s. (L.A. members 9s.) 301 

British Association for Commercial and Industrial Education. Vocational 
Education and Training in the Soviet Union: Report of the BACIE 
Delegation’s Visit, 5-23 May, 1968. Compiled from the Delegation’s Notes 
by P. J. C. Perry. Pp. 60. (London: British Association for Commercial 
and Industrial Education, 1963.) 2is. (BACIE members 143.) [301 

English Electric Valve Co., Ltd. Abridged Valve Data 1964. Pp. 46. 
(Chelmsford; English Electric Valve Company, Ltd., +) [301 

Education in Chemistry. Vol. 1, No. 1, (January 1964), Pp. 1-60+xx. 
Published quarterly. Annual subscription 408.; 7 dollars. (London: Royal 
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STREAMLINING LIBRARY SERVICES FOR HIGHER EDUCATION 


DEBATE on training college libraries initiated by 

Mr. J. Boyden on an adjournment motion in the 
House of Commons on January 28 was noteworthy not 
merely for a very sympathetic reply from the Parliament- 
ary Secretary to the Ministry of Education, Mr. C. 
Chataway, but equally for the interest and understanding 
of library problems shown by the ten members who 
participated. Mr. Boyden, who thought that the Robbins 
Committee might have directed more attention to 
the contribution which libraries could make in higher 
education, pointed out that the importance of libraries in 
training colleges would be enhanced if the colleges became 
more closely associated with universities. Many speakers, 
like Mr. B. O'Malley, recognized that the geographical 
location of a training college in relation to other libraries 
might greatly affect the extent of stock which its library 
could be expected to maintain. However, no speaker 
appeared to appreciate that the association of training 
colleges with universities might require that their libraries 
‘should be planned with those of the university library in 
mind. Indeed, the training college should be able to call 
on the library of its associated university as fully and as 
freely as any other faculty or department of the university. 

Mr. Boyden did in fact urge a more rational appraisal 
of the needs and functions of the training college libraries. 
In the first instance, he made a very reasonable request 
for more information to be provided regularly in the 
Ministry’s annual report. Here and elsewhere the Govern- 
ment has been reluctant to provide the basic information 
required for informed discussion. It would appear from 
Mr. Boyden’s remarks, as well as from a passage in the 
Robbins Report, that, like university libraries themselves, 
the libraries of training colleges are handicapped by totally 
inadequate technical and clerical staff. He suggested 
that, on the most modest calculation, a training college 
library should have a stock of at least 15,000 books; the 
Library Association and the Association of Teachers in 
Colleges and Departments of Education have recom- 
mended a minimum of 20,000, but out of 131 colleges in 
1961 only 10 had attained that figure—102 had less than 
16,000 and 61 had less than 11,000 books. All but four 
libraries, moreover, were spending less than the minimum 
£1,000 a year recommended by the Ministry on books, 
periodicals and maintenance of books, and it should be 
noted that the Library Association recommended a 
minimum expenditure of £1,500 per annum. 

Mr. Boyden recognized that the Ministry had recently 
given some special grants of £1,000 per annum over a 
five- to ten-year period to help these libraries to build 
up their stocks. He also pointed out that many of the 
libraries had totally inadequate seating accommodation 
and were often closed for long periods at times when 
students might best use them. This reflects the madequate 
staffing, and on this he also pointed out that the Ministry 
recommended that for a college of 600-850 students the 
head of the library should be either a tutor librarian or a 
professional librarian. Obviously he should have proper 
academic standing. 

Mr. Boyden was fully supported in much that he said 
by other speakers in the debate, such as Mr. G. Lawson, 


who urged that the librarian should be a member of the 
teaching staff and stressed the importance for the student 
of training in handling books. Mr. Chataway replied very 
sympathetically to all the points. He agreed on the 
importance of adequate staffing, including clerical 
assistance, and did not reject the suggested figure of 
20,000 for a minimum stock. The Ministry’s annual 
report had recommended, in terms of 1960 prices, a mini- 
mum expenditure of £500 per annum for books, and for a 
college of 400 students, a grant of £800 in addition to £100 
for periodicals. The memorandum from tho Library 
Association had recommended, in terms of January 196] 
prices, an annual book fund which worked out at £4-9 per 
student—slightly higher than the Ministry’s recommenda- 
tion: the lower figure could be attributed to tho longer 
useful life which books might have in a college library 
than in most other libraries. Expenditure on books at 
local education authority general colleges increased from 
£81,000 in 1961-62 to an estimated £125,000, and at the 
voluntary colleges from £53,000 to an estimated £86.00. 
Mr. Chataway entirely agreed with what had been said as 
to the importance of ensuring that a qualified librarian, 
a fully professional librarian or a tutor librarian was in 
charge of the libraries at teacher training colleges: further 
information was to be sought from the colleges on develop- 
ments here. 

Clearly, a sound policy for the libraries of training col- 
leges can only be determined when a decision has been 
taken as to the position of those colleges in regard to 
universities. However, the improvements already being 
made in the libraries should facilitate adjustment if ıt is 
decided to relate them to the universities. Meanwhile. 
T. H. Bowyer’s paper, ‘Considerations on Book Provision 
for Undergraduates in British University Libraries”, in the 
Journal of Documentation for December (19, No. 4, 151; 
1963) indicates that some universities in any event are 
facing very similar problems. While Mr. Bowyer is 
concerned with the question of how far undergraduates 
should be expected to purchase their own text-books and 
the extent to which a university library can and should 
supply such text-books, the question cannot be sharply 
separated from that of the stocking of university libraries 
generally, or even, at least indirectly, with the standards 
maintained by the national library system. Already in 
some of the ‘Redbrick’ universities students have been 
drawing extensively on the resources of the larger munici- 
pal libraries, and financial exigencies alone would compel 
many universities to take due account of the whole situa- 
tion. 

Mr. Bowyer covers this situation lucidly and compre- 
hensively. While noting the value to the student of access 
to large collections, as well as to research libraries them- 
selves, provided the student is adequately instructed on 
the use of libraries, he admits also that hard nocessity has 
probably mothered more undergraduate libraries than 
has theory. The doctrine that provision of books for 
undergraduates is a proper function of a university library 
is becoming accepted by university librarians and teaching 
staff, but it is also held to be highly desirable that students 
should possess small libraries of their own. An allowance 
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for the purchase of books is made in students’ grants: 
it is to be regretted that the Robbins Committee has 
nothing to say on the whole question. 

A successful policy for providing students’ books in a 
British university library probably depends, as Mr. 
Bowyer urges, first on agreement as to which titles the 
library should buy and which the students should buy, 
and second on calculating the optimum book-to-student 
ratio. There may well be some room for more direction 
to ensure that the students buy the books they are 
expected to buy, and there must be ample finance for the 
purchase of new titles, as well as new editions for the 
undergraduate collection. Moreover, this overwhelming 
argument for separate service for undergraduates should 
not lead to their complete exclusion from tho use of the 
research collections or departmental libraries. Here a 
paper by Mr. L. Jolley, librarian of the University of 
Western Australia, on the teaching function of the univer- 
sity library, elaborates a point recognized indeed in the 
House of Commons debate, but implicit rather than explicit 
in Mr. Bowyer’s paper. 

Mr. Jolley maintains that the university library is an 
educational institution and that the prime responsibility 
of the librarian is not the storage of books but their use 
for the purpose of education. He supports his argument 
from the opinion of the University Grants Committee 
. more than forty years ago and from the account of 
Alfred Marshall’s technique of teaching as described by 
J. M. Keynes. Marshall encouraged his pupils to read 
widely in the subject and to have the use of a library, and 
Mr. Jolley insists that the university library should be 
staffed and equipped so that the student can be taught 
to treat books not as sources of authority but as instru- 
ments of thought. 

It follows that the adequate staffing of university 
libraries is as important as the nature and extent of the 
stocks they hold if the university library is to make its 
full and dynamic contribution to university education. 
It is not simply a matter of sufficiont and qualified 
staff or of merely seeing that they are adequately sup- 
ported in the many ancillary clerical and administra- 
tive tasks involved, but above all of ensuring that the 
library and the university are so organized that there is 
ample opportunity for the library staff to perform effec- 
tively this vital teaching function. The importance of the 
Committee which the University Grants Committee and 
the Ministry of Education have established to review 
problems of library policy in universities and similar 
institutions can scarcely be overstressed, for it is not too 
much to say that the library is the most important single 
unit in the intellectual life of all such institutions. 

Misgivings have already been expressed over the com- 
position of that Committee, which by many is regarded as 
not possessing the weight or standing required to perform 
its task effectively. Such doubts were scarcely dispelled 
by tho terms of a questionnaire which the Committee 
circulated, much of which the Committes might reasonably 
have been expected to answer itself. The seriousness of 
the situation is apparent from a memorandum compiled 
by a number of librarians in such institutions and which 
insists that libraries must be given a very high priority 
in any programme for expanding higher education. The 
memorandum points out that the present seriously inade- 
quate book provision for both students and staff must be 
brought up to a reasonable level by large earmarked 
capital grants before a crash programme gets under way 
and thereafter maintained by adequate annual grants. 
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Similarly, capital grants are necessary for allowing 
buildings to be planned many years ahead. Staff too is a 
problem especially at the lower levels: rationalization 
and improvement of salaries are indispensable concomi- 
tants of increasing staff, whether in the immediate emerg- 
ency or for a long-term policy. 

The memorandum also points to the need for exploring 
additional ways of expanding library resources to the best 
overall advantage and to the need for more co-operation 
between universities and other libraries. To this aspect, 
as well as to the provision of adequate financial and other 
resources, the Committee on Libraries set up by the 
University Grants Committee should be directing its prim- 
ary attention. The fundamental facts of the situation are 
already well known to those who are in any way associated 
with the libraries of universities or colleges of technology. 
It is imperative that the Committee should settle to its 
work with real urgency: eighteen months is a long time 
to wait for a report on which early action is vital. 

Moreover, the question of library policy is relevant to 
decisions whether to create new universities or expand 
existing ones, and it is probable that larger and well- 
established universities offer greater economy both in 
regard to staff and to stock than small institutions. 
Here, as the memorandum notes, the argument is strongly 
against a large number of smallish institutions each with a 
small library. Again, the question is related to the pro- 
vision which an institution makes for research, and it has 
to be remembered that as the scale of research in existing 
colleges of technology or new universities expands, the 
demands made on the library will also increase. 

Nor can the inter-library loan system be considered 
apart from the structure of the library system of Britain 
as a whole. Herein lies the importance of the Public 
Libraries and Museums Bill, at present before Parliament. 
In moving the second reading of the Bill in the House of 
Commons on February 5, Mr. Chataway admitted that 
the Bill, which derives from the recommendations of the 
Roberts Committee in 1958, took on its full significance in 
the light of present and future educational developments. 
A parallel development in public libraries must match 
the considerable expansion already proceeding of libraries 
in. educational establishments, research associations and 
industrial undertakings. The public library should 
provide an indispensable aid to many activities in the 
industrial, commercial, scientific and technological life 
of the country as well as an essential element in the 
cultural life of the community. 

Mr. Chataway said that the Bill proposed to co-ordinate 
further the public library service so as to provide, in 
conjunction with other libraries, a national library service. 
Secondly, it proposed that all public library authorities 
should provide a minimum standard of service, and thirdly, 
it proposed that all those local authorities capable of 
providing this minimum service should be empowered to 
do so. As regards the first, Mr. Chataway said that the 
Bill would permit the voluntary system of inter-library 
co-operation through the National Central Library to be 
further extended regionally and nationally. On the 
second and third points, he recognized the difficulty in 
defining and assessing standards. While the Bill, in 
accordance with the recommendations of the Roberts 
Committee, proposed that only authorities of districts 
with populations of at least 40,000 should continue to 
exercise powers as library authorities, those authorities 
with populations of less than 40,000 which already 
exercised such powers would be allowed to apply for con- 
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tinuance of their powers if they could satisfy the Minister 
that they coyld satisfy minimum requirements. It was 
also pfoposed to authorize the appointment of library 
committees independent of the education committees. 

While it was only to be expected that some members 
should be concerned with the future of particular small 
existing library authorities and that some fears would be 
expressed that efficient small local authority libraries 
might disappear, on the whole, speeches in the debate 
took a much wider view. Mr. S. Irving referred to the 
desirability of giving some special support to the larger 
city libraries which already possessed large reference 
and special collections and functioned to some extent as 
regional libraries; he suggested that only through the 
assistance of such libraries would Britain be able to meet 
the situation until university expansion was well devel- 
oped. Mr. J. Boyden commented on the way in which 
the library service had deteriorated in recent years through 
lack of adequate financial support and referred to the 
bearing of this situation on educational development 
generally. On the whole, it was recognized that the public 
library should be a valuable adjunct to the university or 
college library, and that a national system must be con- 
sidered in relation to all available resources, including the 
National Lending Library for Science and Technology 
and the technical college libraries. If it was also recog- 
nized that a main problem is that of equating local govern- 
` ment with the functions which local government has to 
perform, the acceptance of responsibility for library 
services by the Minister of Education was welcomed, and 
the closer relation between that Ministry and the Ministry 
for Science is all to the good in this context. 

In replying in the debate, the Minister for Education, 
Sir Edward Boyle, agreed as to the need to consider tho 
particular circumstances of each small authority. He 
assured the House that he would direct due attention to 
the views of non-county, as well as of county boroughs, 
which had established libraries to the desired standard. 
As regards inspection, the post of library adviser in the 
Ministry had been made permanent and the staff of the 
Ministry would be strengthened to moet the new needs, 
which would include much technical knowledge. He 
agreed as to the serious shortage of qualified librarians 
and the need for improvement in salaries, particularly so 
as to provide reasonable career prospects. He thought, 
however, that a continued expansion of the library service 
could be expected under the present system, provided 
the Government continued to contributo a fair proportion 
of the cost of local government exponditure. In this 
context, while he said that the Government would stand 
firm on the recommendation of the Roberts Committee 
that the grant to the National Central Library should. be 
limited to 50 per cent of the annual expenditure, the 
Government proposed to extend the scope of grants to 
libraries in order to enable public and university libraries 
to acquire objects of art and rare or limited editions of 
books and material, perhaps of local or specialist interest 
of ono kind or another. In 1964-65 grants to libraries 
for these purposes would be increased from £25,000 to 
£50,000. 

The extra assistance which the Government proposes 
to offer in developing a national library service cannot 
be described as excessive or even generous. However, 
perhaps the larger encouragement afforded by the debate 
lies in the extent to which it revealed the existence of a 
body of sympathetic opinion which is likely to respond 
if it is supplied with full and authoritative information. 
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In view of the appreciation of the situation displayed by 
Members of Parliament participating in the dehntos, 
especially in that on January 28, the whole subject is one 
which could be effectively discussed by tho Parliamentury 
and Scientific Committee and, at least on the scientific 
and technical side, this should be one point to which 
professional associations could well address their repre- 
sentations. Whether from the point of view of education 
or of scientific and technical development, the establish- 
ment of a really adequate national library service should 
be a prime concern of the Minister for Science, and any 
changes in the structure of Government should he such as 
to ensure effective provision and continuous support for 
such a service. Meanwhile, it is encouraging to note that 
the Library Association, which has already been asked to 
submit evidence to the Committee on Libraries sot up by 
the University Grants Committee and the Ministry of 
Education, has been sufficiently disturbed by the slight 
attention given to libraries in the Robbins Report and in 
recent discussions on the expansion of higher eduention 
to press further the claims of libraries on both the Govern- 
ment and Parliament. The Council of the Association has 
docided to prepare a memorandum and to send & deputa- 
tion to the Minister of Education and to tho Education 
Committees of the Parliamentary Parties. It will be all 
to the good if in the event the deputation sees the Minister 
for Education and Science and the memorandum js also 
sent to the Parliamentary and Scientific Committee. 


SCIENCE OF THE SEA 


Oceanography and Marine Biology 

An Annual Review, Vol. 1. Edited by Harold Barnes. 
Pp. 478. (London: George Allen and Unwin, Ltd.. 
1963.) 75s. net. 


OR several years we have been aware of the need for 
summaries of recent advances in the marine sciencos. 
Volume 1 of Oceanography and Marine Biology will be 
especially welcomed in that physical, chemical and 
biological aspects of oceanography all receive attention. 
It is impossible to refer in detail to each of the sixteen 
papers. “Physical Oceanography” includes a study of 
tides by J. R. Rossiter. The different array of factors 
operative in coastal and oceanic tidal phenomena is 
emphasized, and there is a discussion of internal waves. 
and of storm surges, the factors for which appear to bo 
largely meteorological. One of those factors (air pressure) 
is further discussed by E. Lisitzin in a paper dealing with 
mean sea-level. Seasonal fluctuations in sea-level are 
mainly correlated with annual changes in atmospheric 
pressure. But winds can have romarkable effects. as on 
the Baltic where persistent easterly or westerly winds 
can result in an anomaly of sea-level over the whole arca 
exceeding + 50 cm. 

The review by A. Lee on the hydrography of the 
European Arctic and Sub-arctic seas includes some recent 
work by Russian oceanographers. The flow of doep 
Norwegian Sea water over the Faeroes~Icoland—Greenland 
ridges is analysed; there is also new information on the 
precise course of the Norwegian Current. Some of the 
terms used by N. G. Jerlov in his paper on optical ocean- 
ography may be unfamiliar to those not active in this field 
and. the clarification of the terminology should help all 
readers. 

The papor by Dr. Barnes himself deals with underwater 
television, and covers among other topics the applications 
of this technique to investigations on bottom fauna. and to 
the efficiency of functioning of oceanographic apparatus. 

A very considerable body of knowledge is now available 
on the distribution of phosphate in the oceans, but the 
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paper by D. W. Hood emphasizes the need for more 
distributional surveys on nitrate, and the great lack of 
information on seasonal cycles of metallic trace elements. 

A review of the geology of some continental shelves by 
A. H. Stride is followed by several mainly biological papers. 
These include an account of primary production by 
©. S. Yentsch, and a paper by P. S. Dixon on the 
Rhodophyta which stresses the need for unravelling the 
complicated life histories of these algae. Micro-organisms 
in the ocean also receive attention. E. J. F. Wood 
discusses the variety of heterotrophic organisms and 
points out that such problems as the density of micro- 
organisms and the importance of marine yeasts and fungi 
are still unsolved. Problems involved in the quantitativo 
sampling of marine plankton are brought sharply into 
focus by R. M. Cassie, who gives a number of illustrations 
of heterogeneous micro-distributions. 

Three contributions are restricted to particular groups 
of animals. Aspects of the ecology of molluscs are 
reviewed by J. F. Allen; the complex problem of the 
homologies of mouth parts of parasitic copepods is one of 
the topics discussed by C. Bocquet and J. H. Stock; and 
E. C. Southward presents an excellent summary of our 
present knowledge of the Pogonophora, discussing the 
distribution, ecology, anatomy and physiology of these 
animals. 

Biologists should take note of the statements by 
O. Kinne that organisms react to their total environment, 
and again, that animal distribution is more affected by 
occasional temperature extremes than by several normal 
years of temperature conditions. This paper also stresses 
the complexity and the widespread nature of acclimation 
effects in animals. 

A very different contribution from G. A. Knox, on the 
biology and intertidal ecology of Australasian coasts, 
discusses the considerable degree of endemism in the 
New Zealand marine fauna. The exchange between 
Australia and New Zealand appears to have been largely 
uni-directional. The greater possibilities for immigrant 
species to reach north as compared with South Australia 
are also illustrated. This paper includes a full discussion 
of the biogeographical subdivisions inside Australia and 
New Zealand. A plea might be made for a somewhat 
more summarized treatment of this material; the wealth 
of detail tends to obscure the principles under discussion. 

The majority of papers in this volume represent most 
useful reviews of various aspects of marine research. 
Some of the contributions, however, include such num- 
erous references that the text becomes somewhat dis- 
jointed, I doubt whether marine research will proceed so 
rapidly as to demand this wealth of genuine new reviews 
each year. Perhaps a similar smaller annual volume, 
including fewer contributions, would suffice. 

On the whole the book is well produced and has 
relatively few typographical errors. A  better-quality 
paper would improve the volume, even at the risk of 
_ ineteased price. J. E. G. Raymont 


GAS CHROMATOGRAPHY 


Gas Phase Chromatography 

By Rudolf Kaiser. Vol. 1: Gas Chromatography. Pp. 
viii+ 199. 42s. Vol. 2: Capillary Chromatography. 
Pp. x+120. 35s. Vol. 3: Tables for Gas Chromatography. 
Pp. ix+162. 40s. Translated by P. H. Scott. (London: 
Butterworth and Co. (Publishers), Ltd., 1963.) 


FTER the activity of authors and publishers in the 

field of gas chromatography during the past few 
years, a reviewer may begin to wonder whether any new 
book fulfils a need not already met, but in this case Dr. 
Kaiser had already established his position with the 
original German edition of Gas Phase Chromatography. 
published in 1960-62, and its translation provides a 
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valuable addition to the books available in English. As 
the titles of the volume indicate, the subjgct-matter is 
divided into three parts of which only the first, comprising 
Volume 1, invites comparison with other books. 

In Volume 1, an account of theory is given in so far as 
it leads to understanding the practical aspects of gas 
chromatography; this is followed by detailed descriptions 
of the apparatus and by discussion of the analytical result, 
both qualitative and quantitative. The strongest impres- 
sion gained in reading the book is of the author’s extensive 
practical knowledge and of his care as an experimenter, 
which should serve as a model to his readers. There can 
be few gas chromatographers who will not find a fresh 
approach to some practical aspect of the subject, for 
example, in the chapters on the column and the carrier 
gas. The former gives perhaps the best available descrip- 
tion of making up the packing, and preparing and testing 
the column, and the latter discusses in detail the purity 
and purification of all the normally used gases. Sample 
introduction, detectors, column temperature and fraction- 
collection are all well covered, and the discussion of 
qualitative analysis includes both the chromatographic 
treatment and reference to the extensive ancillary work 
which may be required for certain identification of an 
unknown; for example, details of chemical tests which 
may be applied to the fractions in the column effluent are 
given. 

The second and third volumes of the set break new 
ground. Volume 2 is the first book to be devoted entirely 
to capillary columns; the same plan is followed as in 
Volume 1, a theoretical introduction, followed by a de- 
scription of the apparatus and procedure. Among the 
subjects included are the time required for the analysis; 
measurements of the gas-flow rate; the capillary tube 
(with instruction for drawing copper capillary tubing in 
the laboratory); coating the capillary; sample injection: 
stream-splitting; and detectors. The section on detectors 
deals, in greater detail than in Volume 1, with ionization 
methods and adequate instructions are given for the con- 
struction of a micro-flame ionization detector and of an 
argon detector. The practical advice in the book would 
be invaluable to anyone starting to use this type of 
apparatus. 

Volume 3 is a collection of data of value to the gas 
ehromatographer which includes tables of column packings 
for given separations; liquid phases and adsorbents; 
physical data on carrier gases; retention data; and 
correction factors for quantitative analysis ; the biblio- 
graphy in support of these tables lists more than 400 
references. The volume concludes with a comparative 
tabulation of details of the best-known commercial instru- 
ments and brings together a great deal of information. 
No doubt many gas chromatographers have similar com- 
pilations in their files built up over the course of years— 
this one provides the newcomer to the subject with a ready- 
made guide to the literature at the time of writing. Reten- 
tion data are given as “Retention Indices” taken from 
the work of Wehrli and Kováts; while on one hand one 
may reflect that what is quoted is only a minute fraction 
of the information which has been garnered in the past 
ten years and wonder how, if ever, it is all to be co- 
ordinated, on the other hand the exposition in English of 
the “Retention. Index” system is to be welcomed with the 
hope that it will be read closely and used in future work. 
It is, perhaps, symptomatic of a slowing down in the rate 
of fundamental development in this field that, though 
these books contain no references later than could be 
included in the German edition, there appear to be few 
matters of importance missing—conversely the author is 
to be congratulated on having been so up to date at the 
time of writing. 

Having taken a considerable part in drawing up the 
International Union of Pure and Applied Chemistry 
Recommendations on Nomenclature in Gas Chroma- 
tography, I must acknowledge the graceful acceptance of 
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this nomenclature by Dr. Kaiser, despite the fact that he 
and other German gas chromatographers had themselves 
independently drawn up a scheme (used in the German 
edition) which was in some points in conflict with the 
International Union of Pure and Applied Chemistry 
scheme (and arguably an improvement on it). However, 
a strong protest must be made against the use of “relative 
specific retention volume” (Volume 1, p. 26), which is an 
unnecessary development and a contradiction in terms. 
It is to be noted that Kaiser has used an alternative 
definition for ‘resolution’ and rightly takes the number of 
theoretical plates per metre as the measure of column 
performance. On another point in nomenclature, ‘chroma- 
thermography’ is used on p. 31 to mean the application 
of a temperature gradient to the column (as is most 
generally understood) whereas on p. 26 and elsewhere 
it appears to include the use of programmed tempera- 
ture. 

The translation is satisfactory, although here and there 
an odd expression occurs, which needs interpretation into 
more familiar gas chromatographic jargon, but seldom 
causes confusion. No attempt has been made to change 
the German background of the work, but this is no 
serious disadvantage and may be of interest. to the reader 
in Great Britain. A few points for detailed criticism were 
noted: on p. 46 (Volume 1) we learn that “home-made 
support with optimum pores and minimum pressure. drop 
is also very good”, but we look in vain for instructions how 
to make it; on p. 137 a relay circuit includes no relay 
(circuits are all given in what is presumably the German 
_ convention and unfamiliar in Great Britain); on p. 15 a 
pressure correction factor is quoted to five figures (the 
more realistic three figures are given in the table in 
Volume 3); on p. 140 the thermal insulating properties of 
foam-glass are extolled, but it is my experience that glass- 
fibre is to bo preferred; in Fig. 22 (p. 77) the height for 
Ap is shown incorrectly. 

The format of the books is good, but gives rise to a 
reflexion on the economics of book production. The 
German. edition was in paper-backs. at a total cost of 
about one of these volumes. At that price, every gas 
chromatographer, experienced or beginner, could bo 
recommended to buy his own set, but at the present price 
it is obvious that he will not. However, the three-volume 
form does at least allow him to buy the part he is most 
interested in, and the library set can be split among 
several readers—of which there should be many. 

D. AMBROSE 


CONTRIBUTIONS TO AERODYNAMIC 
THEORY AND EXPERIMENT 


The Scientific Papers of Sir Geoffrey Ingram Taylor 
Edited by G. K. Batchelor. Vol. 3: Aerodynamics and the 
Mechanics of Projectiles and Explosions. Pp. xii+ 559. 
(Cambridge: At the University Press, 1963.) 100s. 


OLUME 3 of the collected works of Sir Geoffrey 
Taylor contains fifty-eight papers published between 

1910 and 1957, and concerned with various aspects of 
aerodynamics. The most notable papers deal with com- 
pressible-flow theory. Twenty-four of the papers appear 


here for the first time and are the fruits of Sir Geoffrey’s . 


war effort. Their addition to the scientific literature gives 
a continuity to Sir Geoffrey’s work which has hitherto 
been lacking. 

The uniform distribution of these papers in time shows 
the author’s continued interest in this field throughout his 
very busy life. A continuity of a different kind is also 
apparent within this volume. These papers span the 
period of development of the theory of compressible flow 
as it is known to-day. The first paper, which is the now 
famous contribution to that most fundamental problem in 
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compressible flow, the structure of @ shock-wave, emphas- 
izes this continuity with the roots of the subject in 4 
reference to “A recent note” by Lord Rayleigh. 

The papers are not now of equal interest, but the reader 
will find many interesting comments to entertain and 
stimulate him, and often in the most unlikely places. The 
Wilbur Wright Lecture for 1921 on “Scientific Methods in 
Aeronautics” is‘as relevant to-day as when it was delivered. 
Although the problems of scientific administration could 
not have been so pressing then as they are to-day, the 
solutions offered are now too familiar to need repeating. 
Whichever paper is considered, the reader will find @ 
clarity of expression and a directness of approach to the 
problem in hand which make it worthy of examination. 
In war-time or -peace-time, the practical nature of the 
problem to be solved is always emphasized. The powerful 
techniques of mathematical analysis which the author 
has at his disposal are never allowed to obscure the solu- 
tion of the real problem. This ruthlessness of approach 
welds theory and experiment together in & unique way in 
these papers. 

Probably the best-known papers in this volume are 
those on “The Air Pressure on a Cone moving at High 
Speeds, 1 and 2” (with J. W. Maccoll), “The Formation of 
a Blast Wave from a Very Intense Explosion, 1 and 2”, 
“The Instability of Liquid Surfaces when Accelerated in a 
Direction Perpendicular to their Planes”, and the paper 
already mentioned, “The Conditions Necessary for Dis- 
continuous Motion of Gases”. The first of these, now 
familiar as the “Taylor—Maccoll Solutions”, contains the 
theoretical solution to the problem of supersonic flow 
past a cone. In the form of tables published by the 
Massachusetts Institute of Technology, these solutions 
have become a standard for the testing of both theoretical 
and experimental techniques in supersonic flows. The 
advent of the atomic bomb in the New Mexico explosion 
of 1945 vindicated the theoretical investigations set out in 
the second of these papers. Although the main features 
of the solution for a point explosion are here derived, the 
author had to resort to numerical methods to obtain the 
final result. The complete analytic solution to the problem 
has now been given by Latter and Sedov. The third paper 
deals with the generalization of the surface instability 
observable in an upturned tumbler of water. Such an 
instability occurs when an interface is accelerated in a 
direction from the lighter to the heavier fluid. It is now 
referred to as “Taylor Instability”. 

The papers contained in this volume, although collected 
from many sources, have been standardized and the figures 
redrawn in a uniform style. The whole is presented in the 
polished manner we have come to expect from the editor 
and publisher alike. N. C. FREEMAN 


DELAYED IMPLANTATION 


Delayed Implantation 

Edited by Allen C. Enders. Pp. x+318. (Published for 
William Marsh Rice University by the University of 
Chicago Press, Chicago, 1963.) 63s. 


poama IMPLANTATION comprises the pro- 
ceedings of a symposium held at Rice University 
in 1963. The contributors were evidently selected with 
care and the papers have been arranged in logical sequence, 
avoiding the haphazard nature of many volumes of this 
genre. The book remains, however, a collection of 
specialist papers, and contains no general account of 
delayed implantation. The editor’s preface is brief and 
formal, and the introductory address by C. G. Hartman 
and the summary of the conference by E. C. Amoroso 
are both modest in scope. 

One may question the extent to which delayed implan- 
tation constitutes a study in itself. All mammalian 
embryos appear to pass through a quiescent phase after 
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entering the uterus, and the term “delayed implantation” 
came into common use to describe the situation in the 
lactating rat, when implantation occurs after a longer 
interval than in the non-lactating animal. The same 
expression is perhaps less appropriate to species in which 
the pre-implantation quiescence is always prolonged. In 
one of the papers, U. B. Baevsky refers to it as the em- 
bryonic diapause, which defines the phase whatever its 
duration, and whether it is variablo or not. In another 
paper, Tyndale-Biscoe suggests that this term is par- 
ticularly applicable to the marsupials, and points out that 
although tho arrest of embryonic development is similar 
in marsupials and eutherians, its resumption in the former 
is not associated with immediate implantation. The 
expression “discontinuous development” has been used 
of the species, particularly carnivores, in which the 
blastocyst normally remains free in the uterino lumen for 
a long time. It is now clear that in the eutherian mam- 
mals embryonic differentiation is continued during this 
time, albeit slowly. It is possible that marsupial develop- 
ment may actually be arrested so that it may indeed be 
discontinuous. Even so, it is confusing to find authors 
doubtful about describing an animal as ‘pregnant’ during 
this phase. Many a mammalian embryologist must have 
wished for a word to specify the part of gestation subse- 
quent to implantation, but ‘pregnancy’ and ‘gestation’ 
can only refer to the presence of an embryo, from the 
formation of the zygote onwards. 

The earlier papers in this volume direct attention on 
the diapauso itself and on the ecological factors or adaptive 
mechanisms which control] its duration; inevitably, as 
attention shifts to the physiological aspects of the subject, 
it is the mechanism of implantation which is studied, and 
the delay becomes incidental to this investigation. 

Appropriately, the first three papers deal with delayed 
implantation in marsupials (Sharman), the role of the 
corpus luteum in this phenomenon (Tyndale-Biscoe) and 
its ecological significance in a population of the hill 
kangaroo (Haley). The widespread occurrence of delayed 
implantation in the Macropodidae has only come to 
notice in the past few years, and the work of the Aus- 
tralian zoologists has given fresh impetus to its study. 

In the red kangaroo, and most of the kangaroo-like 
marsupials, gestation does not prolong the cestrous cycle. 
The young conceived at one heat-period leave the uterus 
and enter the pouch a day or two before the next heat, 
when the mother may again conceive. In this case the 
fertilized ovum develops to the blastocyst stage and 
remains unilaminar until the pouch young are well 
advanced, or removed or lost from the pouch. The 
“embryonic diapause” may last more than 200 days. 
Sharman suggests that this reproductive pattern may 
have evolved “because of an evolutionary trend towards 
longer gestation periods that have coms to occupy almost 
the entire oestrous cycle’. The great grey kangaroo. 
however, seems to have moved in the direction followed 
by many eutherian mammals, in that conception does not 
occur for some time after the young leave the uterus. 
In such eutherians, cstrus, already postponed during 
gestation, is further postponed during lactation. In the 
groat grey kangaroo there is evidence that cestrus occurs 
and the animals mate, but ovulation does not occur and 
this mating is sterile. 

Tyndale-Biscoe’s contribution underlines the diversity 
of the physiological relationships between ovary. uterus 
and embryo, but suggests that the marsupials “afford the 
opportunity to examine the endocrine mechanism of 
embryonic diapause without the additional complexity of 
imminent implantation”. It is clear that the diapause is 
imposed through the effects of lactation, and experiments 
on the quokka have shown that both the resumption of 
embryonic development and the development of a ‘luteal’ 
endometrium are dependent on the presence of corpora 
lutea in the ovaries. 
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The three chapters on marsupials are followed by six 
on various carnivores, the American black bear (Wimsatt), 
American mustelids (Wright), European badgers and seals 
(Harrison; Canivenc and Bonnin-Laffargue), and mink 
(Enders and Enders; Baevsky). In all these the emphasis 
is on the delay, or diapause, as such. In the remaining 
ten papers, interest centres more directly on the problems 
of implantation, delayed or otherwise, and the animals 
are, mainly, the common laboratory species. An excep- 
tion is the electron microscope investigation of implan- 
tation in the armadillo (Enders). The papers aro of a 
high standard in content and presentation; the reported 
discussions which follow each paper fill out the subject 
to some extent, but they are by their nature somewhat 
disjointed. They occupy more than thirty pages— 
enough for two more papers, or a scholarly review of the 
subject of the conference by the editor. 

The volume is well printed, on excellent paper; it has 
an adequate index and is not unduly expensive. 

J. PERRY 


PRACTICE OF SCIENTIFIC POLICY 


Pour une Politique Scientifique 

Par Pierre Piganiol et Louis Villecourt. (Nouvelle 
Bibliothèque Scientifique.) Pp. 299+ 24 planches. (Paris: 
Flammarion, 1963.) 20 francs. 


ROF. PIGANIOL and M. Villecourt in Pour une 
Politique Scientifique, to which Dr. A. Cournard con- 
tributes a short preface, are concerned not so much with 
the theory as with the practice of scientific policy. More- 
over, in contrast to Dr. S. Toulmin in a paper privately 
circulated in the summer of 1963, their concern ‘is not so 
much with the academic foundations as with the prag- 
matic approach which marked the papers prepared for 
the Ministerial Meeting on Science and Policy in Paris in 
November 1963 (Nature, 200, 719; 1963). Rather more 
than half the book in fact is in the nature of a reference 
work on the scientific and technical institutions and their 
organization in France, and, to a lesser degree, in the 
United States, the U.S.S.R., the United Kingdom, the 
Federal German Republic, Belgium, Holland and Italy. 
This occupies the last two of the three sections of the book, 
but its main interest for British readers is in the first 
section on research and the application of its results. 

As the title of this section would suggest, it is really 
concerned with the kind of problems that were considered 
by the Trend Committee and earlier by the Zuckerman 
Committee rather than with Dr. Toulmin’s paper, although 
the authors discuss much of the material considered by Dr. 
Toulmin and the bibliography is comprehensive and 
balanced and far from limited to French sources. These 
may be more numerous than some readers would expect, 
but they are not over-dominant numerically. They 
reveal the characteristic logical approach and the extent 
to which the subject is now attracting attention in 
France. ; 

This section of the book is preceded by a brief discussion 
of the dynamics of scientific progress and human societies 
in which the position of the scientist in society to-day is 
very fairly assessed. A penetrating discussion of the 
conditions of scientific advance opens the section. In this 
the critical importance of the gifted individual is fully 
recognized and the various factors that hinder or encourage 
creative work are considered. Next, the objectives of 
scientific policy are analysed and the means at the dis- 
posal of Governments for financing and encouraging 
research or other scientific activity are assessed, and, in 
particular, the problems of organization are discussed, 
including those which arise out of the increasing cost and 
complexity of scientific equipment. 

In the second part of this section, the authors turn to 
the problem of securing the most rapid and effective 


No. 4928 April ll, 1964 


utilization of the results of scientific research, including 
some Qiseussion of the cost of innovation and of the varying 
scale of research in industry. They review the methods 
used by Governments of different countries to encourage 
the utilization of new knowledge by industry, including 
economic methods, but in spite of a strong emphasis on 
the contribution which research in the social or human 
sciences might offer they present little in the way of fresh 
ideas. Finally, in the last two chapters they argue that 
diplomacy needs to pay much more attention to the 
possibilities which science has put into the hands of 
Governments as well as to the international organization 
of science, and, stress, like S. Dedijer in his recent paper 
on the difference between the developed and the developing 
countries in regard to scientific research, that the best 
hope of the future may lie in the emergence of a functional 
civilization. : 
The emphasis on the contribution of social research is 
noteworthy, and, while the book contributes little that is 
new to a topical discussion, the authors show that French 
thought on the subject is closely in line with that of many 
scientists in Britain. R. BRIGETMAN 


SOCIOLOGY—SCIENCE OR NON- 
SCIENCE ? 


The Origins of Scientific Sociology ` 
By John Madge. Pp. 600. (London: Tavistock Publica- 
tions (1959), Ltd., 1963.) 63s. net. 


“CXOCIOLOGY today is a quite respectable occupation 

in most countries and in the United States it is a 
thriving industry”; thus John Madge ends this large 
volume on The Origins of Scientific Sociology, which 
examines in detail many major works of empirical socio- 
logy from the 1890’s to the 1950’s. It is interesting to 
note that another ‘new’ social science, economies, origin- 
ated at least three hundred years earlier, as the recent 
publication of The Origins of Scientific Economics, English 
Heonomic Thought 1660-1776, by William Letwin, reminds 
us. 
If one judges respectability by the flood of new univer- 
sity chairs which have been created (more than a dozen 
in the past twelve months), sociology will soon be a 
thriving industry, at least academically, in Great Britain. 
Some readers of Nature may query if it is a subject worthy 
of academic notice at all in Britain; and indeed John 
Madge inserts a foreword for his British readers regretting 
his inability to include a British work as the main subject 
of at least one of his chapters, but he does not feel able to 
do so, for “We do not seem over here to have achieved 
the same integration of empirical theory, of sophisticated 
techniques of inquiry, and of the capacity to throw light 
on practical sociological problems as has been found 
elsewhere”. Few, I think, would entirely disagree with 
this statement of the shortcomings of British sociology, 
but there is some good British sociology, and reference in 
such a large work might well have been made to it. 
Twenty-six years ago Political Arithmetic, edited by 
Lancelot Hogben, in 1938, dgcumented a brilliant attempt 
to create a study of social biology in the London School of 
Economics over the period 1932-38. Some of the fruits 
of this empirical sociology can be seen to-day in, for 
example, Social Mobility in Britain, by David V. Glass, 
1954, which was dedicated to Lancelot Hogben and the 
author of which was one of this early research team. In 
the fields of rural and industrial sociology reference might 
have been made to the work of the Manchester School, 
although it is only fair to add that this work comes mainly 
at the end of the author’s period. Much other research 
could be cited, but in fact John Madge has only one 
en ate devoted to work done outside the United 

tates. 
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It is, of course, true that the principal work in sociology 
has been done in the United States, and one reason for 
this comparative failure of sociology in Britain has been 
a lack of university departments and staff, a resulting 
shortage of trained research workers, and a complete 
dearth of large ‘handouts’ from foundations and charitable 
institutions which have made possible the detailed and 
extended American studies on which this work is mainly 
based. Whether the occupants of the many new univer- 
sity chairs will succeed in similar path-breaking researches 
or whether they will relapse into vague theorizing on 
doubtful statistics about subjects which most scientists 
would regard as trivial remains to be seen, but John 
Madge’s foreword is, perhaps, not likely to encourage the 
large-scale munificence in British sociology which is needed. 

He has, however, supplied a first-class text for student 
teaching; perhaps too good a text, for his careful and con- 
siderate analyses may persuade many weaker students 
that the original texts contain little more than the long 
summaries given here. In fact, students will find that the 
attention which John Madge has given to the texts makes 
his own volume required reading. 

After a statement of the general theme twelve chapters 
are devoted to a careful analysis of classic social studies. 
The first work, and the only work not undertaken in the 
United States which he includes, is Durkheim’s Suicide, 


“the work in which he pioneered the application of statisti- 


cal methods to sociological issues”. There is then a pains- 
taking analysis of the different kinds of suicide pro- 
pounded by Durkheim and an analysis of Durkheim’s 
concepts and methods. Although John Madgo is princi- 
pally concerned with concepts and methods there is here, 
as elsewhere, reference to the principal findings of the 
work in question, so that the student is not left with the 
rather arid feeling of a long gestation which did not bear 
fruit at the end. 

Subsequent chapters are treated in the same way and 
deal with relevant scientific texts, such as Peasants and 
Workers (The Polish Peasant in Europe and America), by 
William I. Thomas and Florian Znaniecki, or larger 
fields, such as The Chicago School Around 1930, a study 
of the entire output of the Chicago School at the end of 
the 1920’s and early 1930’s. The selection of texts is 
good, and ranges from Gunnar Myrdal’s An American 
Dilemma to Kinsey’s books on sexual behaviour in the 
human male and female, studying industrial sociology 


‘(Management and the Worker, by Roethlisberger and 


Dickson), The American Soldier, the human roots of 
fascism (The Authoritarian Personality, by Adorno and 
others), and the group dynamics of a new community 
(Changing Attitudes through Social Contact, by Festinger and 
Kelley), and other important works en route. Although 
other works might, of course, have been chosen I doubt 
if anyone could quarrel with the selection given here, for 
they are all important, if fairly obvious, choices. 

Madge ends with a final chapter on “The Lessons”. 
which includes a plea for a return to the spirit of social 
enquiry, as distinct from idle curiosity, which accompanied 
the founding of the Royal Society three hundred years 
ago. The tercentenary celebration of the publication of 
John Graunt’s Bills of Mortality, which was held last year, 
would seem to indicate that some part of the Royal 
Society’s activities may be devoted to social enquiry 
one day soon. 

“The theme of the book is a simple one. It is that the 
discipline of sociology is at last growing up and is within 
reach of attaining the status of a science’. So Madge 
begins on p. 1 and we must conclude that he illustrates 
this theme admirably. But one would like to see him 
shortly write Volume 2 to bring the story up to date, and 
in this second volume give greater emphasis to the admit- 
tedly small but significant writings of sociologists in 
Britain. At the present rate of output it will not bo 
possible, or necessary, to cover sixty years’ research in one 
volume. Warrrs TAYLOR 


\ 


120 


NATURE 


April lL 1964 Vow. 202 


FOR THE LIVING GENERATION* 
By GERARD PIEL 


Publisher, Scientific American, Madison Avenue, New York 


FTER two centuries of industrial revolution, the 
map of the world shows two kinds of nations: 

‘developed’ and ‘underdeveloped’, or, in plain language, 
rich and poor. The rich nations embrace less than one- 
third of the world population and consume more than 
two-thirds of the world’s output. To most of their citizens 
the rising productivity of industrial technology furnishes 
increasing well-being ; in some of these countries, surpluses 
have begun to embarrass the economic order. In the 
poorer nations, on the other hand, the output of pre- 
industrial agricùltural technology tends to fall con- 
stantly behind growth of population, and the material 
circumstances of most of their citizens are declining. Of 
course, poverty is not new to the experience of the mass 
of mankind; the rich nation is the innovation of recent 
history. To-day, however, the poor are politically mobil- 
ized, and the new nations of the poor are committed to 
industrial revolution. For a century to come, the develop- 
ment of the underdeveloped countries will set the course 
of history. 

No physical barrier stands in the way of this culmina- 

‘tion of the industrial revolution. An exhaustive and 
authoritative accounting—rendered by scientists of many 
nations and by the international civil service, now two 
generations old, of the League of Nations and the United 
Nations Organization—assures us that the Earth’s 
resources are ample to the needs of a much larger world 
population. Existing technology is equal to the task of 
accelerating the increase of production ahead of the 
growth of population everywhere in the world. With the 
consequent improvement in individual circumstances, 
there is good reason to expect that populations will 
stabilize well within the capacity of resources and tech- 
nology to provide material well-being for all. The birth- 
rate has followed the death-rate downward in every 
country which has experienced development. 

The only uncertain question is the” process of develop- 
ment itself. Development is not an exercise in economic 
theory; it is an enterprise which engages the energies, 
ambitions and passions of men. The open question is the 
cost of development—the only cost which counts: the 
cost to the liberty and life of the living generation of men. 

On the precedents of the past, reaffirmed by each cycle 
of development, the prospective cost of the next round— 
multiplied by two billion lives—makes the heart contract. 
To say that the question is open is to declare a hope. 
The hope is that history need not go on repeating itself. 

Alexander Herzen, who died in Paris in 1870 after 
twenty-three years in exile from his native Russia, was 
another revolutionist who held with Thomas Jefferson 


that the living generation is the only proper object of- 


social action. Herzen was the enemy of big words spelled 
with initial capitals. ‘Submission of the individual to 
Society, to the People, to Humanity, to the Idea,” he 
said, “is merely a continuation of human sacrifice... . 
The individual, who is the true, real monad of society, 
has always been sacrificed to some concept, some collec- 
tive noun, some banner or other !” More plainly than most 
historians, Herzen stated the cost of development in the 
past: ‘Slavery is the first step toward civilization. In 
order to develop, it is necessary that things should be 
much better for some and much worse for others; then 


`- those who are better off can develop at the expense of the 


others”. 


* Substance of an address delivered in New Delhi, on the award for 1963 
of the Unesco Kalinga Prize. 


- Because history is written so largely by its beneficiaries, 
history has little to say about its human cost. The record 
shows, however, that Herzen’s Law of Development 
came into full forcé at an early stage, soon after the 
agricultural revolution and before the writing of history 


began. It worked well enough to lift civilization high’ 


and carry history forward to great triumphs and tragedies, 
all on the basis of quite primitive technologies. Out of 
the always insufficient and relatively constant product 
—per man-hour and per acre—social institutions secured a 
sufficiently inequitable distribution of goods to ‘support a 
minority in occupations which called for the exercise of 
higher human capacity than the soreping of brute exist- 
ence from the soil. 

Over millennia, development was ' imperceptible. The 
same treadmills and capstans are to be seen in the friezes 
of Egyptian tombs and in engravings of the seventeenth- 
century London dockside and are still at work to-day 
in the fields and on the wharves of India. All at once, 
for reasons not known, the turn in history came from the 
West. Not long after Galileo and Newton had secured 
the foundations of celestial mechanics, the rate of tech- 
nological change quickened, and the mastery of mechani- 
cal forces began to amplify the strength and skill of men. 
The surplus so long extracted from scarcity by depriva- 
tion of the mass of the people found a new social function. 
It became the capital for increasing the productive 
capacity of society. The historians of the first industrial 
revolution are just now recognizing, however, that the 
process of capital formation involved a sharpening of the 
inequities that produced the surplus. The ‘savings’ that 
financed the classical industrial revolution of England 
were principally involuntary. That is the savings were 
taken from the reduction of the material estate of the 
yeomanry. This was the era of ‘carboniferous capitalism’ ; 
Asa Briggs has shrewdly traced the institution of the “two 
cultures” to the æsthetic and social protest of con- 
temporary men of letters against such ugly manifestations 
of applied science as the slag heap and the mill-prison. 
The coercion and cruelty, the pain and rebellion, of those 
days are largely forgotten or are healed in the amenities 
enjoyed. by the latter-day heirs of the first cycle of de- 
velopment. E. P. Thompson closes his history of the 
English working-class with the prayer that “Causes which 
were lost in England might, in Asia and Africa, yet be 
won”. 

The story has been the same in each industrial revolu- 
tion that has followed. In the United States, historians 
continue to celebrate the frontier. But it was 35 million 
steerage immigrants—a flood of humanity equal to the 
nation’s population at the end of the Civil War-—who 
furnished the primary capital for the industrial revolution 
which got under way at the middle of the nineteenth 


century. The American Negro’s present determined drive , 


to capture and assert his civil rights, after a century of 
putative emancipation, serves to remind Americans how 
the savings for the development of their country were 
corralled. 

Meanwhile, the nation which has most lately joined 


the circle of the rich nations looks back in dismay on the * 


cruel human cost of its brief, ruthless and successful 
revolution. Its moralists and economists deny that the 
now acknowledged costs are inherent in the dictatorship 
of the proletariat and arguo rather that these were paid 
to foreign invasion, counter-revolution and the cult of 
personality. Presumably, another generation of economic 
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studies will find that coercion served here, as it has served 
elsewhere sq invariably, the elementary function of capital 
form&tion. 

If these precedents must be followed, then the next 
few years will see the developing nations, one after 
another, come under authoritarian leadership. Admit- 
tedly, ad hoc régimes are more common than not among 
the poor nations, regardless of their rate of development 
or degree of stagnation. The nations which are moving, 
however, are those which are most harshly governed, and 
the rate of development seems to correlate directly with 
the disposition to apply and submit to coercion. 

Against the example of history past and present, India 
stands alone. India’s leaders have declared their determ- 
ination to bring about the industrialization of their 
country and the attendant radical reconstruction of the 
social order through the institutions of political democracy 
and without resort to coercion or the invocation of class 
hatred and violence. This experiment in development is 
as crucial as it is unprecedented. Should India fail, the 
grim cycle is fated to go on as before. Nor can the rich 
nations hope to remain spectators. Those in particular 
which hold stakes in the one-crop and mineral-extracting 
economies of the pre-industrial poor nations must antici- 
pate that the fervour of the new nationalisms will be turned 
against them. Given the instability and disorder in the 
relations of the rich nations, the proliferation of authori- 
tarian régimes among the poor will constantly increase the 
danger of war. That danger must ultimately become 
intolerable, as thermonuclear weapons find their way into 
the armament of the ‘nth country’. 

If the Indian experiment succeeds, on the other hand, 
this could be as significant a turn in history as the indus- 
trial revolution itself. 

With as much despair as hope one must admit that it is 
not yet possible to forecast either success or failure. The 
percentage gains under the first two Five-Year Plans 
havo been great. But the absolute magnitudes are small 
compared with the unmet need. One can say bravely that 
the work has begun ; but it is also clear that time is running 
faster with each month and year. The rapid increase in 
India’s urban population—the urbanization of poverty 
barely endurable in the shelter of the village—must go to 
de-stabilize political institutions not yet secure. 

The figures for the first two Plans show that their 
execution fell short of their goals; the Third Plan lags 
its time-table as well. But the figures show another fact: 
the gap in the Plans correlates with a persistent shortfall 
in the aid projected from overseas. After three Plans, the 
lesson should at last be clear. India’s vision of peaceful 
development rests on the expectation that the rich 
nations of the world will supply—by grant or long-term 
loan—a portion of the necessary capital. In the Third 
Plan this portion is explicitly declared to be 20 per cent 
of the total investment programme. 

By what right or logic does one nation thus lay uni- 
lateral claim on the wealth and bounty of others? The 
answer is to be found in the special nature and function 
of the aid expected. India, in the first place, proposes 
to supply 80 per cent of the capital; for her share in the 
effort India possesses the necessary resources in great 
plenty—in the form of unemployed geological wealth 
and under-employed man-power. The missing 20 per 
cent is technology—in the form of skills, engineering, tools 
and plant equipment. ‘These assets India does not yet 
possess in the self-regenerating abundance of the rich 
nations. Supplied from abroad, they will effect the 
junction of men and physical resources and produce 100 
per cent where the values are now zero or negative. 

This is the nature of the aid India seeks from abroad. 
The function of this aid is equally decisive. In India’s 
vision of development, aid is the offset to involuntary 
savings and the coercion necessary to secure them. 
Without aid in the volume projected, India would have 
to proceed, as other nations have done and are doing, to 
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extract the last ounce of surplus from insufficiency by 
coercive deprivation. 
External aid, in Indian planning, is the catalyst of 


. development. It supplies the technology which brings 


man-power into reaction with resources at lower social 
pressures and temperatures. With external aid, it becomes 
possible to dream of carrying development forward without 
sacrifice of the living generation to the promised welfare 
of the next. 

Aid, thus defined, is a misnomer. The word is as mis- 
leading, in view of the relation it implies between the 
poor and the rich nations, as the terms ‘particle’ and ‘wave’ 
in twentieth-century physics. The call for aid is not an 
appeal to the benevolence of the world; the condescension 
which burdens ‘aid’ derives from the values of pre-indus- 
trial technology and the days when some really had to go 
without. The demand for foreign aid (we are stuck with 
the term) which comes from India and other developing 
countries carries a rightful claim on the assets of twentieth- 
century civilization. The first among these assets is 
scientific knowledge and the power this gives man over 
Nature. Science and technology are the heritage of all 
men, because they constitute the accumulative experience 
of our species. That experience came to sudden fruition in 
the West; but no exclusive title to it is vested in the West. 

It is no coincidence that the popularization of woll- 
being in the West has been followed by the popularization 
of citizenship. Now India proposes that the institutions 
of self-government shall not await economic development 
but shall develop concurrently. To this end it calls on 
the rich nations to help supply the needed technology. 

Whatever the justice or propriety of this demand for 
foreign aid from the point of view of the poor countries, it 
exacts no saérifice on the part of the rich. Scienco and 
technology are not diminished by the sharing of them. 
It is the information—the accumulative human experi- 
ence—embodied in the tools and machines which the 
developing nations require, not the gross materials of 
which these artefacts of technology are mado, The 
materials represent the least of the values and tho smallest 
of the costs as well. The rich nations can respond to the 
demand for aid without perceptible cost to their well-being. 

Ths rendering of external aid can, in fact, relieve 
the rich nations of peculiar temporary embarrassments 
which arise from the mismatching of the progress of their 
technology and the evolution of their social and economic 
institutions. What I shall have to say under this hoading 
applies to a greater or lesser degree to all tho indus- 
trialized countries. I shall call, however, on the example 
of the United States because I know it best and because 
it represents industrialization in its present most fully 
realized form. If my analysis leads into paradox from 
point to point, this flows from the no less incredible nature 
of the facts and figures of the American industrial 
economy. The logic of its abundance necessarily inverts 
values and habits of thought predicated on the more 
familiar experience of scarcity. 

It cannot be said that foreign aid is a popular causc 
just now in American politics. India’s needs—and the 
needs of other developing countries—have nevertheless 
found direct resonance and firm support in the second 
most powerful economic interest in our political system. 
This is American agriculture. The reason it responds so 
abundantly is that agriculture is in many ways the tech- 
nically most progressive sector in the economy. Less than 
7 per cent of the American labour force is now engaged 
in agriculture. The contrast with the situation of India is 
drawn the more sharply in figures showing that most of the 
food consumed by the dwellers in American towns and 
cities comes from fewer than one million farms. Moro 
important to the food supply than the rest of the farmers 
and their hands are the two million workers in manufactur- 
ing who supply the fertilizers, tools and machinery, and 
who process and pack the food. More important than 
farmers or workers are the hundred thousand, or so, agri- 
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cultural technicians who keep the nation’s agricultural 
productivity on a constantly steeper upward slope. 
Despite continuing reductions in the number of acres 
and man-hours, the American cornucopia continues to 
pour forth a greater flood of produce. The output at the 
farm is equivalent to 12,000 calories per day for each man, 
woman and child in the land, enough to feed 1,000 million 
people. Americans feed some of it to animals, thereby 
exchanging carbohydrate for protein calories; we waste 
much of it; we give a great deal of it away, and still 
we have surpluses left over to keep in storage—50-160 
per cent of the annual requirement of all major grains. 

Especially during the past fifteen years, these develop- 
ments have confounded all efforts to manage American 
agriculture in accord with sound economic practices 
predicated on the assumption or the maintenance of 
scarcity. „The American agriculturist continues to talk 
orthodox classical or scarcity economics on Sunday, as 
we say. But he has meanwhile learned to practise a 
sensible pragmatic kind of abundance economics on week- 
days. Although he has not yet come to advocate anything 
so radical as production for use, he strongly favours pro- 
duction for production’s sake. 

Over the past decade one of the principal measures 
for sustaining the American agricultural economy against 
the crushing burden of its surpluses has consisted in 
shipping those surpluses overseas to feed the hungry. 
Since 1954, more than 9,000 million dollars worth, 75 
million tons, of agricultural commodities have been 
delivered to forty-four developing countries. Shipments 
of wheat alone have amounted to two entire bumper 
crops. India has been the principal recipient of these 
shipments—more than 2,000 million dollars worth. 

Under the legerdomain of Public Law 480, which sanc- 
tions this use of surpluses, the food is sold to the receiving 
Government at world prices. The payment is taken, 
however, in non-convertible currency and is loaned back 
to the recipient Government to finance economic develop- 
ment programmes. Sunday economics is thereby satisfied 
by the assurance that two dollars are made to grow in the 
place of one, and Public Law 480 stands as one of the 
most secure statutes on American books. 

In point of fact, as V. M. Dandekar has shown, food 
may be used to finance development. He found that food 
could be reckoned as 20 per cent of the cost of an average 
infra-structure project in the Second Plan. Conversely, 
food may be said to exert a five-fold multiplier in the 
financing of development. Surely food is, as Edward S. 
Mason has said, “‘as good as gold 1’. Most important, this 
food has fed the hungry and has bought time wherever it 
has been shipped and consumed. 

The benefits to the developing economy of the Public 
Law 480 food shipments are plain enough. One will 
scarcely credit, however, the benefits to the American 
economy. Here we have shipped out commodities of 
unquestionable intrinsic value; yet it is impossible to 
find that it cost Americans anything. The farmer was 
paid for his produce; in fact, as a result of these shipments 
and their salutary effect (salutary always means upward) 
on domestic American commodity prices (in accord with 
formule written into the law and too complicated to go 
into here), the farmer received more than 1,000 million 
dollars in extra income. The Federal Government, which 
unburdened its storage bins, made “savings in price 
support acquisitions, storage and interest’ totalling 545 
million dollars in 1958 and 1959 on shipments which cost 
668 million dollars. Because the law reserves such ship- 
ping to American bottoms, the American merchant 
marine gained nearly 250 million dollars in extra revenues 
from Public Law 480 during the first three years of its 
administration. Looking to the futuro, the fermers and 
their packors and shippers cheer themselves further with 
the prospect that these shipments have opened up new 
export markets for later dollar sales of American farm 
commodities. 
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Theoretically, the recipient countries have contracted 
to pay dollars some day for the foods and fibres shipped to 
them under Public Law 480; hopefully, they will be able 
to do so, in the long run, out of expanded national incomes. 
But the accounts have already been squared domestically 
inside the United. States in the short run. The Federal 
Government set the wheel turning with its payments of 
the taxpayers’ money to the farmer. These payments 
brought the farmer into the market as a customer for a 
long shopping list of consumers’ and producers’ goods 
the makers of which were glad to have a customer. 
Tho repercussions, multiplying the original transaction by 
two or three times, generated enough additional economic 
activity to bring income earners into tax brackets where 
they were liable for the additional taxes necessary to cover 
the original transaction. 

Ultimately, of course, one can reckon up some real 
costs to the United States—some millions of tons of 
irreplaceable soluble minerals extracted from its topsoil. 
But this kind of cost awaits a more rational system of 
accounting to place it on the national ledger. Meanwhile, 
on the books kept by its scarcity accountants, the Ameri- 
can economy shows nothing but plus signs. 

If aid in the form of food works so well for both parties 
to the transaction, surely it is worth while to explore the 
possibilities of other aid in other forms. Prof. P. C. 
Mahalanobis has set down some interesting reflexions on 
the comparative advantages to the recipient country of 
various forms of aid-in-kind. He shows that the foreign 
exchange cost of the food-grains needed to take care of 
the increase in India’s population in the course of a Five- 
Year Plan—assuming population growth at the steady 
rate of five million per year—would come to Rs. 4,500 
million. Alternatively, if India were to import the 
fertilizer needed to bring about the corresponding annual 
additions to the domestic production of food-grains, the 
foreign exchange cost would be reduced to Rs. 1,350 
million. Carrying the argument one step further, Mahal- 
anobis shows that to import the fertilizer factories to 
make the fertilizer to grow the food-grains would cost 
Rs. 120 million a year; this would bring the foreign 
exchange cost of nurturing the additions to the population 
during the Plan period down to Rs. 600 million. 

In a parallel and independent set of calculations, Howard 
Cowden, an American businessman and student of public 
policy in agriculture, has arrived at a similar conclusion. 
Cowden observes that one dollar’s worth of nitrogen 
applied where nitrogen is the limiting factor will get four 
dollars in additional yield. An investment of 100 million 
dollars in fertilizer factories will produce 3,000 tons of 
anhydrous ammonia a day; this much fertilizer will 
increase food production by 345 million dollars a year. 
Cowden’s logic encouraged the Co-operative League of the 
United States to urge that the U.S. Agency for Inter- 
national Development be authorized to join with its 
client countries in the building of 100 million dollars 
worth. of fertilizer factories, with Public Law 480 funds 
supplying the client’s half of the necessary investment 
capital. 

Since the logic works so well to this point, I, for one, 
am tempted to carry it still further, to the last step. 
My proposal is that India should set wp the steel plant to 
make the steel to build the fertilizer factories to produce 
the fertilizer to grow the food-grains. Going back to 
Mahalanobis’s calculations, let us take steel to constitute 
@ generous half of the foreign exchange cost of the fertil- 
izer factories needed to keep food production increasing 
in step with population growth; the biggest cost, of course, 
is engineering. The equivalent steel plant would have to 
be imported only once; on going into production, it would 
produce the steel for a fertilizer factory each year there- 
after. My proposal, therefore, calls for the ingot capacity 
needed to produce Rs. 60 million worth of finished steel. 
From India’s own experience in building steel plants it 
appears that investment in ingot capacity runs about 
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four times the value of its annual yield in finished steel 
and that forejgn exchange nowadays necessarily represents 
60 pe cent of such investment. The additional steel- 
making capacity to which I am referring would thus cost 
Rs. 150 million in foreign exchange (Rs. 60 million x 
4 x 0-60 = Rs. 144 million). By such investment India 
can reduce to one-thirtieth the Rs. 4,500 million foreign 
exchange expenditure for food computed in the first 
chapter of the Mahalanobis parable, an expenditure which 

would: have risen to an annual rate of Rs. 1,500 million 
in the fifth year. 

Of course, Rs. 150 million does not buy much in the 
way of a steel plant. India is a big country, however, and 
it can use a much bigger addition to its steel capacity. 
As Mahalanobis has observed: “In a big country it is 
possible and desirable to push back the manufacturing 
process to the utmost limit in order to expand continually 
its capacity to make investments increasingly out of its 
own domestic resources”. A plant appropriate to the 
size of India is planned at Bokaro; at its full projected 
capacity of four million ingot tons, Bokaro will represent 
an investment of Rs. 7,000 million. The Rs. 60 million 
worth of steel needed to keep Indian agriculture supplied 
with new fertilizer plants will take up only 3-3 per cent 
of its annual output. 

Here is an insight into one of the paradoxes of industrial 
technology: food production increases in volume and 
efficiency precisely in ratio with its decline as a percentage 
of total economic activity. The United States operates 
the world’s biggest agricultural establishment in terms of 
output, producing five times as much food as the people 
of the country need to sustain their nutrition; yet the 
agricultural sector accounts for less than 10 per cent of the 
gross national product. 

By this time, however, I do not suppose that anyone in 
India needs to be persuaded of the connexion between 
agricultural productivity and industrialization. Rather 
it is the peoples of the rich nations who do not yet see the 
connexion. between food and steel. The Bokaro episode 
in the relations of the United States and India is a case in 
point. It is worth closer examination for what it reveals 
about the prospects for fruitful collaboration of the rich 
and tho poor nations in the task of development. 

Two apparent lines of argument were advanced against 
American assistance to the building of Bokaro; the two, in 
fact, come down to one. What hurt most was the technical 
critique which cited deficiencies in personnnel, uncertain- 
ties as to raw materials and inadequacies of transportation. 
Not long ago, in the United States, we heard the very 
same arguments advanced against Henry J. Kaiser’s 
determination to build the first integrated steel plant in 
California—a plant which developed the lowest operating 


costs in the entire steel industry just as soon as Kaiser ` 


got it built. The supposedly tochnical critique of Bokaro 
may, therefore, be taken to be as purely ideological as 
the ideological arguments themselves. As for ideology, 
it must be admitted that Bokaro was the occasion for an 
old-fashioned camp-meeting of Sunday economists. 
Listening to the clamour, one might find it hard to believe 
that the American businessman, factory worker, sales- 
man, clerk and engineer, no less than the American 
farmer, are learning to live and work in pragmatic accom- 
modation with tho rising tide of abundance which has 
swept away the premises of the official ideology. 

The problems of production have long since been solved 
in the American economy. Its surplus arises not from 
tho classical process of coercive deprivation but consists 
in a true physical excess of product and of capacity to 
produce. Suecess in production has confounded the 
process of distribution. The distribution system requires 
that the would-be consumer holds a job in order that he 
may bring his need into the market place as effective 
demand. But technology has severed the connexion 
between people and production. Besides the farmers. not 
much more than 30 per cent of the American labour force 
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can now be classified as ‘producers of goods’, Since 1950. 
this category has not only declined as a percentage of a 
growing labour force but also even in absolute numbers. 
What is more, employment in distribution—which 
formerly helped so mightily to secure the distribution of 
goods by qualifying its own workers as consumors—has 
begun to yield to technological disemployment. The same 
is true of the white-collar clerical work force. Above all. 
from the ideological point of view, the most significant 
trend is the rising ratio of employment in the public as 
compared with the private sectors of the economy. More 
than half the new jobs created since 1950 are in the public 
sector. 

Now, the functions ira by the publie sector do not 
yield what is ordinarily reckoned as ‘profit’. The biggest 
expansion in jobs—more than a million new jobs in the 
decade—has come in teaching, a function which is charac- 
teristically public and which, in the United States, is the 
responsibility of local, municipal and State budgets. In 
percentage terms, scientific research and enginccring have 
been the most rapidly growing professions. Since the end 
of the Second World War the substantial growth—total- 
ling perhaps three million jobs—in these élite functions 
has been financed almost entirely by the public sector. 

In other words, against all the precepts and injunctions 
of its formal economics, the American social order has 
been accepting entirely new values and priorities. It 
has been forced to do so, in part, by the need to effect 
the distribution of its abundance via job-generated 
demand. Quite apart from the economic compulsions 
that justify such job-making, however, the values and 
the priorities have themselves begun to capture the 
public esteem. In this respect America lags behind other 
industrialized countries, where the public sector and its 
welfare functions have long turned over a larger portion 
of the gross national product and have held a higher moral 
priority. Nevertheless, the American solution to the 
management of abundance promises to set generous 
precedents for the world. Its public education system, 
for example, stands as the most truly democratie in design 
and motivation. even though the resolute effort to extend 
the best to all may slight both the brilliant and the 
backward. Significantly. the new functions fostered by 
materia] abundance are those which engage people with 
people rather than with things. In the end, wo may 
expect societies thus richly endowed to encourage in- 
creasing numbers of their citizens to pursue the practice 
of citizenship full-timo. 

Presumably, if the United States had already arrived 
at such a blessed estate there would be no trouble about 
foreign aid. An enlightencd and humano electorate 
would not fail to recognize its ethical obligations. But 
even now, in the present phase of America’s transition 
from the want and scarcity which confine so much of 
mankind, there is support for the expectation that this 
country may lead the rest of the industrial nations to 
sponsor development on a mcaningful scale. 

The American economy faces a serious crisis. The rate 
of growth in recent years has not much exceeded the 
increase in population; a high percentage of the country’s 


. industrial plant remains chronically idle, and unemploy- 


ment has been rising in waves of alarmingly larger 
amplitude. Automatic factories, offices and shops, in 
other words, have been producing as much poverty as 
wealth. Poverty is now officially acknowledged as an 
affliction of one-fifth of the population; something more 
like one-third of the people, however, remain ‘ill-housed, 
ill-clad and ill-nourished’. In part the situation has been 
concealed by the geographical segregation of poverty, 
for example, in the backwoods of Appalachia; by the 
social segregation of poverty in the Negro and other 
disadvantaged minorities ; and by the experience of 
poverty as a phase of life, in dreary years between schoo} 
and the first job and in years of unwilling ‘retirement’ 
enforced by abolition of the job. 
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The true situation has been even more grossly obscured 
by the hollow affluence of the war economy. Armaments, 
carrying as they do the absolute sanction of survival of 
the modern State, have had almost unquestioned command 

. of the public treasury. The steady stream of funds 
pumped into this economic sink has directly and indirectly 
subsidized from at least 10 to as much as 20 per cent of 
the nation’s total economic activity. ‘Space’, the ‘atom’ 
and ‘big science’ have held their catch-basins under the 
overflow of ‘defence’ and provided employment for 
many of the highly trained people that American society 
has been producing in such large numbers. It is a measure 
of the distance already travelled toward abundance that 
the economy can sponsor so much non-productive and 
even: purely wasteful activity not only without visible 
sacrifice but even as a covertly acknowledged means for 
maintaining consumer demand. The military budget 
has carried an additional ideological sanction in that it 
re-diverts something more than 5 per cent of the gross 
national product from the public directly back into the 
private sector. 

The advantage of technology has now, however, over- 
taken this makeshift arrangement. With the acquisition 
of over-kill, armaments have lost their absolute claim 
on the treasury.‘ Even in advance of a disarmament 
agreement a first small cut in the military budget is now 
before the U.S. Congress. 

Plainly the American economy must soon find other 
ways to sustain its activity at the present high rate. Since 
it will necessarily continue to produce surpluses beyond 
its own effective demand, the United States must invent 
new methods for disposing of them. Next to armaments 
the most convenient method would seem to be offered 
by foreign aid. As significant elements in the leadership 
of industry already realize, 80 cents out of each foreign-aid 
dollar is spent within the borders of the United States. 
In the prospective American collaboration on the building 
of the Bokaro steel mill, for example, “. . . what has to be 
financed is rolling mills, presses and other equipment 

' that has to be imported into India to construct this 
mill.... Those things ... cannot be bought with Indian 
‘rupees. They have to be bought—they will be bought 
entirely—in the United States if we finance this mill”. 
Moreover, just as in the case of military expenditures, 
foreign aid takes the goods it buys out of the domestic 
market, thereby maintaining the scarcities that still 
keep the economic mechanism ticking. 

Foreign aid thus calls on the same institutional relations 
between -Government and business as. armaments and 
provides an equally direct channel for diverting funds 
from the public back into the private sector. A sub- 
stantial foreign aid programme would generate demand 
for the products of neglected and vital sectors of industry, 
including the heavy machinery builders and the machine- 
tool industry, the domestic business of which proceeds in 
cycles of “chickens to-day and feathers to-morrow”. 
If shipments of fungible wheat can cultivate markets for 
American farmers, surely the installation of American 
machine tools would establish beachheads for future dollar 
markets. A radical expansion in foreign aid would also 
provide the most convenient way to soak up the surplus 
of engineering and research talent that is accumulating 
with the cut-back in national defence and prestige 
expenditures. During the period of 15-20 years which 
will be required, at a minimum, for the United States to 
bring its economic, social and value systems into adjust- 
ment with the advent of automatic production, foreign 
aid can relieve many of the nation’s internal stresses and 
strains. By the end of this period, given a sufficiently 
massive flow of aid, many of the developing countries, 
including India in particular, will have acquired the 
capacity for self-sustaining growth. 

If foreign aid has not yet rallied the support of signifi- 
cant numbers of interested parties in the rich countries 
outside the American farm bloc, this is only because it 
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has been conducted on such a pitifully inadequate scale. 

The rich nations variously inflate their clainis as to the 
size of their foreign-aid programmes. A dispassfonate 
estimate is provided by the 1962 report on thé economic 
and social consequences of disarmament to the Secretary- 
General of the United Nations, prepared by an inter- 
national group of expert consultants. The report indi- 
cates that the net flow of aid from rich to poor nations 
does not exceed 3,500-4,000 million dollars a year. This 
squares with independent estimates that the total rate 
of investment in the underdeveloped countries does not 
exceed 20,000 million dollars—or less than 20 per cent of 
the armament outlays of the rich nations. To the present 
flow of 3,500-4,000 million dollars, the United States 
contributes about 40 per cent or something under 2,000 
million dollars, a figure which agrees well with the official 
American governmental figures, less the funds laid out for’ 
military purposes. 

Since the American economy must soon find conveni- 
ently large open sluices for its surpluses—other than 
armaments—its foreign aid outlay could easily double. 
With disarmament, it might easily double again. If the 
United States were thus to take the lead in expanding 
the scale of external aid to the development of the poor 
countries, as it already leads in the rationing of the current 
trickle of aid, the total flow might equal or even exceed 
the 14,000 million dollars figure projected by the first 
committee of experts that considered this question for the 
General Assembly of the United Nations in 1951. With 
external aid on such a scale, the total investment pro- 
grammes of the poor nations could be boosted to as much as 
100,000 million dollars a year and might begin to approach 
the world’s outlay for armaments. An increasing number 
of taxpayers in the United States and in other countries 
are ready to agree that foreign aid is a better buy. 

There is another aspect to the relations of the rich 
and the poor nations, however, which presents consider- 
able hazard to the generation of a significantly large flow 
of foreign aid. Again, Alexander Herzen has put the 
issue plainly: “So long as the educated minority, living 
off all.previous generations, hardly guessed why life was 
so easy to live; so long as the majority, working day and 
night, did not quite realize why they received none of 
the fruits of their labor—both parties could believe 
this to be the natural order of things. ... People often 
take prejudice or habit for truth and in that case feel no 
discomfort; but if they once realize that their truth is 
nonsense, the game is up. From then onwards it is 
only by force that a man can be compelled to'do what he 
considers absurd”’. 

The absurdity of the arrangements which enforce 
poverty in the twentieth contury is. becoming clear the 
world over. Development in some countries can come 
only with social and political as well as industrial revolu- 
tion. In almost every country, it implies the revision or 
abrogation of the last thread of the colonial bonds that 
tie the developing country to its ‘home’ country. 

No matter what the leitmotiv or the bloody detail of 
each cycle as it gets under way, the extension of external 
aid can facilitate the underlying process of capita] forma- 
tion and soften its demands on the people. India’s 
experience will prove decisive to the course of the develop- 
ment in all the other rising nations. For India’s planners 
have plainly detailed the nature and the function of 
foreign aid and called for it on a scale sufficient to chal- 
lenge the conscience as well as the interest of the peoples 
of the rich nations. 

It is important to know that foreign aid on an adequate 
scale is technologically feasible and that it promises as 
much economic benefit to the rich as to the poor. The 
ground is cleared for confrontation of the moral issue. In 
the case of the United States, I am sure, external aid will | 
begin to flow in significant volume just as soon as the 
Americans understand that their surpluses can lift the 
burden of history off the backs of the living generation. 
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EVIDENCE FOR PORPHYRINS IN THE ORGUEIL METEORITE 


By Er. G. W. HODGSON and B. L. BAKER 
Research Council of Alberta, Edmonton, Canada 


a | eae composition of extraterrestrial bodies has long 

been a matter of much interest, and recent advances 
in analytical techniques have permitted intensive probing 
into the nature of meteorites falling on the surface of the 
Earth. This has been particularly true in the case of 
carbonaceous meteorites. The most abundant meteorite 
falls involve stony meteorites, and these chondritic stones 
almost always have very low contents of carbon!. How- 
ever, a few, known as carbonaceous chondrites, have 
appreciable carbon contents. The carbonaceous chondrites 
contain as much as 7 per cent carbon, and the carbonaceous 
material has long been known to contain hydrocarbons’, 
with recent work using modern analytical methods 
serving to define more clearly the nature of the hydro- 
carbons**, Fatty acids have been found in the well- 
known Orgueil type I carbonaceous chondrite’, and a 
report has been made of the occurrence of amino-acids in 
the same meteorite’. Nagy et al. have reported indications 
of nucleic-acid-like substances within the rock structure’, 
and organized elements resembling fossilized algae have 
been comprehensively described by Nagy et al.?-. That 
such, compounds and microstructures should exist in the 
most exhaustively examined carbonaceous meteorite has 
directed much attention on the origin of such extra- 
terrestrial bodies. Obviously, the nature of the com- 
pounds reported so far suggests a biogenic agency, since 
it is generally agreed that similar compounds occurring in 
terrestrial rocks have biogenic sources, even thoagh the 
occasional terrestrial carbonaceous accumulation has been 
attributed to abiogenic mechanisms'?+}8, 

While the existence of hydrocarbons and the other 
organic compounds strongly suggests a biogenic source 
for the carbonaceous material of the meteorites’, a stronger 
argument for biogenicity would arise from the finding 
of specific organic compounds more directly related to 
life processes. For example, a more exhaustive search for 
optically active material using powerful modern instru- 
ments now available might be effective in extending or 
reversing the findings reported by Mueller!* more than ten 
years ago for the apparent absence of optical activity in 
the Cold Bokkeveld carbonaceous meteorite. Indeed, 
present investigations by Nagy et al.® are extending the 
limit of detection another order of magnitude and seem 
to result in the finding of optical rotation in the Orgueil 
organic matter. 

Another class of organic compounds pertinent to the 
question of biogenicity is that of the porphyrins, since 
these or closely related compounds appear to be common 
to almost all living organisms'*. The purpose of this 
article is to report findings in a search for such compounds 
in the Orgueil meteorite. Porphyrins are generally 
detected and measured by means of their characteristic 
light-absorption patterns, and several examinations of 
Orgueil samples in this work have shown responses which 
appear to be indistinguishable from those for porphyrin 
compounds existing in terrestrial sediments. In particu- 
lar, coloured substances extracted from the Orgueil 
samples and separated by chromatography in a manner 
commonly used in this laboratory for porphyrins in recent 
and ancient sediments appear to be similar to vanadyl 
porphyrins. The indicated level of concentration of such 
D pigments is in the range found for terrestrial 
rocks. 


structures for individual porphyrin compounds. 


Porphyrins and Chlorins 


‘Porphyrin’ is a class-term referring to compounds 
composed basically of four pyrrole units linked together 
by four methine bridges into a cyclic planar molecule!?-*°, 
There is much scope for substitution of the eight B-hydro- 
gen atoms as well as for the four hydrogen atoms on the 
methine bridges, giving rise to a large number of aes 

© 
most common substituent groups are alkyl and alkyl 
acid groups, with the alkyl unit being methyl or ethyl, 
and the acid commonly being a propionic acid side-chain. 
The best-known porphyrin compounds occurring in living 
organisms include the blood pigment hemin, which is a 
dicarboxylic acid porphyrin with an iron atom complexed 
in the centre of the molecule. It is convenient in organic 
geochemistry to write such a compound as FoP (COOH): 
Cl, where Pp refers to ‘pigment, porphyrin’. The iron 
may be removed by various means, for example. strong 
acid attack, to yield the free prophyrin pigment. 
H,P;(COO#),. 

A closely related group of pigments are tho chlorins. 
Present nomenclature usage applies the term chlorin to 
both chlorns and phorbins as defined by Fischer”. 
These compounds differ from porphyrins only in that one 
of the resonating double bonds in the basie porphyrin 
structure is saturated. The molecule thus has two 
‘extra’ hydrogen atoms, and the chlorins (which are 
green) are therefore sometimes known as dihydroporphy- 
rins. Chlorins also form metal complexes. These may be 
written, for example, as MP-COOH for a metal complex 
of a monocarboxylic acid chlorin, where MM refers to a 
divalent metal atom and Pe to ‘pigment, chlorin’. Again, 
the metal atom may be removed to form a freo pigment, 
for example, H,P-COOH. The best-known and probably 
the most widely distributed chlorin pigment is chlorophyll 
a, which might be written as MgP-COOR, where R refers 
to the phyty] alcohol group in the ester of the propionic acid 
side-chain. 

Porphyrins and chlorins are thus common to nearly all 
living organisms, and it is not surprising to find them 
wherever life is present, either in an active form or in a 
fossil form. Recent sediments are well known for their 
chlorin contents?!-**, and ancient sediments including 
petroleum, oil shale and coal have long been recognized 
as containing porphyrin pigments?*. Soils have been 
investigated to some extent, and chlorins have been 
observed??. Chlorins are evidently slowly converted to 
porphyrins under geochemical conditions, with chloro- 
phyli-like pigments being transformed to the principal 
porphyrin pigments of ancient rocks?%24, Recent sediment 
chlorins are commonly of the H,P-COOR and H,P-COOH 
types, with lesser amounts of metal complexes such as 
VOP-COOR and VOP-COOH; such vanadyl pigments 
are apparently derived directly from the same compounds 
in living plants*®. Ancient sediment porphyrins aro usually 
the decarboxylated derivatives of the recent sediment 
pigments. Petroleum, for example, contains VOP» 
and NiP, as the major pigments containing vanadium 
and nickel, with lesser amounts of the acids VOP COOH. 
and NiP COOH, and on some occasions at least the 
corresponding vanadyl ester VOP COOR (ref. 28). 
NiP,COOR has been reported in a Tertiary shale*. 
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Porphyrins and chlorins and the metal complexes of 
these pigments absorb light strongly in the blue end of the 
visible spectrum in a band at about 400 mu commonly 
known as the Soret band. Porphyrins, both freo and 
complexed, also absorb in the 500-600 my range, with an 
intensity about one-tenth that of the Soret band. Chlorins, 
on the other hand, absorb in the 600-700 mp range for 
the most part. The intensity of the chlorin non-Soret 
peaks is usually much greater, commonly being 3-5 times 
stronger than the corresponding porphyrin non-Soret 
bands. The free pigments are soluble in aqueous acid 
solutions because of the two pyrrole hydrogen atoms, and 
replacement of these through metal complexing renders 
the pigments acid-insoluble. At the same time the four 
principal non-Soret absorption peaks are generally 
reduced to two, and the molecule becomes more stable to 
geochemical degradation®®, The spectra of esterified 
porphyrins are very similar to those of the corresponding 
decarboxylated porphyrins*. 


Significance of Porphyrins and Chlorins in Meteorite 
Samples 


Porphyrins and chlorins in meteorite samples may have 
a dual significance. If porphyrins are present, the sug- 
gestion for biogenicity for the large number of organic 
compounds in the meteorite is strengthened since these 
pigments are directly related to life-processes**. On the 
other hand, the evidence for the.presence of hydrocarbons, 
organized elements, and other organism-oriented struc- 
tures has tended to be discounted by Anders et al.31-39 
and others*’—-? in terms of terrestrial contamination of the 
extraterrestrial bodies. If a meteorite sample had 
indeed been seriously contaminated by soils or recent 
sediments the chlorin content of the sample would be 
expected generally to exceed that of the porphyrins, 
since these contaminants appear to have a higher chlorin 
than porphyrin content®®.27.28. In a similar manner, if 
the meteorite sample had been contaminated by air-borne 
dusts the porphyrin-chlorin make-up of the samples 
should reveal such contamination. Consequently, the 
examination of meteorite bodies for both porphyrins 
and chlorins might be expected to produce some informa- 
tion of value in the ever-present contamination question. 

The account of the present investigation on the Orgueil 
meteorite deals with seven sample units including non- 
carbonaceous chondrites and dusts. Basically, the analyti- 
cal procedures were those used in present investigations 
in these laboratories with modifications dictated by the 
special character of the sample or by the limited avail- 
ability of the sample. In general, the powdered sample 
was extracted with organic solvents. The extracted 
material was chromatographed in a search for absorption 
features in. the range of 300-750 my which might be 
indicative of porphyrins and chlorins. In most instances 
additional examinations were made to characterize more 
fully the substances responsible for the absorption features 
which were noted. Comprehensive blank procedures and 
. extensive checks on the solvents and equipment were 
employed throughout the investigations. All the analyses 
were made in laboratories not hitherto used for porphyrin 
and chlorin work; all the glassware and supplies were 
drawn from new stock. The care in handling the meteorite 
materials approached that used in radioactive tracer work. 
The majority of the laboratory investigations were carried 
out in the laboratories of the Research Council in Edmon- 
ton; some partially processed meteorite extracts were 
obtained from the laboratories of Prof. Nagy in Fordham 
University, New York; other investigations were under- 
taken by one of us (G. W. H.) in the laboratories of Prof. 
Nagy in the University of California, San Diego, La Jolla, 
and completed in the Edmonton laboratories. In the 
course of these investigations the following samples 
were examined: (1) Bruderheim and Peace River non- 
carbonaceous chondrites—Edmonton; (2) 9-g Orgueil 
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carbonaceous chondrite sample—Edmonton; (3) Orgueil 
non-saponifiable material from New York-eEdmgnton; 
(4) dusts—Edmonton; (5) 21-g Orgueil sample—La Jolla; 
(6) 7-g Orgueil sample—La Jolla and Edmonton; (7) 
porphyrin and chlorin control samples—Edmonton. 


Bruderheim and Peace River Non-carbonaceous 
Samples 


The Bruderheim chondrite was observed to fall in the 
Edmonton area in 1960, and was collected by Folinsbee 
and Bayrock**; similarly, the Peace River chondrite was 
collected in April of 1963 .in north-western Alberta 
within 4 weeks of its observed fall44, Both chondrites were 
non-carbonaceous, and samples were kindly provided by 
Prof. Folinsbee of the University of Alberta for use as 
controls in the analysis of the carbonaceous Orgueil 
samples. The Bruderheim sample from the B-74 stone 
weighed 27 g after removal of the burned crust from the 
fragment supplied. It was crushed with a hammer and 
special anvil to about minus 80 mesh, and extracted with 
two 200-ml. portions of benzene-methanol (9-1 v/v) 
solvent in a Soxhlet extractor using a paper thimble. 
The extraction periods were 8 and 16 h. The extract 
solutions were only slightly coloured. On reduction of 
the combined extract solutions to 1 ml. for spectral 
examination using Beckman DK-2 and DB spectrophoto- 
meters, a broad peak centring on about 589 mp* was 
observed. A faint response at 658 my was detected also. 
Two samples of the Peace River chondrite were examined: 
one of 21 g from the No. 1A stone, and the other, 28 g, 
from the No. 4 stone. These were treated in exactly the 
same manner as the Bruderheim sample, and each showed 
a pair of bands in the 500-600 my. range, at 536 and 589 
my. A slight response at 658 mp was noted for the sample 
from the No. 4 stone. While the location of the bands at 
536 and 589 mu fell in the range for porphyrins and the 
band at 658 my in the range for chlorins, they were unlike 
porphyrin and chlorin bands in that they were very broad; 
further, no evidence for Soret peaks in the 400 my region 
was apparent. Consequently it was not possible to 
attribute any of the bands to porphyrins or chlorins. The 
spectral data for these samples as well as for all the 
subsequent samples are summarized in Table 1. The limits 
of detection for these three non-carbonaceous samples 
were about 0-03 ug for porphyrins and 0-1 ug for chlorins, 
corresponding to about 0-001 and 0-004 p.p.m., respec- 
tively. 


9-g Orgueil Carbonaceous Chondrite Sample 


A 9-g sample of an Orgueil stone was obtained in 1963 
from the Montauban museum through the good offices of 
Dr. G. Claus and Prof. B. Nagy of New York University 
Medical Centre, New York, and the University of Cali- 
fornia, San Diego, La Jolla, respectively. The sample 
showed the white efflorescence commonly noted for the 
Orgueil meteorite’. The sample was crushed and ex- 
tracted in the same manner as the non-carbonaceous 
meteorite samples. The extract solution was intensely 
coloured, evidently due to the sulphur in solution: Most 
of the coloured material was recovered in the initial 8-h 
period, with further colour appearing in the subsequent 
16-h period. The extraction was continued for a total of 
48 h, with little further colour appearing. A direct 
examination of the coloured solutions revealed no specific 
absorption bands. The extracted material was transferred 
to a n-hexane—benzene (1:1 v/v) solvent system by 
evaporating the combined benzene-methanol extract 
solutions to incipient dryness under a filtered nitrogen 
atmosphere before adding the mixture of n-hexane and 
benzene. As summarized in Fig. 1, the n-hexane—-benzene 
solution was passed through a small silica-gel (British 
Drug Houses, silica gel for chromatographic adsorption) 
chromatographic bed (1 em diam. x 0-5 cm deep) 


*This wave-length and all others reported in this article, unless otherwise 
noted, have been corrected to correspond to the didymium peak at 405 mz. 
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ORGUEIL METEORITE NINE-GRAM SAMPLE 
: š f - 
L °.% 


CRUSHED & EXTRACTED WITH 


BENZENE- METHANOL 





INSOLUBLE RESIDUE 





EXTRACTED WITH HBr, 30% IN ACETIC ACID 


INSOL. RESIDUE SOLUBLE 


n-HEXANE-BENZENE 


SOLUBLE 


TRANSFERRED TO n-HEXANE -BENZENE 
CHROMATOGRAPHED ON SILICA GEL 










TRANSFERRED TO n-HEXANE 





RESIDUE- SULPHUR 





SOLUBLE 





ape i j -CHROMATOGRAPHED ON'SILICA GEL 





1 








n-HEXANE 
387,431,439 mp 








n-HEXANE-BENZENE 
410,573 mp 









BENZENE 
367,412,573mMp 


BENZENE-METHANOL | 
nil 








Fig. 1. Flow sheet illustrating the steps taken in obtaining fractions containing specific pigments from the 9-g sample of the Orgueil carbonaceous 


meteorite. The features at 387-388, 431 and 439 


were evidently not due to the presence of porphyrins; those at 410, 412 and 573 ma were due 


to pigments presently indistinguishabie from esters of vanadyl porphyrins found in terrestrial sediments and petroleum 


de-activated with methanol and pre-wetted with n-hexane— 
benzene. The n-hexane-benzene eluate appeared to 
contain much of the sulphur. The subsequent benzene 
eluate was less highly coloured, arid the following benzeno- 
methanol (19:1 v/v) and methanol (100 per cent) eluates 
were also highly coloured. None of the solutions showed 
absorption features, probably because of the intense 
background absorption due to the sulphur. Metal 
porphyrins, if present, would be expected in the first two 
eluates, that is, the n-hexane-benzene and benzene 
eluates**.?8, The evaporation of the n-hexane—benzene 
solvent precipitated much of the sulphur which was 
removed through decantation. The sulphur was washed 
with n-hexane and the solution added to the benzene 


eluate, which was then reduced to incipient dryness. A_ 


second chromatographic column was prepared and the 
n-hexane soluble material introduced to it, in effect 
providing a n-hexane elution of both the solid residue and 
the column. This was followed by an elution with 
n-hexane—-benzene, benzene and benzene-methanol. 
Absorption: features were apparent in the first three 
eluates. The n-hexane eluate showed faint absorption 
features at 387, 431 and 439 my. The next eluate showed 
very faint features at 410 and 573 my; the benzene eluate 
following this showed a distinct absorption band at 
412 my, and faint absorption features at 573 and 387 mp. 

The extracted meteorite sample was removed from the 
extraction thimble and treated further with hydrobromic 
acid, 30 per cent in glacial acetic acid, which is used for 
desorbing and demetallating metal complexes of porphy- 
rins in samples of coal*8. This failed to reveal any further 
pigment material. 

As summarized in Table 1, analyses of ancient sediments 
and petroleum produce similar results. The first chromato- 
graphic fraction from silica gel contains materials with 
absorption features at 393 and 555 muy (in ether) which are 
attributed to nickel complexes of decarboxylated porphy- 
rins, that is, NiPp. Subsequent eluates with benzene 
or benezene-chloroform give features at 410 and 575 my 
(in n-hexane-benzene)* which are attributed to the corre- 
sponding vanadyl complexes, that is, VOP,. Thus the 
analysis of the 9-g sample of the Orgueil meteorite, 
in contrast with those of the other two meteorites, showed 
evidence for pigments similar to those of ancient 
terrestrial sedimentary rocks and petroleum. 


` 


The benzene eluate containing the pigment which 
resembled a vanadyl porphyrin was examined further. 
Chromatographically, if this pigment were a porphyrin 
it was evidently either an ester or a decarboxylated metal 
complex; to resolve this question the eluate was sub- 
jected to saponification conditions similar to those used 
for petroleum pigments using 10 per cent aqueous 
potassium hydroxide under reflux for 30 min®*. On 
resolution into alkali-soluble and alkali-insoluble fractions, 
all the pigment which was recovered was alkali-soluble, 
thus indicating that the Orgueil pigment was probably 
the ester, VOP COOR, and not VOP,;. Only a few 
analyses for esterified- pigments in petroleum have been 
made, but the VOP COOR pigment class was reported to 
occur in a Cretaceous crude oil?*. If the spectral response 
at 412 mu in the 9-g sample is to be attributed to esters 
of vanadyl porphyrins, the indicated level of concentra- 
tion is 0-011 + 0-003 p.p.m. of the meteorite sample, or 
about 0-16 p.p.m. of the carbonaceous components. 


Orgueil Non-saponifiable Material from New York 


Investigations on the carboxylic acids in the Orgueil 
meteorite were done by Nagy and Bitz‘, and in the course 
of the extraction and saponification of the organic matter 
in the sample, major fractions consisting of benzene- 
soluble but non-saponifiable organic matter were obtained. 
These representing two separate stones from the Montau- 
ban Museum early in 1962, in three solutions, were kindly 
made available by Prof. Nagy. Each was derived from 
about 12 g of meteorite, but none of the solutions as 
received showed any specific absorption features. To 
permit more intensive examination, each solution was 
evaporated to incipient dryness for chromatography. 
The n-hexane-soluble material of each was introduced 
to a silica-gel column as before, and a n-hexane eluato 
obtained. Afterwards, the n-hexane insoluble material 
was taken up in n-hexane—benzene (1:1 v/v) and added 
to the column, producing a further eluate. Additional 
elutions with benzene, benzene-methanol (9:1 v/v) and 
methanol were carried out. Only the n-hexane eluate 
showed specific absorption features. These appearcd at 
387, 432 and 439 muy. in each of the three samples of non- 
saponifiable material. One also showed a faint response 
at 404 muy, similar to that observed in the 9-g Orgueil 
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Table-1, SUMMARY OF LIGHT-ARSORPTION FEATURES 
Wave-length (mz *) ° 7 
Sample $$ $$ _ |---| 
800-360 360-390 395-415 415-430 430-500 500-550 550-600 600-750 
‘Brauderheim B-74 _ _ _ _ 689 ben-meth | 658 ben-meth 
Peace River No. 14 — — — 536 ben-meth | 589 ben-meth m 
Peace River No. 4 — — — 536 ben-meth | 689 ben-meth | 658 ben-meth 
Orgueil 387 hex 410 hex-ben, 431 hex, — 573 hex-ben ~~ 
412 ben 439 hex 
Orgueil, non-saponifted 887 hex 404 hex a hex, — — — 
ex 
Orgueil, non-saponified 887 hex — 432 hex, — — mn 
439 hex 
Orgueil, non-saponified 387 hex — R hex, -== — me 
ex 
Orgueil, non-saponified 887 hex 402 hex-ben — 432 hex, — 577 hex-ben | 659 hex-ben 
ex 
Edmonton dusts — 396 hex, — — — 570 hex 652 eth 
` po 407 hex, 
A 408 eth : 
Orgueil 800, 330, | 387 ben-meth | 405 ben — 438, 444 "` — — oe 
337, 343 | 388 hex-ben hex-ben 
4 hex i 
Orgueil 7-06 |337 hex | 388 hex 407 hex-ben | 426 hex j 483, 441 hex- — — = 
E 411 ben ben, ‘ 
> 409 eth 475 ben-meth 
Porphyrin and chiorin[ E 
control ; 
(a) Ancient shale por- — 395 ben, — — 547 ben 568 ben _ 
phyrins a 410 ben 
(b) een vanadyl } — — 411 ben-meth — — 527 ben-meth | 567 ben-meth _ 
porphyrins 
(c) Commercial chloro- _ 411 ben-meth — 432, 453, 478 — — 622 ben-meth 
phyll ~ ben-meth 
Petroleum porphyrins se8eth ` | 410 hex-ben = — — 555 eth, m 
* (ref. 25) , . 575 hex-ben 




















rave kenchi reported are for the solvents indicated, that is hex, n-hexane; hex-ben, n-hexane-benzene; ben, benzene; ben-meth, benzene-methanol; 


and eth, dicthyl ether. 


fractions, but shifted slightly to shorter wave-lengths. 
All the n-hexane eluates were combined and re-chromato- 
graphed on silica gel. The n-hexane eluate showed stronger 
absorption features than before at 387, 432 and 438 mu. 
The n-hexane—benzene eluate showed faint responses at 
402, 577 and 659 mp. It is possible that these may have 
been due to vanadyl porphyrins (402 and 577 mp) and 
chlorins (402 and 659 my). If the former were an indica- 
tion of porphyrin material, its concentration was very 
much Jess than in the 9-g sample; if the latter were an 
indication of chlorin pigments, it was the first evidence 
of such pigments in the meteorite samples examined, and 
corresponded to no more than 0-0014 p.p.m. of the 
meteorite sample. Further eluates from’ the column 
showed no specific absorption features. 

- The n-hexane eluate was re-chromatographed on 
alumina (Fischer certified chemical, for chromatographic 
analysis,. 80-200 mesh) in & bed 1 em x 0-5 cm. The 
n-hexane eluate showed stronger responses at 387, 432 
and 438 mu. The following »-hexane-benzene eluate 
showed even stronger responses at the same wave-lengths. 

The 387 my response may have been due to a nickel 
porphyrin, and an attempt was made to test this possi- 
bility by cleaving the metal—porphyrin bond with 12 N 
hydrochloric acid. The results, however, were indetermin- 
ate, and the assignment was far from certain. 

In summary, the 412 my pigments of the 9-g intact 
meteorite sample were not found in the non-saponifiable 
material of the New York samples. If this response at 
412 mu was due to esterified pigments, it would not 
have been expected in the non-saponifiable material, 
thus tending to confirm the designation of the 412 my 
band to meteorite VOP COOR. It is not likely that the 
432 and 438 my peaks represented porphyrin structures, 
since porphyrin absorption at these wave-lengths is very 
uncommon. Similar peaks have been observed, however, 
in extracts of petroleum and ancient sediments*®. 


Dusts 


Five samples of dust were included in this introductory 
part of the meteorite investigation to give an indication 


of the magnitude of the contribution of porphyrins and 
chlorins to be expected from dust contamination. The 
samples of dust representing accumulation periods ranging 
from six weeks to forty years were as follows: current 
vacuum cleaner floor sweepings from a domestic residence; 
current dust from the filter of the furnace of the same 
residence, that is, air-borne dust; dust from furniture 
stored in the attie of a church for a period of 10-15 years; 
dust which had accumulated beneath the organ of the 
same church for at least 10 years; dust sampled from the 
exterior top surface of a furnace. in another domestic 
residence, where it had accumulated over a period of 
40 years at temperatures as high as 40° ©. Chlorins were 
present in all samples, as indicated by peaks at 408 and 
652 my (in ether). Features at 396, 407 and 670 mp (in 
n-hexane) indicated porphyrin pigments similar to those 
of petroleum and ancient sediments, at concentration 
levels no more than one-tenth that of the chlorins, in all 
samples. The chlorin contents of the five samples were 
estimated to be 15, 100, 25, 3 and 60 p.p.m., respectively. 
If the indicated porphyrin content of the 9-g Orgueil 
sample were due to porphyrins in dust contaminants, the 
ehlorin content should have been more than ten times 
greater than the porphyrin content, rather than very much 
less, if present at all. These limited data therefore sug- 
gest that the porphyrin material indicated for the Orgueil 
meteorite sample was not present as a result of dust 
contamination. The same argument would also apply 
to contamination by soils, since the chlorin content of 
soils is evidently also much greater than the porphyrin 
content?’. 


2l-g Orgueil Sample 


An opportunity was made available by Prof. Nagy and 
the University of California, San Diego, to take part in 
the examination in La Jolla of a 21-g sample of another 
Orgueil stone—one which had been provided by the 
Montauban Museum later in 1962. Nagy et al. were 
examining the carboxylic acids in the sample with particu- 
lar emphasis on optical activity’*. Special care had been 
taken to remove possibly contaminated surface material 
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from the stone by cutting away the surface. Again, as 
in thg caseeof the New York samples, saponification 
samples were available which represented successive 
extractions on the same sample. The extraction and 
saponification reactions were carried out in a Soxhlet 
extractor with the powdered sample in a glass thimble 
with a fritted glass bottom. The extraction therefore 
proceeded more slowly than in the case of the 9-g Edmon- 
ton sample. 

Four solutions of extractable but non-saponifiable 
material representing extraction times totalling 57 h were 
available. A Beckman DK-2A spectrophotometer was 
used in the spectral examinations. The first extract 

` solution showed no absorption features; the second was 
also devoid of specific absorption bands; the third showed 
a very slight indication of 387 mp material; the fourth, a 
clear 387 mu peak, and a slight indication at 444 mu. 
In a search for porphyrin and chlorin pigments, the first 
and third non-saponifiable extracts were chromatographed 
on silica gel in the same manner as the New York samples. 
None of the eluates from the first extraction showed any 
absorption features. In the chromatography of the third 
solution, the n-hexane—benzene eluate showed distinct 
features at 388 and 438 mp. The subsequent benzene 
eluate showed a faint band at about 405 my. No chlorins 
were evident; the 432 my material of the New York 
samples was not confirmed by the 2l-g La Jolla sample, 
while the 428 and 388 bands were more distinct.in the latter. 

As in the cise of the New York samples, the 412 mp 
band tentatively attributed to VOP COOR pigments was 
missing. A search was made for it in: (a) the saponified 
material; (b) the aqueous partition layer from which the 
saponified material was recovered. No evidence of it 
was found in either, and it was concluded that it may well 
have been destroyed in the extraction—-saponification 
process. - 

Attention was directed to the 388-my material to 
establish whether it was a nickel porphyrin. First, it 
was put under strong hydrochloric acid attack to test a 
demetallation reaction. Twelve normal hydrochloric acid 
under reflux for 15 h did not give an indication of demetal- 
lation, with the acid-insoluble material continuing to 
show absorption at 388 and 438 mp. A similar result was 
obtained after contacting 5 ml. of 18 N sulphuric acid 
with the pigments dissolved in 50 ml. of n-hexane, threugh 
shaking in a separatory funnel at room temperature for 
5 min. A third experiment using 36 N sulphuric acid 
obviously altered some of the organic matter, but the 388 
material and some of the 438 mu material survived. Since 
nickel porphyrins decompose under similar conditions**, 
it seems clear that the 388 my response could not be due 
to a nickel porphyrin in the Orgueil meteorite. 

An examination of the solution containing the 388 mu 
material in the near ultra-violet revealed a series of peaks 
at 300, 330, 337 and 343 my. (uncorrected) in keeping with 
benz-perylene types of structures which also show absorp- 
tion in the 300-400 mu regioni”, The locations of Soret 
peaks of porphyrin metal complexes are sensitive to sol- 
vents**, This 388 mp material was therefore transferred 
from n-hexane through carbon tetrachloride, ether and 
benzene to methanol, and the narrow range of peak loca- 
tions, 388-392 my, again failed to indicate a porphyrin 
substance. 

The identity of the 438 my material appears to be dis- 
tinct from the 388 mu pigment, but nothing further is 
known about it. Few porphyrins or chlorins absorb in 
this range, with the exception of chlorophyll a and closely 
rolated compounds which are so unstable that they could 
not survive the acid treatments. 


7-g Orgueil Sample 


In an attempt to resolve the question of the missing 
apparent porphyrin in the saponification processes, 
another sample of the Orgueil meteorite was examined in 
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a manner which would check and extend the 9-g Edmonton 
results. The new sample was part of the late 1962 
Montauban sample from which the foregoing 21-g 
fragment had -been selected. It consisted of small frag- 
ments which were ground in a mortar and pestle unit 
before extraction in a Soxhlet apparatus, using benzene - 
methanol (9:1 v/v) with the powdered sample in a fritted 
glass thimble. After extraction for 5 h, the solution was 
quite dark as in the case of the Edmonton sample, but 
there was little indication of any 412 my absorption 
features either before or after chromatography on silica 
gel using a long (1 emx14 cm) column of as-received 
silica gel. No chlorins were indicated. Features at 435 
and 443 my were present, however. Much sulphur camo 
out of solution in the initial stages of the chromatography. 
This was examined for the possibility of pigment adsorp- 
tion on its surface, but no additional recovery was 
achieved. 

After further extraction for 7 h, a third extraction for 
an additional 17 h was carried out. There was evidence 
that the extraction was proceeding slowly. The second 
and third extract solutions were combined with the 
sulphur-free fractions of the first extraction solution and 
chromatographed on a short methanol-deactivated silica- 
gel column, producing a distinct 407 my band in the 
n-hexane—benzene eluate, and a weaker band at 411 mz 
in the subsequent benzene eluate. 

The fourth extraction of the 7-g sample, representing 
a further sixteen hours, produced little additional 407- 
411 mp material, but chromatography on a deactivated 
silica-gel column (1 em x 4-7 em) revealed a clear-cut 
388 my material in addition to a sharp peak at 433 and 
smaller ones at 426 and 441 mu. These evidently confirm 
the 430-445 absorption features in the saponification 
samples. An indication of specific absorption at 475 mp 
was also observed. 

The n-hexane~benzene eluate of the combined extracts 
was examined further to test the nature of the 407 mp 
pigment. Tho 407 my. peak was found to be quite sensitive 
to solvent, both in location and resolution. In the solvent 
series from n-hexane, through carbon tetrachloride, 
ether and benzene to methanol, the increasing polarity 
produced a steady shifting of the peak from 401 to 413 mp. 
in keeping with similar shifts observed for vanadyl 
porphyrins from petroleum?’ In addition, tho ultra- 
violet spectrum of the solution containing the pigment 
was found to exhibit only one band, a broad band centring 
on 337 mp, quite unlike those of polycyclic aromatic 
compounds. Vanadyl porphyrins of petroleum in this 
concentration and concentrations one hundred times as 
great show no features in the 300-360 mp range. Again. 
the assignment of a porphyrin structure to the 407 mu 
pigment is consistent with the results of an oxamination 
for a speeifiec feature. Similarly, a reaction with hydro- 
bromic acid in acetic acid in an attempt to demetallate 
the apparent porphyrin metal complex produced the 
same results as a petroleum porphyrin control experiment. 
Unfortunately the reaction conditions, 23 h at 47° C, 
were too severe to permit recovery of free porphyrin in the 
case of both the Orgueil sample and a 0-3-yg sample of 
petroleum vanadyl porphyrin, despite the fact that thoso 
conditions were less severe than those commonly used for 
petroleum pigments*®, 

The spectrum of the Orgueil’pigment is shown in Fig. 2. 
It shows good wave-length agreement with the curves for 
vanadyl porphyrins separated from the oil of the Athabasca 
oil sands*®, and for a crude porphyrin extract from an 
ancient shale—the Posidonia oil shale of Germany*®® 
(sample Wilder Stein II/9). The concentration of the 
Orgueil pigment, assuming it to be a vanadyl porphyrin 
pigment identical to that of the oil and oil shale, was 
calculated to be 0-010 p.p.m. of the meteorite sample, in 
excellent agreement with that of the 9-g sample. The 
data for the content of vanadyl pigments in ancient 
sediments are very limited. Precambrian pegmatites 
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Fig. 2. Absorption spectra of chromatographed extracts of the 7-g 
sample of the Orgueil meteorite, of crude extract of Posidonia shale, 
_ of purified vanadyl porphyrins of petroleum from the Athabasca oil 
‘ sands, together with a didymium reference peak at 405 my 


are apparently devoid of porphyrins to limits of detec- 
tion?®; ancient shale vanadyl porphyrins have been 
reported in the range of 0-002-0-3 p.p.m.28. Porphyrins 
have been reported for coals in the range of 0-02-17 
p.p.m.2#5t; oil shales, with high contents of organic 
matter, have porphyrins in the range of 0-08-0-4 per 
cent?*52; petroleum vanadyl porphyrins generally fall 
in the range of 0-1-1,000 p.p.m.5*, 


Porphyrin and Chlorin Control Samples 


Further experiments gave additional indications of a 
vanadyl porphyrin structuré for the Orgueil pigment, 
serving to consolidate the results obtained on the six 
samples of the Orgueil meteorite. The Soret pigments 
had been found through benzene-methanol extractions of 
two intact samples: the Edmonton 9-g sample, and the 
La Jolla 7-g sample. It was missing in four saponifica- 
tion extractions carried out by Nagy et al., even when 
extensive and comprehensive searching for it in all the 
fractions arising from the, La Jolla 21-g sample was 
carried out. Evidently it has been destroyed in the 
course of the extraction—saponification processes, possibly 
due to the combined action of the potassium hydroxide 
and sulphur in the Soxhlet extraction pot. The following 
expeximents were performed to try to account for the 
apparent destruction. 

(a) Ancient shale porphyrins. Samples of two Posidonia 
shale®® specimens were kindly supplied by Prof. Karl 
Krejei-Graf, Geologisch-Paliontologisches Institut, Frank- 
furt am Main: one, identified as Wilder Stein IL/9; and 
the other, Fleins, einzechter II/3b. The porphyrin con- 
tents were estimated to be 1-0 and 19 p.p.m., respectively, 
for VOPp, and 0-8 and 36 p.p.m. respectively for NiPp 
(ref. 45). Other porphyrin pigments were below detection 
limits. Four 10-g aliquots of the Wilder Stein sample 
and four. 5-g aliquots of Fleins were used. in- determining 
the individual effects of potassium hydroxide and sulphur, 
and the combination of potassium hydroxide and sulphur. 
Individual Soxhlet extractors. were used, and in one 
the potassium hydroxide was added. as in the meteorite 
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extraction-saponification procedure’; in the next, 
elemental sulphur was mixed into the finely divided shale 
in the extraction thimble; in the third, both components 
were included; in the fourth, neither was added, for a 
control experiment. Resulis of the Wilder Stein. samples 
indicated that only the potassium hydroxide-sulphur 
combination was effective in destroying the vanadyl 
pigments during the extraction period. In the case of the 
experiments using the Fleins shale samples in which the 
porphyrin pigments were more abundant, a 35-h extrac- 
tion confirmed the destruction of the vanadyl porphyrin 
in the system containing both potassium hydroxide and 
sulphur, while no appreciable destruction took place in 
the other three extractors. It is interesting to note that 
the nickel porphyrins of the Posidonia shale appeared to be 
unaffected by the extraction-saponification treatment. 

Thus, the results of these experiments indicate that the 
extraction-saponification process destroys vanadyl por- 
phyrins of ancient sediments. The meteorite pigment 
resembling vanadyl porphyrins was evidently destroyed 
in the meteorite extraction-saponification process. There- 
fore the Orgueil pigment substance is strongly indicated 
to be indistinguishable from vanadyl porphyrins of ancient 
sediments. 

(b) Petroleum vanadyl porphyrins. To extend the results 
obtained using the Posidonia shale, a sample of vanadyl 
porphyrin pigments extracted from the Athabasca oil 
sands was treated cumulatively with sulphur, potassium 
hydroxide and finely divided ancient shale (Posidonia 
shale). 350 ug of VOP, was dissolved in 100 ml. of 
benzene-methanol (6:4 v/v) and heated under reflux 
with 0-5 g of elemental sulphur for 27 h. There was no 
indication of destruction of the vanadyl porphyrin. To 
the solution was added 4:5 g of potassium hydroxide and ` 
the heating resumed for 35 h, during which time about 
20 per cent of the pigment was destroyed. 5 g of shale, 
Posidonia Fleins, was added, and after a further 25 h of 
heating under reflux, although the nickel porphyrin in- 
digenous to the shale component survived, only one-third 
of the vanadyl porphyrin remained. These results con- 
firm the foregoing results from the Soxhlet extraction— 
saponification tests, and in addition suggest that the 
mineral matter may have been a vital factor in the destruc- 
tion of the vanadyl porphyrins. 

(c) Commercial chlorophyll. To obtain an indication of 
the effect of degradation processes on chlorins, commercial 
chlorophyll (Matheson, Coleman and Bell, chlorophyll a, 
5 per cent in oil, without copper) was heated cumulatively 
with sulphur and potassium hydroxide. During 35 h 
heating under reflux with elemental sulphur (0-5 g) in 
benzene-methanol (6:4 v/v) little destruction occurred; 
however, on the addition of potassium hydroxide (4'5 g) 
and further heating for 25 h, about half the chlorin was 
destroyed. There was no evidence of conversion of chlorins 
to porphyrins. g 


Summary 


The present investigations on six samples representing 
four stones of the Orgueil carbonaceous meteorite have 
included a series of spectral, chromatographic and 
chemical tests on organic matter extracted from the 
meteorite material. As summarized in Table 2, these 
have revealed the presence of pigments indistinguishable 
from esterified vanadyl porphyrins of terrestrial ancient 
sediments and petroleum. 

The pigments were present in the Orgueil meteorite 
stones either because they were indigenous, or because 
the stones became contaminated with pigment-bearing 
substances in some manner. Limited data presently 
available for possible contaminants such as dusts, soils 
and recent sediments show that. these substances contain 
both chlorins and porphyrins, with the chlorins in marked 
excess over the porphyrins. The virtual absence of 
chlorins in the meteorite extracts therefore does not sup- - 
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Table 2, EVIDENCE FOR PORPHYRINS IN THE ORGUEIL METEORITE 
tain Spectral Absorption Features in the Orgueil Extracts 
DENM ETE on 
ms — probab y porp! yt. 
430-445 mz — not porphyrin 


Examination of 410-412 mu pigment 
Extractability from carbonaceous — similar to terrestrial 
ock porphyrins 
i to terrestrial 


porp. ns F 
similar to terrestrial 


sediment 
sediment 
sediment 


Chromatography on silica gel — 8 


Spectral shift of Soret band with 


solvent porphyrins 
Chemical Reactions 
—Hipr-HOde decompositions — similar to terrestrial sediment 
QGimited tes porphyrins 
—KOH and a hur decomposi- —- similar to terrestrial sediment 
tion porphyrins 
Origin of aom my u pigment 
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port the contamination possibility. Further investigations, 
however, may allow for this possibility. 

On the other hand, vanadyl porphyrins are evidently 
indigenous to ancient terrestrial -carbonaceous rocks 
arising out of sediments deposited under reducing con- 
ditions replete with biogenic activity. The Orgueil 
carbonaceous chondrite exhibits many of the organic 
components of ancient terrestrial rocks, and a detailed 
consideration of the environment of the Orgueil meteorite 
parent body by Nagy et al.*+ led to the indication that 
the environment was a low-temperature aqueous system 
with an alkaline pH and slightly reducing redox potential. 
It is therefore not surprising to find what presently appear 
to be indigenous porphyrin pigments in the Orgueil stones, 
suggesting a strong possibility of biogenic agencies in the 
origin of the organic matter of the Orgueil meteorite. 
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RARE BREEDS OF DOMESTICATED ANIMALS BEING PRESERVED BY THE 
ZOOLOGICAL SOCIETY OF LONDON 


By Dr. I. W. ROWLANDS 


Senior Research Fellow, Zoological Society of London, Wellcome Institute of Comparative Physiology, 
Regent’s Park, N.W.1I 


LTHOUGH relatively few species of animals have 
been domesticated by man to meet his needs for 
food and clothes and as a source of power and transporta- 
tion, a very large number of different breeds of these species 
have appeared over the centuries, and in recent years an 
even greater variety has been produced by cross-breeding. 
In Great Britain alone, there are about 37 commercial 
breeds of sheep and many other rare and local varieties 


together with some 25 breeds of cattle and 12 each of pigs 
and farm horses and ponies. Moreover, there are also 
about 20 breeds of domestic fowl, excluding autosexing 
breeds and bantams. 

There are, of course, very good reasons for the produc- 
tion of such a variety. Many have been bred to suit 
best the environmental conditions of certain geographical 
regions of Britain. Others have appeared to yield a 
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particular product such as meat, wool, milk or eggs. 
Furthermore, much cross-breeding has been done to meet 
consumer preferences and changing social patterns. It is 
not the purpose of this article to examine these factors 
in any detail but to direct attention to the fact that some 
breeds of our domestic animals are in danger of becoming 
extinct. 

One of the chief aims of the Zoological Society of London 
is the promotion of the study of breeding of wild animals 
in captivity. Over the past few years the Society has been 
concerned about the chances of survival of several British 
native breeds of domesticated species, as some are repre- 
sented by only a few small flocks or herds, and in the case 
of the Norfolk-horn sheep only one flock remains in the 
world. The Society has set aside an area of about 100 
acres of farmland at Whipsnade Park to establish small 
flocks and herds which are to be bred under expert 
guidance. Two breeds of cattle (Longhorn and Chartley) 
are already being maintained and seven breeds of sheep 
(Cotswold, Norfolk-horn, Lincoln Longwool, Manx Laugh- 
tan, Woodlands Whitefaced, Soay and Portland) have 
been established. Two ‘strains’ of the Soay breed are 
being kept. One of these has a dark brown fleece and ewes 
with horns and was obtained originally from Soay sheep 
selected by the Duke of Bedford. The other strain, 
which includes individuals with a light brown fleece, and 
some hornless ewes, was brought back from Hirta, St. 
Kilda, in the summer of 1963. The latter form the nucleus 
of a flock that is intended to typify the Island sheep 
and will not be selected for any particular character. 
Not all these breeds of sheep are regarded as being on 
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the verge of extinction and adjustments will be made from 
time to time to those which will be kept. It,is also hoped 
to have about 10 breeds of poultry, with an erfiphasis 
eventually on purely British breeds. At present five 
breeds, Silver Spangled Hamburg, Golden Campine, 
Lakenvelder, Sumatra Game and Auracanas (having 
blue-shelled eggs), are being held at Whipsnade Park. 

Great efforts will be made to ensure the success of this 
scheme—the Gene Bank—and the Society will collaborate 
with other herd and flock owners in trying to keep the 
strains viable by the exchange of stock. The Society is 
anxious that the widest possible use should be made of the 
animals in this collection; it is not enough that they 
should exist merely- as historic remnants. It is the earnest 
hope of the Society that they will be of value to scientists 
investigating a variety of biological subjects. These 
animals may be useful in the determination of the affinities 
of existing breeds and for the study of the wider aspects 
of domestication of animals. It is possible that they may 
display physiological attributes representing adaptations 
to particular environments and, perhaps, some peculiari- 
ties of metabolism, growth and structure. Certainly 
these need investigation. The aim of many of these 
investigations could be achieved by simple procedures 
involving observation, measurement and sampling of 
wool or body fluids. The Society will be pleased to put 
these animals at the disposal of bona fide scientists and 
will co-operate so far as their resources allow in these 
investigations. The greater the use to which these animals 
are put, the greater will be the Society’s confidence in the 
value of this venture. 


OBITUARIES 


Prof. Charles Baehni 


By the sudden death of Prof. Charles Baehni at Geneva 
on January 23, Swiss botany has sustained a grievous 
loss. For many years he played a leading part in the 
intellectual life of his native city, where he received his 
early education and where he was destined to occupy 
high office in the service of the municipality, University 
and State. At the University he was encouraged and 
supervised in his first botanical investigations by his 
eminent predecessor, Prof. Robert Chodat, and in 1932 he 
was awarded the degree of Dr. és Sc. In the same year 
he was appointed as assistant at the Conservatoire ot 
Jardin Botaniques. During 1934-35 he studied in the 
~ Botanical Department of the Field Museum of Chicago, 
and while in the United States he made numerous trips 
to various parts of the country and accumulated extensive 
botanical collections. He was appointed conservator of 
the Botanic Garden at Geneva in 1941 and two years 
later succeeded Prof. Hochreutiner as director, a post he 
held until his death. Conjointly with his duties as director 
of the Gardens he was professor of systematic botany in 
the University of Geneva, and for a time in the University 
of Lausanne. 

It fell to Baehni to complete the amalgamation of the 
historical collections which are the basis of some of the 
most fundamental works on systematic botany. The 
Boissior Herbarium and Library were moved from their 
unsuitable and cramped quarters in the University to be 
placed with the celebrated collections of de Candolle and 
Delessert in a reconstructed gallery in the Conservatoire, 
where the maximum use of space was ensured by an 
ingenious system of mobile cabinets running on rails. By 
combining these collections a number of rare items of 
botanical literature became superfluous and these were 
sold for a considerable sum. 

Baehni was the first president of the International 
Association of Plant Taxonomy and took a leading part 


in the foundation of this important body at the Inter- 
national Botanical Congress in Stockholm in 1950. He 
wrote more than a hundred scientific papers and his chief 
interest was in the Sapotaceae, although his contributions 
extended to a number of other families, including the 
Ulmaceae, Lacistemaceae and Violaceae. He was also 
much interested in the legalistic and often controversial 
intricacies of the International Code of Botanical Nomen- 
clature and he was a member of the Editorial Committee 
from 1950. In this capacity he was involved in the 
preparation of three editions of that basic work. In 
recognition of his services, which had won him a high 
international reputation, the -University of Geneva 
recently honoured him by recognizing his professorship 
as ad personam. 

At his home in Geneva and at his residence in the 
country, Baehni, who was an accomplished pianist, 
delighted to entertain his friends, and many botanists 
will remember the warm and genial welcome which they 
received from Prof. and Mrs. Baehni and their family. 

Gzorce TAYLOR 


Prof. M. O. P. Iyengar 


Pror. M. O. PARTHASARATHY IYENGAR, emeritus pro- 
fessor of botany in the University of Madras, died on 
December 10, 1963. Five days later hə would have 
celebrated his seventy-seventh birthday. Tndian botany 
has thus lost one of its most eminent leaders; algology has 
lost an ardent devotee; his students and colleagues have 
lost an ideal personal teacher, an able research worker 
and an efficient guide. 

Born in Madras on December 15, 1886, Prof. Iyengar 
took his Master’s degree in the University of Madras 
in 1909. He served as curator of plants at the Madras 
Museum and joined the Madras Educational Service in 
1911. In 1921 he was appointed professor of botany in 
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the Presidency College, Madras. He greatly cherished his 
life-long assqciation with Prof. F. E. Fritsch, Queen Mary 
Collegs, London, whom he joined in 1929. After receiving 
his doctorate from the University of London, he returned 
to the Presidency College and in 1933 took up the chair 
of botany in the University of Madras. 

Prof. Iyengar had an insatiable interest in the study of 
algae, and he was a pioneer in this field in India. He is 
rightly regarded as the Father of Indian algology. Although 
his work was essentially fundamental without any im- 
mediate application, his contributions to basic knowledge 
are outstanding both in their thoroughness and depth. 
He was only seeking the intrinsic beauty in Nature’s 
creation and this search gave him all the joy of his life. 
His meticulous observations on fertilization in Hudorina 
elegans, the discovery of anisogamous conjugation in 
Caulerpa in which the biflagellate gametes are discharged 
en masse in & roucilaginous matrix, the demonstration of 
a forcible discharge of zoospores in Trichosolen, and the 
establishment of an isomorphic alternation of generations 
in Anadyomene and Microdictyon are only a few of his 
many important contributions. Even to-day our informa- 
tion on the colonial Volvocales of India is largely based 
on his paper entitled “Contributions to Our Knowledge 
of the Colonial Volvocales of South India’, published in 
1933 in the Journal of the Linnean Society. 

It was Prof. Iyengar’s special privilege to have dis- 
covered several new algae, many of which are unique in 
their structure and reproduction. Among these may be 
mentioned Characiosiphon, Cladospongia, Cylindrocap- 
sopsis, Dendrocystis, Ecballocystopsis, Fritschiella, Hor- 
midiella, Pseudovalonia (Boergesenia) and Triplastrum. 
According to Bower, Fritschiella, a highly organized 
member of the Chaetophorales, is of much significance in 
understanding the origin of land plants. Cheraciosiphon 
is a unique genus characterized by a common envelope 
enclosing several discrete, naked, uninucleate protoplasts, 
each with a stellate chloroplast and a large pyrenoid. He 
called it a ‘protoccenocyte’ and considered it intermediate 
between a typical cenocyte and a multicellular form. In 
Cylindrocapsopsis, which is of still greater interest, the 
quadriflagellate zoospores give rise to unicellular dwarf 
male and female plants. The dwarf male gives rise to two 
or four quadriflagellate antherozoids, while the female 
forms @ single non-flagellated egg. 

Prof. Iyengar also proposed a new concept of the origin 
of the filamentous condition in the green algae. He 
demonstrated that in Hcballocystopsis, Binuclearia and 
Cylindrocapsopsis the filamentous condition arises by a 
transverse division of the protoplasts followed by the 
development of new and complete walls around the 
daughter cells inside the wall of the mother cell. According 
to Pascher, it occurs in a similar way in the Myxophyceae. 

Prof. Iyengar’s research work was chiefly confined to 
the Chlorophyceae, of which the orders Volvocales and 
Zygnematales occupied most of his time between 1944 and 
1963. Yet, as a man of wide interests, he took it as his 
mission to train a team of workers in other fields as well. 
Thus, he initiated Desikachary in the Myxophyceae; 
Sundaralingam, Doraiswami, Vimla Bai and Saraswathi 
in the Chlorophyceae; Balakrishnan and Krishnamurthy 
in the Rhodophyceae; Venkataraman and Subrahmanyan 
in the Bacillariophyceae; Kanthamma and Janet in soil 
algae; and Veeraraghavan and Philipose in the limnology 
of Indian waters. He was also interested in the investiga- 
tion of aquatic fungi and published a few papers on 
them. 

Prof. Iyengar was a Fellow of the Linnean Society, the 
Indian Academy of Sciences and the National Institute 
of Sciences of India. He was elected one of the honorary 
presidents of the eighth International Botanical Congress 
held in 1954 at Paris, but due to ill-health he could not 
attend it. He was the first recipient of the Birbal Sahni 
Gold Medal of the Indian Botanical Society for out- 
standing contributions to botany and the Sunder Lal 
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Hora Gold Medal of the National Institute of Sciences of 
India. At the time of his death, Prof. Iyengar held the 
office of president of the International Phycological 
Society as well as the Indian Phycological Society. 

Iyengar’s sincerity of purpose, placidity of temper, 
genial disposition, philosophical simplicity and dedication 
drew the respect of all Indian scientists. His friends and 
students have immortalized his name by naming new 
genera and species after him: Iyengaria, Iyengariella, 
Parthasarathiella, Anabaena iyengarit, Chlamydomonas 
iyengarii and Scytonema iyengarii may be mentioned as 
examples. There is also a hyphomycetous genus Iyengarina 
erected by C. V. Subramanian. The Indian Botanical 
Society’s Commemoration Volume, published in 1946 on 
the occasion of his sixtieth birthday, contained articles by 
Fritsch, Bower, Boergeson, Conrad, Géumann, Crow, 
Kylin, Svedelius and many others, illustrating the high 
esteem in which he was held in international botanical 
circles. 

A forceful speaker and a good sportsman, Prof. 
Tyengar was full of vitality and energy. He seldom missed 
his game of billiards. Few people excelled him in his 
spirit of scientific enquiry and self-denial. He was active 
until his death and even in his advanced years put many 
young people to shame by his industry and devotion. 

P. MAHESHWARI 


Prof. H. J. Collins 


Wiru the death on December 22, 1963, of Prof. H. J. 
Collins, at the age of sixty-nine, the civil and structural 
engineering profession in Britain has lost one of its out- 
standing personalities of the past thirty years. Since his 
retirement from the Chadwick chair of civil engineering in 
University College, London, in 1959, Prof. Collins had not 
enjoyed good health, although he religiously attended 
engineering reunions at University College, where he 
was always warmly welcomed. 

Horatio John Collins, who was born in Capetown in 
1894, always considered himself a Cornishman. His 
father was a consulting engineer, and this no doubt 
influenced his son’s interests. He began his engineering 
education at the University of Birmingham in 1911, but 
his studies were interrupted by the First World War; 
during 1914-19 he served with the Royal Warwickshire 
Regiment. For his war-time service he was awarded an 
M.C.; he was demobilized in 1919 with the rank of major. 
On returning from the War, he graduated in 1919, and 
thereupon undertook research work for the Department of 
Scientific and Industrial Research under the direction of 
Prof. F. C. Lea; he took his M.Sc. in 1920. During 1920-22 
he was an assistant engineer and designer to E. G. Walker, 
a London consulting engineer; however, in 1922. he re- 
turned to research when he once again became an assistant 
to Prof. Lea. In 1923 he was, for a short time, an engineer- 
designer with Simon-Carves of Manchester, but in the 
same year he began what was to prove a long association 
with University College, London, when he was appointed 
a lecturer in structural engineering. He was promoted to 
senior lecturer in 1926 and to assistant professor in 1929. 

As an engineer he had always had considerable sym- 
pathy with investigations in public health, and while he 
was an assistant professor he designed and equipped the 
Chadwick Laboratory of Municipal Engineering and 
Hygiene in University College for postgraduate study; 
the first higher degree studies in public health engineering 
were made under his direction. This period saw the 
beginning of a long association of the laboratory with the 
Chadwick idea of “instruction in sanitary science”. 

In 1936 he was elected Chadwick professor in University 
College; he held the chair for 23 years until his retirement 
in 1959. During this period he encouraged the develop- 
ment of many research interests in his department; he 
maintained a strong interest in public health engineering 
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problems, as well as developing the fields of structures and 
stress analysis. 

His academic work was again interrupted by war when 
in 1939 he joined the Royal Engineers as a Captain. In 
the early days of the Second World War he was stationed 
in Northern France, and after 1940 he worked on aero- 
drome construction and repair in Britain. In 1941 he 
was posted to Iceland, but returned to Britain again in 
1942. During the Allied invasion of the Continent from 
1944 until 1945 he served in France, Belgium, Germany 
and Holland. On returning to University College after 
the Second World War, he faced the very difficult task of 
rebuilding the bombed Chadwick Laboratory. 

His interests in civil engineering were always very broad, 
and concerned basically with practical problems. Between 
the Wars he was interested in problems, among others, 
of the mixing of liquids and gases, cement manufacture, 
furnaces, penetration and impregnation of solids by liquids, 
steam generation, filtration, dehydration and separation 
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of materials, and methods of tanning. In all these fields 
he was inventive and resourceful. In 1936 he was part- 
author of a book on the Principles of Road Engirtering, 
which became a standard text. 

He had a deep interest in the structural engineering 
profession, and for much of his working life he was a 
partner in the consulting firm of Collins and Mason. His 
work as a consultant brought him into contact with ` 
structural and foundation problems of all kinds, in timber, 
steel and reinforced concrete. He advised on the layout 
and design of industrial developments, including the 
planning of processes and complete factories. He also 
advised on problems of water supply and public health. 
In 1946 he was elected president of the Institution of 
Structural Engineers. 

In 1929 he married Edith Mary Harvey; there is a 
son of the marriage. Mrs. Collins herself died recently, 
only two months after her husband. 

A. H. CHILVER 


NEWS and VIEWS 


Royal Society Research Professorships: 
Dr. M. J. Lighthill, F.R.S. 


Dr. M. J. Liaurami, who has been director of the 
Royal Aircraft Establishment since 1959 (Nature, 184, 151, 
1959), has been appointed to a Royal Society research 
professorship. Dr. Lighthill is to take up his appoint- 
ment on October 1 and will work in the University of 
London at the Imperial College of Science and Tech- 
nology. He is well known for his work in non-linear 
problems of compressible flow, in supersonic boundary 
layer theory and in shock wave theory, and has made 
outstanding contributions in many fields of fluid dynamics 
as well as in more general spheres of pure and applied 
mathematics. 


Electronics at Queen’s University of Belfast: 
Prof. A. R. Boothroyd 


Dr. A. R. Boornroyn has been appointed to the chair 
of electronics in the Department of Electrical Engineering 
of the Queen’s University of Belfast. Dr. Boothroyd has 
been reader in electronics at the Imperial College of 
Science and Technology since 1959, but his association 
with the Department of Electrical Engineering goos back 
a long time. He graduated from Imperial College in 1946 
and, after spending two years with the English Electric 
Company, Ltd., at Stafford, rejoined the College as 
research student to Prof. C. Cherry in 1948, working on 
applications of an electrolytic tank as an analogue com- 
puter in complex function theory, as related to synthesis 
of electric circuits. In 1951 he was appointed lecturer 
and rapidly made his name well known with his work on 
semiconductor devices and circuits. He has developed 
many industriel contacts in Britain and the United 
States, which he has visited several times; he was visiting 
professor at Berkeley during 1961, and he is the only 
British member of the Semiconductor Electronics Educa-* 
tional Committee—a Committee which is at present 
producing a series of volumes covering the whole field of 
semiconductor electronics: Dr. Boothroyd is an inter- 
nationally acknowledged expert in this field. 


Electrical Engineering at Woolwich Polytechnic: 
Mr. K. B. Reed 


Mr. K. B. Rrxp has been appointed as the head of the 
Electrical Engineering (with Telecommunications) Depart- 
ment of Woolwich Polytechnic as from April 1. Mr. Reed 
obtained a B.Se.(Eng)(Lond) degree with first-class 
honours at Northampton College of Advanced Technology, 


and is an associate member of the Institution of Electrical 
Engineers. He has had industrial training and experience 
at Associated Electrical Industries (Woolwich), Ltd. Mr. 
Reed has been a principal lecturer in telecommunications 
at the Polytechnic for thirteen years, and has recently 
become a recognized teacher of the University of London. 
He is also & senior examiner in telecommunications for 
the City and Guilds of London Institute. His interests 
and publications have been in the field of random elec- 
trical fluctuations in electronic devices, and he has had 
much contact in this work with workers in University 
Departments in Britain and with establishments as far 
afield as Italy and the United States. 


Executive Secretary for the British Commonwealth 
Scientific Committee 


Mr. A. J. Vasey, lately technical secretary of the 
C.S.I.R.O. Division of Animal Health, Australia, has been 
seconded to the new post of executive secretary to the 
British Commonwealth Scientific Committee for a period 
of three years. The Scientific Committee, which consists 
of the heads of the national research organizations or 
their equivalents, exists to ensure the fullest possible 
collaboration between the Government scientific organ- 
izations of the Commonwealth. It was set up in 1946 
by resolution of the British Commonwealth Scientific 
Official Conference as a standing committee and meets 
biennially. Its interim functions are carried out by a 
working party of deputies in London ; secretariat 
services are provided by the British Commonwealth 
Scientific Offices (London), which also operates the 
Commonwealth Index of Translations commenced in 1948. 
The Commonwealth Committee on Fuel Research, the 
Commonwealth Committee on Mineral Resources and 
Geology (which operates the Commonwealth Geological 
Liaison Office), the Commonwealth Committee on Mineral 
Processing and the Commonwealth Collections of Micro- 
organisms also operate under the egis of the Committee. 
As full-time executive secrotary, Mr. Vasey will not only 
administer the Committee’s affairs, but will also act as 
liaison officer between the national bodies and, in par- 
ticular, be available to help developing Commonwealth 
countries to obtain advice in building up their scientific 
organizations. 


Mr. A. J. Vasey 
Mr. Vasey graduated from the University of Mel- 


bourne as B.Agr.Se. in 1926. His research career was in 
the agronomy of cereals and pasture plants as an officer 
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of the Victorian Department of Agriculture. He joined 
C.S.I.R.O. in 1937 and held the position of secretary of 
the Division of Animal Health and Production until 
1960 when the Division was split into three separate 
Divisions, and he became secretary of the Division of 
Animal Health. His duties as divisional secretary in- 
cluded the development and management of the Division’s 
eight research stations. His extra-mural activities have 
included holding the positions of honorary secretary of 
the Australian Institute of Agricultural Science (1935-45), 
secretary of the Australian Committee on Animal Pro- 
duction (1939-63) and technical adviser to the Australian 
Cattle and Beef Research Committee (1960-63). His 
recent interests have included the publication of the new 
Australian Journal of Experimental Agriculture and 
Animal Husbandry and, as a member of the Council, the 
foundation of the Marcus Oldham Agricultural College, 
Geelong, Victoria. 


Remuneration of Academic Staff in Britain 

In a statement in the House of Commons on March 26, 
the Minister for Science, Mr. Q. Hogg, said that the 
Government accepted in principle the findings of the 
Nationa] Incomes Commission in its report on the 
remuneration of Academic Staff in Universities and 
Colleges of Advanced Technology, and in particular, after 
consultation with the University Grants Committee, it 
accepted the recommendations in respect of salary rates 
and allowances. The Government agreed with the Com- 
mission that this was a genuine case for special treatment 
in terms of income policy: over the years there had been 
a decline in the relative position of university salaries 
and this decline was having undesirable consequences and 
should be corrected. For the universities, implementation 
of the recommendation was a matter for the institutions 
in consultation with the University Grants Committee. 
For colleges of advanced technology, assimilation to the 
university grading structure and salary rates would be 
the subject of early discussions among the Ministry of 
Education, the University Grants Committee, the colleges 
and their staffs. Parliament would be asked to provide 
additions to the recurrent grants for universities for the 
rest of the quinquennium and to the grants for colleges 
of advanced technology to enable the new rates to operate 
from April 1; 1964; for the coming financial year the 
supplementary provision required was estimated at 
£7 million, 


International Institute of Medical Research 

Ix reply to a question in the House of Commons on 
March 19, Mr. Selwyn Lloyd said that the Government 
had voted for the resolution adopted in the World Health 
Assembly on March 17 requesting the Director-General to 
continue investigations of the project for an International 
Institute of Medical Research and report to the Executive 
Board and the World Health Assembly. The proposal 
fell into three main parts: first, epidemiological studies; 
secondly, & centre for assembling and processing informa- 
tion; and thirdly, establishing a large international 
laboratory for biological research. On the first two, there 
was little difference of opinion, but the Advisory Council 
on Scientific Policy had advised strongly against the 
third. Tho Director-General was making a further study, 
and decision would be taken by the countries concerned 
in the light of that study. The precedent of the European 
Centre for Research in Nuclear Science would be fully 
taken into account, as would the suggestion that the 
Centre should be located in the United Kingdom. 


Poisonous Substances used in Agriculture and Food 
Storage X 
In the House of Commons on March 24, the Minister 
of Agriculture, Fisheries and Food, Mr. C. Soames, 
announced that he had received the report of the Com- 
mittee on Poisonous Substances used in Agriculture and 
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Food Storage on the persistent organo-chlorine pesticides. 
He said that although the manufacturers of aldrin and 
dieldrin had informed him that they disagreed strongly 
with the Committee’s scientific conclusions and the 
National Farmers’ Union had directed attention to the 
considerable significance that restrictions of their use 
could have for agriculture, the Government had decided 
to give effect to the Committee’s recommendations. He 
had had assurances of co-operation from all interests con- 
cerned in curtailing the use of these chemicals on the 
lines recommended by the Committee, and this would be 
done through the voluntary schemes operated jointly by 
the manufacturers and the Government. Fertilizers con- 
taining aldrin, products for garden use containing aldrin 
or dieldrin, and dips and sprays for sheep containing these 
chemicals would cease to be available, generally, at the 
end of the 1964 season, although more time might be 
needed for sheep dips. Further consideration would be 
given to sanctioning certain relatively minor uses. The 
Committee’s recommendations are based purely on the 
situation as seen in Great Britain, and the Government 
is asking it to examine the present voluntary safety 
arrangements and will consider whether legislation would 
be desirable. The Government has also decided to extend 
the Committed’s terms of reference to include use of these 
products for industrial and domestic purposes, such as 
wood preservation and moth-proofing, and also to enable 
it to report on other toxic chemicals referred to it from 
time to time. Accordingly the Committee would in future 
be primarily responsible to the Minister for Science. 

The statement was welcomed in the House, but the 
Minister was pressed about delay in acting earlier on 
these products. In reply, he pointed to some division of 
scientific opinion, and, while be stated that it was not 
intended to withdraw the booklet, Chemicals for the 
Gardener, he said that the new booklet to be printed 
would not include the chemicals no longer within the 
advisory scheme. The same points were also firmly pressed 
when Lord St. Oswald made a corresponding statement 
in the House of Lords also on March 24, but weak replies 
shook confidence in the Government’s action and 
suggest that the vital point of cumulation of residues is 
being ignored. Mrs. J. S. Butler, supported by Mr. W. 
Yates and Mr. F. Peart, pressed the point further in 
an able and well-informed speech on March 26, criticizing 
strongly the booklet Chemicals for the Gardener, which she 
described as disastrous, and asking for a total ban on the 
use of aldrin, dieldrin and DDT. In a more satisfactory 
reply, the Joint Parliamentary Secretary to the Ministry 
of Agriculture, Fisheries and Food, Mr. J. S. R. Scott- 
Hopkins, admitted the possibility of long-term con- 
tamination of the environment. Urging the need for a 
sense of proportion, he said that the Minister was also 
considering what kind of expert body might bo best 
fitted to advise him on methods of husbandry now used 
in intensive rearing of animals and birds. 


Agricultural Chemicals Approval Scheme 


Tue need for control in selecting chemicals used in 
agriculture is now widely accepted. The purpose of the 
Agricultural Chemicals Approval Scheme is to enablo users 
of insecticides, fungicides and herbicides to select appro- 
priate crop-protection chemicals. Claims made on labels 
are also kept under review. Full support is givon to the 
scheme by bodies representing the various interosted 
parties. Approval cannot be given to a product con- 
taining a new chemical until it has been cleared under 
another voluntary scheme, namely, the Pesticides Safety 
Precautions Scheme. Under this scheme a manufacturer 
proposing to market a new chemical for agriculture or 
food storage has to notify the Ministry of Agriculture, 
Fisheries and Food of his intention. Each notification 
has to be supported by extensive data including com- 
position, toxicity, persistence and possible hazards to 
animals, birds, etc., and later recommendations are made 
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as to the safe use of the product. The Ministry pub- 
lishes annually a list of approved materials, the most 
recent of which has now become available (List of Approved 
Products 1964 for Farmers and Growers. Pp. 123. Pinner, 
Middlesex: Ministry of Agriculture, Fisheries and Food, 
1964). The booklet is divided into five sections: insect- 
icides and acaricides, fungicides, herbicides, seed dressings 
and miscellaneous products which include slug and snail 
baits, growth regulators, fruit-setting compounds, nemat- 
icides, rooting hormones, soil sterilants, woetters and 
wound-sealing materials. Approved proprietary products 
in their different formulations, for example, dusts, liquids 
and wettable powders, are listed with each chemical, 
together with notes on handling precautions and phyto- 
toxicity. 


Veterinary Non-proprietary Names 

Tue British Veterinary Codex Revision Committee has 
adopted the following non-proprietary names for the 
veterinary substances indicated. 


Other 


* Non-proprietary 
name names 


Coumaphos 8-Chloro-4-methy]-2-oxo-2H-1-benzopyran-7-yl diethyl 
phosphorothionate; Asuntol; Bayer 21/199 

Gyacetazide Cyanoacethydrazide A 

Diaveridine 2,4-Diamino-5-(3,4-dimethoxybenzyl)}-pyrimidine; 
Darvisul 

Dioxathion A mixture consisting essentially of cis- and trans-SS’- 

; 1,4-dioxane-2,3-diylbis(OO-diethy] phosphorothiolo- 

thionate); Delnav 

Methyridine 2-(2-Methoxyethyl)pyridine; Promintic 

Piperonyl butoxtde 1-[2-(2-Butoxyethoxy)ethoxymethyl]-4,5-methylene- 
dioxy-2-propylbenzene 

Thiabendazole 2-(Thiazol-4-yl)benzimidazole; Thibenzole 


The non-proprietary names are reported to be free from 
conflict with trade marks registered in Great Britain and 
Northern Ireland, and these names, or names resembling 
these names, will not be registered as trade marks for 
pharmaceutical products or drugs in those countries. 
Some. of the names, other than the chemical names, 
appearing in the second column above are registered trade 
marks, The adoption of a non-proprietary name does not 
necessarily imply that the British Veterinary Codex Com- 
mittee recommends tho use of the substance in veterinary 
medicine or that the substance will be included in the 
British Veterinary Codex, although if a substance is in- 
cluded, it is intended that the non-proprietary name shall 
be the title of the monograph. The British Veterinary 
Codex Revision Committee has undertaken, at the 
request of the Association of the British Pharmaceutical 
Industry, to provide non-proprietary names for veterinary 
products, and all requests from manufacturers and other 
interested persons for the provision of such names should 
be addressed to: the Secretary, British Veterinary Codex 
Revision Committee, the Pharmaceutical Society of Great 
Britain, 17 Bloomsbury Square, London, W.C.1. = 


Industrial Relations in Britain 


Tae March issue of the British Journal of Industrial 
Relations (2, No. 1; 1964) includes a preliminary research 
note by Dr. Edith Venables on first-year entrants to a 
local technical college by size of employing firm which 
indicates a better achievement and greater persistence of 
students coming from the large firms than can be attri- 
buted to higher ability. Very small firms: were greatly 
under-represented among day-release students. Improved 
achievement and persistence in 1960-63 compared with 
1957-60 are attributed possibly to growing realization by 
both employers and employees of the importance of 
qualifying. Students’ dissatisfaction appeared to be most 
pronounced. with the medium-sized firms. Other articles 
in the same issue describe an investigation by R. K. 
Brown, J. M. Kirkby and K. F. Taylor of the employment 
of married wonien and the supervisory role; an analysis 
by J. D. Handyside and Mary Speak of job satisfaction: 
myths and realities; and a discussion by Prof. J. Barbash 
of the elements of industrial relations. 


NATURE 


April li, 1964 VoL. 202 


Leitz to market Unicam Spectrophotometers in 
Germany ° 


Ld 

Unioam INSTRUMENTS, LTD., of Cambridge, members 
of the Pye Group, have formed an agreement with Ernst 
Leitz G.m.b.H., Wetzlar, for the marketing of Unicam 
spectrophotometers in West Germany. Joint manufacture 
by Leitz is also envisaged in the agreement, which came 
into force on April 1. Unicam spectrophotometers are 
now to have the full backing of the Leitz sales and service 
organization in Germany. Ernst Leitz are important 
scientific instrument makers, as well as being manufac- 
turers of the well-known ‘Leica’ camera. They already 
have an interest in spectroscopy which is complement- 
ary to that of Unicam. The first instruments to be 
marketed under the new arrangement will be two modern 
spectrophotometers designed by Unicam at Cambridge, 
one for the ultra-violet and visible regions and the other 
for the infra-red. Both companies will retain complete 
independence of operation in all other fields, but will col- 


` laborate closely in the development of the market for 


spectrophotometers in Germany. The Unicam—Leitz 
agreement represents a joint effort by British and German 
companies, the products of which have a world-wide 
reputation for excellence. 


The International Commission on Zoological Nomen- 
clature 


Notice is hereby given of the possible use by the 
International Commission on Zoological Nomenclature of 
its plenary powers in connexion with the following eases, 
full details of which will be found in the Bulletin of Zoo- 
logical Nomenclature (21, Part 1, published on Mareh 25, 
1964): (1) Suppression of Doris lacinulata Müller, 1776, 
Doris fasciculata Miller, 1776, and Limax minimus 
Forskal, 1775; grant of precedence to Cuthonidae Odhner, 
1934, over Tergipedidae Bergh, 1889 (Gastropoda). 
Z.N.(S.) 1044. (2) Designation of a type-species for 
Eubranchus Forbes, 1838; suppression of the generic 
names Hthalion Risso, 1826, Amphorina Quatrefages, 
1844, Galvina Alder and Hancock, 1855, and several 
dubious specific names (Gastropoda). Z.N. (S.) 1102. 
(3) Suppression of Gavolina Bruguiere, 1791, and emenda- 
tion to Cavolinia of the generic name Cavolina Abildgaard, 
1791 (Gastropoda). Z.N. (8.) 1103. (4) Suppression of 
Cratena Bergh, 1864 (Gastropoda). Z.N. (S.) 1108. (5) 
Suppression of Diaphoreolis Iredale and O’Donoghue, 
1923, and Doris pennata Gmelin, 1791 (Gastropoda). 
Z.N. (S.) 1106. (6) Designation of a type-species for 
Hypercompe Hübner [1819] (Insecta, Lepidoptera). Z.N. 
(S.) 1611. Any zoologist who wishes to comment on any of 
the foregoing cases shculd do so in writing to the Secretary, 
International Commission on Zoological Nomenclature, 
c/o British Museum (Natural History), Cromwell Road, 
London, 8.W.7, before September 25. 


The Zoological Survey of India 


Tue Zoological Survey of India, which is one of the 
six scientific surveys sponsored by the Government of 
India, has during the past 47 years of its existence 
achieved an international reputation for its contribution 
to systematic zoology, to zoogeography and to the study 
of the evolution of the fauna of the India Region. The 
survey has been fortunate in having a series of dis- 
tinguished directors, beginning with Dr. Annandale, who ~ 
was the first director (1916-24). It continued to be a 
small department and particularly suffered during the 
recession years, 1931-32, when the strength of the Survey 
was reduced and the post of the director down-graded to 
that of superintendent. Until the initiation of the country’s 
five-year development plans, the Survey had a strength 
of eight or nine specialist officers. During the First Five- 
Year Plan little development took place except for the 
addition of two more officers. Plans for the expansion of 
the activities of the Zoological Survey of India were 
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worked out by the previous director, Dr. S. L. Hora 
(1947-55). I$ was left to his successor, Dr. R. L. Roonwal 
(19562), to carry out successfully the development plan 
during the Second Five-Year Plan period. The strength 
of its specialist officers has now increased from 14 to 50 
(Science and Culture, 29, No. 10; October 1963). The 
‘other scientific and technical staff has also increased 
correspondingly. Work on several hitherto neglected 
groups of animals has either been started or developed 
further. Among the new sections opened are those dealing 
with marine survey, animal population studies, pre- 
historie zoology, protozoa and documentation. 


Middle Cwm Gorse Marine Band 


A SURFACE borehole has recently been drilled for the 
National Coal Board at Betws, near Ammanford, Car- 
marthenshire. In the process, the Coal Measure sequence 
between the Lower Pinchin Seam and the Red Vein 
containing the Cwm Gorse Marine Bands was cored. This 
part of the Coal Measure succession has been described 
in detail by D. F. Davies, E. Dix and A. E. Trueman as 
a result of the examination of the cores from two bore- 
holes put down in the Cwm Gorse Valley in 1926 (Proc. 
S. Wales Inst. Eng., 44, 87; 1928). In the recent bore- 
hole, three well-preserved specimens of Lingula and two 
specimens of Estheria were discovered at 13 ft. and 14 ft., 
respectively, below the base of the Lower Welsh Vein, 
thereby confirming the existence of a marine horizon 
(Middle Cwm Gorse Marine Band) approximately midway 
between the Upper and Lower Cwm Gorse Marine Bands. 
Other deep surface boreholes drilled for the National Coal 
Board in the neighbourhood of Llanelly and Caerphilly in 
the past few years have frequently passed through and 
confirmed the horizons of the Upper and Lower Cwm 
Gorse Marine Bands. Except for the recording by H.M. 
Geological Survey of one specimen of Lingula and scab- 
tered small Estheria at about 6 ft. below the Lower Welsh 
Vein in the National Coal Board’s No. 7 (Egel) borehole 
drilled in the Cwm Gorse Valley in 1957, the presence of 
the Middle Cwm Gorse Marine Band of Davies, Dix and 
Trueman has hitherto gone undetected in the South 
Wales Coalfield. 


Carlsberg—Wellcome Travelling Research Fellowships, 
1964-65 


APPLICATIONS are invited for the Carlsberg—-Wellcome 
travelling research fellowships, 1964-65, the object of 
which is to encourage co-operation, on an exchange basis, 
between Danish and British research workers in any 
branch of the natural sciences which has a bearing on 
human and animal medicine. One fellowship is awarded 
annually to a candidate from the United Kingdom for a 
year’s work in Denmark and one annually to a Danish 
candidate for a year’s work in the United Kingdom. 
The stipend may range from £1,000 to £2,000 per annum (or 
the equivalent sums in Danish kroner), travelling and some 
additional expenses being provided in addition. Further 
information can be obtained from the Scientific Secretary, 
the Wellcome Trust, 52 Queen Anne Street, London, W.1. 
Applications must be submitted before April 30. 


University News : Aberdeen 
Dr. J. R. Symons has been appointed senior lecturer 

in psychology with effect from April 1. 
Keele 


THE following promotions have been announced, to 
take effect from October 1: Readership, Dr. I. T. Millar 
(chemistry). Senior Lectureships, Dr. R. C. Smith (mathe- 
matics); D. W. Jordan (mathematics); Dr. G. Jones 
(chemistry); Ruth M. Badcock (biology). 


London 


Pror. S. GOL, of the Research Department, Inter- 
national Computers and Tabulators, Ferranti Computer 
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Department, and part-time professor of automatic data 
processing, Manchester College of Science and Technology 
(Nature, 198, 16; 1963), has been appointed to the chair 
of computing science tenable at the Imperial College of 
Science and Technology. Dr. T. A. J. Prankert has been 
appointed to the chair of clinical haematology tenable at 
University College Hospital Medical School. Titles of 
reader have been conferred as follows: Dr. C. F. Cullis 
(combustion chemistry), in respect of his post at the 
Imperial College of Science and Technology; Dr. P. V. 
March (physics), in respect of his post at Westfield College; 
Dr. F. J. Weinberg (combustion physics), in respect of 
his post at the Imperial College of Science and Technology. 


St. Andrews 


Tse following appointments to departments in the 
Faculty of Science, St. Salvator’s, have been announced : 
Senior Lecturer, Dr. D. M. Finlayson (physics). Lecturers, 
Dr. J. F. Nixon (chemistry); Dr. ©. Thomson (chemistry); 
Dr. B. C. Scott (zoology); Dr. G. A. T. Targett (zoology); 
Dr. R. C. G. Killean (physics); Dr. I. M. Firth (physics). 


Announcements 


Pror. A. W. Brown, head of the Department of 
Zoology, University of Western Ontario, has been 
awarded the 1963 Entomological Society of Canada 
Annual Gold Medal for his distinguished achievoments in 
entomology. 


Tue second international research symposium on 
“Electric Contacts” will be held in the Technical Univer- 
sity of Graz during May 4-6. Further information can be 
obtained from J. B. P. Williamson, Burndy Corporation. 
Norwalk, Connecticut. 


Tee twelfth annual colloquium of the Sint-Jans- 
hospitaal, Bruges, entitled ‘‘Protides of the Biological 
Fluids”, will be held in the Hospital during April 30- 
May 3. Further information can be obtained from Dr. 
E. Peeters, the Laboratory, Sint-Janshospitaal, Brugos. 


Tue first international Electron and Ion Beam Con- 
ference, sponsored jointly by the Metallurgical Society of 
the American Institute of Mechanical Engineers and the 
Electrochemical Society, will be held in Toronto during 
May 3-7. Topics under discussion will include: molting 
and refining; welding and brazing; recording and storage 
of information; microelectronics; ion propulsion; micre- 
probe analysis; new advances in systems. Further 
information can be obtained from Mr. M. E. Boston, 
Torvac, Ltd., Histon, Cambridge. 


A ONE-DAY course on “Studies in Vertebrate Physio- 
logy”, organized by the Joint Biology Committee, will be 
held in the University of London on May 2. The pro- 
gramme will include: ‘Seeing is Believing? Visual Per- 
ception and Illusion” (Dr. T. ©. D. Whiteside); “Reflex 
Mechanisms and the Maintenance of Posture” (A. J. 
Butler); ‘Electric Fishes” (Dr. R. D. Keynes); two 
biological films, “Pigeon Flight” and “The Master Mind 
(Animal Learning)”. Further information can be obtained 
from the Joint Biology Committee, c/o the Association of 
Agriculture, 78 Buckingham Gate, London, 8.W.1. 


Tue twenty-fifth annual congress and exhibition of the 
British Institute of Radiology will be held in London 
during April 22-24. The programme will include sessions 
on: the blood supply of tumours; factors affecting the 
results of radiotherapy; dosimetry in radiotherapy; 
tropical radiology; electron-spin resonance in radiation 
research; radiology of iatrogenic lesions; the new code 
of practice for hospitals. The Silvanus Thompson Mem- 
orial Lecture, entitled “X-ray Analysis of Proteins”, will 
be delivered by Dr. M. F. Perutz. Further information 
can be obtained from the General Secretary, British 
Institute of Radiology, 32 Welbeck Street, London, W.1. 


138 


NATURE 


April 11, 1964 vor. 202 


STAFF PROBLEMS OF INTERNATIONAL ORGANIZATIONS 


HE economic, social and political changes which 

have taken place throughout the world since 1945 
have been responsible for setting a new pattern of inter- 
national relationships completely different from those 
which existed before 1939. This has accounted for the 
rapid development of international work in all aspects— 
economic, social, cultural, political and military—and in 
the creation of most of the familiar international organiza- 
tions to-day. The international organization, working 
with a secretariat representative of all member countries, 
is thus a relatively recent phenomenon and has many 
unsolved problems. 

International administration is still developing and 
largely experimental. It is only in the past few years 
that the basic problems of a multi-national organization 
have become apparent and that an effort has been made to 
study_and understand them; it has been suggested that 
the future of international organizations will depend on 
their ability to remain flexible and avoid becoming set 
in their ways too soon. Unesco, for example, has acquired 
many new member states in the past few years, bringing 
its total membership to more than 100. This of necessity 
brings new problems of leadership and administration 
calling for a high degree of flexibility in policy and atti- 
tudes. 

The most persistent problem with which the ‘admini- 
stration’ of an international organization has to deal is 
that concerned with people and the maintenance of an 
efficient, loyal and contented staff of different nationalities 
with different cultures, different attitudes, different 
standards, and different methods of working. Much 
depends on the nature of the organization and its degree 
of independence and security. Both the European Coal 
and Steel Community and the International Bank operate 
with relative security and independence, since they do not 


rely on annual contributions from member states. The 
former is also guaranteed by a fifty-year treaty. This 
must greatly facilitate plans for the recruitment and 
training of staff and for the establishment of administrative 
practices and procedures. Again, good working relation- 
ships and clear lines of communication are relatively 
easy to establish in an agency such as the World Health 
Organization, where common professional interests over- 
ride national and cultural differences and help to unite 
the working group. Other organizations with highly 
diversified programmes requiring experts in widely differ- 
ing fields find that this tends to divide rather than unite 
the group. Leadership and morale then become of supreme 
importance. 

There is still, fortunately, much enthusiasm and high 
idealism associated with international work and there are 
many sources of satisfaction for the individual, but the 
nature of its organization and the administrative tech- 
niques used bring difficulties and frustrations which have 
no counterpart elsewhere. The question of morale is 
always a difficult one, but is particularly complicated in 
the international group, where the necessity of being 
truly representative can sometimes override all other 
considerations, and where the problem of ‘communica- 
tions’ is unusually difficult. It is paradoxical that the 
international organization must be representative if it is 
to be efficient. This, of itself, complicates the normal 
procedures associated with the administration of personnel 
and the techniques used in the personnel management 
function. 

These problems and the way in which they have been 
tackled have been described by Mrs. V. M. Clarke in an 
article entitled “The International Organization”, which is 
published in the December issue of Personnel Management 
(45, 154; 1963). 


PRESTRESSED CONCRETE 


RESTRESSED concrete, already well established in 
the field of civil engineering, is now becoming an 
increasingly used structural material in the design of 
modern buildings, but its potentialities in this respect 
have not yet been sufficiently realized. This is the view 
expressed by the Prestressed Concrete Development Group 
in a recent illustrated pamphlet entitled The Use of Pre- 
stressed Concrete in Buildings *, published by the Cement 
and Concrete Association, 52 Grosvenor Gardens, London, 
S.W.1, January 1964. 
~ As a structural material, concrete is very strong in 
compression but weak in tension, and the basic principle 
behind prestressed concrete is to eliminate such weakness. 
The technique is to apply compressive stresses with high 
tensile steel tendons to those parts of a concrete member 
normally in tension (the bottom of a beam, for example), 
thus making those parts also in compression, resulting in 
extremely strong concrete units. Two methods of pre- 
stressing concrete are used, one known.as ‘pre-tensioning’, 
the other as ‘post-tensioning’. The former is normally 
used in factory production and depends largely on 
achieving complete bond between tendons and concrete, 
very much as is the case with reinforced concrete. ‘The 
tendons are first stressed in the forms, and anchored at 
their ends. Concrete is then placed around the tendons 


* Prestressed Concrete Development Group. The Use of Prestressed Con- 
crete in Buildings. Pp. 16. (London: Prestressed Concrete Development 
Group, 1964.) 


which are released from their anchorages when the con- 
crete has reached the required strength. The member is 
now under compression.” Post-tensioning is the process 
largely used for concrete in situ and is particularly suit- 
able for large structural members. In this process the 
concrete is emplaced around ducts enclosing the tendons, 
preventing them from bonding to the concrete. After 
hardening and reaching the required strength, the tendons 
are stretched by hydraulic jack and anchored at the ends 
of the member, placing it in compression. The ducts are 
grouted solid; this prevents corrosion of the tendons and 
improves the load-bearing properties of the concrete 
member. An alternative method is to form the duct of 
solid rubber, inflatable rubber tubing, or some other 
easily extractable material; in this case the material is 
withdrawn some twelve hours after concreting and the 
tendons placed in the duct so formed. 

From a practical point of view, prestressed concrete in 
buildings permits of large spars with relatively shallow- 
sectioned members, even where heavy loads are envisaged. 
This means fewer columns, more unrestricted floor space, 
equally a reduction in weight and floor-to-floor heights. 
Where tall buildings and deep basements are involved, 
the prestressed concrete retaining wall can be used for 
reducing wall thickness. It is claimed that «sthetically 
the appearance of a building may be much improved by 
prestressed concrete in affording opportunities for de- 
signing large uninterrupted spans, sweeping shell canopies 
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and cantilevers. Economically, prestressing means & 
saving in paterials; this can be set against the extra 
cost Sncurred in factory or site production. Emphasis is 
rightly laid on the paramount necessity of the fullest 
co-operation between architect, engineer and contractor 
if full advantage is to be taken of prestressed concrete in 
buildings. 

The advent of the M1 motorway, perhaps more than any 
other highway development in Britain since the end of 
the Second World War, impressed on the general public 
the fact that the art of concrete bridge design had not 
only come to stay but was potentially capable of rapidly 
increasing development in modern civil engineering pro- 
jects. In point of fact, concrete, and particularly pre- 
stressed concrete, has since become the almost universally 
favoured constructional material for bridges in Britain, as 
in the United States, Europe and elsewhere. From 1950 
onwards, many highway bridges were constructed in 
prestressed concrete, but almost every design depended 
on the particular local problem with which the engineer 
was at the time concerned. Consequeritly, a large variety 
of prestressed beam sections was devised, each requiring 
a special formwork, much of this without any attempt at 
standardization. 

Manufacturers found that when some form of standard- 
ization was tried for their beam section products, as 
proprietary units, dependence on such beams in certain 
cirumstances conflicted with the requirements of local 
authorities and the Ministry of Transport when it came 
to competitive tendering for contracts. The economic 
and practical advantages stemming from some form of 
standardization of precast concrete beam sections for 
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bridges for specific open ranges, acceptable alike to the 
Ministry, local authorities and products manufacturers. 
soon became the terms of reference of the Prestressed. 
Concrete Development Group which pioneered the pub- 
lication Standard Beam Sections for Prestressed Concrete 
Bridges : (1) Inverted T Beams for Spans from 25 to 55 ft. 
(Second edition. London: Cement and Concrete Associa- 
tion, October 1963). 

In the range of spans from 40 to 85 ft., the most fre- 
quently used sections are either hollow box or composite 
T sections, and in this connexion a further booklet, Pc. 4, 
Standard Beam Sections for Prestressed Concrete Bridges : 
(2) Box Section Beams for Spans from 40 to 85 ft. has been 
published by the Groupt. Concerning these particular 
spans, “. . . experience has shown that an economical 
solution can be provided either by a bridge deck com- 
prising bears of hollow box section placed side by side 
with narrow in situ joints between, or by one in which 
beams of precast I section, more widely spaced, are made 
composite with an in situ slab on top, and thus act as 
T beams”. This booklet (Pc. 4) gives details of recom- 
mended box section units; it also includes examples of 
typical analyses of bridges using the standard sections. 

It is intended that the I sections for composite T-beam 
bridges will be described in a later booklet. It is also 
predicted that standard sections may be extended in 
future to spans exceeding 85 ft.; such sections, however, 
would probably have to be post-tensioned owing to the 
Ministry’s present edict prohibiting transport by road of 
loads more than 90 ft. long. 

t Prestressed Concrete Development Group. Standard Beam Sections for 


Prestressed Bridges—{2) Box Section Beams for Spans from 40 to 85 ft. Pp. 
16. (London: Prestressed Concrete Development Group, 1964.) 


THE LABORATORY ANIMAL SCIENCE ASSOCIATION 


ECENT developments in such widely differing spheres 
as chemotherapy, nutrition, toxicology and virology 
have led to changes in the role of experimental animals in 
research. A more general awareness is developing in the 
basic biological disciplines that projects involving experi- 
mental animals are more likely to be brought to a suc- 
cessful conclusion if the animals themselves are healthy 
and are accorded proper care. The production of healthy 
animals has in itself led to a new field of research, utilizing 
techniques to control their bacterial flora and eliminate 
unwanted parasites. The cost of animals and providing 
for their maintenance during experimentation is far from 
negligible, and efficiency both of production and usage is 
a goal to be attained. 

Those whose scientific interest is in this sphere are from 
a variety of disciplines, and it is to be regretted that at this 
time there is no formal training in the scientific aspects of 
laboratory animal care available in the United Kingdom. 

For the past seventeen years, the Laboratory Animals 
Centre (formerly Bureau) of the Medical Research Council 
has acted as an agency for the dissemination of informa- 
tion and advice on laboratory animals, a task which it 
has performed with notable success. The present director 
of the Centre, Dr. Lane-Petter, has been responsible for 
the organization of an annual symposium dealing with 
some broad aspects of laboratory animal science. The 
large attendances at these meetings were, in themselves, 
evidence of the keen interest shown by research workers 
to improve their knowledge of the proper care and use of 
laboratory animals. 

The success of these meetings prompted scientists in 
both academic and industrial institutions to hold dis- 
cussions with representatives of the Laboratory Animals 
Centre, the Universities Federation for Animal Welfare 
and the Animal Technicians Association concerning the 
formation of an essentially graduate organization inter- 
ested in all aspects of laboratory animal science. 


These discussions led to the formation of the Laboratory 
Animal Science Association in November 1963. Among 
the objectives of the new Association are the exchange of 
information between scientists and others concerned with 
the production, use and care of experimental animals and 
the stimulation of educational bodies, particularly the 
universities, to provide undergraduate and postgraduate 
training in laboratory animal science. It also seeks to 
co-operate with other organizations interested in the 
promotion of the highest standard of animal care through- 
out Britain. 

It is intended to hold symposia and lectures and to 
arrange meetings for the presentation and discussion of 
papers by members. It is also hoped to organize visits to 
laboratories and breeding units for demonstrations of 
equipment and techniques. 

Dr. Lane-Petter has made available the annual Labor- 
atory Animals Centre Symposium and the associated 
Collected Papers as the basis for future meetings and 
publications. The first symposium of the new Association 
will be held on May 20 at the Royal Society of Medicine, 
1 Wimpole Street, London, W.1. The topics to bo dis- 
cussed include: the significance of organ weights in 
toxicity testing (Dr. L. Golberg); factors affecting the 
growth rate of laboratory animals (Dr. E. Widdowson); 
and the use of laboratory animals in experimental hemn- 
tology (Dr. E. V. Hulse). 

The first publication of the Association (Laboratory 
Animal Science) will include papers selected from those 
presented to the NATO Advanced Study Institute on 
Experimental Animals in Research held at Harro- 
gate during September 9-20, 1963 (Nature, 201, 354; 
1964). 

Further information concerning the Laboratory Animal 
Science Association can be obtained from the honorary 
secretary, Dr. D. E. Stevenson, Tunstall Laboratory, 
‘Shell’ Research, Ltd., Sittingbourne, Kent. 
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RESEARCH EXPENDITURE IN THE PHARMACEUTICAL INDUSTRY 


ESEARCH expenditure by the pharmaceutical 
industry in Britain has been levelling off, after 
rising rapidly between 1955 and 1960. The Association 
of the British Pharmaceutical Industry’s latest survey of 
research expenditure by its members shows that, in the 
year 1961-62, approximately £7-8 million was spent in 
the search for and the development of new medicines, 
together with £0-8 million paid for research carried out 
overseas. This represents only a slight increase over the 
previous year, when expenditure in Britain amounted to 
£7-5 million. In the previous five years, the industry 
had more than doubled its expenditure on research. 
Forecasts based on past trends and on experience of other 
countries had estimated that research expenditure would 
have reached an annual rate of between £9 million and 
£10 million by the end of 1962. 

Dr. D. E. Wheeler, the president of the Association of 
the British Pharmaceutical Industry, has shown that the 
research effort of the industry is by any standards a large 
one. It represents about one-third of all medical research 
in Britain. The British industry had set its sights high, 
however, and this slowing down of the rate of expansion 
of research in Britain is disappointing. 

The industry had given in the past many warnings that 
the continued pressures to which it has been subjected 
must eventually affect adversely its research programmes. 
Important factors have been the weakening of patent 
protection, the undermining of the use of brand names, 
and pressures on prices leading to uncertainties about the 
industry’s future. Article 46 of the Patents Act, for 
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example, has been used to authorize the import of cheap 
drugs from abroad, the manufacturers of which have not 
always borne the costs of discévering, and developing 
them for clinical use, and who frequently do not hold the 
original patent rights on them. It has also been Govern- 
ment policy to discourage the prescribing of branded 
pharmaceuticals. A brand narne is essential if a firm is 
to secure continuity of sales so that its investment in 
research has a reasonable chance of being rewarded. 

Research in the pharmaceutical business carries a 
high risk for the entrepreneur, and excessive pressure on 
prices must tend to discourage investment in research. 
In the home market, prices are closely limited by 
the Voluntary Price Regulation Scheme negotiated 
between the industry and the Ministry of Health, and 
there is danger of leaving too little room for financing 
research. x 

On the export side, the industry exports about ene- 
quarter of its output and contributes more than £50 million 
to Britain’s export earnings. It also brings in substantial 
foreign exchange through subsidiaries abroad and from 
licences to manufacture products developed in Britain. 
The greater part of this trade is in branded medicines, but, 
with increasingly intense international competition, 
profit margins are diminishing and manufacturers have 
found that they cannot look to’export markets for major 
support of their research programmes. 

Copies of the survey are obtainable from the Association 
of British Pharmaceutical Industry, South Wing, B.M.A. 
House, Tavistock Square, London, W.C.1. 


DIELECTRIC CONSTANT RELAXATION TIME SHIFT IN AN 
ELECTRIC FIELD 


By Ca. J. B. HASTED, M. A. SHAH and P. R. MASON 
University College, London, and Laboratories R.C.A., Ltd., Zurich 


“HIS article describes a change in the complex di- 
electric constant of nitrobenzene at 3-33-cm wave- 
length, 20° C temperature, when an intense steady electric 
field is applied. The change is consistent with a decrease 
in the single relaxation time of the dielectric constant; the 
increase in static dielectric constant? must be taken into 
account. Following some preliminary free-wave experi- 
ments with uniform electrice field on y-picoline and 
nitrobenzene by one of us (P. R. M.), it was decided to 
search for complex dielectric constant change in nitro- 
benzene of high purity contained between 0-228-in. poly- 
thone windows P in a rectangular H,, size 16 wave-guide 
cell; two 0-0028-in. tungsten wires JV, 3 mm apart, were 
stretched between the windows, parallel with the wave- 
guide axis, as in the inset to Fig. 1. The wires were passed 
through insulators I in opposite short sides of the wave- 
guide; tubes 7 for filling the cell were soldered on opposite 
long sides of the wave-guide. The cell was connected in a 
bridge circuit? which facilitated the measurement of phase 
change and attenuation of the guided wave on passing 
through the cell. 

The application of steady potential differences V, up 
to 3,000 V, between the wires produced no observable 
effect on the microwave properties of the empty cell, 
due, for example, to Coulomb attraction between the wires. 
However, a small change of phase and attenuation was 
produced by the application of a steady potential between 
the wires of a cell containing high-purity nitrobenzene. 
Great care was taken with the filling of the cell, which was 


carried out under vacuum to avoid bubbles. The time 
constant of the measuring system, a phase-sensitive tuned 
amplifier, was sufficiently small to make it reasonably 
certain that any long-term microwave changes due to 
Joule heating by the steady e.m.f. could be eliminated. 


I (arbitrary units) 








0 0-5 10 15 2 
kV 


Fig. 1. Variation of response, previously set to minimum, Im, with 
steady potential difference. Inset shows wave-guide cell, not to scale, 
viewed with the Z vector orthogonal to the paper 
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Fig. 2. Effect of E-field application on Cole-Cole plot 


The d.c. conductivity of the nitrobenzene was lower than 
10-8 mho cm~. The change of phase and attenuation 
could be detected by the change in measured response 
when this was set to a minimum by adjustment of the 
phase changer and attenuator in the other arm of the 
bridge. A series of measurements of response as a function 
of applied steady potential differences is shown in Fig. 1. 
These represent runs made on different specimens over a 
period of four weeks; a smooth curve has been drawn 
arbitrarily through the points. 

At wave-length ìà = 3-33 cm, temperature 20° C, the 
dielectric constant measured in the absence of steady 
electric field is e’ = 8-53, e” = 9-92. However, these 
measurements are not thought to be very accurate, due 
to the imperfect matching of the wave-guide cell. Since 
Poley’s? measurements have shown that the macroscopic 
dielectric relaxation of nitrobenzene is almost simply 
exponential to a high degree of accuracy, the values for 
e’ and ©” at à = 3-33 em calculated from the macroscopic 
Debye—Drude equations, equations (1) and (2), using 
Poley’s parameters, will be used in the following caloula- 
tions. These values are s’ = 8-20 and s” = 10-6, and 
Poley’s parameters are: static dielectric constant s, = 
35-7, high-frequency dielectric constant cœ = 4:07 and 
macroscopic decay time t = 4:56 x 10-1! sec. 

When the steady electric field is applied, the bridge is 
rebalanced and the new effective dielectric constant values 
deduced as shown in Table 1: 


Table 1 


Applied potential (V) As’ de 


2,500 0 + 0-0005 +0:0025 + 0-0005 
3,000 0001 + 00005 +0-0030 + 0-0005 
3,500 — 0-001 + 0-0005 +0-0041 + 0°0005 


It will appear from the reasoning which follows that 
the functional variation of t with applied potential cannot 
adequately be deduced from the present data. However, 
the 3,000 V potential data are treated as follows. The 
dependence of s’ and e” on ©, +, €s and ¢~ in a simple 
exponential relaxation is given by: 





Se Resa pat (1) 
,_  — ea) oF 
“= “oa (2) 
from which may be simply derived: 
e” 
urt = Pe Ew (3) 


A plot of s? as given by (2) against <’ as given by (1) 
leads to the well-known semi-circular aro for a Debye 
relaxation; the frequency of our experiment is such that 
the values of £’ and e” lie at a point such as X on the zero 
electrostatic field curve of Fig. 2. On application of the 
field the measured Ac’ and Ae” would bring this point to 
Y (the displacement is exaggerated in the figure). 

According to the measurements of Piekara! an increase 
of £s tO &s + Acs will occur. There is no previous informa- 
tion available about a possible As or Ar. It can be 
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seen, that another semi-circular arc can be drawn through 
points at e = ss + Ass and Y. Since this are will again 
represent a Debye relaxation (single exponential decay 
time) the present results may be interpreted without 
invoking a change in relaxation time distribution. Because 
the actual value of Ae; is not known the arc can combine 
a variety of values of Acs, Ar and Aco. Two extreme 
cases are: (a) if Aco is assumed zero, leaving only Ass 
and At; (b) if Ar is assumed zero, leaving only As; and 
Aco. 

Calculations of sets of Acs, Ar and Ae consistent with 
the results are facilitated by writing the equations (1) 
to (3) in incremental form. 














Ar Ags As’ AE o 
a e e e i &’ — Eo (4) 
(1 + w*t*) Ae” — ot( Ass — Aso) + 
{2e"w*t — (es — Ewo} Ar = 0 (5) 
At Ae” Ac’ Aso 
A A epee e ee (6) 


Using these equations for the case (a), ib is found that 
Ac, = 0-02 and At/z = 4 x 10. From Piekara’s meas- 
urements! this Ass would correspond to an effective field 
of 60 kV/em. For the case (b) it is found that Ato = 
— 22x 10 and Ass = + 67 + 10°. Again, this 
Ae, would infer an effective field of 36 kV/em. The 
effective field is the uniform field which would have to be 
applied across the whole cell cross-section to produce 
Ae*, the measured effective change of <*, as a uniform 
change throughout the cell; then the change in propa- 
gation through the cell would be that actually measured. 
In view of the applied voltage and the geometry, these 
values of effective field are impossibly high. It has to be 
borne in mind that the area of cross-section around the 
wires in which the field is much above 20 kV/em is very 
small, although, on the other hand, they are situated near 
the centre of the guide where any Ae* will be most effec- 
tive in changing the propagation characteristics. How- 
ever, if a simultaneous Ass Aco and Ar are assumed, the 
results can be fitted with a much smaller Aes, and corre- 
spondingly lower effective field; but the necessary A+/t 
becomes negative. For example, if an effective field of 
E = 20 kV/cm is assumed, corresponding to Aes = + 0-002 
(ref. 1), then from equations (4)-(6) with the measured 
data and their experimental spread it is found that: 


Aca = — 0:0029 + 0-0010 
and: 
At/+ = — 0:00018 + 0-00005 


This value for A+/t is very small. 
However, from equations (4) and (6): 


- Ar Aes Ae’ Ac” 


= Ge’ Es — © e” (7) 


and hence the smaller Ae, is chosen the more negative 
Axz/< becomes, although it cannot exceed about 3 x 10-4 
in magnitude while retaining a positive Aes. At the same 
time, equation (6) shows that as the chosen value of Aes is 
decreased, then Acq also becomes more negative, but 
cannot exceed about 3:5 x 10- while Ae, remains 
positive, 

It is necessary to point out that other possible interpre- 
tations could be placed on the data; however, the appear- 
ance of a spread of relaxation times would depress Y below 
X on Fig. 2. It can be shown from Kerr effect data that 
A(n*) + 1:5 x 10-5. Significant contribution to e” from 
ionic conductivity arising from field dissociation need 
not be considered, since the d.c. conductivity would be 
considerable. 

The combinations of changes which these experiments 
indicate raise interesting questions of interpretation. 
The lowering of relaxation time could arise from a 
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field depression of the energy barrier associated with 
dipole relaxation. The orthodox saturation in tw, 
coupled with anomalous saturation in £s presents an 
even more interesting problem. Piekara has proposed 
that the anomalous saturation arises from a situation in 
which the most effective of molecular interactions is not 
the coupling with the quasi-crystalline surrounding medium 
but rather the coupling between a molecule and its momen- 
tarily nearest neighbour. The precise nature of the con- 
tribution responsible for the difference between €œ = 4:07 
and refractive index n? = 2-43 in nitrobenzene is not yet 
known, but it would appear that this type of polarization: 
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is not associated with the anti-parallel two-dipole coupling 
which contributes to the static dielectric constant, with 
anomalous saturation. 

Further investigations with uniform electrostatic fields 
are in progress. The possibility of utilizing the non- 
linearity for phase modulation of a microwave signal 
remains enticing. 


1 Piekara, A., and Piekara, B., C.R. Acad, Sci., Paris, 203, 853 (1986). 
Piekara, A. and Chelkowski, B., J. Chem. Phys., zer a ge 8). Piekara, 
A., and Kielich, S., Acta Physica Polonica, 17, 209 (1958). 


2 Buchanan, T. J., Proe. Inst. Elec. Eng., 99, 61 (1952). 
? Poley, J. Ph., App. Sct. Res. B, 4, 337 (1955). 


EFFECT OF CO-ORDINATION ON THE REACTION BETWEEN 
AQUEOUS COPPER II IONS AND HYDROGEN 
SULPHIDE 


By L. R. PITT WELL 
Hail Sellassie | University, Addis Ababa, Ethtopia 


HEN the sulphide precipitation of cupric ions from 

aqueous solutions is considered in analytical chemis- 
try or geochemistry, it is usually assumed that the ion 
is simply Cut+ without taking into account the co-ordin- 
ated ions or molecules. The stability of cyanocuprate IT 
is an exception’. However, even co-ordinated water is 
very significant in the chemistry of copper. Thus if 
many hydrated copper salts are heated basic hydroxy 
salts or oxides are produced, the oxygen atoms coming 
from one or more of the co-ordinated water molecules. 
I have shown? that when hydrated cupric nitrate is 
heated, a small amount of copper is volatilized. Pre- 
sumably when hydrated cupric nitrate is heated, three 
ecopper-oxygen (co-ordinated water) bonds are ruptured, 
and one remains intact, the hydrogen ions from the 
latter migrating to the nitrate ions to form cupric hydroxy 





nitrates or cupric oxide, and nitric acid. The nitric acid 
so formed then pyrolyses to water, oxygen and nitrogen 
dioxide. The trace of volatile copper is presumably 
due to all four copper-oxygen bonds being almost simul- 
taneously ruptured in a few ions and replaced by adjacent 
nitrate ions. 

A similar type of reaction must take place during the 
precipitation of copper sulphide by hydrogen sulphide. 
A hydrogen sulphide molecule or related ion must replace 
æ water molecule or other ligand as the first step. Several 
mechanisms are postulatable depending on whether the 
entering sulphur is H,S, SH- or rarely S=. Thus the rate 
of precipitation of copper sulphides might be expected to 
vary with the ligand co-ordinated to the copper atom. 
Several mineral deposits are known in which the copper 
sulphide precipitation is apparently anomalous, and 














Table 1 
| Copper Solution colour H,S (1.) for com- 
Ligand data concentration Initial Partially precipitated plete precipitation Products 
Sulphate 
Equivalent to Cu Saturated solution Blue Light blue e. 80 Cus 
Saturated with MgSO, -M150 Blue - Light blue e. 80 Cus 
Equivalent to Cu M/50 Blue Light blue e. 9 Cus 
Equivalent to Cu M/200 Blue Light blue 6 Cus 
Equivalent to Cu M/250 Blue Light blue 6 Cus 
uoride 
aoe with NaF Saturated solution No colour change 20 cus 
oride 
ivalent to Cu Saturated solution Green Yellowish brown Very large CuS + sulphur 
Saturated with CaCl, M/106 Yellow green Brown Very large CuS + sulphur 
M in CaCl, Yellow green Brown Large Sa $0) CuS + sulphur 
Equivalent to Cu 15M Deep, blue (just Green CuS 
not green, 
Equivalent to Cu Mj2 Light blue No change 16 CuS 
B paysite to Cu M/200 Light blue No change T Cus 
romide 
Saturated with KBr 2M Deep brown No change Largest of all CaS + Cu,8 + sulphur 
we with KBr M/2 Deep brown No change Large CuS + Cus + sulphur 
rate 
Equivalent to Cu Saturated solution Green Green 8 CuS + sulphur 
Equivalent to Cu =$ M/200 Blue Blue 7 CuS + sulphur 
Bry niga with NaNO, M/200 Blue Blue 12 Cu8 + sulphur 
Saturated with NaQ,C-CH, M/200 Deep blue Greenish 10 CuS + sulphur 
xala 
T Saturated with K,C,.0, M/200 Green Green 12 CuS + sulphur 
‘artrate 
Saturated with NaKC,H,0, M/200 Blue No change 12 CuS + sulphur 
Saturated with NaKC,H,0, M/200 Deep blue No change 4 CuS, sulphur, Bals, 
and NaOH possibly a trace of 
hiocup: 
Carbonate } Several complexes exist: all react rapidly to give a mixture of CuS and thioeuprite, at all stable concentrations 
mine 
Chloride or sulphate M/200 Very deep biue No change 7to8 Ong suse + sulpher + 
Glycinate - mh 
ogeatazated in free amino-acid M/200 Very deep blue No change -14 Cus 
anide 
Saturated in KCN M/200 No precipitation at all 
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occasionally a student will have difficulty removing all 
the copper from solution in chemical analysis. This happens 
only*’to neat students who work in small volumes of solu- 
tion. 

To investigate the effect of the ligand on the precipita- 
tion of copper sulphide, measured volumes of hydrogen 
sulphide were bubbled at approximately constant rates 
through various solutions containing equal amounts of 
copper (a fortieth of a mole) but with different concentra- 
tions of copper and ligand. The approximate volume of 
hydrogen sulphide required to precipitate completely all 
the copper was determined by filtering the solutions 
and testing for copper. As a control one standard experi- 
ment using a dilute (M/200) aqueous copper sulphate 
solution was included in each batch. If incompletely 
precipitated solutions were filtered, it was noticed that in 
some the colour had changed during the precipitation, 
but on standing such samples reverted to the original 
colour. 

Several of the solutions gave much free sulphur, so 
selected precipitates were dried with acetone, extracted 
with cold toluene and analysed. Coloured filtrates which 
no longer gave precipitates on further treatment with 
hydrogen sulphide were likewise investigated. The 
results are summarized in Table 1. 

Experiments were also made using hydrochloric, 
sulphurie and acetic acids at various concentrations, but 
the results were confusing due to significant variations 
in the hydrogen ion concentration. Semi-quantitative 
rate tests showed that the reaction between Cu(OH,),++, 
where v is probably 4, and hydrogen sulphide is exceed- 
ingly fast, and was only limited by the efficiency of solu- 
tion and stirring. In consequence, such factors were 
kept as constant as changes in solution volume would 
allow. However, when precipitation was apparently 
very slow it took place at two different rates—an initial 
almost instant precipitation followed by a much slower 
reaction. If such incompletely precipitated solutions 
~were stood for some minutes, with or without filtration, 
the rapid precipitation rate would reappear for a fraction 
of a second as soon as more hydrogen sulphide was passed. 
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The amount of this rapid precipitation varied inversely 
with the volume of gas required for complete precipitation. 

From these observations it is concluded that in neutral 
or acid solution hydrogen sulphide reacts rapidly with the 
aquocupric cation, but much slower if at all with the 
complexed copper anions. These are probably hydrolysed 
slowly to the aquo cation prior to reaction. Some of tho 
organic ligands may be directly replaced, though the colour 
change even with the relatively rapid acetate ion indicates 
that this may not be the case. In alkelino solution, the 
reaction with the amine cation is of comparablo spoed with 
that with the aquo cation, hence identical mechanisms 
are probable. With the carbonato and tartrato complexes, 
direct replacement probably occurs; the thiocuprite being 
produced by a multiple replacement similar to that pro- 
ducing traces of a volatile cupric compound from the 
hydrated nitrate. This difference in mechanism is pre- 
sumably due to the replacing ligand being SH- or S=. 
Once formed, thiocuprites must be brought to pH. 7 with 
acid before copper sulphide is precipitated. 

Glycine is interesting in that it reacts slower than 
either the related acetate or amine. This is probably 
caused by increased bond strength due to a degree of 
aromatization and not due to steric hindrance, as the 
tartrato complexes are also less stable than the glycine 
one. 

This precipitation might be adaptable to the measure- 
ment of the replacement of cations by water and the 
relative strengths of the various ligand copper bonds. 
Even these elementary experiments demonstrate that 
factors other than pH govern the order in which sulphides 
are precipitated. If the rate of formation of the aquo 
complex is faster than the rate of formation of dissolved 
hydrogen sulphide or its ions, precipitation will follow the 
accepted rules, but if the aquo or similar reactive com- 
plexes are formed slower than hydrogen sulphide, as could 
well happen in the presence of much chloride, other halide, 
carbonate, or possibly organic acids, then precipitation 
may be anomalous. 

1 Evans, U. R., Metals and Metallic Compounds, 4, 16 (London, 1925). 
2 Pittwell, L. R., Canad. J. Chem., 89, 2608 (1961). 


PERMEABILITY EQUATIONS 


By Dr. R. J. MILLINGTON and Pror. J. P. QUIRK 


Department of Agronomy, Waite Agricultural Research Institute, University of Adelaide, and Department of 
Soil Science and Plant Nutrition, University of Western Australia, Nedlands, Perth 


‘WO types of approach have been used to establish 
relations between permeability and other properties 
of porous solids. In the first of these due .to Kozeny— 
Carman? emphasis is laid on path-length (tortuosity) and 
shape factors. The second, due to Childs and Collis- 
George*, has as its main feature the concept of series 
parallel arrangement of pores arising from random 
apposition of planes within the porous material. 
Following Childs and Collis-George, Millington and 
Quirk’ have developed an equation: 

K = 1/8.e4 (r? + 32... [2m — 1]172)/m? (1) 
where K is the intrinsic permeability of a material of 
porosity s which is composed of m equal volume increments 
of pores the radii of which are such that r, > Ta > Ta... Tm 
and 1/8 is the Poiseuille cvefficient. This expression may 
be written: 


K = 1/8.A¢.73 (2) 
where A, is the effective area normal to flow and 7° is a 


mean pore radius. For flow in partly saturated systems 
‘ where n pore classes are liquid-filled: 








mre (ft B n [2n — 1 rh) 
Ka = 1/8. = ae ah a aa (3) 
and in this expression: 
a n? er 
m 


Models using the approach of Childs and Collis-Gearge to 
pore radius interaction all contain the (radius)? series in 
equations (1) and (3) when pore size classes occupy equal 
volume increments of the porosity. 

In a recent review, Marshall‘ has not discussed a number 
of features of the model used in deriving equations (1) 
and (3). 

First, by arranging pore radius and area interactions 
in rows and columns (‘matrix’ form), an appropriate 
representation of phase continuity in partly saturated 
porous materials was obtained. For a system where poro 
size classes occupy equal volume increments Fig. 1 shows 
the proportion air/air, air/water and water/water interfaces 
which are functions of the probability of continuity within 
the total pore space. 
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Fig. 1. Phase continuity in a partly saturated porous material com-- 
prising m equal volume pore classes of which n are liquid-filled 


The second feature is that equation (1) leads to excellent 
agreement between computed and measured permeability 
of saturated materials over the range 10-%5-10-° cm? 
(Fig. 2). The comparison between our own and Marshall’s’ 
method in Fig. 2 shows that his computation gives results 
which lie along a line indicating an underestimate of 
saturated permeability by a factor of 2.(see also ref. 8). 
Hisenklam® has also referred low values obtained using 
Marshall’s equation. 


10+ 


bh 
a 
2 ¢ 


uted permeability. (em") 
o 
L 


Com 
Comp 
k. 

4 

d 





{107% gos 1079 1073 10 107° 10° 
Actual permeability (cm*) 


107 107 


10 10+ 


Fig. 2. A comparison of computed values and actual permeability of 
saturated porous materials. The dotted line represents an underestimate 
of computed permeability by a factor of 2 
©, Computed (ref. 7); +, computed (ref. 3) 


The third feature is that although Marshall noted 
the excellent agreement between computed and measured 
values of unsaturated permeability, he expressed reserva- 
tions about our method for obtaining the “average 
value of r?”. This difficulty has arisen because the separate 
significance of pore radius interactions and pore area 
continuity has not been appreciated. The purpose of this 
communication is to clarify this feature and the re-written 
form of our equation? for unsaturated permeability does 
this (equation 3). Further, from the model leading to 
equations (1) and (3), the nature and usefulness of 
formation factor measurements can be demonstrated in 
deriving permeability for certain types of porous material 
for which the probability of continuity could not be 
arrived at simply by assuming completely random disper- 
sion of pore classes. 

In an earlier paper we suggested that: 


Tes = A, = 1/F = D/D, (4) 
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in which F, formation factor, was related to the effective 
area and porosity. The formation factor is the ratio of 
the resistivity of a porous bed saturated with a conducting 
electrolyte to the resistivity of the electrolyte’. D/D, 
is the ratio of the apparent diffusivity of either an ion 
or a gas in a porous medium to the diffusivity of the same 
ion or gas in water or air respectively. Hence equations (1) 
and (2) can be re-written: ' 


= 1/8. 1/F . 7 (5) 


In Fig. 2 it may be noted that “for some materials 
equation (2) leads to overestimates of permeability. These 
deviations were found only with consolidated materials 
(sandstones and limestones) of low porosity. The processes 
of consolidation and cementation of these materials will 
markedly modify isotropy and randomness of pore size 
dispersion, that is, pore continuity". Therefore, in these 
circumstances, computation by equation (5) after insertion 
of F values should result in better agreement with 
measured permeabilities than values computed by equation 
(1) since 4/3 is a poor estimate of A... 

Nineteen sets of data for oil reservoir rocks were 
supplied by Dr. 8. R. Faris which included measurements 
of K, F, © and mercury injection data, thus allowing 
comparison of results obtained by equations (1) and (5). 
This comparison is shown in Fig. 3, and it is clear that for 
media which differ considerably from unconsolidated beds 
of randomly distributed particles it is desirable to obtain 
measurements of formation factor. With this additional 
measurement the precision of estimation of saturated 
permeability is quite comparable with that obtained by 
equation (1) for unconsolidated beds. For Bradford 
sandstone’, computation using the formation factor leads 
to a value of 1-8 x 10-14 em? compared with the measured 
value of 2-7 x 10-11 cm? and for Greenbrae and Portland 
stone!?, using D/D, data, 2:3 x 10- and 0-26 x 10-* cm? 
compared with measured values of 1:4 + 0-41 x 10-8 and 
0-287 + 0-080 x 10-8 em?. 
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Fig. 3. A comparison of computed values and actual permeability of 
saturated porous materials 


O, Computed by equation 1; W, computed by equation 5 (using 
formation factor) 
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For partly saturated media, by analogy with equation 
(5): s 
s 


K = 1/8. 1/Fr. 7 (8) 
but data including Fn are not available to allow com- 
parison with values of K derived from (3). Currie'!, 
however, has clearly demonstrated the variation in D/D, 
accompanying changes in degree of saturation as well as 
that due to both particle shape and aggregation. 

This successful use of formation factor is of special 
significance because it appears to afford the most appro- 
priate way of extending work on flow through inert 
granular materials to reactive materials which are the 
principal concern of the industrial chemist, biologist and 
soil scientist. 
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MECHANISM OF PROLONGED HETEROSYNAPTIC FACILITATION 
By Dr. E. R. KANDEL* and Dr. L. TAUC 


Centre d’Etudes de Physiologie Nerveuse du Centre National de la Recherche Scientifique, Paris, 
et Institut de Biologie Marine, Arcachon, France 


N a previous investigation, a stimulus-pairing sequence 
based on classical (type I) behavioural conditioning 
was applied to the isolated abdominal ganglion of Aplysia 
depilans', Intracellular recordings from single cells were 
obtained, and the stimulus parameters to two afferent 
pathways were controlled so that one produced a relatively 
small excitatory post-syn- 
aptic potential (EPSP) (the 
less-effective or test stimu- 
lus) and the other (usually A 
a brief train) produced a 
burst of spikes (the more 
effective or priming stimu- 
lus). The two stimuli were 
paired for 2-5 min, with 
the less effective preceding 
the more effective by about 
300 msec. In most cells 
examined, input pairing 
produced no change in the 
test EPSP. However, in 
some cells located in the 
‘right upper quadrant of 
the ganglion near the med- 
ial border of the giant cell, 
the test EPSP was aug- 
mented during pairing and B 
this increase persisted for 
periods up to 20 min fol- 
Jowing the pairing pro- 
cedure. In a few of these 
cells, it was possible to 
demonstrate that the facili- 
tation was specific to the 
pairing process since the 
test EPSP was not aug- 
mented after repeated but 
unpaired presentations of 
the more effective stimulus. 
These earlier data were 
obtained in different un- 
identified cells of the ab- 
dominal ganglion. This 
report describes in greater 
detail @ similar but less 
specific heterosynaptic 
facilitation which occurred 
in one of the constantly 
identifiable cells of this 
ganglion, the right upper 








quadrant giant cell?. In most experiments, the priming 


stimulus was a train to the siphon nerve (6/sec for I sec). 
The test stimulus was a weak single shock to unothor 
peripheral nerve or to a connective. The repetition rate 
was usually one per 10 sec and only three to nine pairing 
trials were necessary for optimal facilitation. 
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Fig. 1. Complex test EPSP. A, Heterosynaptic facilitation. (1) Test EPSP produced by stimulation of genital 
nerve (control); (2) first of nine patring trials of test EPSP and response to priming stimulus (6/sec train of 1 sec 
duration to siphon nerve); (8-6) test EPSP 10 sec, 10, 20 and 30 min after pairing. The voltage calibration is 


10 mV. Time calibration is 0-5 sec 


B, Test EPSP configuration and conductance measurement. B, control and Bs during peak facilitation. Note 
symmetrical increase in test PSP and absence of change in amplitude and time constant of electrotonic poten- 
tial during peak facilitation. Voltage calibration is 5 mV, time calibration 1 sec 
C, Time course and non-specificity of facilitation of test EPSP with (@) and without (©) pairing. The arrows 
on the abscissa indicate the period during which the priming stimulus was presented. Each arrow during prak 

facilitation represents an action potential triggered 
runs {p the same cell. Note that the graphs are similar although not identical. Repetition rate in allexperiments 


y the test EPSP. The two graphs are from consecutive 


of this figure was one every 10 sec 
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Fig. 2. Unitary, presumably monosynaptic test EPSP. A, Hetcrosynaptic facilitation of 
and (4-8) from 


unitary, presumably monosynaptic EPSP (1-3) from one experimen! 
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< The facilitation could therefore be as- 
cribed to a change in the synaptig impinge- 
ment on the giant cell, either as an incrbase 
in the excitatory drive or a decrease in an 
inhibitory component of the test pathway 
(disinhibition). The role of disinhibition was 
examined in experiments with curare. Since 
most of the synaptic inhibition in the gang- 
lion is cholinergic while all the excitatory 
input to this giant cell and to many other 
cells is not®, it was possible to block a major ' 
. portion of the inhibition in the ganglion by 
soaking itin 5 x 10-‘d-tubocurarine. Under 
these conditions, in which disinhibition was 
unlikely to be an important factor, hetero- 
synaptic facilitation could nevertheless be 
demonstrated. This observation supported 
the idea that the facilitation represented an 
increase in the synaptic excitatory drive. 

To examine this possibility further, the 
response configurations to different test 
stimuli were compared before and after 
facilitation. In most cases, the EPSP of a 
given test stimulus kept its general configura- 
tion during peak facilitation. Individual 
notches in the rising phase of multicompon- 
ent EPSPs were usually retained and each 
component was facilitated (Fig. 1B). This 
finding suggested that the facilitation may 
depend on an increase in the synaptic 
efficacy of elements initially constituting 
the test response. Such an increase in 
synaptic efficacy could occur by either post- 
tetanic or pre-synaptic facilitation. 

The pre-synaptic facilitation hypothesis 
was tested using essentially the same controls 
first used by Frank and Fuortes‘ in the 
examination of pre-synaptie inhibition of 
motoneurone: the demonstration of a change 

16 in a monosynaptic EPSP and the absence 
of a conductance change in the post-synaptic 
membrane (see also refs. 5 and 6). The 
relevant conductance data have already been 


another; both experiments utilized EPSP from right connective and repetition rate in 
each is one every 12 sec; (1) control; (2) two min after pairing; (3) stimulus polarity was 
reversed and tivo sweppa superimposed to reveal latency relationship of EPSP to anti- 
dromic A spike and all or none Prppertics of PSP; (4) control; superimposed sweeps 
illustrating all or none property of PSP and the presence of two late synaptic components; 
(6) peak facilitation after pairing; the late components have also increased; (6) return 
o control 14 min after pairing. Voltage calibration is 2:5 mV. Time calibration 25 msec. 
B, Fercentage increase in a unitary, presumably monosynaptic test EPSP (right con- 
nective) during and after 4 pairing trials with a sub-optimal priming stimulus to the 
siphon nerve (arrows). Same unit as in A (1-8) but an earlier run. Repetition rate in all 


discussed (Fig. 1B). Since there are no 
adequate histological data on the synaptic 
organization of Aplysia, criteria for mono- 
synaptic connexions were developed which 
were of necessity completely electrophysio-: 
logical. The criteria included: (1) short and 
constant latency, (2) ability to follow 
frequencies of 8-10/sec without any change in 


experiments of this figure was one every 12 sec 


When a test EPSP was paired with a priming stimulus, 
the EPSP increased rapidly in amplitude by 100-400 
per cent and declined only slowly over periods ranging 
from 10 to 40 min (Figs. 14 and 1C). This facilitation 
was not dependent on stimulus pairing; it also occurred 
after a series of unpaired presentations of the priming 
stimulus (Fig. 1C). The magnitude and duration of the 
facilitation were functions of the effectiveness of the 
priming stimulus. 

Optimal facilitation was accompanied by a depolariza- 
tion of several millivolts (compare parts 2 and 3 in Fig. 
1A), but the augmentation of the EPSP was not related to 
this depolarization or to any other changes in the proper- 
ties of the post-synaptic cell. The participation of the 
spike-generating mechanism was excluded by showing 
that a directly initiated train of action potentials could 
not serve as a successful priming stimulus; conversely, a 
train to the siphon nerve did produce facilitation even 
when the post-synaptic cell was hyperpolarized to prevent 
spike generation. There was also no significant change 
in the conductance of the post-synaptic membrane during 
heterosynaptic facilitation (Fig. 1B). 


latency, and (3) all or none responsiveness. 

This last property, which derives from the 
unitary nature of elementary PSPs in Aplysia’, permitted 
a study, in relative isolation, of an individual synaptic 
potential produced by the terminations of a single axon. 
One distinctive unitary EPSP fulfilling these criteria could 
usually be obtained from either connective by appropriate 
adjustment of the stimulus parameters. The latency of 
these PSPs was shorter than the antidromic conduction 
time of the giant cell axon, which is the largest and quite 
likely the fastest conducting efferent axon in the right 
connective. 

Figs. 2A and 2B show the facilitation of the unitary, 
presumably monosynaptic EPSP, produced by stimula- 
tion of the right connective following three pairing trials 
with a priming stimulus to the siphon nerve. The maxi- 
mum amplitude (about 100 per cent) and time course 
(15 min) of the facilitation for the presumably mono- 
synaptic test EPSPs were comparable with the average 
values obtained with the complex test EPSPs. These 
data are therefore consistent with the hypothesis that 
heterosynaptic facilitation involves a pre-synaptic mechan- 
ism whereby repetitive activity in the priming pathway 
causes an increase in the release of the excitatory trans- 
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mitter substance by the axon terminals of the test path- 
Waye $ 

It must be emphasized that this interpretation is based 
on the assumption that (a) the test input is monosynaptic, 
and (b) the test axon is afferent to the ganglion, that is, 
the priming stimulus does not have access to the synaptic 
region of the neurone the axon of which serves as a test 
input. Failure to meet either requirement would permit 
the priming stimulus to initiate repetitive activity in the 
test unit and thereby create a condition for post-totanic 
facilitation. The criteria used and our experimental 
observations make it unlikely that repetitive firing of 
the test unit occurred, but this possibility cannot be fully 
excluded. 

The role of heterosynaptic facilitation in the integrative 
funetion of the abdominal ganglion is still uncertain. In 
its magnitude, rapidity of onset and relative non-specifi- 
city, this facilitation resembles behavioural ‘alpha’ con- 
ditioning or reflex sensitization®. Some support for this 
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interpretation. has recently been obtained in experiments 
in the whole animal. These have shown that heterosynap- 
tic facilitation can also be produced with a physiological 
priming stimulus to the region of the siphon. 
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AMINO-ACID SEQUENCE INVESTIGATIONS OF FIBRINOPEPTIDES FROM 


VARIOUS MAMMALS : 


EVOLUTIONARY IMPLICATIONS 


By Dr. RUSSELL F. DOOLITTLE and Dr. BIRGER BLOMBACK 


Coagulation Research Laboratory, Chemistry Department II, Karolinska Institutet, Stockholm 


HE fibrinopeptides are those portions of vertebrate 

fibrinogen molecules which are proteolytically re- 
moved by the enzyme thrombin!‘. The release of the 
fibrinopeptides in some way permits the spontaneous 
polymerization of the parent molecules to form an 
insoluble fibrin gel. This is the sole function of thrombin 
so far recognized. Generally two pairs of different”? 
fibrinopeptides are removed from any given fibrinogen 
molecule’. The two types of fibrinopeptide are called the 
fibrinopeptides A and B (ref. 2), the classification being 
based mainly on structural similarities*-°. In the case of 
ox (bovine)*4 and rabbit! fibrinogens, thrombin releases 
peptide A faster than it does the B peptide. The corre- 
sponding data for fibrinogens from other species are still 
lacking. Total or partial amino-acid sequences of fibrino- 
peptides from several mammalian species have now been 
determined, and their biochemical properties have been 
discussedë:® 1-15, This article deals with the biological 
implications of the sequence relationships among these 
peptides. 

Structure and function of fibrinopeptides. If we assume 
that mutational changes in the genetic material lead to 
random substitutions in the amino-acid sequences of 
polypeptide chains, then those amino-acids which are 
critical to the biological function of a molecule should be 
strongly conserved by natural selection. Other amino- 
acids may have general properties which make their 
presence desirable but not indispensable, and these resi- 
dues should exhibit a lesser degree of evolutionary 
restraint. Other amino-acids may simply take up space. 

The 14 mammalian fibrinopeptides discussed here vary 
in length from 13 to 21 amino-acid residues and are com- 
posed of a total of 252 residues. Three of the naturally 
occurring protein amino-acids are absent, namely, cysteine, 
tryptophan and methionine. 

Fibrinogen dispersal. The removal of the fibrinopep- 
tides apparently allows the parent molecules (fibrin 
monomers) to form intermolecular hydrogen bonds'*. The 
fibrinopeptides may either mask the groups operative 
in hydrogen bonding or hold the fibrinogen molecules 
in a configuration sterically unsuitable for polymeriza- 
tion. 

Fibrinopeptides generally bear a net negative charge at 
physiological pH. Furthermore, the bulk of the negative 


charge is situated in the N-terminal regions (Figs. I and 2). 
Those positively charged amino-acids which do occur in 
the fibrinopeptides are usually confined to the C-terminal 
regions. The net negative charge in the various peptides 
has also been increased by the existence of certain nega- 
tively charged amino-acid derivatives. In six of the seven 
B fibrinopeptides, the amino-acid derivative tyrosine-0-, ‘ 
sulphate occurs*!; it is absent from human fibrinopep- 
tides??. The human fibrinopeptide A, however, contains 
another negatively charged amino-acid derivative, phos- 
phoserine. The phosphorylated derivative occurs in place 
of the serine at position A-14 in about half the A peptides 
from any given preparation of human fibrinogen'**. 

The net negative charge on some fibrinopeptides may 
also be inereased by the removal of the positive charge 
on the terminal amino group. In three of the fibrino- 
peptides B (bovine, human and reindeer) the formation of 
a@ pyrrolidone ring has apparently been effected by the 
internal condensation of a terminal glutamine residue. 
The possibility exists, of course, that the condensation 
occurs during the isolation of fibrinogen. 

The existence of a net negative charge in the N-terminal 
regions of the fibrinopeptides appears to be a rather non- 
specific phenomenon occasioned by a wide variety of 
amino-acid combinations (Figs. 1 and 2). The most 
likely contribution of the negative charge to fibrinogen 
dispersal may be the simple electrostatic repulsion of 
individual fibrinogen molecules. 

Thrombin attachment and proteolysis. Previous investi- 
gations have indicated that only arginyl-glycine links are 
split by thrombins during the clotting of vertebrate 
fibrinogens’*-**, However, only a few of the arginyl 
linkages present in the fibrinogen molecule and suscept- 
ible to trypsin are split by thrombin®*. The narrow speci» 
ficity of thrombin with regard to arginyl linkages is 
reflected in its failure to attack the arginyl—-alanine links 
in the B fibrinopeptides of several species (sheep, goat and 
reindeer) at the concentrations of thrombin used to obtain 
the fibrinopeptides from the parent fibrinogen molecules. 
The persistence of the arginyl-glycine bonds as the focal 
point of thrombin attack for all vertebrate fibrinogens 
may indicate that the substitution of either of these amino - 
acids by other amino-acids would result in a non-function- 
ing protein. 
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1i IO 9 8 7 6 5 4 3 2 I 


H-Glu - Asp - Gly - Ser - Asp - Pro - Pro-Ser -Gly - Asp - Phe - Leu - Thr - Glu -Gly -Gly -Gly - Val - Arg -OH 
H-Ala - Asp -Asp -Ser ~- Asp - Pro-Val -Gly- Gly -Glu - Phe- Leu - Ala- Glu -Gly - Giy -Gly -Val - Arg -OH 
H- Ala - Asp -Asp -Ser -Asp - Pro-Val -Gly - Gly - Glu - Phe - Leu - Ala - Glu -Gly -Gly - Gly -Val - Arg -OH 
H-Ala- Asp -Gly- Ser - Asp - Pro - Ala - Giy- Gly -Glu - Phe (Leu, Ala, Glu, Gly, Gly, Gly, Yab) Arg -OH 
H- Ala- Glu - Val - Gin- Asp -Lys ~- Gly -Glu - Phe-Leu- Ala- Glu -Gly -Giy - Gly -Val - Arg -OH 

H-Ala- Asp - Ser -Giy -Giu - Gly - Asp ~- Phe -Leu -~ Alo- Glu-Gly~-Gly- Gly -Vol - Arg -OH 

H-Val -Asp - Pro-Gly- Glu - Thr -Ser - Phe-Leu (Thr, Glup Glyy Gly) Asp -Ala - Arg -OH 


‘ 


i2 ni 10 9 8 7 6 5 4 3 2 i 


i 
Pyr - Phe ~ Pro- Thr -Asp -Tyr -Asp - Glu -Giy - Gin - Asp - Asp - Arg - Pro- Lys ~ Val -Gly -Leu -Giy ~- Alo- Arg -O8 
Ael 
Gly-Tyr-Leu-Asp-Tyr -Asp- Giu -Val - Asp-Asp- Asn- Arg - Ala- Lys ~ Leu- Pro-Levu- Asp -Ala ~ Arg- OH 
N 
Gly - Tyr -Leu -Asp - Tyr -Asp- Glu- Val -Asp -Asp - Asn- Arg- Ala- Lys- Leu- Pro Lew- Asp- Ala- Arg- OH 
i 
Pyr-Leu-Ala- Asp-Tyr-Asp-Glu-YaiC Glu, His, Asp) Arg- Ala- Lys- Leu- His-Leu- Asp- Alo- Arg- OH 
Ala- lu~ Asp-Tyr-Asp-Glu-Asp-Glu-Asp~ Gly-Arg-Pro-Lys~Val - His-Val - Asp- Ala- Arg- OH 


Pyr -Gly -Vai -Asn - Asp~Asn-Glu-Glu- Gly- Phe-Phe- Ser - Ala- Arg- OH 


so 
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Fig. 1. Proposed amino-acid sequences of fibrinopeptides A from seven mammals 
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Fig. 2. Proposed amino-acid sequences of fibrinopeptides B from seven mammals, Pyr= pyrrolidone carboxylic acid 


Apart from the vulnerability of the arginyl-glycine 
link, other amino-acid restrictions may operate on the 
nature of the exposed peptide sequences which are 
instrumental in thrombin attachment. For example, 
tho second amino-acid from the C-terminal end of the 
peptides is either valine or alanine in all peptides examined 
so far. 

The fibrinopeptides A have a large degree of corre- 
spondence in the C-terminal region. The C-terminal 
nonapeptide is apparently identicalin human beings, sheep, 
goat, pig, and reindeer. The ox (bovine) C-terminal 
region is identical except for the substitution of a threonine 
for an alanine at position A-7. The full sequence of this 
part of rabbit fibrinopeptide A is not yet known, although 
its terminal tripeptide (4-1-4-3) differs from the other 
A peptides. The tripeptide is identical to the tripeptide 
terminals of the fibrinopeptides B of pig, reindeer, sheep, 
goat and rabbit. The C-terminal region probably repre- 
sents a strongly conserved portion of the A peptide which 
is especially suitable for rapid interaction with the homo- 


logous thrombins. The phenylalanine and leucine residues 
at positions A-9 and A-8 may be of importance for the 
specificity of mammalian thrombins, and differences in 
sequence in this region may contribute to the ‘species 
specificity’ which exists when heterologous thrombins 
and fibrinogens are interacted??. 

Other possible fibrinopeptide functions. The possibility 
exists that the fibrinopeptides may have some biological 
function after their release from the fibrinogen molecule. 
For example, the peptides might have some role, inhibitory . 
or synergistic, in the complex pattern of reactions which 
occurs during and after hemostasis. It is known, for 
example, that the fibrinopeptides of themselves show weak 
anti-thrombin activity®»*5. 

Classification of organisms by amino-acid sequences. 
Amino-acid sequence investigations should be a powerful 
tool in classifying organisms. Sometimes, however, the 
biochemical results may not be in agreement with the 
traditional grouping of organisms, in which cases great 
care must be taken in interpreting the results. A case in 


= Table 1. DEGREE OF SEQUENTIAL CORRESPONDENCE RETWBEN FIRRINOPEPTIDES OF VARIOUS MAMMALS 























A-I Peptido B-I Peptide Total Last common 
Animal pair (19-10) (9-1) A? (21-10) P ‘A’ + ‘B’ ancestor t | 

eep/goat 10/10 9/9 10/19 (100) 11/11 20/20 (100) 89/39 (100) 5 
Shenae B10 8/9 18/19 (69 5/12 10/21 33) 23/40 (y 15 
Sheep/reindeer 8/10 9/9 17/19 (89 6/11* 14/20 (70 31/39 (79 30 
Sheep/pig 2/9 9/9 11/18 at 5/11 10/20 (50) 21/88 (55 40 
Sheep/human 2/8 9/9 11/17 (65: 1/8 3/15 (20 14/32 (44 70 
Ox/reindeer 6/10 8/9 14/19 (74) 5/12* 10/21 (48, 24/40 eo) 30 
Ox/pig 1/9 8/9 9/18 (50 5/11 11/20 (65 20/38 (53 40 
Ox/human 3/8 8/9 11/17 (65) 16 5/16 (33 16/32 (50) 70 
Reindeer/pig 2/9 9/9 11/18 (61) 5/11* 11/20 (55, 22/88 (58) 40 
Reindeer/human 2/8 9/9 11/17 4683 1/6* 3/15 (20) 14/32 (44) 70 
Pig/human 1/8 9/9 10/17 (59 1/6 3/15 (20) 18/82 (41) 70 

































* Based on arbitrary arrangement of reindeer B residues 10-12 listed in Fig. 2. 
{In millions of years. Numbers in parentheses indicate percentage correspondence. 
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7 e Genus Sus Rangifer Capra a Bos 

Tribe i a i 

. Rangifer Coprint Bovini 
Subfamily Suinae Cervinae Caprinae Bovinae 
y . 3 
Family Suidae Cervidae Bovidae 
Superfamily Suididea Cervoidea Bovoidea 
\ en 
4 2 
infroorder Suing Pecora 
Suborder Suiformes Ruminants 
1 
Order Artiodactyla 


Fig.3. Phylogenetic relationship of the five artiodactyls the fibrinopeptide structures of which have been elucidated. Sus, 


pig; Rangifer, reindeer; Capra, goat; Ovis, sheep; and Bos, ox. 
ated by numbers: 1, Eocene; 2, Oligocene; $8, Miocene; 4, Pliocene. Adapted from G. G. 


point is represented by the fibrinopeptide sequences of 
the order Artiodactyla. 

The classical relationship of the five artiodactyls 
reported in this paper is depicted in Fig. 3. The two most 
closely related animals, sheep and goat, have identical 
sequences in both peptides. On the other hand, sheep 
and goat have fibrinopeptides which are quite obviously 
more closely related to the fibrinopeptides of the reindeer 
than they are to those of the ox, traditional classification 
to the contrary. Sheep, goat and reindeer have identical 
numbers of amino-acids in both peptides; the ox has an 
additional residue in the B peptide. Sheep and goat have 
17 of 19 residues in common with the reindeer A peptide, 
but only 13 of 19 in the case of the ox (Table 1). Similarly, 
in the case of the B peptide, sheep and goat have 14 of 20 
in common with the reindeer, but only 10 of 21 with the 
ox. When ‘the degrees of correspondence are plotted 
against the number of years since these animals had a 
last common. ancestor (according to the classical scheme), 
a smooth curve is obtained except in the two cases involv- 
ing the relationship of sheep and goats to reindeer and 
oxen (Fig. 4). In fact, if the mode of classification were 
reversed and it were postulated that sheep and goats 
branched off from cervid stock about 15 million years ago 
(instead of from bovids), the curve is remarkably smooth. 

A closer analysis of the sequence correspondences 
among the artiodactyls is obtained from detailed con- 
siderations of the step-wise changes (Fig. 5). At the 
C-terminal end of the B peptide, the five animals have four 
of nine residues in common. For the purposes of discus- 
sion, these residues serve as alignment markers. At 
position 3, all the peptides have an aspartic acid except 
the ox, which has a glycine in that position. The pre- 
sumption is that the aspartic acid was changed to a glycine 
some time after the branching off of the bovine line. On 
the other hand, all these peptides have a leucine at posi- 
tion 4 except the pig, which has a valine. Evidently the 
valine~leucine change occurred somewhere ‘below’ the 
junction of the ruminants and non-ruminants when 
depicted on a phylogenetic tree. Position 5 is not so clear 
since three amino-acids are involved. The histidine 
present in the pig and reindeer peptides may have given 
rise to the proline in the sheep and goat peptides and also 
to the glycine at this position in the ox peptide. Any 
combination of changes involving these three amino-acids 


Approximate chronological junctions are indic- 
impson (refs. 26 and 33) 


might have been possible, however. The answer to this 
question should become clearer as fibrinopeptides from 
other ruminants are obtained. 

The classification problem centres about residues B-6 
and B-8, two positions at which sheep and goat are identi- 
cal to reindeer but different from pig and ox, which are in 
turn identical to each other. A biochemical classification 
would certainly group the animals according to the dotted 
line in Fig. 5. Such a formulation would indicate that a 
valine changed to a leucine at position 6 after the depar- 
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x : BOS 
9 8 7 6 5 4 3,2 |I ° 


` 


.. Arg-Pro-Lys-Val-Gly -Leu-Gly-Ala-Arg... 














‘N 


CAPRA and OVIS 


9 8 7 6 5 4 3 2 l 
...Arg-Ala-Lys-Leu-Pro-Leu-Asp-Aia-Arg... 


s 


RANGIFER 


9 8 7 6 5 4 3 2 1 \5 
... Arg-Ala-Lys -Leu-His-Leu-Asp-Ala-Arg... 


SUS 


9 8 7 6 5S 4 3 2 | 
...Arg-Pro-Lys-Val-His-Val-Asp-Ala-Arg... 


Fig. 5. Stepwise amino-acid substitution in one region of fibrinopeptide B in five artiodactyls. Numbers 

on phylogenetic tree indicate where_in historical relationship changes might have occurred; 3, Asp/Gly; 

4, Val/Leu; 5, His/Pro; 5’, His/Gly; 6, Val/Leu; 8, Pro/Ala. Dotted line indicates how classical relationship 
would have to be amended to yield simplest explanation of sequence data 


ve of the sheep-goat—reindeer group from the main 
ine. 
changed to alanine somewhere along this same branch. 
This facile grouping, however, is negated by a very large 
body of biological evidence to the contrary**, and classical 
biologists are not willing to accept a reclassification based 
on two peptides which represent only 3 per cent of one 
particular molecule in a whole organism, especially since 
the investigation includes so few animals. If the tradi- 
tional classification is correct, then we are forced to note 
that the change valine to leucine occurred independently at 
position B-6 at two different times in recent history. 
What is even more remarkable is that a proline changed to 
an alanine at position B-8 on two independent occasions, 
and this coincidence occurred along the very same branches 
as the valine-leucine coincidental change. An alternative 
explanation might be that the valine—leucine change and 
proline to alanine change may have occurred early in 
ruminant history, and the ox -peptide has resulted from a 
reversion to the ancestral types. Either of these inter- 
pretations suggests that there may be stringent restraints, 
either in regard to allowed changes in terms of amino-acid 
coding or in terms of what amino-acids can co-exist in 
the same constellation in the fibrinopeptides. 
Intraspecific variation. Most of the fibrinopeptide pre- 
parations have been prepared from fibrinogen isolated from 
plasma pooled from a number of highly inbred animals 
(pigs, rabbits, sheep, goats and oxen) or large pools of 
human blood plasma. In the case of the reindeer, however, 
blood was collected in the field from about a dozen mem- 
bers of semi-domesticated herds. The blood of two or 
-three animals was collected in each container. In one 
. preparation, an ‘abnormal’ peptide was identified’. Pre- 
liminary investigations indicate that the peptide was a 


fibrinopeptide B derivative in which a histidine (position _ 


B-10 to B-12) was replaced by a glycine. The yield of 
peptide (Fig. 6) was consistent with either one animal of 
three being homozygous for the ‘trait’ or two animals of 
these being heterozygous. Only the ‘normal’ B was 
found in the other preparations. 


Similarly, the proline at position 8 could have - 


Recently** an unusual human fibrinopeptide A has been 
detected. The peptide is identical to the usual human 
peptide A except that the N-terminal alanine is absent. 
This peptide is a minor component in all individuals so 
far investigated and is indicative of a micro-heterogeneity 
in human fibrinogen. . 

Since all the differences reported here among different 
species must have originated as intraspecific variations, 
it is expected that such changes will not be uncommon. 
It will be of interest to see whether or not changes in the 
amino-acid sequences of human fibrinopeptides give rise to 
functional disabilities resulting, for example, in hemor- 
rhagic diatheses. 

Amino-acid code and fibrinopeptide structure. If the 
concept of a triplet »ucleic acid code”? is accepted, then 
any given triplet can give rise to only nine other triplets 
by single base substitutions. The maximum number of 
amino-acids to which any particular residue at some speci- 
fied position could shift would therefore be nine. In fact, 
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Fig. 6. Elution pattern of reindeer fibrinopeptide mixture from a 


0-9 cm x 70 cm column of ‘Dowex 50 x 2’ indicating position of an 
‘abnorma!’ B peptide (B*) j 
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Table 2. AMINO-ACID CHANGES IN MAMMALIAN FIBRINOPEPTIDES ATTRI- 
BUTED TO SINGLE BASE SUBSTITUTIONS 


qAmino-aclds Position(s) in Code 

interchanging fibrinopeptides fitting * 
Alanine/threonine A-7, B-18 Yes 
Alanine/valine A-2, A-18, A-16 Yes 
Alanine/proline A-13, B-8, B-19 Yes 
Alanine/glutamic A-19 Yes 
Glycine/aspartic A-11, A-17, B-3 Yes 
Glycine/serine A-12 Yes 
Valine/glycine B-13 Yes 
Vatine/lencine B-4, B-6 Yes 
Glutamic/aspartic A-10 Yes 
Histidine/proline Bo Yes 
Histidine/glycine B-5, B-(10-12) No 
Glutamine/nonsense B-20, B-21, (B-14) No 


* Yes indicates that the interconversion is permissible in terms of experi- 
mentally derived triplet base code compositions (refs. 29 and 30), and also 
by the theoretically arranged code sequences of Eck (ref. 28). 


the number would be smaller than this if the code were not 
completely degenerate. Even in the case of a totally 
degenerate code, some of the nine possible triplets might 
code the same amino-acid so that the number would 
often be less than nine. In the case of the “two and a half 
letter” code of Eck**, the maximum number of changes 
would be seven. A consideration of the particular changes 
which have occurred in evolution, although only dealing 
with those changes which have survived, can give us 
circumstantial evidence about the nature of the code, its 
degree of universality, and the type of restrictions imposed 
on it. 

Postulaied one-step substitutions. A list of proposed 
single-step substitutions at some specific positions in the 
fibrinopeptides is tabulated in Table 2. Only those 
changes are listed which appear rational in light of the 
relationship of the animals involved. For example, all 
the artiodactyls have an arginine at position 9 in the B 
peptide, whereas the human B peptide has an asparagine 
residue at that position. There is, however, no basis for 
assigning an arginine-asparagine transition until animals 
having intermediate phylogenetic positions between the 
two groups have been examined. In other cases, possibili- 
ties have not been included because the changes are not 
situated between well-defined markers. This especially 


Ox 
GAG(Pro) 






Sheep 
AACCVal> 


Reindeer 
GAC (Ala) 


Fig. 7. Possible mode of base substitution in DNA which gave rise to 

amino-acid changes at pecs A-13 of artiodactyl fibrinopeptide 4. 

Base sequences adapted from Eck arrangement (ref. 28) of known 

mRNA coding units in microbial systems (refs. 29 and 80), G, guanine; 
A, adenine; C, cytosine; and T, thymine 
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applies to changes in the N-terminal region of the pig A 
fibrinopeptide. 

Most of the changes are ‘permissible’ in terms of tho 
triplet base compositions experimentally determined 
using microbial systems?” and also fall in line with the 
theoretical arrangements of those triplets by Eck?*, The 
major exception is the tentative histidine-glycine transi- 
tion, which seems to have existed as an intra-specific 
variation among the reindeer and perhaps as a surviving 
change at position B-5 among the artiodactyls. Tho 
Eck code derives some support from the changes discussed 
in this article, since in many cases the postulated base 
sequences can be worked back over a variety of organisms 
(Fig. 7) and shown to be self-consistent. 

Changes in fibrinopeptide length. The fibrinopeptides 
discussed in this article vary in length from 13 to 21 
amino-acid residues. The changes in length might havo 
been occasioned by deletions, on the one hand, or by 
changes from sense to nonsense among coding triplets on 
the other. The latter type of change would be ruled out 
by a completely degenerate code. One amino-acid, the 
coding triplet of which may be able to give rise to a non- 
sense triplet, is glutamine, an amino-acid which is allelic 
to the blank spaces adjacent to N-terminals on three 
occasions (B-21, B-20 and B-14). 

Chain-shortening may occur by deletion, too, and the 
pig peptide A and the rabbit peptide B may prove to be 
examples of such. The complete breakdown of sequence 
correspondence between the N-terminal region of the pig 
A and that region in the other artiodactyl A peptides 
might be attributed to a deletion which eliminated two 
amino-acids at positions A-12 and A-13. If such were the 
case, then some of the other amino-acids-would be moved 
into a good alignment position and an aspartic acid would 
be positioned at A-15, a situation which enjoys a strong 
preservation in the other fibrinopeptides. The rabbit 
fibrinopeptide B contains a tyrosine-O-sulphate which 
does not line up with the other tyrosine-O-sulphato 
residues when the arginyl-glycine links are matched. This 
situation could have developed either from a deletion or 
from other more subtle changes during evolution. 

Rate of amino-acid substitution. The ‘rate of mutation’ 
is an elusive entity which is frequently expressed as one 
mutation per 105-10® generations*?. There is little mean- 
ing to such a number, and less basis, in fact, until we con- 
sider exactly what is meant by a mutation. Here we are 
concerned only with those mutations which result in 
amino-acid substitutions by random, spontaneous base 
replacements in the genetic material. 

The rate of change of amino-acids in surviving proteins 
can be extremely fast in some cases and almost imper- 
ceptibly slow in others. The B fibrinopeptides of sheep 
and ox are different in 11 of 21 residues (52-4 per cent), 
but the pancreatic ribonucleases from these two species 
differ in only three of 124 amino-acids (2:4 per cent)??, 
suggesting that in the latter molecule the over-all structure 
is more critical from the functional point of view. The 
50 per cent change in sequence correspondence between 
the sheep and bovine fibrinopeptides B during the past 
15-30 million years is probably well below the maximum 
rate of change. 

The ideal amino-acid positions for investigating the 
rate of change, as well as for establishing the true relation- 
ships among groups of animals, are ‘spacers’. Spacers 


-are here defined as those amino-acids which only take up 


room in the peptide chain so that some critical amino- 
acid is maintained in a certain position. Spacer amino- 
acids would be expected to exhibit a maximum rate of 
surviving change. Some amino-acids, however, might be 
rejected as spacers by natural selection because they 
were too reactive or formed reactive constellations. 
Furthermore, all changes, whether of spacers or of other 
residues, will naturally be subjected to the traditional 
forces of classical evolution, including Hardy-Weinberg 
considerations, genetic drift, ete. 
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A minimum rate of change can be estimated, however, 
from the changes which have endured among the fibrino- 
peptides. Position A-13 (Fig. 7) has been occupied by 
four different amino-acids during the past 40 million years 
of artiodactyl evolution as presented here. If we assume 
a mean generation time of about five years for the artio- 
dactyls*!, then a surviving base substitution has occurred 
at this position (4-13) once in every 3 x 10° generations. 
In a peptide containing 20 amino-acids (a typical fibrino- 
peptide), at least one change should occur in every 2 x 105 
generations, whether or not it survives. For a larger 
protein, for example, one containing 400 residues, an 
‘abnormal’ protein should occur at least once in every 
104 generations. When these estimates are extended to 
all the proteins in a mammalian organism, it develops 
that all living mammals probably maintain some ‘aber- 
rant’ proteins, that is, which are genetically different 
from the ‘normal’ wild-type. 

In conelusion, apart from the information about the 
structure and function of a portion of the fibrinogen 
molecule, comparative investigations of the fibrinopop- 
tides present an unusual opportunity for examining 
molecular evolution and the true relationships of existing 
vertebrates. The advantage lies in some of the amino- 
acids in the fibrinopeptides being strongly selected for 
during evolution, thus preserving good markers for the 
alignment of sequences. On the other hand, some amino- 
acids serve so little function that their rapid flux serves 
as a trail for following the course of evolution. 

This investigation was supported in part by a U.S. 
Public Health Service fellowship HH#-14,057 by grant 
HE 7379-01 from the U.S. National Institutes of Health, 
and by Knut and Alice Wallenbergs Stiftelse. 
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EFFECT OF X-RAYS ON THE MORPHOGENESIS OF THE 
EMBRYONIC CHICK TIBIOTARSUS 


By Pror. J. D. BIGGERS and Dr. R. B. L. GWATKIN 
King Ranch Laboratory of Reproductive Physiology, School of Veterinary Medicine, University of Pennsylvania 


\BSERVATIONS on the growth of 7-day embryonic 
chick tibiotarsi and femora in vitro by time-lapse 
cinemicrography show that the process occurs in two 
distinct phases’. Initially the rudiments undergo rapid 
elongation of the diaphysis and relatively little change 
in the size of the epiphyses. Later only slight additional 
elongation occurs, but the epiphyses increase in volume, 
and undergo modelling which anticipates the shape of the 
adult bone. Histological studies have shown that the 
growth is determined by three basic cellular functions: 
hypertrophy of the diaphyseal chondrocytes, mitosis of 
the epiphyseal chondrocytes and secretion of intercellular 
matrix by chondrocytes in all parts of the rudiment?. A 
striking demonstration of the importance of cellular 
hypertrophy in diaphyseal elongation was obtained in 
investigations on the freezing of embryonic chick long- 
bone rudiments*. When 7-day embryonic chick tibiotarsi 
were cultivated after freezing to —70° C the rudiments 
failed to elongate although their epiphyses grew. This 
phenomenon was shown to be the result of the low tem- 
peratures killing many of the diaphyseal chondrocytes, 
which normally undergo hypertrophy and do not divide. 
These freezing experiments suggested that cell division 
and hypertrophy in the tibiotarsus were independent 
processes. Further evidence for this conclusion is pro- 
vided in the experiments reported here, in which mitotic 
division was suppressed but not cellular hypertrophy. 
This was achieved by exposing the cartilaginous rudiments 


to X-rays, which have been shown. to suppress cell division 
without blocking several other cellular functions, including 
cell enlargement and the synthesis of DNA, RNA and 
protein’, 

In all experiments the pairs of tibiotarsi were isolated 
from 7-day embryonic White Leghorn chicks at stages 
30-32 defined by Hamburger and Hamilton’. After 
X-irradiation the rudiments were cultivated on chemically 
defined medium BGJ by methods discussed elsewhere®. 
X-irradiation was filtered through sheets of copper and 
aluminium 0:25 and 1:0 mm thick respectively and 
delivered at the rate of 1-64 r.fmin. At the end of the 
period of cultivation the bones were drawn by means of 
a camera lucida and their lengths determined. In the 
first experiment the wet and dry weights of each rudiment 
were also measured. The experimental designs were either 
balanced incomplete blocks or split-plots. All results 
were statistically analysed after transforming them to a 
logarithmic scale. Full details of all these procedures 
have been described previously’. 

In the first experiment rudiments were exposed to 
doses of 0, 102, 256, 640, 1,600 and 4,000 r. and then 
cultivated for 6 days. The effects of the treatments were 
investigated using the paired bones from 15 embryos in 
a balanced incomplete block design. The results (Fig. 1) 
suggest that the length, wet weight and dry weight are 
depressed in rudiments exposed to more than 256 r. 
However, the statistical analyses indicate that only the 
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effects produced by doses greater than 640 r. are signifi- 
cant (0:05.> P > 0-01). The data also show that the 
rudiments exposed to 4,000 r. increased in length by 119 
per cent. Furthermore, exposure to 4,000 r. depressed 
the wet and dry weights after 6 days cultivation 49-5 
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Fig. 2. Effect of exposure to 4,000-r. X-irradiation on the growth in 

length of 7-day embryonic chick tibiotarsi in vitro. Each mean is based 

on 12 observations. Since the data were collected in a split-plot design 

the standard errors apply only to within day comparisons, and are 

derived from a pooled error mean square with 36 degrees of freedom. 

(Standard error of the difference between two days 0:0018, D.F. 65 
approximately) 
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Fig. 3. Efect of 4,000-r. X-irradiation on 7-day embryonic chick 
tiblotarsi. The pair of rudiments were isolated from an embryo and since 
they were almost identical only one is illustrated (4). One member 
was unirradiated and is shown after 6 days cultivation ia vitro (B) 
the other was irradiated and is shown also after 6 days cultivation 
d in vitro (C) (x 11) 
and 55-8 per cent of the non-irradiated rudiments respec- 
tively, whereas the length was only depressed by 24:9 
per cent. The differences between the results on length 
and weight are clearly shown by the steeper slopes of the 
log dose—log response lines concerned with weight shown 
in Fig. 1. 

The effect of a dose of 4,000 r. on the elongation of the 
rudiments has been examined critically in three split-plot 
experiments of identical design. In each experiment the 
pairs of tibiotarsi from 16 embryos were isolated. Four 
pairs were allotted at random to be cultivated for 0, 2, 4 
and 6 days; one member of each pair was irradiated and 
the other left as a non-irradiated control. The experi- 
ments were finally analysed by a joint analysis of variance, 
and the results are summarized in Fig. 2. The control 
and treated rudiments elongated equally by 77 per cent 
for the first 2 days after explanation. Thereafter the 
X-irraciated rudiments elongated at a significantly lower 
rate than the controls. Nevertheless, these rudiments 
elongated by 152 per cent over the 6-day period of cultiva- 
tion. 

A comparison of the gross appearance of the control and 
irradiated bones after 6 days cultivation reveals consider- 
able differences. Fig. 3 shows a member of a pair of tibio- 
tarsi before cultivation, and the control and irradiated 
members of the same pair after cultivation. Although 
the irradiated member elongated as much as the control 
its epiphyses failed to enlarge and undergo modelling; 
the diaphysis also became very translucent and collapsed. 

The ability of low doses of X-rays to inhibit perman- 
ently the further division of exposed cells has been 
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demonstrated in all cells so far examined under both 
in vivo and im vitro conditions. The median effective 
dose which produces these effects is about 100 r. (ref. 8). A 
dosage of 4,000 r. applied to a small piece of tissue would 
be expected to block the division of virtually all its con- 
stituent cells, so that the responses of the embryonic chick 
tibiotarsi after irradiation, described in this note, are 
presumably caused by non-mitotic factors. Severe under- 
development of the extremities of the rudiments, and 
possibly also the collapsed appearance of the diaphysis, 
may be attributed to the fact that mitotic activity of 
these rudiments is exclusively confined to the epiphyses 
and perichondrium. 

The marked elongation which occurs after X-irradiation 
suggests that linear growth is largely independent of 
mitosis, and accounts in part for the low correlation 
between the responses in weight and length observed in 
other investigations®. 

The major response in the diaphysis of embryonic chick 
tibiotarsi is cellular hypertrophy, and this phenomenon 
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appears to play a dominant part in elongation of the rudi- 
ment. However, other chick long-bones elonggie at very 
different rates!*. In some, such as the radius, which gtows 
relatively slowly, cellular hypertrophy is not a major 
factor, and it is to be anticipated, therefore, that X-irradia- 
tion of such rudiments would reduce their elongation. 

This investigation was supported in part by U.S. Public 
Health Service research grant CA~06638-02, from the 
National Cancer Institute. 
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INDUCTION OF IMMUNE TOLERANCE WITH RIBOSOMES AND RIBONUCLEIC 
ACID EXTRACTS IN NEW-BORN MICE 


By ANTHONY C. TRAKATELLIS, Pror. A. E. AXELROD, M. MONTJAR and Pror. F. LAMY 
Departments of Biochemistry and Anatomy, School of Medicine, University of Pittsburgh 


Tok phenomenon of ‘actively acquired immune 
tolerance’ has been described as an induced state in 
which tissue homografts become acceptable to recipients 
which normally would reject them}. In these experiments 
immune tolerance was induced by exposure of the hosts 
to living homologous tissue cells at a sufficiently early 
stage in their development. Further investigations demon- 
strating that tolerance may also be induced in adult 
animals have been reviewed recently?—. 

Attempts to produce tolerance with cellular extracts 
have generally proved unsuccessful5-’. However, recent 
investigations have provided evidence for the induction 
of tolerance with ribonucleic acid extracts*-!°, tissue 
homogenates", antigenic extracts®!2, and disrupted 
splenic cells‘. 

A sex-linked histocompatibility system of mice was 
discovered by Eichwald and Silmser in 1955 (ref. 13). 
The simplest hypothesis verified by many experiments!4-!7 
for the mechanism of this incompatibility is a Y-linkage of 
a male antigen foreign to females. This effect has been 
observed in mice of the C57 strain where isografts from 
males transplanted to females behave like homografts and 
are rejected’*. Martinez et al.4 have recently described 
induction of tolerance of male skin isografts in females 
of the Cé7BE strain during adult life by repeated injection 
of completely disrupted spleen cells derived from male 
donors. Our experiments were designed to determine 
whether a similar tolerance of male skin isografts could 
be induced by injecting new-born females of the C57BL 
strain with microsomes, ribosomes, or ribonucleic acid 
(RNA) extracts prepared from isogenic male donors. 

In the preparation of microsomes, spleens were collected 
on dry ice and a 5-10 per cent homogenate in Hoagland’s’* 
medium A (0-05 M tris buffer, 0-025 M potassium chloride, 
0-005 M magnesium chloride, 0:25 M sucrose) prepared 
immediately with a glass hand homogenizer. All isolation 
procedures were performed at 0°-4° C. The post-mito- 
chondrial supernatant obtained by centrifuging the homo- 
genate for 20 min at 6,590g was centrifuged for 80 min 
at 105,000g to yield a microsomal pellet. The RNA to 
protein ratio of microsomes prepared in this fashion 
varied from 0-10 to 0-13. RNA was determined by 
the orcinol method” and protein by the method of Lowry 
et a7}, 


In the preparation of standard ribosomes, the post- 
mitochondrial supernatant prepared as described here was 
treated with deoxycholate (DOC) according to the 
Korner*? method and the resulting solution centrifuged 
for 2 h at 105,000g. Ribosomes prepared by this method 
had an RNA-to-protein ratio which varied from 0-50 to 
0-60. In the ultracentrifuge (Spinco model Æ) these 
preparations showed the characteristic pattern of 739 
ribosomes (Fig. 1). Zone centrifugation analysis of 
standard ribosomes in a linear sucrose gradient demon- 
strated the presence of ribosomal aggregates (ergo- 
somes*’, polysomes*4) heavier than 73S (Fig. 2). (All 
sedimentation constants recorded in this article have been 
corrected to represent values of 20° © in water. A bar 
angle of 50° was utilized in all analyses.) 

A method of preparing purified ribosomes has been 
described®*. 5 ml. of the post-mitochondrial supernatant 
were treated with DOC and then layered in a 13-ml. 
centrifuge tube which contained a bottom layer of 3 ml. 
of Hoagland’s medium A (1-8 M sucrose) and a middle 
layer of 4 ml. of Hoagland’s medium A (0-5 M sucrose). 
Purified ribosomes were isolated following centrifugation 
for 4 h at 105,000g. These purified ribosomes had an 
RNA-to-protein ratio of 1:50: 1-60. Ultracentrifugal 
analysis demonstrated the presence of 73S ribosomes and 
of ribosomal aggregates of 113S and greater (Fig. 3). 





Fig. 1. Sedimentation pattern of standard splenic ribosomes prepared as 

described in the text and dissolved in Hoagland’s salt buffer (0-05 M 

tris, 0-025 M KCl, 0-005 M MgCl). Picture taken 14 min after full 

speed (25,980 r.p.m.) was achieved. Principal peak is that of the 739 
ribosomes 
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Fig. 2. Zone centrifugation analysis of standard splenic ribosomes. 
1-6-ml. samples were layered as an inverted gradient (sucrose 0-0-25 M) 
over 25 mi. of a sucrose gradient (linear 0:30 M-1-0 M), To obtain these 
gradients sucrose was dissolved in Hoagiand’s salt buffer. After centri- 
fugation in a SW 25 rotor at 25,000 r.p.m. for 4 h, a hypodermic needle 
was inserted through the bottom of the centrifuge tube and 1-ml. 
fractions collected with a fraction collector. Absorbancy at 260 my was 
determined for each fraction: 





Zone centrifugation analysis in a linear sucrose gradient 
showed that the purified ribosomes contain a higher con- 
centration of heavier aggregates than the standard 
ribosomes (Fig. 4). 

Microsomes, standard and purified ribosomes were 
extracted from spleens of adult C57BL/6J mice and 
administered to new-born female mice of the C57BL/6J 
strain as described in Table 1 (pregnant and adult mice 
of the C57BL/6J strain were purchased from the Roscoe 
B. Jackson Memorial Laboratory, Bar Harbor, Maine). 
Thirty days later the females received skin grafts from 
C57BL/6J adult males. Animals were housed in individual 
metal cages with screen bottoms and fed a commercial 
stock diet (Purina Laboratory Chow, Ralston Purina 
Co., St. Louis) ad libitum. Full-thickness skin grafts 
from the abdominal area of the donor, approximating 
1-5 cm x 2-0 em, were applied to the dorsal area of the 
recipient as described previously®. Grafts were sewn 
in place by numerous interrupted silk sutures and no 
dressings were applied. Criteria used to judge survival 
of the grafts have been presented elsewhere’®, Data 
presented in Table 1 demonstrated that administration of 
microsomes or ribosomes prepared from spleens of 
C57BL/6J males could induce tolerance of C57BL/6J 
females to male skin isografts. Treatment of these ribo- 
somes with ribonuclease destroyed their activity. Ribo- 


somes isolated from spleens of C57BL/6J females were 
also ineffective in this system. Control females in this 





and dissolved in Hoagland’s salt buffer. 
after full speed (25,980 r.p.m.) was achieved 


NATURE 


Tig. 3. Sedimentation pattern of purified ribosomes prepared as described in the text 
Pictures were taken 7, 15, 23 and 31 min 
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Fig. 4. Zone centrifugation analysis of purified ribosomes with the 
technique described in Fig. 2. Note the higher concentration of ribo- 
somal aggregates (tubes 5-12) 


transplantation system rejected male skin isografts 15-25 
days post-grafting. Animals were considered tolerant if 
a@ new crop of hair was growing 3—4 weeks post-grafting 
and the grafts were accepted for at least 2 months. Grafts 
of a few tolerant animals were rejected after 2-3 months, 
but most of the tolerant animals possessed excellent grafts 
5-6 months post-grafting (Table 1 and Fig. 5). 


Table 1. INDUCTION OF TOLERANCE TO C57BL/6J MALD SKIN GRAFTS IN 
C57BL/6J FEMALE Mice WITH SPLENIG Microsomes AND RIBOSOMES 


. No. of No. of 
Donor of injected Splenic fractions animals tolerant 
splenic fractions injected * grafted animals} 
None 48 
C57BL/6J male Microsomes 8 3 (8) 
C57BL{6J male Standard ribosomes 25 14 (12) 
C57BL/6J male Purified ribosomes 7 6 (5) 
C57 BLi6J female Standard ribosomes 8 u 
C57 BLi68J male Standard ribosomes 
+ ribonuclease t li 0 


* Microsomes or ribosomes were 81 


ended in Hoagland’s salt buffer and a 
single dose containing 400-600 ug of RNA injected intraperitoneally within 
6h after birth. 


t Standard ribosomes (1 mg) incubated at 37° C with 20 ug of ribonuclease 
A in Hoagland’s salt buffer for 30 min. As a result of this treatment, ribo- 
somes lose 86 per cent of their RNA as acid-soluble nucleotides. Ribo- 
nuclease A was a lyophilized preparation prepared chromatographically 
om Eilne ribonuclease (Worthington Biochemical Corp., Freehold, 

ew Jersey). 

t Numbers in parentheses represent number of Bday stil] under observa- 
tion which are in excellent condition 5-6 months after grafting, 


In contrast, injection of the same dose of either standard 
or purified ribosomes 9 days after birth sensitized the 
female mice to male skin isografts as evidenced by a con- 
siderably more rapid rejection (12-15 days). 

During the course of these investigations we occasion- 
ally observed a growth inhibition in C57BL/6J females 
injected at birth with splenic ribosomes 
from isogenic males (Fig. 6). This effect 
was evidenced 12-15 days after injection 
and the affected animals usually died when 
3-4 weeks old. The phenomenon occurred 
more frequently in these females when the 
splenic ribosomes were derived from male 
mice of the A/HeJ strain. The ability 
of rabbits to produce antibodies against 
rabbit or rat liver ribosomes with a 
specificity related primarily to nucleosides 
and nucleotides has beon deseribed?¢-£7, 
These authors also described an auto- 
immune disease in these rabbits caused 
by this immunization. Our ability to 
detect circulating antibodies 30 days 
following injection of splenic ribosomes 
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Fig. 5. C57BL/6J females tolerant to C67BL/6J male skin grafts. Each 

of these animals was injected at birth with an amount of Ca7BL/6J 

male, standard spleen ribosomes containing 600 ug of RNA. Picture 
was taken 76 days post-grafting 





Fig. 6. Effect of ribosomes on growth of C67BL/6J new-born females. 

Control animal at left (wt. 18-5 g). Animal on right (wt. 3-5 g) received 

an intraperitoneal injection of ribosomes from an isogenic male. Both 
animals were 80 days old when picture was taken 


into new-born animals suggests the occurrence of a similar 
type of immunization in our experiments. This observa- 
tion is limited to but one animal, and a more systematic 
examination of this interesting phenomenon is warranted. 

For the preparation of total cellular RNA, spleens of 
adult C57BL/6J male mice were collected on dry ice, 
homogenates prepared as described here, and RNA 
extracted by the method of Gierer and Schramm?* with 
some modification. Homogenates were shaken with an 
equal volume of water-saturated cold phenol and then 
centrifuged for 10 min at 4,000 r.p.m. in a refrigerated 
centrifuge. The aqueous layer was extracted twice with 
phenol in similar fashion and finally was freed of residual 
amounts of phenol by quick extraction with ether. Sodium 
acetate was added to a final concentration of 2 per cent 
(w/v), the pH adjusted to 4-0 with acetic acid and RNA 
precipitated by addition of 2-3 volumes of cold ethanol. 
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RNA was collected by centrifugation for 10 min at 3,000 
r.p.m. in a refrigerated centrifuge and dissolved in sodium 
phosphate buffer (0-15 M, pH 7-2) for intraperitoneal 
injection into new-born C57BL/6J female mice. RNA 
prepared in this fashion had an RNA-to-protein ratio of 
25-50. Ultracentrifugation demonstrated the presence 
of three main groups with sedimentation constants of 
288-338, 138-18S, and 3S-5S (Fig. 7a). Hach of the 
three peaks is clearly polydisperse since the peaks spread 
considerably during the course of centrifugation. Hall 


and Doty?? have described the breakdown of RNA 
molecules by heat in water solution due to the breaking 
of hydrogen bonds. When RNA was dissolved in water 
and heated at 85° C for 5 min, the first peak (288-339) 
could not be observed (Fig. 7b). When RNA dissolved in 
water was heated at 95° C for 20 min, only RNA of 3-98 
could be detected (Fig. 7c). 





rig. 7. Sedimentation pattoins of total splenic RNA prepared by the 
cold phenol method. ictures taken 25 min after fullapeed (44,770 
r.p.m.) was achieved. Left: precipitated RNA dissolved in 0:02 M 
sodium phosphate buffer (pH 7-2). Three peaks correspond to 3-99, 
12-058, and 32:85, respectively. Centre: precipitated RNA dissolved 
in water and heated at 85° C for 5 min. Two peaks correspond to 56S 
and 18-38, respectively, Right: precipitated RNA dissolved in water 
and heated at 95° C for 20 min, Peak corresponds to 3-98 


RNA was extracted from isolated microsomes and from 
the post-microsomal supernatant by the procedure de- 
seribed above. 

A modification of the cold phenol method involved the 
same procedures previously described with the exception 
that extraction with phenol was carried out at 60° C. 
This not phenol extraction method yielded an RNA 
preparation which separated into 3 characteristic groups 
in the ultracentrifuge (158-188, 8-59-1388, 38-58). 
This method of preparation obviously caused a breakdown 
of the heavier, 285-335, RNA molecules as apparent in 
Fig. 8 showing absence of this heavier component. 

Complete degradation of RNA by ribonuclease A 
(Table 2) was evidenced by appearance of the 6 character- 
istic nucleotide bands in the ribonuclease digests sub- 
jected to paper chromatography in the isopropanol -water— 
ammonia system*, 





Fig. 8. Sedimentation pattern of total splenic RNA prepared by the 

hot phenol method. The precipitated RNA was dissolved in 0:02 M 

phosphate buffer pH 7-2. Pictures were taken 2, 6 and 10 min after full 

speed (44,770 r.p.m.) was achieved. The principal peak is that of the 
185 componen 
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Table 2, INDUOTION OF TOLERANOE TO C57BL/6J MALE SKIN GRAFTS IN 
C57BL/6J FEMALE MICH WITH PREPARATIONS OF SPLENIO RNA* 


. No. of animals No. of tolerant 
m Spkenic RNA injected grafted animalst 


None 37 

Total cellular RNA 24 8 (6 
Total cellular RNA 21 9 (9 
Microsomal RNA § 14 5 (4) 
Total collular RNA heated { 10 0 
Soluble RNA ** 9 0 
Ribonuclease-treated total cellular RNA ff 13 0 
Idemtt ll 0 


* ARNA preparations were derived from spleens of male C67BL/6J mice 
and dissolved in sodium phosphate buffer (0-15 M, pH 7-2). Bach recipient 
C57BL/6J female mouse received a single intraperitoneal injection of 100- 
200 ug of RNA within 6h of birth and was grafted with skinof a C57BL/6J 
onle mouse 30 days later. Grafting procedure and criteria of tolerance same 
as in Table 1. 

t Numbersin parentheses represent number of grafts still under observation 
which are in excellent condition 5-6 months after grafting. 

t Prepared by hot phenol extraction procedure. 

§ Prepared by cold phenol extraction procedure. g 

{| Prepared by cold phenol extraction procedure and heated for 20 min 
at 95° C in water solution. - 

** Prepared from the post-microsomal supernatant by extraction with 
cold phenol. 

{+ Total cellular RNA prepared by extraction with hot phenol (1 mg) 
incubated with 20 ug of ribonuclease A at 37° C for 30 min. 

tt Identical ribonuclease treatment of total cellular RNA prepared by 
extraction with cold phenol. 


Administration of total splenic RNA prepared by the 
cold or hot phenol method and microsomal RNA to new- 
born females of the C57BL/6J strain could induce toler- 
ance of these mice to male skin isografts (Table 2 and 
Fig. 9). Many of these grafts were accepted for at least 
5-6 months (Table 2). Total cellular-RNA preparations 
heated at 95° C for 20 min or digested with ribonuclease A 
lost their ability to induce tolerance in this system. 
Soluble RNA was also ineffective. 





Fig. 9. C57BL/6J female tolerant to male skin isograft (middle animal). 

This tolerant mouse was injected at birth with 200 ug of male, Cb7BL/6J 

total splenic RNA. Two control females (left and right) with male skin 

isografts which had rejected 26 days post-grafting. Picture was taken 
48 days post-grafting 
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Our results clearly indicate that tolerance of male skin 
isografts can be induced by injecting new-born females of 
the C57BL/6J strain with microsomes, ribosomes or 
RNA extracts prepared from spleens of isogenic male 
donors. Furthermore, they strongly suggest that the 
biological activity with respect to production of immune 
tolerance resides in the RNA moiety of these preparations. 
Thus, dissociation into fragments with a sedimentation 
constant less than 13S or complete degradation to con- 
stituent nucleotides abolishes the ability of RNA to induce 
tolerance. We would postulate, therefore, that the 
biological activity resides in the ergosome (polysome) 
or in the RNA preparation which contains the messenger 
RNA responsible for the biosynthesis of the transplanta- 
tion antigen and that the continued biosynthesis of the 
donor’s transplantation antigen within the host initiates 
the mechanism leading to production of immune tolerance. 
An alternative explanation would invoke a depressant 
action of the specific ergosome or messenger RNA on 
the immune mechanism responsible for graft rojection. 
These postulations constitute working hypotheses the 
validity of which is at present under investigation. 
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Service research grant 4-727 from the National Institute 
of Arthritis and Metabolic Diseases and by the Office of 
Naval Research under contract 1833 (00), NR 101-412. 
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LETHAL EFFECTS OF CORTICOTROPIN IN OBESE RABBITS 


By Dr. KENNETH R. WOODS and Pror. AARON KELLNER 
Department of Pathology, New York Hospital-Corne!] Medical Center, New York 


URING the course of experiments in which rabbits 
were injected with crude extracts of pituitary glands, 
many became obviously sick and exhibited severe weak- 
ness, lethargy and tachypneea; about one-third of these 


went into shock, convulsed and died within 3—24 h (ref. 1). 
In other experiments, rabbits were infused with corti- 
cotropin A, or with a purified pituitary adipotropic 
peptide (PAP) having little or no corticotropie activity ; 
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here, too, within a few hours a significant number of the 
animals were seized by convulsions and died, while others 
receiving equivalent dosage displayed only mild symptoms 
and recovered?. Al the animals had prompt and striking 
increases in plasma non-esterified fatty acids (NEFA), 
and in animals surviving longer than 12 h, visible hyper- 
lipemia ensued. The investigations now to be presented 
demonstrate that obese rabbits are far more vulnerable 
to the lethal effects of these hormones than are lean ones, 
and further that there is a causal connexion between 
mortality and the adipotropic effects of the hormones. 

The general plan of the experiments was as follows: 
Pairs of young adult rabbits, usually one obese and one 
lean, were subjected to continuous infusion of a hormone 
preparation, delivered by a dual syringe pump (Harvard 
Apparatus Co.) into a marginal ear vein of each of the 
paired animals at the same constant rate. Infusion was 
continued for 22 h in surviving rabbits. Complete post- 
mortem examination was performed on all .animals; 
particular attention was directed to the amount of sub- 
cutaneous and intra-abdominal fat. In the present 
experiments the obese rabbits weighed greater than 3 kg 
and were observed in the gross to have abundant fat 
stores; the non-obeso or lean rabbits weighed less than 
3 kg and possessed relatively modest amounts of sub- 
cutaneous and abdominal fat. There was no appreciable 
difference in mean age between the groups of rabbits; 
genetic differences and nutrition were responsible for the 
differences in size and weight. The hormone preparations, 
ACTH (Armour) and PAP (ref. 2), were infused in 0-9 
per cent sodium chloride at rates varying from 5 to 12 
rol./h. Plasma non-esterified fatty acids (NEFA) were 
determined initially and during the second hour of in- 
fusion by the method of Dole and Meinertz?. 

Mortality. A total of 71 rabbits were given continuous 
intravenous infusions of ACTH or of PAP at dosage-levels 
indicated in Fig. 1. Obese rabbits, regardless of sex, died 
with far greater frequency, especially at higher dosage 
levels, than did lean ones (Fig. 1). The mortality in rabbits 
weighing more than 3 kg was 75 per cent, while that for 
animals weighing less than 3 kg was 11 per cent. More- 
over, mean survival times among the fatalities diminished 
with increasing dosage. Those given 1 u ACTH/h sur- 
vived on the average 10-11 h; infusion at the rate of 4-8 
u/h reduced the survival time to 4h; and rabbits receiving 
9-6 u ACTH/h survived only 2-3h. It is noteworthy that 
the lean rabbits received far greater amounts of hormone 
relative to their body-weight than did the obese animals, 
and despite this they tolerated the infusions far better. 
It is clear from this experiment that heavy rabbits, pos- 
sessing abundant adipose tissue stores, were considerably 
more vulnerable to the lethal effects of adipotropic 
hormones than were the lean ones. No morphological 
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Fig. 1. Relation of body-weight to lethal effecte of corticotropin and 
PAP infusions in 71 rabbits 
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Relation of NEFA during corticotropin to mortality in 71 
rabbits 


Fig. 2. 


lesions were encountered in any of the viscera examined 
that could account for the death of these animals. 

NEF A-levels. All animals infused with ACTH or with 
PAP responded with prompt elevation of their plasma 
NEFA-levels as illustrated in Fig. 2. The extent of this 
increase, though variable, appeared to be correlated with 
mortality. The mean NEFA increase among survivors 
was 1-83 + (s) 0-25 m.equiv./l., and among fatalities 
2-31 + (8) 0-17 m.equiv./l. The difference between the 
mean values of this bimodal distribution is highly signifi- 
cant (P < 0-001). It is of particular interest in this con- 
nexion that the eight animals having the smallest increase 
in plasma NEFA (< 1 m.equiv./l.) were all lean, and they 
survived; the twelve having the greatest increase in 
NEFA (> 2:8 m.equiv./l.) were all obese, and they died. 

A number of possible explanations to account for the 
increased mortality of the obese rabbits were explored. 
Among these were reduced serum calcium, hypoglycemia. 
and hyperthermia. 

Serum calcium. It was considered possible that the 
large amounts of non-esterified fatty acids entering the 
circulation might dissociate from albumin, the normal 
carrier, and form calcium soaps, thereby diminishing 
significantly the ionized calcium-level of the extra-cellular 
fluids to produce hyper-irritability, hypocaleemic tetany, 
convulsions and death. However, determinations of 
serum calcium during infusion of ACTH revealed no 
significant alterations, and calcium gluconate infusion 
afforded no protective effect. Serum sodium, potassium, 
and magnesium were likewise not significantly altered 
during infusion. 

Blood sugar. A second possibility considered was that 
the rapid release of NEFA from the triglycerides of the fat 
stores might stimulate re-esterification within the adipose 
tissue. Since adipose tissue is unable to utilize for re- 
esterification the glycerol liberated from triglycerides‘, 
but requires «-glycerol phosphate which is produced 
from glucose, massive re-esterification of fatty acids could 
conceivably deplete carbohydrate stores and result in 
hypoglycemia. Glucose-levels were therefore determined 
in rabbits during the course of several ACTH infusion 
experiments. No evidence of hypoglycemia was encount- 
ered even in animals on the point of death. In addition, 
infusions of glucose and of glucose and insulin together 
with the-ACTH afforded no protection. 

Heat production. Another possible explanation for the 
lethal action of adipotropic peptides in obese rabbits stems 
from the in vitro observations of increased oxygen con- 
sumption by adipose tissue concomitant with ACTH- 
induced lipolysis*. Increased oxygen utilization is 
indicative of accelerated cellular metabolism with a 
corresponding increment in the production of heat. 
If the hormone caused an obligatory caloric output exceed- 
ing the compensatory mechanisms of the rabbit for heat. 
transfer to its environment, body temperature could 
inerease beyond physiological limits. In this situation the 
obese rabbit would be at a disadvantage by possessing a 
greater mass of insulating and heat-producing tissue and, 
at the same time, having smaller relative surface area. 
from which to dissipate the heat. Continuous recordings 
of thermistor-detected rectal temperatures were therefore 
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made during a number of ACTH-infusion experiments in 
obese rabbits. Slight increases in temperature were 
noted in a few, though not all, animals; the maximum 
elevation observed, however, was less than 2° C. Though 
it is doubtful that this degree of hyperthermia alone 
would be sufficient cause of death, increased heat produc- 
tion may be a contributory factor. $ 

The findings presented, here demonstrate that infusion 
of ACTH or other pituitary adipotropic peptides into 
rabbits resulted in the death of a high percentage of obese 
animals within a few hours; lean animals, by contrast, 
tolerated infusions of far larger amounts of the same 
concentration of the hormones remarkably well. A sharp 
increase in plasma NEFA content occurred in both 
groups, though the levels attained were in general higher 
in the obese rabbits than in the lean ones. The evidence 
suggests that the mortality was in some manner related 
to fatty acid intoxication, the larger fat stores in the 
obese animals releasing explosively on hormonal stimula- 
tion far more NEFA than the metabolic capacity of the 
animal could handle in a short period of time. A satis- 
factory explanation for the degree of intoxication and 
death is not readily available. No significant changes in 
blood calcium or glucose were observed; there was no 
striking elevation of body temperature; and there were 
no anatomical lesions encountered to which the sickness 
or the death could be attributed. 

It is of interest that an earlier observation by Pierce 
and Bloom suggested that the toxicity of their ACTH 
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preparations injected into rabbits was inversely related 
to the weight of the animal®. Rabbits appear to possess 
an unusual sensitivity to pituitary adipotropic peptides. 
Only one-fourth of the 0-1 sodium hydroxide-extractable 
material from a single rabbit anterior pituitary gland is 
sufficient to cause a five- to ten-fold increase in plasma 
NEFA within 20 min after injection into another rabbit’. 
The rat is much less responsive, massive amounts of rabbit 
or rat pituitary extract increasing plasma NEFA only 
slightly in the living animals’, though rat adipose tissue 
is sensitive to ACTH and to PAP and releases abundant 
NEFA in vitro. The adipose tissue of human beings and 
dogs, on the other hand, responds to ACTH or PAP 
neither in vivo nor in vitro’. It seems possible, therefore, 
that the phenomenon of ‘fatty acid intoxication’ and death 
as here described may be limited to the rabbit and to 
those species the adipose tissue of which is particularly 
responsive in vivo to the action of adipotropie hormones. 

This work was supported by grants from tho U.S. 
Public Health Service and the New York Heart Associa- 
tion. 
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VARIATIONS IN BLOOD VOLUME AND OXYGEN AVAILABILITY IN 
THE HUMAN BRAIN 


By Dr. YU. E. MOSKALENKO 


Institute of Evolutionary Physiology, Academy of Science, Leningrad* 


AND : 
Dr. R. COOPER, Dr, H. J. CROW and Dr. GREY WALTER 


Burden Neurological Institute, Stapleton, Bristol 


UR understanding of the physiology of the cerebral 

circulation is derived mainly from experiments on 
narcotized animals. Observations on human subjects’, 
based on measurements of overall blood flow, oxygen and 
glucose consumption, have established that the cerebral 
blood flow and metabolism are high and almost un- 
affected by changes in the level of functional activity. 
The details of local variations and regulatory functions, 
however, have remained subjects for conjecture. 

During the past few years various clinical and technical 
developments have afforded access to these problems. 
The implantation of noble-metal electrodes in the brain 
for therapeutic purposes*~* permits polarographic record- 
ing of oxygen availability (Oa) in many regions over long 
periods’. These observations have demonstrated pro- 
nounced local changes suggesting a multitude of “‘regula- 
tory domains” in which the local concentration of carbon 
dioxide governs the calibre of the regional blood vessels. 
Similar variations in local blood flow have also been 
recorded from implanted microthermistors. The applica- 
tion of electroplethysmography (EPG) to the examination 
of changes in brain blood volumes in animals! has shown 


that the cranial cavity is not an entirely closed box; there - 


are elastic leaks into the venous system and spinal theca 
which permit considerable variations in blood volume 


* This work has been done while Dr. Yu. E, Moskalenko was in the 
United Kingdom under exchange arrangements between the Academy of 
Sofences of the U.S.S.R. and the Royal Society. 


with each heart-beat and during changes in blood pressure 
or posture. The method depends on measurement of the 
changes in tissue impedance at about 40 ke/s; since the 
impedance of blood is different from that of brain tissue 
or cerebro-spinal fluid (CSF), the impedance values change 
with variations in the proportion of blood to CSF. 

We have used these methods to record the variations in 
blood volume and oxygen availability in various parts of 
the human brain, together with records of the electro- 
encephalogram (EEG), heart rate (H.R.) and respiration. 
The effect of changes in posture and the composition of 
the inspired atmosphere have been investigated among 
other factors. Records were obtained from pairs of 
epidural and subdural gold electrodes in the fronto- 
vertical region and from similar electrodes deep in the 
left frontal lobe (Fig. 1 inset). This permitted comparison 
between the conditions at the cortical surface and in the 
depths of the brain. 

When the patient is tilted from the horizontal to 45° 
with head down (Fig. 14) the impedance of the subdural 
electrodes falls and there is a rapid exponential rise in tho 
EPG-level, indicating a passive hydrostatic rise in intra- 
cranial blood volume. This is similar to the response in 
animals’. About 3 sec later there is an active compense- 
tion with a slight overswing which restores the blood 
volume to its original level. There is no significant change 
in oxygen availability at an adjacent electrode, and the 
heart rate shows no change until some 7 sec later when 
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rodes, (0) Feet up 45°; EPG, intracerebral slectrodes. 


intracerebral electrodes 


there is the expected bradycardia attributable to inter- 
vention of the carotid sinus reflexes. When the position 
is restored to horizontal there is again a passive change 
followed by an active compensation. During this man- 
œuvre the pulsatile component of the EPG shows a slight 
reduction suggesting increased rigidity of the cranial 
cavity but still within the elastic limits. 

When the patient is tilted to 45° head up there is a more 
abrupt and sustained fall in intracranial blood volume, 
again with no change in local O.a but a pronounced 
tachycardia appears, again with a latency of about 7 
sec. The pulsations are considerably increased, suggesting 
that the elastic expansion is augmented in this position. 

The records from intracerebral electrodes during the 
same manœuvres present a different picture (Fig. 1C) 
With the head tilted 45° down there is no change in the 
EPG-level, but the pulse component is first suppressed 
and then restored. The O.a level rises slightly and there 
is the usual delayed bradycardia. When the position is 
restored to horizontal there is a transient increase in the 
pulsations. When the body is tilted head up (Fig. 1D) 
there is again no change in EPG-level but a protracted 
suppression of the pulse component which returns when 
the position is again horizontal. The wave-form of the 
pulse component is quite different in the records from 
the subdural and intracerebral electrodes, suggesting that 
the intracerebral pulse-wave is modified by the surround- 
ing tissue. It will be noticed that during the brief tachy- 
cardia on the onset of the head-down tilt in Fig. 1C and 
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Fig. 1. Recordings taken during changes of posture. EPG and O,a recorded using elec- 
trodes made from 38 8.w.g. (1504) gold wire, 3-4 mm bared. Channel showing heart 
rate (H..B.) indicates deviation of heart rate from a pre-set value (60 beats/min), deflexion 
upwards indicates high rate. Time markers 1 sec. Respiration measured by chest expansion. 
{4) Feet up 45°; EPG, subdural electrodes. (B) Feet down 45°; EPG, subdural elec- 


(D) Feet down 45°; 
Inset: posterior anterior X-ray photograph showing position of electrodes 
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the prolonged tachycardia during the head- 
up period in Fig. 1D the pulse-wave in the 
EPG from the intracerebral ele&trodes is 
scarcely visible, and this might be ascribed 
to the smoothed wave-form being unable 
to follow at the higher pulse-rates. The 
degree of acclerating is insufficient to account 
for this, however, and the suppression of 
the pulse must be due to other causes, 
particularly the changes in effective intra- 
cranial pressure. 

Similar records from other intracerebral 
electrodes in the superior frontal and para- 
cingulate regions in both white and grey 
matter have given similar results, but the 
amplitude and variations in the pulse-wave 
are smaller than from electrodes in the orbital 
regions. 

In these experiments the threshold of the 
active physiological response to tilting head- 
down. (as in Fig. 14) is about 0-25 g; that 
is, a 15° tilt-angle. 

The absence of a physiological intracranial 
response to tilting head-up (Fig. 1B) as 
compared with head-down may be associated 
with the familiarity of this manœuvre and 
the adequacy of the compensation by reflex 
tachycardia. 

When the inspired atmosphere is altered 
by breathing 10 per cent carbon dioxide in 
air, the cerebral vasodilatation is reflected 
by a pronounced rise in brain blood volume 
as indicated by the EPG from epidural 
electrodes (Fig. 2A). The local O,@ rises 
slightly during this period and falls abruptly 
when the carbon dioxide is turned off and the 
blood volume falls. Administration of 100 
per cent oxygen, on the other hand, has 
no effect on the EPG, but the subdural 
O,a rises markedly and the “spontan- 
eous” rhythmic fluctuations are greatly 
augmented (Fig. 2B). 

When the same experiments are made 
while recording EPG and O,a from intra- 
cerebral electrodes (Fig. 3) the EPG behaves 
_ quite differently. With 10 per cent carbon 
dioxide the O,a level rises because of the increased blood 
supply, but the blood volume between the deep elec- 
trodes appears to fall (Fig. 34), and the pulsations dwindle 
to vanishing point. With 100 per cent oxygen there is 
again. no change in the EPG-level or pulsations, but the 
Oa rises and falls appropriately. 

The striking difference between the effect of carbon 
dioxide on the epidural and intracerebral recordings 
(Figs. 2A and 3A) is difficult to explain completely. The 
disappearance of the cardiac pulsations in the intracere- 
bral plethysmogram in these conditions suggests that the 
cerebral vasodilatation may have oceupied the greater part 
of the elastic reserve of the cranial cavity and actually 
expelled blood from the venules within the brain, thus 
reducing slightly the effective blood volume in these 
regions. 

In general, the variations in EPG-level and O.a 
readings are independent, as seen in these illustra- 
tions, but sometimes a rapid increase in O,a is accom- 
panied by a brief fall in brain blood volume. Similarly 
a rapid reduction in brain blood volume may be associ- 
ated with a transient drop in local oxygen tension. 
This suggests that the intracerebral stabilizing mechan- 
isms operate with a lag of several seconds, possibly of the 
same order as that of the natural period of the “spon- 
taneous” fluctuations in O,a; that is, about 10 sec for a 
full cycle. 

There were no significant changes in the EEG or func- 
tional state during these manœuvres. 
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o of respiratory gases. 

Epidural electrodes for EPG. (A) 

The carbon dioxide 

was introduced about 40 sce before the beginning of the piece of record 
shown. (B) Inhalation of 100 per cent oxygen 


Fig. 2. Recordings taken urine chan; 
rate and respiration as in Fig. 1. 
Inhalation of 10 per cent carbon dioxide in air. 


These observations indicate that the blood supply 
to the human brain is regulated by several mechanisms 
The multiple local chemical controls through carbon 
dioxide dilatation, and the systemic reflex variations in 
heart rate and blood pressure are complemented by the 
interactions between the pressures and volumes of the 
arterial and venous blood and CSF. These interactions 
vary in different brain regions and, of course, with the 
elasticity and compliance of the system as a whole. Thus, 
in spite of the relatively rigid enclosure of the brain, an 
adequate flow and volume are maintained over a wide 
range of physiological conditions. The notorious vulner- 
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Recordings as in Fig. 2 using the intracerebral electrodes 


Fig. 3. 
shown in inset of Fig. 1 and Fig. 1 (C) and (D) 


ability of the brain to hypoxia, for which there is no short- 
term physiological compensation, ean be inferred from 
the independence of the EPG and Oa levels. 
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A UNIFIED STRUCTURAL THEORY FOR WOOL KERATIN 
By Pror. A. R. B. SKERTCHLY 


Textile Physics Research Laboratory, School of Textile Technology, University of New South Wales, 
Sydney, Australia 


HE quest towards the olucidation of the fino and 

molecular structure of wool keratin has been sustained 
and arduous. A generation ago it was highlighted, by the 
‘classical’ work of Astbury et al.+:?; but more recently it 
has engrossed the minds of scientists in many diversified 
institutions’-°. Tho reason for such interest stems from 
the fact that the wool koratin is a biologically important 
material very closely related to other members in the 
keratin, myosin, fibrinogen and epidermin group’. In 
the past structural progress in any one member of the 
group has often accelerated progress and understanding 
of the molecular biology of tho other members, and it is 


fortunato indeed that fundamental molecular studies of 
wool keratin should continue to receive substantial 
industrial financial support. 

A conference on wool structure (Australian Wool 
Structure Conference, University of New South Wales. 
Sydney, December 12, 1962) provided a further stimulating 
forum for the exchange of ideas, and the tenure of the argu- 
ments showed a marked tendency towards a moro unified 
common outlook. 

Although the structural ideas represented in this article 
represent those of a particular ‘school’, the essential aim 
has been to unify the basic hypothesis to cover as many 
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of the critically important observed facts 
as possible. 

To a certain extent this process is Ma 
fraught with subjective interpretative 
difficulties, for no one technique yields 
an unambiguous answer to the keratin 
structure problem However, it is felt 
that, at least in so far as the physical 
structure is concerned, a reasonable 
degree of conformity in opinion and 
progress has been achieved. 

Observation and interpretation of £ 
electron micrographs of thin sections of 
keratin®? have now firmly established 
the nature of the histological fibre 
structure. Thus the existence of miero- x 
fibrils embedded in matrix has been 
established beyond doubt, and high- 
resolution microscopy*® has further 
shown that the microfibrils may be Ma 
resolved into a structure consisting of 
perhaps 9 protofibrils arranged in an 
annulus with 2 further protofibrils 
in the centre. The size of the proto- 
fibrils (about 20 A in diameter) is con- 
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Pauling-type a-helices, although so far 
these fundamental units have not been 
resolved. It is interesting to note that 
a similar type of structure is found in 
other proteinous substances, but at 
different levels of organization. 
Estimates of the relative proportions 
of material in the microfibrils and 
the matrix have been widely different and much 
dependent on the technique used. Recently, however, 
Turner and Woods"! have developed a method which 
depends solely on the variation of X-ray diffraction 
intensities as a fibre is extended. Using this method they 
obtain. a figure of 30 per cent for the amount of material 
initially in the «-form which transforms to the 8-form. 


stitu 


0.5 






9 
b 


xX —- CRYSTALLINE —— 8 


PHASE CONCENTRATIONS 
[e] 
w 


60 70 8 90 KO 


30 40 50 
% EXTENSION 


Fig. 1. Relative concentrations of phases present in wool keratin at 

different extension. The a- and f-phases are crystalline, £” is a mixed 
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Fig. 2. A, model of unstretched wool keratin showing the microfibrils (A) of a-helices 
which altogether constitute about 31 per cent of the fibre substance. 
are not markedly altered by water molecules and may transform into the extended (f) 
configuration, In series with the microfibrils is a distributed inextensible phase (y) cone 
ing about 6 per cent of the fibre. 


The microflbrils 


The non-crystalline matrix (Ma) (about 68 per 


cent of the fibre) is readily accessible to water. B, the microfibrils have been resolved 
into (9+2) sub-units known as protofibrils (P), each about 20 A in diameter. C, it ia 
probable that the protofibri 


consist of a parallel triplet structure of a-helices 


This material is assumed to comprise the protofibrils. 
However, because full extension of the protofibrils would 
lead to a fibre extensibility greater than that which is 
observed it is necessary to postulate the existence of some 
inextensible component (y) in series with the protofibrils". 
This is probably not a discrete phase, but merely particular 
amino-acid residues which are distributed along the poly- 
peptide chains and reduce the overall extension. Simple 
calculation shows this to be about 6 per cent of the 
fibre substance. Thus the area occupied by the protofibrils 
is very close to 36 per cent. Feughelman! using data 
derived from analysis of stress-strain curves has obtained 
the value of 38-6 per cent. The agreement between these 
derived parameters could not be expected to be closer, 
and this illustrates forcefully the convergence of model 
postulates from different data sources. 

Combining these values we may say that the microfibrils 
occupy some 37 per cent of the area of the fibre and thus 
that the matrix occupies some 63 per cent. 

On the basis of the preceding and related considerations 
it becomes possible to define the proportions of the various 
constituents present at different extensions. For the 
case of Lincoln wool keratin the phase concentrations are 
given approximately by the following relationships™. 


[a] = O15 [(1—a)? + 1-083 (1—2)] 
[8] = 0-15 [a® + 1-0837] 
[B*] = 0-16 [2x(1—2x)] 
[v] = 0:06 
[matrix] = 0-63 


where æ = extension and [e] + [8] + [8*] + fy] + 
[matrix] = 1. 


The values at the important dofinitive stages of 0, 50 
and 100 per cent extension are abstracted and shown in 
Table 1 and the continuous curves in Fig. 1. 
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Table 1. PERORNTAGE OF PHASES PRESENT IN DRY LINCOLN Woon 
A e KERATIN AT VARIOUS EXTENSIONS 
Percentage Phase 
extension a g y p* Matrix 
0 81 0 6 0 63 
50 115 11:55 6 8-0 63 
100 0 31 6 0 63 


Careful consideration of the phase concentrations is 
revealing, and utilization of these facts in connexion with 
the deformation behaviour of other similar systems such as 
myosin and epidermin should prove fruitful. 

All these structural ideas suggest that keratin in the 
unstretched «-form has a basic physical structure some- 
thing like that shown in Fig. 2. 

One of the most profitable sources of data about keratin 
structure!’ has been the analysis of the stress-strain 
deformation characteristics particularly under a variety of 
different environments. Recently it has been argued’ 
that the stress-strain curves may be re- 
solved into microfibrillar and matricular 
components. The arguments in support 
of this proposal are, principally, that 
Young’s modulus of the matrix is low 
at low extensions, and that the course 
of the «-§ transformation is symmetrical ‘and con- 
tinuous from 0 to 100 per cent extension. In keeping 
with this hypothesis it has been necessary to consider 
afresh the terminology associated with the stress-strain 
curve, and Fig. 3 shows that which has been adopted. 
It is apparent that the resolution of the stress into two 
components, one being due to an energetic bimorphic 
transformation, the other due to the largely entropic 
ordering of the matrix, leads to the possibility of a much 
greater understanding of many deformation processes such 
as relaxation, creep and denaturation. As an example of 
this we may calculate the strength of the hydrogen 
bonds in the a-helix. 
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Fig. 8, Stress-strain curve for wool keratin together with its separation 
into microfibrillar and matricular stress components. The observed 


curve was obtained in water at 20° C with a constant rate of extension 
of 20 per cent per min 


The microfibrillar stress-strain curve" is a close approxi- 
mation to the function: 


AFN _ [Pa] _ z 


fa] 


where a, me and Vy = the volume of the molecular 
flow unit, f is the applied stress, and AF® is the freo 
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energy difference between the g-phase and the penultimate 
hydrate (Bg) phase. At 50 per cent extension: 


Vy of R 
1 


AP? =a — y ma convenient expression. 


Since V; = 24, where à is the «$ translation distance, 
and A = the cross-sectional area occupied by ono hydro- 
gen bond in an «-helix, we have: 


A = 635 x 10-8 om 
and: 
A = (5:8)? x 3°46 x 3-7-4 x 10718 cm’, 


The extrapolated value of the microfibrillar stross at 50 
per cent extension is 8-0 + 1-0 x 188 dynes/om?. Since 
only 37 per cent of the area is occupied by microfibrils the 
stress has to be multiplied by the factor 2-7. Thus: 


x 10-8 x (5-8)? x 3-46 x 10-26 x 8-08 x 108 x 2-7 x 1:99 
3-7 x 1:375 x 10-16 
= 6-2 keal/mole 


Alexander’? has suggested that such bond strengths 
would probably lie between 6 and 8 kcal/mole, while 
Pauling et al.!® estimated the strength of the molecular 
N—H ...O=C bond to be about 8 kcal/mole. Values 
recently obtained for similar substances confirm this. 
Since there are on average 3-7 bonds per turn the equiva- 
lent energy difference for the %—f transformation, brought 
about by the opening up of one complete turn of a-helix, 
would be 23:0 keal/mole. 

Comparison of this value with that of tho activation 
energy of 20 kcal/mole obtained by Speakman’? for the 
a—f transformation between 15° and 20° C confirms that 
the former value is in fact the activation energy of 
fission of hydrogen bonds in the «-helix. 

It may readily be shown™ that the stress devoloped in & 
fibre may be related to changes in internal enorgy (U) 
and entropy (S) by means of the expression: 


It hes been shown? that at intermediate ranges of 
extension part of the «-phase transforms to the extended 
B via an intermediate mixed crystallite, B*. If we assume 
that the entropy of mixing of the 8 *-phase represents the 
main entropy change at low extensions, then this equation 
may be re-written! as: 


SU _ RT 2h, — l 
| eae A og (FT 





where | is the length of a fibre of original length J). 

In order to apply this equation quantitatively, we 
must put the entropy contribution to load in the samo units 
(dynes/cm?) as the applied force. The volume (v) of one 
mole of the unit of translation that we have adopted is 
given by: 


Thus the force per cm? due to the entropy contribution 
to load of a set of hexagonally packed «-helices is given by: 





21, — l 
— 21 x 108 log, G BFA ) dynes/cem? 
Since only 25 per cent of the miorofibrils, which them- 
selves form only 37 per cent of the fibre area, contribute 
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to the entropy of mixing function, the observed stress duo 
to the entropy of mixing will be given by: 

x 2a — l 
fa %`— 0-19 x 108 loge c= ) dynes/em:? 
6 


- Using this relation, we find that the form of tho entropy 
contribution to load curve at low extensions is in general 
agreement with the measurements of Woods", a point of 
divergence being that the theoretical extension for zero 
contribution to load occurs at 50 per cent, compared with 
the observed value of 25 per cent. However, the entropy 
contribution to stress of the matrix, and relaxation, have 
been neglected. A comparison of these theoretical results 
with those of Woods is shown in Fig. 4. The results 
confirm the validity of the assumption that the entropy 
difference between the «- and @-phases is probably 
small. 

The preceding observations have shown that it is 
possible to predict many observed parameters associated 
with wool keratin on the basis of a simple physical struc- 
tural model and they lend even greater weight to the 
concept of an intramolecular «—§8 transformation. Thus 
any structure proposed for o«-keratin must satisfy the 
condition of reversible deformation and the ability to 
associate and crystallize in the B-form. Even though the 
amount of twist in the protofibrils proposed by Fraser 
et al.? is relatively small, it still appears to be sufficient 
to seriously sterically hinder the freedom of the transforma- 
tion process. Bearing in mind that the stress at low 
extensions is almost entirely borne by the microfibrils'4 and 
that the transformation process is uniform and symmetri- 
cal, it appears apparent that a simpler aggregation of 
«-helices to form protofibrils must be sought. 

Thus a structure that would appear to conform more 
closely to requirements is that of a parallel triplet of helices 
of the type that has already been suggested else- 
wheret5.20,22, A comparison of this structure with those 
already postulated is shown in Fig. 5. The absence of 
entwining in the straight triplet would facilitate trans- 
formation straightening and allow the B-form to associate 
and crystallize readily in an extended sheet-like array. 

Many of the earlier workers were solely concerned with 
defining the statie physical parameters and from these 
postulating a suitable model. Even to-day this procedure 
isYsometimes still adopted®. Since no one technique can 
yield unequivocal structural evidence for such ‘an ex- 
tremely complex biological system, it cannot be too often 
repeated that great care must be exercised in deducing 
structural ideas from single data sources. 
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Fig, 4. Observed and theoretical entropy contributions to stress. The 
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Tn this articlo it has been shown that a satisfactory 
structure for keratin can be derived using data from a 
number of sources, and that the structure is compatible 
with a variety of observations. Although there are many 
finc points of detail to elucidate, it is evident that this last 
decade has been extremely fruitful in unifying our con- 
cepts of wool keratin structure. 

I thank Mr. H. J. Woods and [the late] Prof. W. T. 
Astbury for their advice. 
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DATING OF HUMUS PODZOLS BY RESIDUAL RADIOCARBON ACTIVITY 
By Dr. R. M. S. PERRIN and Da. E. H. WILLIS 


School of Agriculture and Botany School, University of Cambridge 
AND 


C. A. H. HODGE 
Soil Survey of England and Wales 


N seeking to explain the pattern of soils observed in a 
particular region, the pedologist is constantly faced 
with the problem of deciding the ages, either absolute or 
relative, of the profiles under consideration. This problem 
has been encountered by us in investigations of soils 
in the Breckland District in East Anglia. 

In certain favourable circumstances soils may be dated 
approximately from geomorphological evidence or the 
stratigraphy of the parent material. In recent years the 
technique of pollen analysis has been used to relate 
soil-formation to recognizable stages in the development 
of the Post-Glacial vegetation’. Attempts to date soils 
directly by measurement of the residual activity of 
contained carbon-14 have been few and, so far as is known, 
no previous work has been done in Britain. 

Broecker et al.* give apparent dates obtained for various 
soil horizons but no indication as to how the specimens 
were prepared or of the significance of the results. Ruhe 
et al.? measured the residual activity of wood and molluscan 
remains, making the assumption that the soil was of the 
same age as the contained organic materials. Liiders* 
used a combination of carbon-14 and pollen analytical 
data to obtain the age of a blown sand deposit lying 
between two podzols. He quotes apparent ages of 2,500 
and up to 7,000 years for the two soils. Scharpenseel® 
reviews the use of residual activity measurements in 
agricultural chemistry with emphasis on carbon-14 
but quotes few results. 

It is only in peats consisting of plant remains in situ 
that unique ages can be ascribed to soils by the carbon-14 
method. In most terrestrial soils the rate of renewal of 
organic matter is so high that the measured activity of 
carbon-14 merely confirms this rapid turnover and gives 
no indication whatever of the age of the profile. This is 
even true of some podzols, for Tamm and Östlund! found 
the mean time of renewal in a podzol B horizon under 
forest to be as low as 370 + 100 years. Nevertheless, the 
humic B horizons of particularly oligotrophic podzols 
are ‘the most favourable of all terrestrial soil horizons 
for age determinations; they are usually fairly free of 
roots and are otherwise biologically rather inert, turn- 
over of humus thus being reduced to a minimum. In 
addition, B horizons formed at depth are unlikely to be 
contaminated with modern charcoal, although the effects 
of this can, in any case, be eliminated if carbon-14 is 
determined, not on the soil sample as a whole, but on an 
es of ‘humic acid’ separated by the method described 

ere. 

The apparent age of a soil sample calculated from the 
measured activity of carbon-14 may be accounted for in 
one of two ways. 

The first hypothesis is to assume that eluviation of humus 
occurred over a very short time at a unique date. In the 
absence of subsequent addition of humus by die-off of 
roots or soil population, this date will be identical with the 
apparent age of the sample. This situation is shown 
diagrammatically in Fig. 1, where the area X represents 
the total activity of the sample. The effects of oxidation 
of early eluviated carbon and addition of later humus 
are not capable of quantitative evaluation but would 
act together to increase the residual activity and thus 


lower tho apparent age. Hence the latter gives unambig- 
uously the latest possible date at which eluviation could 
have taken place. However, since soil formation is a 
dynamic, continuing process it is unlikely that podzolizr- 
tion would have occurred over a very limited time and 
thereafter ceased entirely. This interpretation must there- 
fore be discarded as improbable although in a given case 
it is not possible to disprove it conclusively. 

The second hypothesis is to assume that the measured 
activity represents an integral of the activities of suc- 
cessive small additions of humus which have been 
deposited over a long period of time, commencing at a 
date earlier than the apparent age and finishing later. 
This interpretation is shown diagrammatically in Fig. 1. 


where the activities are represented by Y,, Y,... Fa 
and n can have any value from 2 to œ. In general 
X=DY,+ Yet... Fn 


and in the ideal case, where eluviation has taken place at 
a constant rate g over a period of t years, 


X=JlI,ao-*"dt 
0 


where J, is the modern activity and ìà is the decay con- 
stant. Theoretically, it is easy to solve this oquation to 
obtain t, but in practice g is difficult to measure and ts 
most unlikely to have remained constant. 

As in the simple case of eluviation at a unique date, 
no estimate can be made of the influence of oxidation 
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and biological addition of humus. But again their effect 
would be to lower the apparent age, and in an extreme 
case it would even be possible for eluviation to have taken 
place entirely before the observed radiocarbon date. 

It is clear from the foregoing that a radiocarbon date 
for a B horizon sample can have only one valid inter- 
pretation: it must necessarily represent the latest date 
at which eluviation could have commenced and thus the 
minimum age of the podzol. 

Application to the soils of the Breckland District. In this 
area, the soils are derived in the main from sandy chalky 
till and outwash deposits of the Gipping (probably equi- 
valent to Saale) Glaciation and from their re-worked debris. 
On these deposits are found soils ranging from shallow 
rendzinas to deep podzols. The latter are found on non- 
calcareous or decalcified sands and are extremely oligo- 
trophic. 

Although the podzols are at the present time usually 
found under Callunetum or modern coniferous plantations 
there is no field evidence to prove that podzolization is 
necessarily contemporary or recent except where soils 
occur on some obviously recent dunes. In fact, there is 
a considerable range in the degree of development which 
suggests the possibility of a range of ages. The relative 
ages of these soils and the desirability of using the 
carbon-14 method to date them were briefly discussed by 
Perrin’. 

More recently the Soil Survey of England and Wales 
has distinguished by profile morphology the soils of the 
Brandon Series, in which podzolization is relatively well 
advanced, from those of the Santon Series, where eluvia- 
tion of humus is much less marked’. The provision of 
facilities for a limited number of carbon-14 determinations 
made it possible to obtain the minimum ages of the soils 
and to find whether there are any systematic difference 
between, the minimum ages of the two series. 

Selection of materials and laboratory methods. Two 
examples each of the Brandon and Santon Series were 
selected, from sites where the elevation and the morph- 
ology of the profiles suggested that there had been no 
ground-water influence or development of peat at any 
stage. A sample was taken from the Ba,,,* horizon of 
each soil, one of which was duplicated as a check on 
reproducibility. Brief details of these samples are given 
in Table 1. 


Table 1. Som SAMPLES USED FOR RADIOOARBON DATING 


Organi igniti 
rganic on 
carbon (% of 
Map ref. (% of  oven-dry Apparent 
Sample Soil (National air- ‘humic gge 
No. series Grid) soil) acid’) (years B.P.) 
1 Santon TL{794820 0-41 82:3 2860 + 200 
2 Santon T L/848908 0-33 72-3 2020 + 250 
3 Brandon TL]?71851 0-63 84:0 1580 + 200 
4 Brandon TL1781844 1-01 80:9 2860 + 110 
5 Brandon TLI781844 1-10 856 2500 + 250 


Samples 4 and 6 were taken from the same soil profile. 


Air-dry samples estimated to yield 10 g of organic 
carbon were stirred with 5 1. of 5 per cent sodium hydroxide 
until the colloidal matter was well dispersed, and allowed 
to stand for 48h. The dark suspension was then siphoned 
off and the remaining sand again extracted with sodium 
hydroxide, the second extract being added to the first. 
The colloids were then flocculated with a slight excess of 
hydrochloric acid, washed with water by centrifuging, 
and redispersed in sodium hydroxide. This suspension 
was then filtered through a fine sintered glass disk 
and again flocculated with hydrochloric acid. The result- 
ing ‘humic acid’ was washed free of chlorides, dried at 
105° C, weighed and ground to a fine powder. 

The loss on ignition of the oven-dry samples varied 
between 72-3 and 85-6 per cent, but further purification 
from mineral matter was considered unnecessary for the 
purpose of determining carbon-14. While the method 


* Horizon nomenclature in accordance with Supplement to U.S. Dept. 
Agric. Agriculture Handbook No. 18 (May 1962). 
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used does not recover all the humic material in the soil, 
it is reasonable to assume that the carbon-14 content of 
tpe peaa sample is sufficiently representative of the 
whole. 

Each humic extract was burnt in a stream of oxygen to 
form carbon dioxide. After careful purification this was 
used as the counting medium in a gas proportional 
counter®, 

Even in the most strongly developed podzols in the 
district, the content of organic carbon in the B horizon 
is not very high (Table 1) and because of the very loose, 
sandy nature of the soil it is difficult to collect very large 
samples without risk of contamination with material from 
other horizons. The samples of carbon dioxide obtained 
from the soils were therefore too small to fill the counter 
to the normal operating pressure of three atmospheres 
and had to be diluted with varying amounts of inactive 
carbon dioxide. To compute each result, therefore, the 
net radiocarbon activity had to be multiplied by a 
dilution factor with a resultant increase in the probable 
error. 

Experimental results and discussion. Counts of the 
residual activities of the samples gave apparent ages 
shown in Table 1. These data show that, while reasonable 
reproducibility is obtained for duplicate samples from the 
same profile, there are no systematic differences in 
apparent age between the well developed (Brandon 
Series) and less well developed (Santon Series) podzols. 
It is conceivable that such differences might emerge 
statistically from the minimum ages of a large number of 
profiles but the results could never justify the effort and 
expense involved. 

The magnitude of the apparent ages is, however, of 
considerable interest. In the first place, it confirms the 
initial assumption that the B horizons are biologically 
feirly inert. Secondly, it shows with certainty that 
podzolization commenced in these soils at least as early as 
2860 B.P. Although the climate at this time is known to 
have been cool and moist, and thus favourable to podzol- 
ization, the idea of a unique event must be dismissed both 
for the reasons given here and because Calluna either 
exists on many podzol sites now or is known to have 
been present until very recently. In view of this possi- 
bility of recent eluviation and the effects of oxidation 
and biological addition which lower the apparent age, 
it is likely that podzolization was, in fact, well advanced 
by 2860 B.P. and has continued, either steadily or spas- 
modically with fluctuations of climate, ever since. On 
the other hand, the podzolization is almost certainly a 
post-glacial phenomenon since signs of periglacial- dis- 
turbance, a common feature of soils in the district, are 
absent from the profiles. 

The vegetational history of the area as revealed by 
pollen analysis of organic muds and peats at Hockham 
Mere’? shows that it is likely that the original forest cover 
of the Breckland was extensively replaced by heath, grass- 
heath and cultivation from the beginning of the Neolithic 
period (5500 B.r.) and that ericoid species have persisted 
over significant areas until the present day. It is there- 
fore natural to speculate whether podzolization might 
have been initiated by this profound change in the 
vegetation. While the apparent ages reported here do 
not conflict with the date deduced by Godwin for the 
appearance of heath in the area, they are unfortunately 
too fraught with uncertainties to lend it positive support. 
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Deficiency of Metals in Population II Stars 


Pror. S. Basuxx’s recent reply! to our communication? 
contains a number of errors. 

(1) Bashkin states that Wallerstein et al.8 did not take 
into account Rayleigh scattering in their analysis of metal- 
poor giants. However, they did specifically include 
Rayleigh scattering as a source of opacity as shown in 
their Table 9 and accompanying discussion. 

(2) Bashkin remarks that among the metal-poor stars 
that we have discussed, only HD 165195 is not a halo star. 
We reiterate that HD 122563 and HD 140283 have 
motions perpendicular to the galactic plane of 19 and 16 
km/sec, respectively. Such velocities can carry these 
stars to no more than 250 parsecs from the galactic plane. 
They cannot, therefore, be called halo objects. 

(3) Bashkin refers to Traving’s work on Barnard’s 
star’. Lest the reader think that Traving has obtained 
the He/H ratio for the M dwarf BD + 4° 3561, which is 
generally known as Barnard’s star, we point out that 
Traving analysed “Barnard 29’, a B2 star in the globular 
cluster M13. 

(4) Bashkin refers to the “normal He/H ratio in popula- 
tion IT stars”. We note that the only population IT 
stars in which the He/H ratio has been obtained 
are the two peculiar objects discussed by Traving, and 
Bashkin himself questions the relevance of Traving’s B 
stars to general galactic problems because they may be 
young objects. No He/H ratio has been obtained for any 
of the old, metal-poor dwarfs or giants. We feel that 
reference to the He/H ratio in population II stars as if it 
were a fact merely covers up an enormous gap in our 
knowledge of galactic and stellar evolution. 

(5) Finally, we wish to agree with Bashkin regarding the 
need for more and improved abundance data, especially 
the ratio of O/H, in population II stars. However, the 
-data, that are now available, scanty and inaccurate as 
some may judge them to be, are in complete disagreement 
with Bashkin’s original suggestion5, 

GEORGE WALLERSTEIN 

Berkeley Astronomical Department, 

University of California. 

E. MARGARET BURBDGE 
University of California, 
San Diego. 
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Profile of the HR Line in the Spectrum of 
Zodiacal Light 


As a result of the observations of Blackwell and Ingham}? 
it is now believed that the zodiacal light is almost entirely 
due to the scattering of sunlight by dust particles concen- 
trated into the plane of the solar system. Because of the 
orbital velocities of these dust particles, the Fraunhofer 
absorption lines in the spectrum of zodiacal light should 
show Doppler shifts. During June-August of 1962, observ- 
ations were made at Chacaltaya (long. 68° 08’ W., lat. 16° 
21’ S., alt. 5:5 km) to measure this Doppler shift for the 
HB Fraunhofer line, using a specially constructed, high- 
luminosity, photoelectric spectrometer. The spectro- 
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meter was of the Ebert type, with the resolving power or 
luminosity increased by using it in series with a large 
Fabry-Perot etalon?. The addition of the etalon improved 
the performance of the system by a factor of 10 over tho 
best that could be realized from a conventional spectro- 
meter design. The etalon plates were of 90 mm useful 
diameter, polished by Hilger and Watts, Ltd., so 
that the gap was uniform to better than 4/50 at 5461 
A, and coated by Grubb Parsons with seven-layer 
dielectric reflecting coatings. The etalon was enclosed in 
& pressure vessel which could be filled to a controlled 
pressure with propane gas. This made it possible to vary 
the refractive index in the gap between the etalon plates 
and so change the order of interference, and hence the 
wave-length, passed by the interferometer. Tho Fabry- 
Perot fringes were focused by a plano-convex lens of 
focal length 47-5 cm on the entry slit of the Ebert spectro- 
meter, which utilized mirrors of focal length 68 cm and a 
128 mm by 208 mm plane grating (Bausch and Lomb No. 
33-53-27-57) worked in fifth order. The grating of the 
spectrometer was imaged through the exit slit on to a 
photomultiplier (E.M.I. 6256 S), especially selected for 
low dark noise, which fed a pulse counting system with 
digital output. 

The instrument was installed in a hut on the south 
summit of Chacaltaya and was fed with zodiacal light by a 
mirror mounted òn a brick pillar outside the hut. From 
this site it was possible to observe both the morning and 
the evening zodiacal light. 

The spectrometer slits were set to give an entrance slit 
width of 8 A and an exit slit width of 10 A. ‘Thus the 
pass band of the spectrometer was trapezoidal, 26 A wide 
at the base and 10 A wide atthe peak. The etalon spacing 
was chosen to give a spectral range of 30 A with a finesse of 
about 25, that is, to give an instrumental profile approxim- 
ately 1-2 A wide. The entrance slit had a width of 6 mm 
and a length of 20 mm, accepting light from a region of the 
sky 2:5° x 0-75°. With solid carbon dioxide manufactured 
on the spot, the photomultiplier was cooled to a tempora- 
ture of — 40° C. Under optimum conditions the dark 
counting rate of the photomultiplier was 5 e.p.s.. two 
of which were probably due to cosmic ray events in the 
glass envelope. The flux from the night sky alono at HB 
yielded a rate of about 4 ¢c.p.s., while the zodiacal 
light at an elongation of 40° gave an additional flux of 
5 ep.s. Allowing for instrumental losses. this corre- 
sponds to 4 x 10? photons cm- sterad-tsee-tÅ-1, Because 
of the low flux rates the following procedure was adopted 
for all our observations: a scan was made of the HB line 
from a low-pressure hydrogen lamp to determine the 
propane pressure corresponding to the wave-length of HB. 
At this pressure a count was taken over a period of two 
minutes of the photon flux from the zodiacal light and 
nightsky. A dark count was then taken over an equal time 
period. The propane pressure was then changed by 27 cm 
mercury (corresponding to a shift of 1-5 A) and both dark 
and zodiacal light counts were repeated. The line profile 
was established by observing at 7 points, at intervals of 
1:5 A, the points sometimes being observed in a random 
order so as to avoid systematic effects from such influences 
as changes of light level. 

In addition to the zodiacal light observations, spectra 
were taken of the light from the night sky only. at a 
similar zenith angle. These usually showed a flat con- 
tinuum, but on isolated occasions HB appeared in emis- 
sion. One of these scans was identified with the Orion 
spur, and we conclude that this emission was due to 
hydrogen in the galactic plane. Owing to bad weather and 
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cuts in the local power supply, the observations were 
mainly limited to the evening zodiacal light, although a 
few observations were made on the morning light. 

The results from the evening zodiacal light have 
enabled us to establish that: 

(1) There was no detectable modification to the depth 
of the Fraunhofer line by the zodiacal scattering. This 
confirms the conclusion of Blackwell that the electron 
density in the zodiacal cloud is very low. 

(2) The HB line received from the zodiacal light is 
shifted to the blue relative to the hydrogen lamp and the 
twilight solar spectrum. There was no indication whatso- 
ever of a red shift. If as many as 10 por cent of the dust 
particles had been in contra-rotation, the effect of a red 
shifted line would have been visible on our scans. 

(3) The magnitude of the observed blue shift indicates 
that the dust particles may be co-rotating with a velocity 
in excess of twice the circular orbit velocity. 

Although the shift in the line which we derive from our 
observations exceeds the Keplerian shift by more than 
the probable error in our observation, we do not wish to 
attach any significance at this time to a quantitative inter- 
pretation of this effect. We intend to repeat these obser- 
vations in the summer of 1964 using an entirely inter- 
ferometric spectrometric system, possibly the recently 
developed PHPSIOS system’, which has much greater 
luminosity than the apparatus described here. With the 
increase in photon flux which we hope to obtain, we intend 
to make more accurate measurements of the profiles and 
Doppler shift of the zodiacal light Fraunhofer lines in an 
attempt to distinguish between the various hypotheses 
at present proposed to explain the origin of dust in the 
solar system. 

This work was supported in part by the U.S. National 
Science Foundation and in part by the research committee 
of the Graduate School of the University of Wisconsin from 
funds supplied by the Wisconsin Alumni Research Foun- 
dation. We thank our host institution, the Laboratory of 
Cosmic Physics of the University of San Andres, La Paz, 
Bolivia, and especially its director, Prof. Ismael Escobar, 
for their co-operation. We also thank Prof. H. Alfven for 
his advice concerning the nature of the zodiacal light. 


J. Rine 
Uni ity of Hull. 
niversity of Hv D. CLARKE 
J. F. JAMES 
Uni ity of Ma: Pe 
niversity of Manchester M. Daz 
J. E. Maox 


University of Wisconsin. 
1 mani tine D. E., and Ingham, M. F., Mon. Not. Roy. Astro. Soc., 122, 120 
? Geake, J. E., Ring, J., and Woolf, N. J., Mon. Not. Roy. Astro. Soc., 118, 
616 (1959), 


3 Mack, J. E., McNutt, D, P., Roeslor, F. L., and Chabbal R. App. Optics, 2, 
873 (1963), 


PHYSICS 


Tensile Strength of Granular Materials 


Romer? has calculated the tensile strength of an ideal: 


granular material; he suggests that: 

o = 2B/D? (1) 
where o is the tensile strength, B is the interparticle force 
and D is the diameter of the particles. The ideal material 
is a completely random pack of equal spheres with the 
bonding force concentrated at the point of contact. Some 
of the postulated relationships in the early part of Rumpf’s 
calculation may appear to be dimensionally anomalous, 
and, the strength has been re-calculated to investigate the 
effect of these anomalies. The whole aggregate has a 
volume Va; a thin section of thickness t and volume Vs, 
perpendicular to the tonsile stress direction, is considered. 


The average number of particles contributing to -this , 


section: 
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Fig. 1. Aveérage particle contributing to thin cross-section. Mean 
crossed area Ap has radius r 
P = eV3/Vp (2) 


where Vp is the mean crossed volume of one particle and 
p is the fractional packing density. The section is very 
thin and it is assumed that : 

Vp = Apt (3) 


where Áp is the mean crossed area for an average particle. 
If the cross-sectional area of the whole aggregate is Aa: 


P = pAat/Apt (4) 
1 (D 
Ap =p f n [a(D — x)] dr (5) 
o 
= nD?/6 
Substitution in equation 4 gives: 
P = 6pAa/rD? (6) 


Having determined the number of spheres contributing 
to the section it is necessary to calculate the number of 
bonds in the section. First the mean area of the sphere 
surface in the section (W) must be determined. 


W = xDtsin 6 (7) 


The value F which represents the average number of bonds 
of one particle, in the section, is given by: 


F = kW/rD* 
= kt sin 6/D (8) 


where & is the co-ordination number. The average 


number of bonds per section: 
N= PF (9) 


Their direction is normal to the sphere surface, their 
average strength B; they act at an angle 6 to the tensile 
direction. 
sin ð = r/R 
@ = 54° 42’ 
The tensile component is B cos 54° 42’; the sum of these 
components provides the tensile force due to the bond 


total. 
oS 


Hl 


NB cos 6/Aa 
6 pkt cos 6 sin 6 
v D? 


Scott? has shown that the fractional density of a random 
aggregate of equal spheres is about 0-6 and Bernal and 
Mason? have found the co-ordination number to be about 
8-5. Equation 10 reduces to: 


o = 4:6 Bt/D§ (10a) 
Because the thin section considered represents the fracture 


zone the value of ¿ is effectively constant. If ¢ can vary 
equation 10 is invalid. Rumpf omits this quantity com- 


(10) 
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pletely; this could account for the differences between 
equations 1 and 10a. 

Frem an ‘intuitive point of view one would expect the 
strength to be directly proportional to the force between 
the particles; also since it depends on the number of bonds 
in a section of constant size it must depend on the size 
of the particles. The strength will be inversely propor- 
tional to the volume of the particles. The value of ọ will 
stay constant for a change in D; if Va is constant an 
inerease in p will increase the strength. 

VALERIE SMALLEY 
I. J. SMALLEY 
Northampton Collego of Advanced Technology, 
London, E.C.1. 


et Hs Agglomeration, edit. by Knepper, W. A., 379 (Interscience, 


* Scott, G. D., Nature, 188, 908 (1960). 
3 Bernal, J. D., and Mason, J., Nature, 188, 910 (1960). 


Interferometric Observations on Far Infra-red 
Stimulated Emission Sources 


Fo.iow1ne the first observations of stimulated emission 
in the far infra-red spectra of molecules! the experimental 
techniques were refined and some further observations 
which wore made at the National Physical Laboratory are 
reported here. In getting these, new intorferometer 
arrangements have been developed which give spectral 
resolution hotter than 0-001 em~ in the 100p region. 

The essential new featuro of the apparatus is that the 
resonant cavity which increases the effective length of the 
discharge tube has been provided by the mirror system 
of the interferometer which is used to analyse the omitted 
radiation. The arrangement is shown in Fig. 1. 

Consider it first without the mirror M, in position. The 
mirrors M, and M, together form a parallel plate reson- 
ator. With the addition of a thin dielectric film F, which 
has very low absorption loss, but which reflects a fraction 
of the encrgy from tho cavity into the optical system of tho 
Golay detector, they also make a Fabry-Perot type inter- 
ferometer. M, and M, are adjusted to be parallel and 
when M, is moved with parallelism maintained the 
intensity of the radiation from the discharge is modulated. 
From the distance moved between intensity maxima the 
wave-length of the emitted radiation may be measured 
directly if there is only one line present. This, in the 
prescnt investigation, could always be arranged by 
suitable filtering. Fig. 2 shows part of a record of fringes 
of a line of wave-length 119y in the emission from water 
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vapour. The fringes show the characteristic multiple 

beam shape, and the measured ‘finesse’ or ratio of order 

separation to half intensity width is approximately four. 
The numerical values for the system as used were: 


Distance from Zf, to Ma (L) 91m 
Separation of orders (1/5) 11 x 10° env? 
Thicknoss of flm F 6u 

Refractive index of film F 18 


The fraction (f) of intensity reflected to the detector ix 
wave-length dependent and has calculated values as 
follows: 

Fractional intensity 


Wave-length 2 (x) reflected a detector 
50 0°29 
100 0°13 
200 0-04 


By inserting mirror M, the interferomoter can be con- 
verted to a Michelson arrangement while still allowing M, 
to act as one cavity mirror. The valve of this is in provid- 
ing & spectroscopic system of much lower resolving power 
than the Fabry-Perot arrangement, but which, when used 
with a Fourier transform process, gives spectra free from 
overlapping orders and hence allows measurement of 
wider or multiple lines. 1t is also much less demanding in 
its mechanical stability requirements. 

The gases oxamined in the work recorded here were 
water and deuterium oxide at pressures of about 1 mm 
of mercury. The pulses applied to the tube were 2:5 usec 
long and of about 50 kV amplitude. The following lines 
were measured to an estimated accuracy of 0-5 per cent 
or better. 


H,0 D0 
ACH) 4) 
118-8 72-7 
78-4 36-3 
547 
47-4 
23-0 


The wave-lengths of the longer lines 119p and 78u for 
water and 72y for deuterium oxide were measured from 
Fabry-Perot fringes. These had modulation depths 
greater than 80 per cent, which gives an upper limit to the 
line widths in these transitions as the separation between 
orders which is approximately 0-001 em. Fabry~Perot 
fringes were observable in our experiment with all the 
lines reported, but the depth of modulation is much 
reduced as the wave-length decreases, falling to a few 
per cent for the 28-y line in water and the 37-u line in 
deuterium oxide. This might be interproted as indicating 
greater line-widths in these transitions but it could also 
result from imperfect interferometer adjustment. Since 


9-1 metres 


Dia. 6-5 cm 
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Fig. 1. 


Shows diagrammatically the apparatus used in the interferometric measurement of stimulated emission lines 
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INTENSITY 


DISPLACEMENT 
Fig. 2. Shows part of a record of multiple beam fringes of a line of 
wave-length 1192 in the stimulated emission spectrum from a pulse 
discharge in water vapour 


the adjustment becomes increasingly difficult as the 
wave-length decreases we believe that the poor modula- 
tion depth results from this and that there is no conclusive 
evidence for greater line-width in the short wave-length 
transitions. To get sufficiently good fringes, therefore, for 
reliable wave-length determination of the short wave- 
length lines the Michelson arrangement was used. 

In our apparatus the window W can be removed to give a 
common vacuum system to the discharge tube and inter- 
ferometer tank. This has been done to minimize cavity 
losses for certain trial experiments, but all the lines 
recorded here were measured with a window of 0-25 in. 
thick polyethylene in position. 

While no quantitative intensity information is offered 
at this time it can be said that the deuterium oxide lines 
are about one order of magnitude weaker than the water 
lines under the conditions of our experiment. It might 
also be mentioned that the 119-u line is particularly 
strong and can easily be measured after several metres of 
atmospheric water vapour absorption. All the lines 
except the 55y and 78y lines can be measured with the 
part of the interferometer outside the discharge at atmo- 
spheric pressure and normal laboratory humidity. 

We thank Admiralty Surface Weapons Establishment, 
Portsdown, for the loan of pulse equipment, kindly 
arranged by Mr. D. S. Watson and his staff. We also 
thank Mr. E. C. Pyatt, of this Division, for help with this 
equipment. 

The work described here was done as part of the re- 
search programme of the Basic Physics Division of the 
National Physical Laboratory and is published by per- 
mission of the Director. 

H. A. GEBBIE F. D. FINDLAY 
N. W. B. STONE J. A. ROBB 
Basie Physics Division, 
National Physical Laboratory, 
Teadington, Middlesex. 


1 Crocker, A., Gebbie, H. A., Kimmitt, M. F., and Mathias, L. E. S., Nature, 
201, 250 (1964). 
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Annual Variations in E-Layer lonization’ 


In the E-layer of the ionosphere, the variations in the 
critical frequency (f) depend mainly on the solar zenith 
angle (x) and the phase of the cycle of solar activity. If 
solar activity is assumed to remain constant, the annual 
variation in f at local noon can be represented by: 


Jia = fa COs" Xag (1) 
and the hour-to-hour variation during the day by: 
Je = fa cosmye (2) 


In these equations, fa and fa are assumed to be constant; 
the suffixes ¢ and 12 denote the values of f and x at time ¢ 
and at local noon, respectively. For a simple Chapman 
layer, m = n = 0-25, but Nicolet and Bossy! have shown 
that, under certain conditions, m and n may differ from 
this value. Since the parameters fa and fa both correspond 
to y = 0, they are sometimes referred to as the critical 
frequency at the ‘sub-solar point’. This terminology is 
misleading because it suggests that they should be equal 
to each other and also to the valuo of the actual critical 
frequency (fo) at the geographical location where y = 0. 
In fact, each of the parameters fa and fa represents the 
value of f which results from the extrapolation of a series of 
measured values to a hypothetical condition y = 0; they 
are not equal because different sets of data, must necessarily 
be used in performing the two extrapolations and neither 
fa nor fa is equal to f, except where the Sun is overhead 
at noon. By combining equations (1) and (2), it is easily 
shown that the relation between fa and fa is given by: 


fa = fasec™y 1, (3) 
This equation implies that fa and fa cannot both be 
constant as was previously assumed. It appears that no 
evidence has yet been published to prove that the observed 
values of the H-layer critical frequency vary in conformity 
with equation (3); but this can easily be verified by com- 
paring H-layer data which have been published by Minnis 
and Bazzard? and by Eyfrig3. It will be shown that, near 
the minimum of the solar cycle, fe is constant and fa 
varies with yo. 

Minnis and Bazzard have investigated the behaviour of 
an H-layer index of solar activity which is calculated in 
such a way that it is equivalent to the fourth power of fs 
as defined in equation (1). By means of regression lines, 
representing the relation between the observed monthly 
mean values of fa at eight stations and of », the solar radio- 
noise flux at 2,800 Me/s, it was possible to derive an 
expression for the mean annual variation in fa correspond- 
ing to any fixed level of solar activity as defined by o> 
(ref. 4): 


(falfa)* = 
whero 

fa = annual mean value of fa, 
1 for January, 2 for February, etc., 
ọ is measured in units of 10-2? Wm-*(¢/s)-* 

This expression indicates that, when the Sun is active, 
there is a semi-annual cyclic variation in fe with an ampli- 
tude of about 3 per cent but, when the Sun is quiet 
(9 ~ 70), fa remains constant throughout the year. If fe 
does not vary near the minimum of the solar cycle, then it 
would be expected, from equation (3), that fa would vary 
in a cyclic manner with an amplitude determined by the 
annual variation in y,, and, in consequence, that the 
annual variation in fa at stations near the equator would 
be much smaller than at stations in higher latitudes. 

Information on the observed annual variation in fa 
during quiet solar conditions has been given by Eyfrig. 
At two middle-latitude stations (Lindau, lat. 52° N., and 
Freiburg, lat. 48° N.), there was an annual variation of 
about + 20 per cent in fa, but the variation was less than. 


1 + [(@ — 70)/1,300] cos [(x/3)(m — 1-5)} (4) 


m = 
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one-tenth of this value at two low-latitude stations 
(Lwiro, lat, 2° S., and Nha-Trang, lat. 12° N.). The much 
larges variation at the middle-latitude stations is at least 
qualitatively in accordance with equation (3). 

A more stringent quantitative test of the validity of 
equation (3) can, however, be applied. The values of log 
fa, based on Eyfrig’s data for quiet Sun conditions, were 
plotted against the corresponding values of log cos Xr for 
Lindau and Freiburg. As expected, the values of fa for the 
two stations differed by an amount corresponding 
approximately to the latitude variations in the H-layer as 
described by Harnischmacher', but each set of points lay 
near a straight line that was consistent with equation (3) 
provided that 1,000(m — n) = 70 + 5 at Freiburg, and 
60 + 5 at Lindau. 

Independent evidence concerning the individual values 
of m and n is also available and can be used to show that 
the figures just quoted are close to those expected. 
Eyfrig has investigated values of m during quiet Sun 
conditions, and has found annual mean values of 0:319 at 
Lindau and 0:313 at Freiburg. The differences between 
the annual mean and the individual monthly values have a 
range of about + 0:02 if one doubtful value is omitted. 
Although the H-layer index of Minnis and Bazzard, and 
hence fa, contains a small semi-annual variation (equation 
4), it contains no detectable annual variation; this 
implies that n, as defined by equation (1), must be close 
to 0-25 and confirmation of this has been given by Beynon 
and Brown®. Nevertheless it is possible that a departure 
of 0-005 from this value would not have been detected and 
a value 0:25 + 0-005 seems a reasonable one to adopt. ` 

Table 1 shows the differences (column 3) between these 
separately determined values of m and n at Freiburg and 
Lindau, together with the values (column 4) of (m — n) 
obtained from the plots of Eyfrig’s data for fa. The two 
sets of values are in good agreement and it is concluded 
that the annual variations in fa can be accounted for 
mainly in terms of the relation between fa and fa expressed 
by equation (3). 


Table 1. VALUES OF THE COEFFICIENTS m AND n AT TWO MIDDLE-LATITUDE 


STATIONS 
1,000 (m—n) 
Station 1,000 m 1,000 2 1-2 From fa plots 
1 2 3 4 
Frelburg 313 + 20 250 + 5 63 + 20 7045 
Lindau 319 + 20 250 + & 68 + 20 6045 


If this interpretation of the data is correct, the summer 
minimum in fa at middle-latitude stations, and its absence 
at equatorial stations, can be explained without con- 
sidering hypotheses such as the additional winter ionizing 
agency postulated by Shimazaki’? or the magnetic distor- 
tion suggested by Eyfrig?. 

C. M. Mrosnis 


Secretariat, 
International Years of the Quiet Sun, 
6 Cornwall Terrace, 
London, N.W.1. 
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4 Minnis, ©. M., Proc. Thirteenth Gen. Assem. U.R.S.I., 12, Pt. 3, 10 (1960). 
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7Shimazaki, T., J. Rad. Res. Lab. Japan, 7, 95 (1960). 
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Luminescence of Meteorites 


Iw a recent communication! Derham and Geake have 
reported on the proton excited luminescence of some 
stony meteorites. The emission shows a prominent red 
emission with a maximum at 6700 A together with a 
smaller emission peak at 4000 A. Such meteorites of the 
enstatite achrondite group have a significant content of 
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magnesium metasilicate MgSiO,, which suggests that the 
red luminescence is associated with manganese impurity 
centres in this silicate. The material is well known as & 
synthetic cathodoluminescent phosphor, and in Fig. 1 the 
spectrum of a typical synthesized specimen excited by 
5-kV cathode rays? is compared with that of the emission 
due to proton excitation for the Khor Tomiki meteorito 
as measured by Derham and Geake!. The synthetic 
phosphor contains 0-15 mol. per cent of manganese. 
Higher concentrations promote an additional emission 
peak of comparable intensity at about 7400 A which is 
not present in the meteorite specimen. 


Luminescence intensity (arbitrary units) 





6000 


7000 
Wave-length (A) 


.Fig. 1. Luminescence emission spectra of: (a) material from Khor 

Temiki meteorite excited by 40-keV protons (ref. 1, (~~~): (b) mag- 

nesium silicate phosphor activated by 0-15 mol per cent manganese 
excited by 5-keV cathode rays (ref. 2} (——-} 


8000 


The estimated efficiency of the meteorite emission 
seems very high, and is many times that of synthesized 
materials excited by cathode rays. In view of the fact 
that there are many other trace impurities present in the 
meteorite than in the synthetic phosphor the higher 
efficiency of the former may be associated with a fluores- 
cence sensitization of the manganese emission by another 
kind of impurity present. 

Investigations are in progress to explore the sensitize- 
tion effect of various impurities on the red emission of 
magnesium silicate phosphors. 

G. F. J. GARLICK 

Department of Physics, 

University of Hull. 


1 Derham, C. J., and Geske, J. E., Nature, 201, 62 (1964). 


2 Fonda, G. R., and Froehlich, H. C., Solid Luminescent Materials, 385 
(Wiley, New York, 1948). 


Dating Geomagnetic Polarity Zones 


INDEPENDENTLY McDougall and Tarling! and Cox, 
Doell and Dalrymple? recently published results from 
Hawaii and the Sierra Nevada, respectively, on magnetic 
polarities and the age of volcanic rocks. The polarities 
determined on rocks from these two regions were made 
using standard paleomagnetic techniques including 
magnetic cleaning. Thero was some disagreement among 
the results published in these two papers; but in view of 
errors in geological correlation made by Cox et al.? and 
later corrected’, it is desirable to clarify the present 
position, for the two sets of data are now found to be in 
good agreement. Tho aim of this comparison is to attempt 
to establish whether or not rocks with normal and reversed 
polarities in these two regions occur in the samo time 
séquence. If rocks of the same age have the same polarity 
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. Summary of paleomagnetic and age data (Hawali, ref. 1; 
Sierra Nevada, refs. 2,8; Italy, ref. 4; Africa, ref. 7) 


everywhere then the hypothesis that tho exactly opposed 
polarities found in rocks are the result of reversals of the 
Earth’s magnetic field is strongly supported. Should this 
be the case then the times at which field reversal occurred 
in the geological past may be estimated, and further tho 
stratigraphic sequence of polarities established in one 
locality will provide a valuable means of geological 
correlation with other localities. 

A summary of all the published results is given in Fig. 1. 
All the results are consistent with a change from normal 
to reversed polarity at about 1 million years (m.y.). 
However, polarities of lavas from Italy were measured in 
the field using a compass‘. Such determinations are much 
less reliable than those obtained in the laboratory using 
standard paleomagnetic techniques*, and should be 
regarded with caution. Doell and Cox’ showed that all the 
152 lava flows that were measured by them from the 
island of Hawaii have normal polarity. These samples 
were collected from flows ranging from the oldest to the 
youngest exposed on the Island. McDougall: attempted 
to date two of the oldest flows on the Island of Hawaii 
from the Pololu Series of Kohala Mountain. from which 
Doell and Cox also sampled. No radiogenic argon was 
detected, which set an older limit of 800,000 years for 
these rocks. Hence, the results from Hawaii also are 
consistent with the view that the Earth’s magnetic field 
has had normal polarity back to about 1 m.y. 

More than 20 dates are available from volcanic soquon- 
ces of measured age in the range 1-0-2-5 m.y., and in all 
but two cases the rocks have reversed polarity (Fig. 1). 
One exception is a lava from Italy dated at 2-4 m.y., 
which has normal polarity as determined in the ficld by 
compass!; as noted previously, such determinations 
should be regarded with caution. In any event this result 
is broadly consistent with the other data because of experi- 
mental error associated with the age determinations. The 
only result that appears to be in marked disagreement is 
that from the Olduvai Gorge basalt, Tanganyika, reported 
by Gromme and Hay’. This basalt, dated at 1-8 m.y., 
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has normal polarity. Owing to the remarkable con- 
sistency in the age range of 1:0 to 2-5 m.y. of reversed 
polarity in rocks from Hawaii and the Sierra Nevada, jt is 
of considerable importance that the Olduvai basalt should 
be re-examined in detail. 
Of the eight published results on lavas the ages of which 
range from 2-5 to 3-25 m.y. all but one have normal 
polarity (Fig. 1). Rocks dated at 2-6, 2-75 and 2-85 m.y. 
have normal polarity, hence the age of the change in the 
Earth’s magnetice field from reversed back to normal 
polarity can be given as 25 + 0-1 m.y., the same age as 
suggested previously by usi. The lava from Hawaii 
with reversed polarity and dated at 2-95 m.y. >" appears 
to be an exception. There is little doubt that the rock has 
reversed polarity, as seven other samples from the same 
sequence have the same polarity!. Hence, the age may be 
in error, possibly because of argon loss by diffusion. 
Although the measured age is reproducible it is clearly 
necessary for check measurements to be made on different 
rocks from the same sequence with the same polarity. 
The results, which are mainly from Hawaii and 
California, are remarkably consistent, and give strong 
support for the hypothesis that the Earth’s magnetic 
field has changed its polarity periodically in the geological 
past. Several discrepancies are apparent, indicating the 
need for further detailed studies, but the overall picture 
is that at about 1 m.y. the magnetic field changed from 
normal to reversed, and that at 25 + 0-1 m.y. a change 
from reversed back to normal polarity occurred. Further 
work undoubtedly will resolve the few remaining dis- 
crepancies, and in due course it is hoped that studies on 
older rocks will enable the erection of a time scale for 
geomagnetic polarity zones back beyond the youngest 
onos, which are being studied at present. 
Tan McDovueati 
Department of Geophysics. 
Australian National University, 
Canberra. 
D. H. Tarirea 
Department of Physics, 
University of Newcastle upon Tyne. 
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GEOLOGY 


Potassium- Argon Age of the Michikamau 
Anorthositic Intrusion, Labrador 


Tue Michikamau Intrusion is a mass of anorthosite and 
related rocks covering an area of about 900 square miles, 
centred at 54°30’N. and 64° 00’W. in Labrador. Newfound- 
land. The intrusion is one of a large number of Precambrian 
anorthosites which occur in the Grenville Province and 
north into Labrador in the Nain Province as recently 
defined by Stockwell’. The similarity of rock types and 
rock associations of anorthositic masses throughout the 
Grenville and Nain Provinces has created a general feeling 
that these great basic bodies were emplaced under similar 
conditions and therefore likely within a limited time- 
interval. Potassium-—argon ages of biotites associated with 
anorthosite and magnetite—ilmenite deposits in anorthositic 
rocks described by Rose’? from within the Grenville 
Province have given dates ranging from 875 to 1,025 
million years; that is, ages falling within the range usually 
attributed to the Grenville Orogeny. I suggest that the 
1,400 m.y. age reported here for the Michikamau Intrusion 
provides the best available approximation to the time of 
emplacement of the large anorthositic masses in the eastern 
Canadian Shield. Under this hypothesis, younger ages 
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from anorthositic rocks within the Grenville Province are 
due to the metamorphic overprint of the Grenville 
Orofeny. 

Recent mapping of the Michikamau Intrusion by me 
supports its inclusion within the Nain Province. The 
textures and minerals of the intrusion are fresh, and it is 
evident that the mass has not suffered a recognizable post- 
crystallization metamorphism. Flakes of apparently 
primary red-brown. biotite are found in an olivine-bearing 
facies in the marginal parts of the intrusion. 

The south-eastern margin of the intrusion, for a distance 
of 25 miles, is in contact with a sequence of paraschists and 
paragneisses which show clear evidence of thermal 
metamorphism by the intrusion. Biotite-, garnet-, and 
hornblende-bearing assemblages are replaced by cordierite 
and sillimanite-spinel assemblages adjacent to the intru- 
sion. A biotite-rich specimen of paraschist about half a 
mile from the contact was chosen for dating. The ago of 
this rock should provide a maximum age for the Michi- 
kamau Instrusion. 

A large area of massive, coarse, pale pink microperthite- 
biotite-hornblende granite occurs north-west of the 
Michikamau Intrusion and small pink granite dykes have 
been found cutting the anorthosite. A specimen from the 
main granite mass was chosen for dating (the biotite 
concentrate from this sample showed 60 per cent alteration 
to chlorite). This granite should indicate a minimum age 
for the Michikamau Intrusion. 

The relative age sequence on geological grounds from 
older to younger is: (1) the metasedimentary rocks; 
(2) the Michikamau Intrusion; (3) the microperthite 
granite. Potasstum-argon ages determined in the labora- 
tories of the Geological Survey of Canada on biotites 
separated from specimens of each of the three units gave 
the results presented in Table 1. 


Table 1 
, K  Radiogenic Age 
Specimen No. Rock unit (%) argon(%) Ar" K (m.y.) 
EC62-CT2494 Granite 3-78 100 01167 1,360+80 
EC62-24 Michikamau 
intrusion 7-93 98 01215 1,400+80 
EC63-341 Metasediments 7:10 99 0:1138 1,520485 


Ze = 0585 x 107%? yr.~t, Atotat = 5°30 x 107° yr. 

The agreement of the three biotite ages, all within a 
fairly narrow interval, with the geological interpretation is 
strong evidence that the age of the Michikamau Intrusion 
is close to 1,400 m.y. 

This communication has been authorized by tho 
Director, Geological Survey of Canada. 


RONALD F. EMSLIE 
Geological Survey of Canada, 
601 Booth Street, 
Ottawa. 


1 Leech, G, B., Lowdon, J. A., Stockwell, C. H., and Wanless, R. K., Geol. 
Surv. Canada, Paper 68-17 (1963). 


2 Rose, E. R., in Geol. Surv. Canada, Paper 61-17, 67 (1961). 


Textures of Stratiform Ores 


For most of this century it has been accepted that many 
large stratiform bodies of sulphide ore occurring in sedi- 
mentary and metasedimentary sequences have been 
deposited by substitution of pre-existing rock, and that 
the boundary relationships of their constituent minerals 
result from a sequence of deposition, or paragenesis. 
Thus in most such ‘replacement’ deposits mineral textures 
have beon interpreted as indicating the relatively carly 
deposition of pyrite, followed in order by such as sphalerite, 
chalcopyrite and galena. 

However, there is now strong evidence to suggest that 
at least some of these deposits have formed as a primary 
part, rather than as a later modification, of the associated 
rocks and that they have been involved in the whole of the 
post-depositional history, including metamorphism, of the 
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latter. If this is the case, observed sulphide textures are 
the result of grain growth in the solid, and phase bound- 
aries reflect solid : solid surface tensions-- a situation 
similar to that recognized in metamorphic silicates by 
Verhoogen!, De Vore?, Voll? and others, and in metals by 
C. S. Smitht and other physical metallurgists. 

With this in mind the possibility that certain sulphide 
microstructures are analogous to those of metals- that 
the ores are annealed and that dihedral angles yielded by 
various phase boundaries are differont but constant for 
given phases, and that such angles result from ~urface 
tension equilibria—has been investigated’, The methods 
used, were similar to those used, by Smitht. 

Polycrystalline aggregates of single phases (for example, 
galena and sphalerite) were examined first. Polished 
surfaces were suitably etched and between 120° and 150° 
angles measured, at randomly selected triple points in 
each. In all cases 120° was the most frequently observed 
angle and other values were distributed essentially as m 
Fig. 1, indicating a true dihedral angle near to 120° and 
hence a close approach to surface tension equilibrium. 
This was checked by annealing natural ores in vacuo for 
up to 60 h and by preparing and annealing synthetic 
sulphides; both series of experiments gave distributions 
of values of observed angles essentially similar to those for 
the natural ores, indicating that the latter were indecd 
naturally annealed and that there was no gross orientation 
effect. 
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Yu @ PHASE 2 
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Fig. 2. Ideal section perpendicular to junction of three gralns in a twe- 
phase aggregate 


Two phaso aggregates were then examined, and it was 
found that certain junction arrangements gave character- 
istic angles. From Fig. 2 and the equation: 

Yu = 2 Yr cos $8 (1) 
where yı = sphalerite : sphalerite tension; yı = ~phal- 
erite : galena tension; 0 = dihedral angle, a valuo for 
Yie/Y¥11 OF 0°80, was obtained. Values for other surface 
tension ratios were found similarly, for example: 


YielYe2 = 1:295 
Yis/Y11 = 0-85, 
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where ys = galena : galena tension; Y, = sphalerite : 
chalcopyrite tension. 

In each ease values given are means of about six series 
of measurements, variations being within about 5 per 
cent. 

Within this group the value for ,;/71, was checked by 
using triple points involving all three phases and using 
the equation : 


L Yz os 
= in, T inh (2) 


where Yiz Yes, and yı, are the three surface tensions con- 
cerned. ©, 0, 8, were obtained with good reproduci- 
bility and a mean value of 1-068 for Yis/Y12 obtained in this 
way. Substituting the given values in (2) we have: ` 


Ysal'¥21 = 1-068 x 0-801 
85, 


which is in remarkable agreement with the value, 0-85, 
found by direct method. 

From this it may be seen that galena frequently appears 
to corrode sphalerite because Yıs/Yı <1, and sphalerite 
appears to occur as rounded ‘residuals’ in galena because 
Yıe/Yz22> l, not necessarily because galena succeeds 
sphalerito in a sequence of deposition. Other interphase 
boundaries may be similarly explained by the attainment, 
during natural growth and annealing, of minimum inter- 
facial free energies and surface tension equilibrium. Ore 
textures of this type thus indicate a crystalloblastic 
series®*, not a paragenetic sequence. In fact it is possible 
to set down a compound silicate-oxide-sulphide crystallo- 
blastic series based on relative tendencies to idiomorphism 
and the development of characteristic dihedral angles 
during grain growth. An abbreviated general series is: 
arsenopyrite-garnet (relative positions uncertain), mag- 
netite, pyrite, dolomite, tremolite, muscovite, chlorite, 
pyrrhotite, sphalerite, chalcopyrite, galena. 

Small deviations from this order are not infrequent and 
(apart from any small orientation effects) are very possibly 
due to the effect of compositional variations and impurities 
on surface tensions; for example, pyrite cubes in sphalerite 
seem to show a tendency to rounding where galena is 
present in the vicinity, and there is some indication that 
galena : sphalerite surface tensions are affected by the iron 
content of the sphalerite. This requires further investi- 
gation. 

The long-recognized tendency to parallelism between 
‘paragenetic sequences’ and decreases in heats and free 
energies of formation, melting points, solubilities, hard- 
nesses, and other physical features of the minerals con- 
cerned—which has always eluded satisfactory explanation 
-—now seems to be accounted for if the ‘sequence’ is 
illusory and boundary relations are surface tension 
effects. As the physical properties depend on bond 
strengths and packing densities of the compounds con- 
cerned, and as surface tensions are essentially surface free 
energies, it follows that there should be a general decrease 
of the latter with decrease in the former. It would appear 
that the only valid ‘paragenetic sequences’ are those 
produced by accretionary processes. 


R. L. STANTON 


Department of Geology, 
University of New England, 
Armidale, New South Wales. 
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* De Vore, G. W., J. Geol., 87, 198 (1959). 

3? Voll, G., Liv. and Manch. Geol, J., 2, 503 (1960). 

‘Smith, C. S., Trans. Amer. Inst. Min. Met. Eng., 175, 15 (1948). 

* Stanton, R. L. (in preparation). 

* Stanton, R. L., Trans, Canad. Inst. Min. and Mel., 48, 28 (1960). 
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MINERALOGY 


Mineralogy, Radioactivity and Texturè of 
the Sands of the Vamsadhara River on the 
East Coast of India 


As a part of the programme aimed at investigating the 
effect of river discharge on the concentration of thorium- 
bearing resistates in the heavy mineral beach sand 
deposits at the river mouths, the mineralogy, radio- 
activity and texture of the sands of the Vamsadhara 
River and its tributaries have been examined from the 
source (Doikallu, Orissa State; 19° 44’ 40” N.; 83° 30’ E.) 
to the mouth (Kalingapatnam, Andhra Pradesh; 18° 20’ 
23” N.; 84° 8’ E.) of the River. An attempt has been 
made to trace the effect of provenance, transport, physical 
and chemical characteristics of the detrital minerals, etc., 
on the mineralogical constitution and sedimentological 
cheracteristics of the river sands. 

Samples have been collected along the entire length of 
the River and its tributaries at 123 locations from the low 
water channel with a dredge of the type designed by 
Pollack!. The sampling interval is roughly one mile. 

The following laboratory investigations were conducted 
on the cleaned and dried sand samples: 

(1) The heavy minerals in 0-25-, 0-125- and 0-062-mm 
fractions of 64 samples were separated and their percent- 
age abundances estimated. 

(2) The radioactivity was determined for 123 samples 
with a conventional B-y counting system using a cylind- 
rical type Geigor-Müller tube of wall thickness 30 mg/em?. 

(3) All the samples collected (123) were mechanically 
analysed and the percentages of 2-, 1-, 0-5-, 0-25-, 0-125- 
and 0-062-mm size fractions in the total sample have been 
calculated. Cumulative curves have been drawn on the 
arithmetic probability paper and analysed according to 
the method of Folk and Ward?. 

(4) Roundness values were determined for quartz 
grains in 0-062-mm fraction of 13 samples. The round- 
ness scale of Powers? was used in this work. 

The principal conclusions drawn from the study are 
summarized here. 

The minerals present in the ‘heavy’ crop are magnetite, 
ilmenite (together called opaques), garnet, sillimanite, 
monazite, zircon, biotite, amphiboles, pyroxenes and 
rutile. Among these, the opaques, garnet, sillimanite and 
with a few exceptions monazite, are consistently present 
in all fractions studied. The mineralogical constitution 
remains simple throughout as there is no significant 
variation in the lithological constitution of the provenance 
rocks. Monazite is probably derived from the acid 
charnockites (hypersthene-quartz—feldspar rock, with or 
without garnet), leptynites and pegmatites'. The abun- 
dance of sillimanite and the paucity of amphiboles and 
pyroxenes in the river sands are traceable to the extensive 
spread of khondalites (quartz—feldspar—garnet—sillimanite— 
graphite gneisses) and the limited areal extent of char- _ 
nockites (pyroxene granulites) in the drainage basin of the 
River, coupled with the degree of ability of minerals to 
withstand mechanical corrasion and chemical corrosion. 

An analysis of the results of the median diameter and 
percentages by weight of heavy minerals present in each 
sample indicates that the sands become progressively 
finer-grained and richer in heavy minerals (including 
thorium-bearing resistates) downstream. Further, the 
opaques and monazite are more abundant in the 0-062-mm 
size grade than in the other two size grades. Sillimanite 
and garnet are most abundant in 0-125-mm size and 0-25- 
mm size grados, respectively. 

The radioactivity (in c.p.m./g) which is principally con- 
tributed by monazite varies from 1-9 to 53:6 with an 
average of 9-6. Tho radioactivity is found to increase with 
total heavy mineral content (by weight) in the sand 
samples and with distance downstream. This is to be 
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Table 1. 


Description of the 
parameter 


Median diameter 


Mean diameter 





Sorting (inclusive graphic 
standard deviation * 

Skewness (inclusive 
graphic skewness *) 


Kurtosis (graphic 
kurtosis *) 


Roundness (of quartz 
grains in 0-062 mm size 
grade) 
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4 distance downstream 
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Variation of the 


arameter with the Remarks 





Increases Sands generally ‘medium grained’; sands become 

finer grained downstreamwards 
= The closeness of the mean and median diameters 
indicates a normal distribution 

Increases Sands ‘moderately sorted’ 

The low value for skewness and the closeness of 
mean and median diameters indicate a normal 
distribution. 

The average kurtosis is very near the figure of 
1-00 for normal distribution. Further, this shows 
that there is no change in the grain population 
of modal class 

Increase in roundness may be correlated with a 
greater degree of abrasion in the process of move- 
ment of grains downstream. Selective transport 
oi rounded grains downstream is indicated by 

e data 


Decreases 


No relationship 


Increases 


* Terms used by Folk and Ward (řef. 2) 


expected as the monazite content of sands increases down- 
stream. 

A synoptic statement in respect of the magnitude of 
the various sedimentological parameters and their sig- 
nificance is given in Table 1. 

The work recorded here clearly indicates that the heavy 
minerals on the beach at the mouth of the Vamsadhara 
River (Kalingapatnam) were contributed by the River 
itself, though ultimately several processes played a part in 
shaping the nature and distribution of the heavy mineral 
beach sand deposit’. Monazite and ilmenite, which are the 
principal economic minerals in the heavy mineral beach 
concentrates, should be looked for in the finer grades 
(0-062-mm size grade). 

I thank Dr. U. Aswathanarayana for his advice, and 
the Department of Atomie Energy, Government of India, 
for financial aid. 

S. §. Rao 

Department of Geology, 

Andhra University, 
Waltair, A. P., India. 
1 Pollack, J. M., J. Sed. Pet., 81, 16 (1961). 
? Folk, R. L., and Ward, W. C., J. Sed. Pet., 27, 3 (1957). 
1 Powers, M. C., J. Sed. Pet. 28, 117 (1953). 


‘Mahadevan, C., Proc, Second Geneva Conf. Peaceful Uses of Atomic Energy, 
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5 Aswathanarayana, U., Proc. Symp. Chemistry of the Earth's Crust, Moscow, 
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CHEMISTRY 


Mechanisms in the First Stage of Oxidation 
of Magnetites 


Tue oxidation of magnetite is a two-stage process. The 
final product of the second stage of oxidation is always 
«-Fe,0, formed from residual magnetite, and/or from the 
product of the first stage of oxidation. During the first 
stage, several reactions are possible, according to the 
mode of formation and the characteristics of the mag- 
netite?-, 

Egger and Feitknecht‘ have interpreted the differences 
of behaviour in the oxidation of magnetites essentially as 
a function of their specific surface areas. According to 
these authors, the very large differences of specific surface 
area existing between natural magnetites and precipitated 
artificial magnetites would be sufficient to explain the 
wide variation in the distribution of the products of the 
first stage of oxidation. 

We have examined several very pure magnetites, 
including: natural magnetites from the mines of 
Malmberget (Sweden) and Mineville (U.S.A.); artificial 
magnetites obtained by controlled high-temperature 
reduction of pyrite cinders followed by multiple magnetic 
concentration of the reduced material; precipitated 


magnetites obtained by Lefort’s method’. The specific 
surface areas, measured by means of a Perkin-Elmer Shell 
sorptometer, ranged from 0-2 to 40 m?/g. Such magnetites 
were oxidized by air in a Stanton ‘Massflow’ thermo- 
balance, both as a function of temperature and under 
isothermal conditions, in order to study the mechanisms of 
the first stage of oxidation. X-ray diffraction measure- 
ments with a Hilger diffractometer were made on the 
oxidation products. DTA curves were also run using o 
Leeds and Northrup equipment. 

Our investigation has shown that in the first stage of 
oxidation there is always formation of solid solution of 
y-Fe,0, in Fe,0,. While with precipitated magnetites the 
end product of the first stage of oxidation was practically 
pure y-Fe,0,, with natural magnetites and with those from 
reduced pyrite cinders the product was a mixture of 
magnetite and a-Fe,0,, obtained at least in part by dis- 
proportionation of the solid solution. 

The specific surface area, of the magnetites plays a 
predominant part in the kinetics of the oxidation. How- 
ever, we have found, by plotting the ratios: 


oxygen acquired to form FeO, (% by weight) 
specific surface area (m*/g) 





(3) a-FeyO, ~ 
and 
(2) = oxygen acquired to form solid solution (% by weight) 

5 /solid solution specific surface area (m*/g) 
versus time, that at the beginning of the oxidation threo 
distinct sets of curves wero obtained for: (a) natural 
magnetites; (b) magnetites from reduced. pyrite cinders; 
(c) precipitated magnetites (Figs. 1 and 2). Wo have also 
observed that, continuing the first stage of oxidation, tho 
maximum amount of oxygen acquired to form solid 
solution is not dependent on the specific surface area, but 
rather is characteristic of each given magnetito. By 
assuming that the formation of «-Fe,0, takes place at the 
surface of the magnetite, our results have indicated that 
the end of the first stage of oxidation occurs when the 
surface of the grains is covered by a protective layer of 
a-Fe,0, having a thickness of about 700 A. This value is 
amazingly constant for natural magnetites and for those 
from reduced pyrite cinders. 

The results obtained were interpreted assuming tho 
following mechanism: oxygen is adsorbed and ionized 
with electrons coming from the oxidation of Fett to Fet++. 
This oxidation would cause a diffusion of iron ions from 
inside the crystals of magnetite towards the surface, 
thereby giving rise to the formation of solid solution. The 
rate of diffusion of iron ions depends obviously on the 
degree of crystalline imperfection. In our very imperfect 
precipitated magnetites, the oxidation proceeds rapidly 
until y-Fe,0, is formed. It would appear that the spinel 
lattice is stabilized thermodynamically by reticular im- 
purities and by other crystalline imperfections. 
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Fig. 2. Kinetic curves representing the formation of solid solution in 
tho oxidation of magnetites at 300° C 


On the contrary, with the natural magnetites and with 
those derived from pyrite cinders studied, which are 
believed to be less imperfect than precipitated magnetites, 
the rate of diffusion of iron ions is slower, and oxidation 
proceeds at the surface of the magnetites with formation of 
both a-Fe,0, and solid solution, while inside the grains 
only solid solution is formed. Later, through a reaction 
catalysed by the presence of «-F'e,0,, the solid solution is 
transformed into «-Fe,0, and Fe,0, by disproportion- 
ation. 

The end of the first stage of oxidation of magnetites 
takes place when either of the following conditions is 
obtained: (1) in the absence of «-Fe,0,, the solid solution 
is completely oxidized to y-Fe,0,; (2) the surface of the 
grains is covered by a protective layer of «-Fe,0, and the 
solid solution inside the grains has completely disap- 
peared by disproportionation. 
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It should be pointed out that both conditions are 
believed to be theoretically possible with any magnetite. 
In the laboratory, precipitated magnetites are likély to 
give y-Fe,0,. However, we have found that, if a small 
quantity of a-Fe,O, can be formed from precipitated 
magnetites together with y-Fe,O,, the first stage of oxida- 
tion proceeds under isothermal conditions until complete 
conversion of y-Fe,0, into «-Fe,0, is achieved. Natural 
magnetites, which in the laboratory are likely to give 
«-Fe,O,, in Nature may give instead y-Fe,0, (maghemite). 
This is to be attributed to: (1) the presence of impurities 
which stabilize the spinel lattice against «-Fe,0, (ref. 3); 
(2) the fact that oxidation occurs at relatively low tem- 
peratures with defect of oxygen, the process being carried 
out over geological times. ` 

Experimental details and results are shortly to be 
published elsewhere®. 
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Specific Tritium Labelling by the Wilzbach 
Method 


WHEN tritium is introduced into (—)-inositol (I) by the 
Wilzbach method'—exposure to tritium. gas for a pro- 
longed period—considerable inversion occurs and, tritium- 
labelled myoinositol (II) is one of the products®3. It has 
been assumed’ that the myoinositol must be specifically 
labelled on Cl only since inversion occurs during the 
replacement of hydrogen by tritium. This assumption 
has now been shown, by degradation of the myoinositol, 
to be correct. 


OH 

HO OH HO OH 

— ED 
OH OH 
(1) ak (11) 
4 Ç 


The myoinositol (specific activity 1:29 c./mole) was’ 
converted into its cyclohexylidene derivative‘ (spec. act. 
1:30 c./mole); because myoinositol is symmetrical, equal 
amounts of 1,2-0- and 2,3-0-cyclohexylidenemyoinositol 
are obtained. Oxidation with sodium periodate yielded 
the dialdehyde (ITI) as its cyclic hemiacetal hydrate’, m.p. 
64°-65° (spec. act. 1:25 ¢./mole). In this degradation, all 
the hydrogen on C5 and half the hydrogen on C4 and C6 
were removed; since no tritium was lost in the process, 
there was originally no tritium on C4, C5 or C6. The 
dialdehyde was then oxidized to the dicarboxylic acid (IV, 
2,3-0-cyclohexylidene-meso-tartaric acid), isolated as its 


. a 


strontium salt (spec. act. 0-661 ¢./mole). In this step of 
he degradagion, half the hydrogen from each of Cl and 
3 whs removed; and half the tritium was lost. There- 
‘ore in the myoinositol all the tritium was on Cl and/or 











Tf tritium is introduced into myoinositol during its 
formation from (— )-inositol by inversion, it should be on 
‘1; but there is no obvious mechanism whereby it could 
26 introduced specifically on to C3. It is therefore 
ncluded that all the tritium is on Cl. 

This method of specific tritium labelling should be 
generally applicable: tritium could be specifically at- 
tached to an asymmetric carbon atom in any molecule, 
y exposing its epimer to tritium gas, so long as the 
pimers can be satisfactorily separated from each other. 


S. J. ANGYAL 
C. FERNANDEZ 
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_ Oxidation of Propane by Doped Nickel Oxides 
Is the course of an investigation into the catalytic 
_ properties of doped nickel oxide catalysts, it was observed 
that these materials could oxidize propane directly at 
- elevated temperatures into-carbon dioxide and water, the 
-rate of the reaction depending to a marked extent on the 
_ nature and concentration of dopent present. 

_- Although the effect of dopent on the catalytic properties 
cof nickel oxide has been extensively studied for such re- 
actions as carbon monoxide oxidation!, nitrous oxide 
ecomposition?, and dehydration/dehydrogenation of 
srmic acid®, few studies have been made of the mechanism 
ydrocarbon oxidation. A recent investigation by 
mast into the oxidation of ethane on undoped nickel 
le suggested that the reaction occurred between excess 
sorbed oxygen and adsorbed ethane, the'bulk reaction 
tween the hydrocarbon and the lattice being negligible. 
The results of the present study, however, indicate that 
in the absence of excess oxygen, direct oxidation of 
propane by the oxide lattice can occur. 

| ‘The oxide samples were prepared from ‘Baker Analysed’ 
grade salts. Nickel carbonate was made into a 





















NiO samples were pale green in colour, whereas those 
z Ort and Lit were yellow-green and black 





apo 
ropane (Philips research grade) was allowed to stand 
er the samples and the course of the reaction was 
llowed by measuring the pressure at regular intervals. 
tera fixed period (usually 1 h), samples of the gas 
phase were removed for analysis and the yield of carbon 
dioxide was studied as a function of time, temperature 
id initial propane pressure. i 
urfaco sreas of the oxide samples were measured by 
Brunauer-Emmett—Teller method, using nitrogen as 
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adsorbate at — 195°, and the conductivities of the mater. 
ials were determined on pellets of the pressed powders by 
means of a specially constructed brass and “Teton” cell. 

The products of reaction of propane with the nicke! 
oxide samples above 300° were found to be carbon dioxide 
and water, with small amounts of ethane and methane. 
No carbon monoxide or other oxidation products were 
detected. In every case an initial adsorption of the 
hydrocarbon took place before oxidation became apprevi- 
able and the rate of formation of carbon dioxide was 
afterwards found to be approximately first order with 
respect to the initial propane pressure. 

The extent of oxidation at 300° was very small but 
considerable reaction took place at 350° and above, ¢ 
secutive runs on the same sample yielding increasing 
quantities of carbon dioxide. This unreprodugi 
suggested that the oxides were reacting directly wit 
the hydrocarbon, the subsequent appearance of methane 
being due to secondary cracking of the propane on metallic 
nickel formed by reduction of the oxide in the surface 
layer. 

The rate of carbon dioxide formation varied with the 
concentration and valency of the dopent cation, the pre- 
sence of Lit enhancing the activity and Cr+ having the 
reverse effect. A summary of the results is shown in 
Table 1, which includes values for the first-order rate 
constant, k min ~ m ~, for carbon dioxide formation 
at 400° for freshly activated samples. The surface area 
values were accurate to better than 10 per cent and the 
values of k were found to be reproducible to within 20 per 
cent. 








Table 1. OXIDATION OF PROPANE BY DOPED NickEL OXIDES 
Poy, = 65 mm Temp. = 400° ¢ 





Surface Conductivity Yol CH, bine 
Sample area 25° Sit 
mug ohm em"? mi SEPyh. - 
NiO 0-60 at. % Li 0-48 66 x 1077 6-10 ES 
NiO 0-27 at. % Li 0-48 13 x 107? G07 po 
NiO 0-14 at. % Li 0-65 3-3 x 1075 O02 20 
NiO 0-04 at. % Li 118 53 x 107% O04 ad 
NiO 0-84 10 x 10 — 29 
NiO 0-22 at. % Cr 0-69 25 x 107% aria TE 
NiO 0-41 at. % Cr 0-69 <i x ig = ra 


Although this reaction is too complex to allow a detailed 
mechanism to be formulated, several significant points 
arise from the foregoing results. 

The surface areas of the doped nickel oxide aamiples 
rose to a maximum at a lithium content in the vicinity 
of 0-05 atomic per cent lithium. A similar observation 
was made by Dry.and Stone!, who suggested thas the 
effect might be associated with the filling of a small > 
number of cation vacancies in the non-stoichiometric NiO - 
and consequent decrease in sintering rate. Such an 
explanation would be consistent with the observation that 
the lattice constant of solid solutions of NiO + LLO 
reached a maximum at very small concentrations of o 
lithium’. eee 

The only detectable products of oxidation of propane. 
were carbon dioxide and water, chemisorption of the — 
hydrocarbon preceding reaction in every case. Alibough 
no carbon monoxide was found in the gaseous produ 
Thomas* observed carbon monoxide formation in. 
oxidation of ethane on nickel oxide when the hydroca: 
was present in excess. The bulk reaction between pr 
and the oxide lattice appeared to take place to 
extent, giving rise to elemental nickel, accelerated 
activity and the subsequent formation of methane, - 
presence of metallic nickel was -not, however, ver 
directly, and in any event would have been difit 
detect in the surface layer as the total concen 
metal was less than 0-05 per cent. A si 
of ‘nickel oxide by hydrocarbons has 
Rowlinson and Cvetanović’, who demonstr 
mation of metallic nickel in NiO during the 
tion of butenes. “In this case also the | 
led to the disruption of carbon-car 
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Although the k values for propane oxidation tended to 
a constant value at lithium concentrations above 0-1 
atomic per cent, there was a fifteen-fold increase in k on 
passing from 0-2 atomic per cent chromium to 0-2 
atomic per cent lithium and the reactivity of the oxides 
in this reaction therefore appear to depend on the con- 
centration of positive holes. According to the boundary- 
layer theory developed by Hauffe*, the decrease in Fermi- 
level associated with lithium doping should result in an 
increase in the heat of adsorption of the hydrocarbon, if 
this involves the transfer of electrons from adsorbate to 
adsorbent. The first-order kinetics observed may imply 
that propane chemisorption is rate-determining, as has 
been found in the case of carbon monoxide oxidation’. 

This work was supported by the Advanced Research 
Projects Agency (order No. 247-61), through the U.S. 
Army Engineer Research and Development Laboratories, 
Fort Belvoir, Virginia, under contract No. DA-—44—009- 
ENG-4853. 
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General Electric Research Laboratory, 
Schenectady, New York. 
4 Dry, M. E., and Stone, F. S., Disc. Faraday Soc., 28, 192 (1959). Schwab, 
. M., and Block, J., Z. physik. Chem. (Frankfurt), 1 (N.8.), 42 (1954). Fig. 2. Irradiation for 2 min (x e. 10,000) 


Esha K., Glang, F., and Engell, H. J., Z. physik. Chem. (Leipzig), 201, 
223 (1953). Winter, È. R. 8., Dise. Faraday Soc., 28, 183 (1959). 
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Effect of Ultrasonic Radiation on ‘Perspex’ 


Blackadder and Schleinitz' recently described the effects 
of ultrasonics on the crystallization of polythene from 
dilute solution. Ultrasonic irradiation of solid polymers 
may also produce interesting effects. Some results 
obtained by the irradiation of polymethyl methacrylate 
(‘Perspex’) by 1 Me/s ultrasonics are described in this 
communication. 

Small blocks of ‘Perspex’ about 1 in. square and 0-25 in. 
thick were placed in front of a 2-in. diameter quartz 
transducer vibrating at 1 Mc/s. After various periods of 
irradiation, the surface effects were examined under the 
electron microscope by making Minalpha surface replicas 
in the usual manner. Some of the surface effects found 
in this way are shown in Figs. 1-5. Fig. 3. Irradiation for 2-5 min (x e. 10,000) 








Fig. 1. Surface replica of unirradiated ‘Perspex’ (x c. 10,000) Fig. 4. Irradiation for 5 min (x e. 10,000) 
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Fig. 5. Irradiation for 15 min (x e. 10,000) 


The photographs all refer, with the exception of Fig. 1, 
to irradiation under the same conditions but for different 
times. The blocks of ‘Perspex’ were held under water 
10 cm from the vibrating face of the quartz disk, which was 
operated at 2,000 V. In any one run the samples of 
‘Perspex’ were all cut from the same sheet, and the photo- 
graphs are typical of several sets of results, 

Fig. 1 shows the unirradiated surface ; Figs. 2, 3, 4 and 5 
show the surface after irradiation for 2, 2-5, 5 and 15 min, 
respectively. A degradation of the surface takes place 
after a few seconds’ irradiation time, proceeding through 
the stage shown in Fig. 2 to that shown in Fig. 3. Here, 
there is a marked fibrous structure with an acicular 
crystalline appearance. Further irradiation seems to 
remove this acicular aspect and there is a reversion back 
to a surface similar to that of Fig. 2. After about 5 min 
total irradiation time, however, some fibrous structure 
reappears as shown in Fig. 4. Further irradiation does not 

any more of this structure; there is just a general 
pitting of the surface, as shown in Fig. 5, which is for 15 
min irradiation. Long periods of irradiation produce a 
white opaque region inside the ‘Perspex’ block, with large 
easily visible blisters on the surface. 

The effect is difficult to explain, especially the acicular 
structure in Fig. 3, since one does not normally expect a 
crystalline structure from polymethyl methacrylate. The 
effects are not due to the heating of the ‘Perspex’. 
Attempts to reproduce the ultrasonic surface degradation 
by placing samples in an oven, on hot glass and stainless 
steel plates, and by heating by sunlight, did not give 
similar surface effects, neither did placing the ‘Perspex’ 
surface in contact with various solvents. The only method 
of producing a similar surface effect was by several hours’ 
irradiation with X-rays. 

Sample blocks were irradiated by ultrasonics in a small 
vessel filled with water and immersed in the main tank. 
Infra-red examination of a chloroform extract of the water 
showed the presence of traces of monomer. As it is 
unlikely that ultrasonic degradation of ‘Perspex’ to the 
monomer would occur, the monomer was probably 
present in the polymer. A possible explanation of the 
effect, therefore, is that the residual monomer boiled out 
of the ‘Perspex’ under the action of the ultrasonics forming 
the acicular growth. 

N. H. LANGTON 


National College of Rubber Technology, 
London, N.7. 


* Blackadder, D. A., and Schleinitz, H. M., Nature, 200, 778 (1963). 
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Oxidation of Benzyl Alcohols with Manganese 
Dioxide 


Sno the time that Ball, Goodwin and Morton’ first 
used manganese dioxide to oxidize vitamin A to retinene, 
many investigators have used this reaction. Evans’ has 
summarized much of the uses and Gritter and Wallace? 
have carried out an extensive investigation with regard 
to the efficiency of numerous manganese dioxides on the 
yields of the oxidations. Mechanistic considerations were 
present from the very beginning since Ball, Goodwin and 
Morton! suggested that the oxidation occurred on the 
surface of the dioxide, Henbest* suggested that the re- 
action was occurring by free radical intermediates on the 
surface of the dioxide and Pratt and van de Castle* found 
that these intermediates would explain their results 
obtained with substituted benzyl alcohols. The latter 
authors proposed a mechanism consistent with the results 
available and it was one which could apply to compounds 
other than unsaturated alcohols’. The present study was 
concerned with rate changes with solvent, temperature, 
type of manganese dioxide and the conclusion which the 
evidence would permit about what is occurring on the 
surface of the dioxide in the oxidation. 

Table 1 summarizes the extent of oxidation to benzalde- 
hyde obtained from a 10:1 weight ratio of manganese 
dioxide to benzyl alcohol (2 per cent solution) in various 
solvents and temperatures. The dioxides were chosen to 
give a wide difference in oxidizing ability*. The corre- 
sponding rate of oxidation of benzaldehyde to benzoic acid 
is given at three different times to indicate the slowness 
of this possible subsequent reaction. Only one time is 
given for the aleohol oxidations: all were carried out 
to at least 300 min, which gave 100 per cent oxidation 
with all but the last form of dioxide, or to a lesser time 
if the oxidation was complete. A measure of the effect 
of substituents on the rate of oxidation of substituted 
benzyl alcohols confirmed the previous data’ that methyl, 
methoxy and nitro groups in the o-, m- and p-positions 
all accelerated the oxidation. Table 2 represents an 
attempt to account for the difference in oxidizing 
of the various dioxides by a determination of the structural 
features of the solid. X-ray analyses’ were done for the 
structural modification, amount of active oxygen and 
purity for the manganese dioxides before, during and after 
oxidation. The significance of these analyses in relation 
to the activity of the dioxides will be clarified by the 
following discussion. 

The results in Table 1 indicate that the oxidizing power 
of each dioxide decreases in the order: B, G and M > R, 
Sand M > AandC > H, Band L > Gand W, and those 
in Table 2 specify that the amount of active oxygen 
decreases in the order: G and W > H, B and L > R, 8 
and M > B, G and M > A and ©. Thus, there is no ~ 
direct correlation between the amount of active oxygen 
and the oxidizing power of the solid. 

However, when the rate sequence is compared with the 
MnO, percentage of the ese dioxide, it is found 
that, excluding MnO, (A and C), the oxidizing power of 
the manganese dioxide increases with a decrease in purity 
of the manganese dioxide. If the impurities are cationic, 
and this seems most reasonable, and if the kind and 
amounts of cationic impurities can be related to oxidizing 
power, the results can be explained. That a correlation 
is a possibility can be readily seen by an examination of 
the method of preparation of the dioxides. MnO, (B, @ 
and M) was prepared from KMnO, and MnSO, in the 
cold;-this would readily permit large amounts of the ions 
of manganese and potassium to be absorbed, occluded or 
otherwise trapped in the lattice. MnO, (R, S and M) used 
the same reagents, but the precipitation was done from 
a hot solution where the occluding or trapping of foreign 
ions in the precipitate would be expected to be less", 
MnO, (A and C) had potassium, sodium and 
ions present and was precipitated from a hot solution. 















AT Room TEMPERATURE WITA VARIOUS 


ooo Aand H, Bandi’ Gadw e 
Benzene solvent 100 BB 47 0 (800) 
Carbon tetrachloride solvent 160 100 52 63 0. ad 
Petroleum ether solvent. 100 91 75 88 23 (80) 
30:00% 53 88 
40-00° 64 50 
50-00° 79 60 
0 (5) 
8 (60) 
PRenzaldehyde (benzene solvent) 15 (800) 
Figures in brackets indicate time (min). 20 (2,000) 
Table 2. ANALYSES OF THE MANGANESE DIOXIDES USED IN THE OXIDATION OF BENZYL ALOOHOL IN BENZENE SOLUTIONS 
Modification Composition MnO (%) Act. O (%) MnOze (%) 
` A and C (1)* 6"-MnO. MnO j.95 64-6 135 “WB 
A and C (2)t MnO» NOrats 66-7 13⁄1 798 
= A and C (3) -MnO NOssrs 65-2 12-9 784 
> A and (4 6*-Mn0» MnOx.s30 64:3 124 704 
H, Band L (1)* B + MnO MNO ress 790 153 94-3 
A, Band L (2)¢ BY + §-MnO, MaOs 81-0 16-0 97-0 
H, Band L R B + p-MnO: NO igo 79°5 15-2 94-7 
H, Band L (4) & + B-MnO, ROn 78-7 14:4 93-1 
B, Gand M (1)* Y-M MnO xs: 707 14:2 84-9 
B, Gand M (2)+ y-MnO» MnOyeas 70°83 13°8 84:6 
B, G and M (3)t y'-MnO, NOs 55 713 12:1 83°4 
RS and M (1)* aMi, P x") MNO TT 14-4 90-1 
R Sand M te a-MnOg (+ y”) NO 469 742 14:2 88-4 
R, S and M (8)t aMn, (+ p”) MnO, 105 757 1314 89-1 
Gand W (1)* B-Mn0, MnOQ,.095 83-0 17-3 100-3 
Gand W (2)9 8-MnO; NOzo96 85-0 17-7 102°7 


* Sample as prepared in this laboratory. 
+ Sample stirred for 1 h with benzene. 





$ Sample removed after 5 min from a reaction mixture of benzyl alcohol in 2 per cent benzene solution and washed with benzene. 
§ Sample removed after 5 h (complete reaction) from the reaction mixture described above and washed with benzene. 


{ Sample removed from reaction mixture after 21 K. 


Ita lesser activity may be due to the presence of the less 
_ complexing Na+ instead of K+ on the surface. The last 
~ “two, MnO, (H, B and L) and MnO, (Gand W), should not 
-< have any metallic cations present aside from manganese 
and the latter dioxide should not even have any H+ 
occluded to it, which should be present in the former 
„and have some electrophilic character... Therefore, it 
“appears that positions of low electron density on the 


- surface of the solid manganese dioxide, which can attract. 


-< the electron-rich oxygen of the alcohol to the surface, 
-. aro present; are necessary for oxidation to occur, and the 

: amount and type determine the rate, that is, manganese 

= don is arpeoted to interact with the oxygen more readily 

ot are 

is interaction between the solid and the unsaturated 























rent solvents. The order : petroleum ether > carbon 
chloride > benzene is the order expected when the 
ity of each solvent for the dioxide is evaluated. The 
10 should form the strongest ‘complex’ with the 
1 of the dioxide. This would hinder the formation 
‘eomplex’ between the alcohol and the dioxide. 
e reaction sequence in Fig, 1, which is a modification 
t proposed by Pratt and van de Castle’ and is 
t with the available data, is suggested for these 
ions. Free radical intermediate 2 agrees well with 
he effects of substituents on the rates found in this and 
ork. 
iagram, is consistent with recent. views on the 
ic role of metals in the autoxidation of hydro- 
*, The initial alcohol—dioxide complex is not 
nable since this apparently occurs with olefines 
oxides’. Similar complexes. have also been 
o explain the accelerated decomposition of 
oxides in the presence of metal catalysts!t5, 
alvents were purified by distillation and/or passage 
lumina. With the exception of manganese nitrate 
cent solution, Fischer Scientific Co.), all manganese 
‘were purchased from the Baker Co. as the analysed 
reagent. Benzyl alcohol (Eastman Kodak Co., b.p. 55°-56° 
at 0-7 mm, np 1-5396), was distilled through a 70-cm 
‘Vigreux’ column. 
Preparation of dioxides. The manganese. dioxides of 
- Attenburrow. and co-workers’; Harfenist, Bavley and 











iol is supported by the results from the rates in 


Lazier’; Ball, Goodwin and Morton! ; and Rosenkranz, 
Sondheimer and Mancera! were prepared according to the 
published methods which have been summarized in detail. 
previously. 

The Gritter and Wallace? manganese dioxide was pre- 
pared as follows: manganese nitrate was heated in & 
porcelain evaporating dish at 400° in an oven for 1 h 
and the resulting manganese dioxide was washed with 
water and dried at 60° for 2 days. Only dioxide having 
a particle size between 80- and 200-mesh was used. 

All reactions were followed by infra-red (Perkin-Elmer 
Model 21) using the base-line peak method described by- 
Saier and Hughes'*, The base-line was drawn between 
2-50 and 4-602 while the oxygen~hydrogen stretching 
bond is at 2-8047. The quantitative datum at each time: 
interval was computed from calibration curves in the _ 
usual manner. Each measurement was determined ina 
0:5 mm sodium chloride cell with a reference of solvent 
in another 0-5 mm cell and was accurate to + 0-5 per — 
cent. a 
In a flask equipped witha condenser and a capped: 
orifice for sample extraction, 1-00 g of the alcohol and 
49-0 g of the appropriate solvent were combined. The 


H a 
Oie 
"| 
vo WW. Vv v 
(oyen, + QFMn=0:M:O=Mn=0 ==> | O-Mn=Q: M:Q=7Mn=0 
1 
H H @ 
(oon —» Gor 
' mig mabe 
O=Mn-Q: M:Q>Mn=0 O=Mn-Q: M:QrMn=0, 
, 
Ho Heh an 
2 — (0) C=O + O-Mn-Q:M:Q-Mn=0 
: 3 


oa ee 
3 ——> Ma M:0-Mn-0+ H,0 
Fig. 1 


 woaszs April 1, 1964 


eaction mixture was continuously flushed with nitrogen 
and gtirredewith a ‘Teflon’-covered stirring bar and a 
magnetic stirrer. Manganese dioxide (10-00 g) was added 
to the solution, at the desired time stirring was stopped, 
a sample was removed by means of inserting a hypodermic 
„syringe through the gum rubber bulb and transferred to 
_ an infra-red cell and the per cent transmission was then 
determined. A sample removed before the addition of 
manganese dioxide was taken as zero time. Reactions at 
levated temperatures were carried out in a large thermo- 
stated bath controlled to + 0-02°. 
The reaction mixture was prepared in the same manner 
described here. A 0-50-ml. sample was removed from 
he reaction vessel at the desired time. and was added to 
0 ml. of a saturated solution of 2,4-dinitrophenylhydra- 
zine in 2 N hydrochloric acid prepared by a modification 
f the method of Iddles and Jackson'*. This mixture 
was allowed to stand in an ice bath for 1 h, filtered into 
a tared Gooch crucible, washed, heated to constant weight 
in an oven at 110° and weighed. 
_ This work. was supported in part. by a grant from the 
U.S. National Science Foundation (G—6580). We thank 
Prof. Oskar Glemser and Dr. G. Gattow, of the University 
of Gottingen, Gottingen, Germany, for the X-ray analyses 
of the types of manganese dioxides used and produced. 
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` Catalytic Investigations using Galvanostatic 
Techniques 


THE investigation of catalytic activity in a series of 
alloys or oxide systems to obtain correlation between 
activity and electronic constitution? is frequently tedious 
and time-consuming. It has now been established that 
omparable information may, in certain cases, be rapidly 
btained by galvanostatic measurements discussed here in 
respect to hydrogen chemisorption on palladium-gold 
alloys, but already extended in these laboratories to 
ydrocarbon systems. 

_ Anodic oxidation of palladium and gold surfaces has 
been examined by several investigators using the galvano- 
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static method. On palladium‘, after previous cathodio 
polarization to hydrogen evolution, anodic charging 
curves indicate a three-stage process occurring at the 
electrode surface. Stage I represents the ionization of 
hydrogen on the surface where the electrode potential 
changes irregularly with the quantity of electricity passed; 
Stage TI is a linear change of potential with quantity of 
electricity and can be interpreted as the charging of the 
electrical double layer; Stage III is associated with the 
formation of oxides or hydroxides at the surface before 
the potential levels off as oxygen evolution occurs, On 
gold surfaces'-?,, following hydrogen evolution from 
cathodic polarization, a two-stage curve was observed 
on anodic charging. These were: (1) a linear ch 
potential with quantity of electricity passed which 1 
attributed to the charging of the electrical double 
the electrode—electrolyte interface; (2) the form: ' 
oxides leading to oxygen evolution. No hydrogen ionize 
tion step was observed by these investigators on the gold 
surface, inferring that no chemisorption of hydrogen on 
gold could be detected. In view of these resulta and the 
noted importance of the electronic factor in hydrogen 
chemisorption and catalysis of the p-hydrogen conversion, 
the work recorded here was initiated on palladium-gold . 
alloys to determine the relation between the electronic 
structure of the alloys and the charging curves. 

The palladium-gold alloy surfaces have been, invest 
gated in deoxygenated 1 N sulphuric acid electro 
under high-purity nitrogen by the method of ehar 
curves using a precision constant current generator a 
high-speed potential-time recorder in a cireuit the resi 
ance of which exceeds 10° ohms. A standard electra! 
U-type cell was used at 25° + 0-05° C, with the ce 
and anodic compartments separated by a fritte 
A saturated calomel electrode served as the re 
electrode with a platinized-platinum gauze as the cour 
electrode. ; 

High-purity annealed alloy wires were obtain 
Engelhard Industries, Newark, New Jersey, with 
following compositions by weight (per cent gold): 2 
60, 75 and 80. Seventy-five per cent gold by weight 
corresponds to an alloy composition which is abou, 62 
atomic per cent gold and 38 atomie per cent pal 
The composition of approximately 60 atomie per cen 
and 40 atomic per cent palladium is that com 
where the d-band of the alloy is filled’, Alloys 
palladium have partially filled d-bands, whercas 
richer in gold have filled d-bands. 

Tt has been found? that in perahydrogen conversion 
reactions a rapid increase in the activation ener, 
at the 60-40 atomic composition. Hence, it would ap 
that a change in the hydrogen chemisorption proper 
of the alloy surfaces may occur at this composition, 

The results of the present work on: palladhos correspond. 
to those found by other investigators®+, A hy a 
ionization step in the anodie charging curve is obs 
following cathodic polarization hydrogen evolution 
quantity of electricity associated with this step dep: 
the amount of time spent on previous cathodic pol 
tion. The results on gold surfaces also corres 
those of previous investigators’~? in that a two. 
process is observed. Fig. 1 shows typical results, In a 
very few cases when cathodic polarization is taken to — 
hydrogen evolution and maintained there for some time. ° 
a very small hydrogen ionization step is observed. wi 
in these cases the amount of hydrogen on the surfaee js 
negligible compared with that on palladium. 

As indicated in Fig. 1, the hydrogen ionization step an. 
alloys richer than 60 atomic per cent have no il 
hydrogen on the surface and behave like a 
so far as hydrogen chemisorption is concerned. 
the alloys with less than 60 atomic per cen 
copious quantities of hydrogen chemisorbed 
in Fig. 1 by the hydrogen ionization : 
here is similar to palladium. Hence. it 
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: ‘ :Fig.1, Anodic charging curves for palladium~gold alloys 








from these preliminary results that the change in the 

affinity of these surfaces toward hydrogen chemisorption 
occurs at about the alloy composition where the d-band 
is just. filled. Apparently unpaired d-electrons are 


























quantity. 

ditional results have been obtained on these alloys in 
solution, and also in alkaline, and phosphate buffers 
hydrogen and a number of hydrocarbons. Publiea- 
of these results will also include a detailed discussion 
' data on the complex formation of oxides on these 
atinum—palladium and other alloys. 
a work was supported by the Air Force Aero Pro- 
sion Laboratories at Wright-Patterson Air Force Base, 
Ohio, and the National Aeronautics and Space Agency, 
leveland, Ohio, and Washington, D.C. 
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BIOCHEMISTRY 


ological Information in a Single Strand of 
Deoxyribonucleic Acid 


ISTIGATIONS with several virus systems have indi- 
ated clearly that only one strand of the double-stranded 
INA helix carries the coding for protein synthesis'‘, 
To distinguish this strand it might be called the ‘coding’ 
strand since in addition to priming the formation of com- 
plementary DNA, its complementary RNA copy contains 
the information for protein synthesis. The second strand 
_ might be called the ‘replicating’ strand, meaning that it 
serves. only to prime the formation of complementary 
DNA with DNA polymerase. 
In virus multiplication only the ‘coding’ strand of DNA 
is transcribed by RNA polymerase. These relations are 
| Shown in Fig. 1. 5 : 













: Jead to alterations in both the complementary proteins. - 


Nf ; 
DNA polymerase mRNA 
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DNA 


Fig. 1. Information transfer in a viral system 






The questions of whether only one DNA strand carries 
information in animal systems and whether only th 
‘coding’ strand of DNA is transcribed by RNA polymerase 
are important ones which will undoubtedly be answered 
soon. It is possible now, however, to advance several- 

nts for information being carried in only one strand. 

(a) If both strands of DNA carried coding information 
for protein, this would mean that ‘complementary’ pro- 
teins would exist. For example, uuu codes for phenyl- 
alanine ; AAA, its complement, codes for lysine. Therefore, 
lysine and phenylalanine are ‘complementary’ amino-acids: 
and most, if not all, amino-acids would have a comple- 
mentary partner (or possibly more than one as there __ 

to be more than one triplet code for most amino- 
acids). From this it follows that a protein would have 
at least sections in it which would be matched by sections : 
of another protein in which the amino-acid residues would 
be ‘complementary’ as deterrnined by the coding patterns. 
An example is depicted in Fig. 2. 








1 DNA 2 2 mENA 1 1 Protein 2 
aT o e 

T A A uO. ie Lys : 
T A > <A eee | ; 
À U y A : ; 
U A A Ẹ aooi Ghi His 

C G G € Pe | od : 


Fig. 2. Formation of ‘complementary’ proteins if both DNA: strands 
carry information for protein synthesis : 


In Fig. 2, the amino-acid residue complementary to 
phenylalanine is lysine ;. histidine is considered to be 
complementary to. glutamine, ete. Since the amino-acid 
sequence has been elucidated for a fair number of proteins 
and about 50 of the 64 possible coding patterns are known, | 
it might now be possible to test for ‘complementarity’ of _ 
protein sequences. 

From the biological point of view, however, it seems 
unlikely that this complementarity would exist, or in other 
words, that both strands of the DNA would contain coding — 
information for protein synthesis; for if the extremely 
specific sequence of amino-acids in any protein is con- 
sidered, the possibility that a complementary sequence 
would. be exactly correct. for some other different bio- 
logical activity in the ‘complementary’ protein seems _ 
vanishingly small... ae : E 

(b) Having only a single strand carrying information for- 
protein synthesis would definitely have survival value for _ 
an animal, since a mutation in the DNA. chain would 
thereby affect only one protein. If both DNA strands 
carried information, a mutation in one would afterwards 
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It would be necessary to visualize evolutionary changes 
due to mutation as always affecting pairs of proteins. 

If only one strand of DNA carries the information for 
protein synthesis, this of course raises new problems. 
Some of these are : 

In animals, is only one DNA strand transcribed by 
RNA polymerase as appears to be the case in viral 
systems ? If so, how is this accomplished ? There must 
be some chemical or physical means for distinguishing 
between the two strands. Possibly terminal nucleotides 
are important in recognizing a coding DNA strand. 

It is possible that the orientation of histone on the 
DNA helix is such that it favours the copying of only 
one strand by RNA polymerase. Another possibility is 
that the replicating DNA strand is transcribed to RNA 
also, and this RNA then serves as such or in modified 
form as ribosome precursor, and for the production of 
soluble RNA. 

Another interesting suggestion arising from these im- 
plications is that occasionally a section of the replicating 
strand might become dislocated and be joined to the 
coding strand, in which case an entirely new protein 
species could arise. This might acquire or have some 
biological activity which could be modified by evolution- 
ary mutations to form a new useful, functional protein. 


Jay 8. Rorn 
University of Connecticut, 
Storrs. 
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* Marmur, J., and Greenspan, C, M., Science, 142, 887 (1963). 
* Bautz, E. K. F., and Hall, B. D., Proc. U.S. Nat. Acad. Sei., 48, 400 (1962), 


Changes in the Proteins of Milk destabilized 
during Frozen Storage 


Tr has been well established that concentrated frozen 
milk that has been stored tends to form a precipitate on 
thawing’. This destabilization of the colloidal proteins 
of milk seems to be induced by lactose crystallization and 
is characterized by an induction period before a sharp 

ipitation occurs‘. The precipitated protein seems to 
mainly calcium caseinate. Although much is known 
about the influence of processing variables on the colloidal 
instability of the frozen milk, little is known about the 
changes occurring in the milk proteins. This report 
presents evidence on some changes in the electrophoretic 
properties of the precipitated proteins and the serum 
proteins of the destabilized concentrated frozen milk. 

Normal pasteurized skim-milk was condensed to 32 per 
cent total solids, frozen, and stored at —10° C until the 
caseinate system became unstable. The milk was then 
thawed, reconstituted with water to bring to the com- 
position of normal skim-milk, and centrifuged to isolate 
the precipitate‘. The serum was decanted, and the 
precipitate was washed by resuspending in distilled water 
and recentrifuging. The resuspended precipitate and the 
serum fraction were dialysed against distilled water for 
72 h at 5° C. These dialysed fractions were lyophilized 
and resuspended in 7 M urea to give 2 per cent protein 
solutions. Similar reference solutions were also made of 
acid-precipitated casein, «-, 8-, and y-casein fractions, and 
serum protein fractions such as albumin, «-lactalbumin, 
and 8-lactoglobulin. 

The starch-gel-urea zone electrophoresis method of 
Wake and Baldwin‘ was followed by pH 8-6 to determine 
the changes in the proteins of the concentrated frozen 
milk. The protein solutions in starch-gel were subjected 
to 190 V and 10-15 m.amp for about 56h at 5°C. The 
gel was then stained with amido-black dye, developed by 
2 per cent acetic acid, and washed for 48 h. 

Fig. 1 shows a starch-gel-urea electrophoresis pattern 
of the precipitate of frozen destabilized milk and of acid- 
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togra; starch-gel geoiropiesniia : 
) -casein ; (3) a-casel ; (4) precipitated casein ; 
(5) precipitate from destabilized frozen mil 





2. A photograph of the starch-gel electro tie patterns of : 
on p-inctoglobulln {MeMeckin) = (2) P-lctoglobatin (UC); (3) a- 
talbumin (McMeekin) ; (4) a-lactalbumin (U.C.); (5) albumin- (6) 
serum from destabilized frozen milk 


precipitated casein, along with other isolated casein 
fractions for comparison. It is apparent that the æ- and 
f-peaks migrated somewhat differently in the frozen 
destabilized casein complex than in acid-precipitated 
casein or the individual a- and §-casein fractions. In 
addition, two new bands appeared on either side of the 
a- and -casein bands. These results indicate that the 
precipitate formed during the storage of frozen milk is 
mainly casein, portions of which have und ne some 
denaturation or modification during the destabilization 
process to give these additional bands and changes in 
electrophoretic mobility. 

When the serum from destabilized milk was examined 
by starch-gel-urea electrophoresis (Fig. 2) and compared 
with known purified albumin, «-lactalbumin, and 8-lacto- 
globulin fractions, it appeared that the characteristics of 
«-lactalbumin and §-lactoglobulin of the serum were 
considerably altered. This change can be attributed to 
damage or modifications resulting from destabilization 
during frozen storage. The top two bands of «-lactalbumin 
are missing, indicating that a-lactalbumin is denatured to 
a considerable extent. The mobility pattern of 8-lacto- 
globulin also indicated damage of a similar nature. 

It is evident from this preliminary examination of the 
electrophoretic patterns of the proteins of the destabilized 
frozen milk that the proteins of the precipitate as well 
as of the serum are damaged and/or modified to a detect- 
able extent. The specific nature of the damage is under 
investigation at this laboratory. 
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Isolation of 3-Methyl Histidine from 
=- Whalemeat Extract and the Preparation of 
some Derivatives 


Tue desire to be able to differentiate between beef 
extract and whalemeat extract in composite food products 
lead to an extensive investigation of these commodities. 

_ Among several significant differences: observed was the 
_ Presence, shown by chromatographic analysis, of an un- 
© usual di-peptide which occurred only in the whalemeat 
_ extract... This compound was discovered independently 
` by Carisano and Carrà! and identified as a di-peptide of 
_ B-alanine and 3-methyl histidine by Pocchiari et al.2, who 
--aseribed to it a 8-alanyl-3-methyl histidine structure, 
< Whalemeat extract has been found to contain between 
10 per cent and 20 per cent of this di-peptide and thus 
represents a rich source of 3-methyl histidine. In order 
to carry out a confirmatory synthesis {to be described 
elsewhere) of this di-peptide a supply of 3-methyl histidine 
was sought. This amino-acid is very rare, extremely 
expensive and no adequate supply could be found. Its 
isolation from whalemeat extract was therefore under- 
taken. 

To an aqueous solution of whalemieat extract (40 per 
_ cent solids) was added an equal volume of trichloroacetic 

acid solution (40 per cent), and after standing for 2 h at 

5° the precipitated protein was filtered off. An equal 
volume of concentrated hydrochloric acid was added to 

_ the filtrate and the mixture refluxed for 7 h. The hydro- 

- lysate was treated with charcoal, filtered, and concentrated 

_ te approximately one-tenth of its original volume under 
-~ Yeduced pressure. From this solution, histidine and 
| Sumethyl histidine were isolated as a simple mixture of 
~ their salts by the addition of an excess of an aqueous 

_ solution of 3: 4-dichlorobenzene sulphonic acid’. The 
solution was refrigerated at 4° for 3 days and the mixed 
_ sulphonates filtered off. These two salts could not be 

_ separated by fractional crystallization but were separated 
_ successfully by a counter-current distribution technique. 
The separation was carried out in a steady-state distri- 
_ bution machine (Quickfit and Quartz, Ltd.) with a phenol/ 

_ hydrochloric acid solvent system. The lower phase was 

_ phenol/water (4:1 w/v) and the upper phase was con- 

‘eentrated hydrochloric acid in water (7 per cent v/v). 

These were equilibrated before being introduced into the 

paratus, of which each tube was charged with 25 ml. 


























upper phase contained the histidine and the lower phase 
contained the 3-methyl histidine. ‘The sulphonic acid was 
distributed throughout the system, some emerging with 
each phase and some remaining in the apparatus. 






Histidine may readily be distinguished from its N- 
methyl homologues by ascending paper chromatography‘. 
The chromatographic tank and paper were equilibrated 
in an atmosphere of hydrochloric acid, provided by a dish 
of concentrated hydrochloric acid/water (3: 2 v/v), and 
the chromatogram developed with phenol/water (4:1 
w/v) for approximately 16 h. Following a long, gentle, 
drying period the paper was dipped in ninhydrin solution. 
(0-2 per cent in acetone) and redried. Under these con- 
ditions the separations obtained were as follows : 


Histidine : Rp 0-22 
l-methyl histidine: Rp 0-44 blue-grey 
3-methyl histidine: Ry 0-51 purple (green if heated to 110°) 


Lower-phase fractions were combined and worked up 
in batches of approximately 251. The phenol was distilled 
in vacuo until the volume was reduced to 100 ml. and the 
3-methyl histidine was extracted from the darkly coloured 
concentrate by repeatedly washing with equilibrated upper: 
phase solvent. The bulked extracts were concentrated to _ 
approximately 100 ml., washed with n-butanol to remove. a 
the sulphonic acid and evaporated to dryness. The faintly 
coloured residue was 3-methy] histidine di-hydrochloride.: 
Due to the difficulty of purifying this salt—it could be 
crystallized only from a very concentrated solution i 
hydrochloric acid—the greater part of the product. wi 
converted to mono-hydrochloride, of which, altogether, 
approximately 40 g was prepared. This was derived from 
500 g of whalemeat extract, which contained approximately 
12 per cent of 3-methyl histidine di-peptide. Thus the 2 
overall yield of mono-hydrochloride was of the order of 80 ae 
per cent. ae 

Crystallization of a small part of the di-hydrochloride ` 
gave stout prisms, m.p. 258/9° (dec.), [a] + 8-0° (cone. 27- : 
in water), [x]? + 12-9° (cone. 2-0 in N hydrochloric acid). 
This latter rotation was in close agreement with the find- 
ings of Tallan, Stein and Moore®, who isolated 3-methyl 
histidine from cat urine. 

3-methyl histidine mono-hydrochloride was obtained 
from the di-hydrochloride by crystallization from aqueous 
pyridine. The salt was suspended in approximately 5 vol: 
of hot pyridine and dissolved by the dropwise addition of > 
water. A two-phase system was formed of which the 
lower phase was a solution of the salt in pyridine-saturated 
water... On cooling the mixture slightly, crystallization: 
commenced and, on stirring, a single liquid phase formed _ 
immediately. After refrigeration the hydrochloride was _ 
filtered off and washed consecutively with pyridine and 
ether. Recrystallization from aqueous dimethylformamide 
gave white plates m.p. 251/2° (dec.), [a}e + 6-9° cone. 2-0 
in water), [a]? + 9-4° (conc. 2:0 in N hydrochloric acid). 

The free amino-acid was prepared by the treatment of 
an aqueous solution of either mono- or di-hydrochloride 
with an excess of tri-n-octylamine in chloroform and the 
evaporation of the aqueous phase. Reerystallization of 
the residue, from aqueous dimethyl formamide, gave white 
plates, m.p. 248/50° (dec.), [2]; ~24-7° (cone. 2-8 in water). 

The usual 3 : 4-dichlorobenzene sulphonate of 3-methyl 
histidine is the di-sulphonate which was obtained by the. 
addition of an aqueous solution of the ‘hydrochloride to: 
a solution containing an excess of 3: 4-dichlorobenzene 
sulphonic acid. Recrystallization from water gave white 
needles, m.p. 257/9° (dee.), [a]2 + 3-6° (cone. 3-7 in dioxan/’ : 
water, 1:1). ai 

Warming a solution of the di-sulphonate in pyridine for 
a few minutes caused precipitation of the mono-sulphonate. 
This was recrystallized from dioxan and formed white 
needles, m.p. 226/8° (dec.), [x]? + 3-6° (cone. 3-5 in water). 

The melting points of all the compounds described 
varied with the rate of heating to which they were sub- 
jected. Those recorded here were determined by inserting 
the sample into a heated block at approximately 10°. 
below the melting point of the particular compound and 
raising the temperature by 3° per min. 
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Specific rotations were measured in a 1 dem tube. 
We thank she directors of Oxo, Ltd., for permission to 
tiblish this work. 
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lect of Adenosine Triphosphate and Monovalent 
Cations on Brain 5’-Adenylic Acid Deaminase 


-Er was recently reported that the adenylic acid deaminase 
rom human erythrocytes required ammonia or a mono- 
ent metal ion as an essential ¢co-factort, It has also been 
ted that ATP activates this enzyme from dog brain? 
nd beef brain’. In this report the effect of the simultane- 
us presence of ATP and a monovalent cation on the 
abbit brain adenylic acid deaminase is presented. 
‘Partially purified enzyme, in a soluble form, was pre- 
from rabbit brain acetone powder according to 
fendicino and Muntz*, The enzyme solution obtained 
from the last sodium sulphate precipitation was dialysed 
against 400 volumes of 5 mM tris (pH 7-1), at 4° for 25 h. 
his preparation was quite unstable and lost all activity 
after 48 h. A more crude preparation with improved 
stability was obtained as follows : brain was homogenized 
with seven volumes of 0-25 M sucrose in a glass homogenizer 
with a ‘Teflon’ plunger. The homogenate was centrifuged 
| at 18,0009 for 45 min. The supernatant from. this step 
was dialysed against 400 volumes of 5 mM tris (pH 7-1), 
t £ for 24 h. The cloudy solution was centrifuged at 
0,0007 for 45 min. The clear supernatant was used 
yarce of enzyme. It retained its full activity after 
eeks of storage at 4°. The adenylic acid deaminase 
© 1:5 dilution of this preparation and that 
artially purified preparation under various 
18 are presented in Table 1. 
‘table 1,‘ Errecr or Na* anp NUCLEOTIDES ON BRAIN ADENYLIC ACID 
‘DEAMINASE 
Enzyme 2 mM AMP 50 mM Nat Nucleotides 724e 


4 
+ 4 — $ 
+ ~ 2mM ATP 0-070 
“Crude” + + 2mM ATP 0-110 
= + 2mM A 0 
+ ~ O2mM ATP 0 
+ + O2mMMATP 0-800 
+ + 2mMADP 0 
+ + 2mM ITP 0 
ee ` 4 ~- — 0 
*Parified’ + + = 0 
. + = 2mM ATP 0021 
+ + 2mM ATP 0-127 


he system contained 5 motes of AMP, 100.amolés of trie-HC1 GEID, 
amoun n ie of nucleotides and A NaCl, an and Ne 5 mi. of thi 


-par enzyme, Total vi 6 ml. The 

mixtures were be cubated at 37° for 0+ Sh, | fore deproteinized by the 

of bh ml bry per cent HCIO, Absorbancy at 265ma was measured 

1:30 dilution of the deproteinized reaction mixtures and controls which 
did not contain any enzyme, 


_Deaminase activity was determined according to 
Kalckar‘ using a Gilford spectrophotometer. The rate 
f deamination was a linear function of time during the 
appearance of the first 25 per cent of the substrate. 
organic phosphate was determined according to Fiske 
Subbarow®, 
The results in Table 1 show that the enzyme, at the 
neentration used, may be activated by ATP alone but 
t sodium ion alone. The synergistic effect of ATP and 
cation is best observed at low ATP concentrations. 
neither ATP nor the cation has any effect, the 
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simultaneous presence of both activates the enzyme. “Th 
enzyme does not deaminate ATP or ADP. ‘The activating 
effect of ATP is also quite specific. Neither ADP nor 
ITP activates the deamination of AMP. It should also 
be noted that the particle-free homogenate as described 
here is quite similar to the partially purified deaminase 
from acetone powder in respect to other properties’, In 
the absence of Mg++ and at pH 7-1, the 1:5 dilution of 
the crude enzyme did not release any detectable inorganic 
phosphate from either ATP or AMP. That all the mono: 
valent cations do not have similar activating effect on the 
enzyme is evident from the data presented in Table 2 
Of the cations tested sodium was the best activator. 


Table 2. EFFECT or VARIOUS Cations ON BRAIN ADBNYUG ACID. 


DEAMINASE 
Nat K+ Rb Ost NH+ MEHN oa Matt 
—AAss 0076 0-036 ò 030 000 0050 


The reaction mixture contained 5 umoles of AMP,.0-5 es of te 
100 pmoles of tris-HCl (pH 7:1), 125 wmoles of the chloride salia ; 
indicated ions, and 0-5 mi. of the ‘crude’ enzyme. Other conditions the 
same as in Table 1. 






Mendicino and Muntz? concluded. that the activa ing ; 
effect of ATP on brain adenylic acid deaminase was nob 
likely due to a chemical reaction of ATP either thro a 
the phosphate or the amino groups; they E irae 6 
loose binding between ATP and the enzyme. Experiments 
described here suggest that the presence of both ATP and 
a monovalent cation are essential for the active fori of 
the enzyme. Obviously the nature of the interactions. 
involved has yet to be resolved. However, it should De. 
noted that Ling* on theoretical grounds has suggested 










in the electrostatic binding of monovalent metal io 
anionic sites of proteins. According to this hypothesis a. 
quantitative relationship between the amount of bound. 
ATP and the selectively adsorbed monovalent metal on 
by the proteins should exist. If the activatin 
the cations on the adenylic acid deaminase. indeed 
to be due to their direct binding on the enzyme prol: 
this may be an experimental support of Ling a hypothe 
on the role of ATP as a “cardinal anion” 2 

I thank Prof. Walter F. Riker, jun., “for his advice: 
This work was supported by U.S. Public Health: Service - 
grant, AM-07447, and American Cancer Society Institu- 
tional research grant, IN-73A. 
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Identification of O-Aminoacetophenon as a 
Flavour Compound in Stale Dry Milk 


In our efforts to improve the keeping quality of ey 
milk products, attention has been directed towards isolat 
ing and identifying flavour compounds. present in atale 
products. This communication deals with the isela ion 
of a compound with a ‘grape-like’ flavour, identified as 
o-aminoacetophenone. Preliminary work on the evens 
extraction of stale non-fat dry milk indicated that a sirong 
flavour fraction characterized as potato-like or cotos: ; 
could be extracted with hexane. The odour was ma 
altered by adding a strong acid but could be 
by adding alkali. Crude concentrates were 
hydrochloric acid extraction of hexane ¢ 
dry milk powder. The alkali-liberated flav 
was back extracted in small volumes oe 
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> were then gas chromatographed on an ‘Apiezon J 

A flavour fraction, ‘grape-like’ in character, was detected 
| with the nose at the tail pipe of the instrument. The 
odour emergence coincided with a characteristic peak on 
© the recorder. This flavour material wes collected in a 
gold trap attached to the outlet of the column and was 
shown to contain nitrogen by the method of Feigl and 
< Amaral'. The material collected from numerous successive 
<- chromatograms was analysed in a mass spectrometer. The 
results indicated that the sample was ‘Apiezon’ grease 
contaminated with a small amount of a compound with a 
parent peak at mass 135. Infra-red analysis indicated the 
possible presence of carbonyl oxygen and aromatic struc- 
ture. The observations were consistent with aminoaceto- 
_ phenone. Examination of the authentic isomers revealed 
‘that o-aminoacetophenone had an odour identical with 
the natural fraction collected from the gas chromatograph. 
Further evidence supporting the identity of the isolated 

< compound as o-aminoacetophenone is presented. 
g _ One-ħundred-and-fifty g of 3-year-old stale non-fat 
dry milk was added to 600 ml, of hexane? in a Hamilton 
-o Beach model 30 drink mixer. (Reference to certain pro- 
-ducta or companies does not imply an endorsement by the 
Department over others not mentioned.) The contents 
were mixed thoroughly for 5 min after which 15 ml. of 
| distilled water were added followed by an additional 
_ mizing time of 6 min. The slurry was transferred to a 
thimble and extracted continuously for 2 h in a 
-Soxhlet extractor. The hexane extract was transferred 
to a Ll separatory funnel and extracted 3 times, each 
with 30 ml. of distilled water. The hexane solution was 
then extracted with 30 ml. of a 10 per cent aqueous 
hydrochloric acid solution. The acid solution was made 
>>- alkaline with solid potassium carbonate and back ex- 
© tracted with 100 mi. of hexane. The hexane solution 
“was dried with sodium sulphate, filtered, and evaporated 
under vacuum at room temperature to approximately 
<1 ml. of solution. Portions of this concentrate as well 
as authentic samples of o-aminoacetophenone and methyl 
= laureate were gas chromatographed on two different 
— columns-and the results are recorded in Table 1. One 
- column was a 6 ft. x } in. stainless steel tube packed 
-with 10 per cont ‘Apiezon L’ on 60-80 mesh silaned ‘Celite’. 
_ The other column, of the same dimensions, contained 10 
per cent diethylene glycol adipate on ‘Anakrom ABS’. 
The columns were operated under 20 }b./in.* argon inlet 
pressure with an ionization detector. 


le 1. 

























“QAS CHROMATOGRAPHIC RETENTION Data OF AUTHENTIC AND 
Baer ISOLATED O-AMINOACETOPHENONE 






Diethylene glycol adipate 
: ‘Apiezon L’ (125°) {148° 
: Retention Relative Retention Relative 
Sample time retention time retention 
“a SRSA S ER Bae (min) (min) 
oo Authentic 
 o-aminoacetophenone 14 0-39 43-4 4°72 
Isolated 
: aminoacetophenone 14 0-39 43-2 4°70 
oo Methyl laurate 29-5 1:00 2 1-00 














Further evidence for the presence of o-aminoaceto- 
-phenone in stale dry milk was obtained as its 2,4-dinitro- 
‘phenylhydrazone. For comparison, the authentic deriva- 
‘tive was prepared in the following manner: 0-5 g of 
2,4-dinitrophenylhydrazine was dissolved in 12 ml. of 
30 per cent sulphuric acid. To the reagent was added 3 ml. 
of 30 per cent sulphuric acid containing 0-36 g of o-amino- 
“acetophenone. The solution was allowed to stand over- 
night. Ten ml. of water were added to the reaction flask 
‘and the precipitate, recovered on a fritted glass funnel, 

© >; was washed with 20 ml. of distilled water. The precipitate 
was transferred to an Erlenmeyer flask, 20 ml. of water 
- added and the mixture made alkaline with solid potassium 
‘earbonate. The precipitate recovered by filtration was 

- washed with warm ethanol and recrystallized from chloro- 
form (m.p. 247°-248° C; elemental analysis: calculated : 
carbon 53°33 per cent ; hydrogen 4-12 per cent ; found : 
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1964 vo.. 202 


23 per cent ; hydrogen 4-25 per cent ; maximum 
absorption in chloroform 398 mp; molar extinction. co- 
efficient 20,250). This derivative was submitted to each 
of the chromatographic steps described below for the 
experimental sample in order to establish the criteria for 
the isolation and identification. 

A hexane solution of the concentrate from 450 g of the: 
stale dry milk was reacted with 2,4-dinitrophenylhydrazine 
according to a slightly modified version of the column 
procedure of Schwartz and Parks’. The reaction column 
contained a mixture of 200 mg of 2,4-dinitrophenyl- 
hydrazine, 1-5 ml. of phosphoric acid (85 per cent), and 
0:5 ml. of water impregnated on 2 g of analytical grade 
‘Celite’. Following passage of the hexane solution of the 
unknown through the reaction column, 50 ml. of hexane 
containing 0-5 g of heptadecanone-2 were passed through 
the column to remove the majority of excess 2,4-dinitro- 
phenylhydrazine reagent. The reaction column was then 
washed with carbonyl-free hexane’ until the effluent was 
free of colour, The column packing was then stripped 
with 30 ml. of redistilled methanol. Sixty ml. water 
were added to the methanol extract and the solution. 
made slightly alkaline with solid potassium carbonate and 
extracted with 50 ml. chloroform. The chloroform solution 
was dried with sodium sulphate and evaporated to dryness _ 
on a steam bath with the aid of a stream of nitrogen. 
The reaction residue in 10 ml. of chloroform was added 
to a chromatographic column containing 4 g of ‘Celite 545° 
and 2 g of ‘Magnesia 2665’ prepared in chloroform accord- 
ing to the procedure of Schwartz et alt. The residual. 
2,4-dinitrophenylhydrazine (green colour on column) was 
eluted with 100 ml. of chloroform. Following the chloro- 
form wash, 0-5 per cent methanol in chloroform was added 
to the column and the o-aminoacetophenone DNP-hydra- 
zone (lavender colour on column) was eluted in the second: 
50 ml. fraction. The eluate was evaporated to dryness 
and subjected to column partition chromatography on a 
10-g ‘Celite’ column using 2 per cent ethyl acetate in 
methyl cyclohexane saturated with acetonitrile as the 
mobile phase and acetonitrile as the immobile phase 
according to Corbin’s procedure’. The unknown DNP- 
hydrazone recovered from the column had a maximum 
absorption at 390 my in chloroform in contrast to a 
maximum absorption at 398 my for the authentic o-amino- 
acetophenone DNP-hydrazone. Paper chromatography of 
the isolated DNP-hydrazone by the method of Sundt and — 
Winter*, however, revealed a trace contaminant. moving 
slightly above the isolated o-aminoacetophenone DNP- — 
hydrazone which could not be removed by further frac- 
tionation on magnesia or the partition system of Corbin. 
In order to confirm the identity, the unknown DNP- 
hydrazone was regenerated with sulphuric acid’, and after 
making the regeneration mixture alkaline with solid 
potassium carbonate it was extracted with hexane. 
Evaporation of the hexane yielded a residue exhibiting 
the proper odour and gas chromatographic properties of 





o-aminoacetophenone. Table 2 contains threshold volumes 


and Rp values of o-aminoacetophenone DNP-hydrazone. 
The flavour threshold of o-aminoacetophenone was. . 
determined in fresh pasteurized skim-milk to be 0-4 part. 
per billion (Table 3) by the method of Patton and Joseph- © 
son’. ‘The quantity isolated from the very stale powder 
was 8-10. times the threshold quantity as determined by 
spectrophotometry of the 2,4-dinitrophenylhydrazone. 
Presumptive evidence of its occurrence in evaporated 
milk has been obtained by observing the characteristic. 


PARTITION CHROMATOGRAPHIC DATA OF "AUTHENTIO AND ISOLATED 
O-AMINOACETOPHENONE DNP-HYDRAZONES 


O-Aminoacetophenone 


Table 2. 


DNP-hydrazone Threshold volume*t Hrt 
Authentic 27-0 O11 
Isolated 286 OL 


* Method of Corbin—column 2, 
t Millilitres of mobile phase per gram of ‘Celite’ 
t Method of Sundt and Winter. 












*  -Oencentration (p.p.b.) 
O 6001 O01 AS eT a0 50 
sitive responses 7 i 12 9 34 36 
19 31 33 25 94 100 


ven tastera evaluating a total of 36 samples of each concentration. 


our at the proper emergence time from gas chromato- 
phy of evaporated milk extracts. 

Work is in progress to elucidate the flavour significance 
“compound in typically stale dairy products. By 
elf, the compound does not simulate stale flavour when 
ded to fresh fluid milk ; however, when added to re- 
nstituted slightly stale dry milk it intensifies the stale 
vour.. It appears that the compound is an important 
ent of a mixture of compounds which collectively 

are responsible for typical stale milk flavour. 
The source and mode of formation of o-aminoaceto- 
phenone are unknown at this time. Potential precursors 
his compound in dairy products include tryptophan, 
{indoxyl sulphate), and kynurenine. It has been 
y red that the presence of o-aminoacetophenone in 
dairy products tends to accompany the Maillard reaction. 
o Wo thank Dr. R. M. Silverstein and the staff of the 
Stanford Research Institute, Menlo Park, California, for 
e mass spectral and infra-red analyses. 
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Application of Particle Electrophoresis to the 
Detection of Antibody bound to Cells of 
Streptococcus pyogenes 


ouau it has rarely been used for this purpose the 
electrophoretic technique! is well suited for the 
tion of antibody adsorbed to bacterial cells. The 
tigen-antibody reactions between a single strain of 
trer pyogenes type 6 matt variant (N.C.T.C. 8302) 
tisera for its type-specific M and T- antigens, and 
roup specific C antigen, have been investigated 
‘way. The type-specific sera were fully absorbed 
ove heterologous cross-reactions; The group-specific 
ogi unabsorbed but showed no cross-reactions with 
OU 
‘Twenty-four-h-old cells of the Streptococcus, after treat- 
ent with hyaluronidase to remove the capsular material’, 
ere suspended in serial dilutions of the homologous M 
itiserum for 2 h at 37°C. The cells were removed from 
ie suspension by centrifugation and resuspended in 

sphate buffer solution pH 7-0, T = 0-013. The electro- 
ie mobility of the cells (Table-1) remained constant 
suspension in serum dilutions exceeding 1 : 640. 
dilutions the mobility became progressively more 
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` specific antibody. 


. the growth temperature (25°-37° C) and the: age of e : celis 


suggesting that the final value is a function of 



























the amount of antibody adsorbed. In contrast, type 
specifie heterologous antiserum under the same conditions 
produced no such change of mobility, even at dilations 
of 1: 10. 


Table 1, ELECTROPHOBETIC MOBILITY OF Type 6 M CELLS APTER 
SUSPENSION IN THE HOMOLOGOUS ANTISERUM 
Antiserum 
dilution 1:10 1:40 1:160 1:840 1:2,560 Q. 
poirai? 
Electro- 
phoretic 
mobility ; 
{u/sec{/Vjem) -1-64 -41:58 -1:838 -1'28 -pai a 


Cells were removed from a growing culture at vario 
times during the growth cycle (0-24 h), treated first w 
hyaluronidase and then with anti-M serum (dilution 
and finally resuspended in phosphate buffer salut 
mobility value of the cells was constant through: 
growth cycle both before (~ 1-20 u/sec/V jem) an: 
(-1-58 p/sec/V/em) antibody treatment, indicat 
the antibody-binding power of the M antigen of this strai 
is independent of the age of the cells. a 

Suspension of cells in anti-T' serum diluted 1: 160 or 
less resulted in a significant decrease (greater than 7 per- 
cent) in the electrophoretic mobility of the cells, but 
antiserum diluted 1:40 only produced a 14 per vent 
decrease in the mobility value. Small changes m- the 
amount of adsorbed antibody could not be detected 
electrophoretically for this antigen-antibody system, aud 
it was not surprising that no variation, with age, of the 
antibody-binding power of the T antigen could be 
demonstrated. 

The group antibody was not bound to the sari 
the hyaluronidase-treated cells. After the removal < 
the protein antigens with trypsin®, however, incu 
of the cells with group antibody resulted in a 
in the electrophoretic mobility. Anti-group ser 
as much as 1: 300 produced a detectable el 
electrophoretic mobility of trypsin-treated cell 
ologous sera produced no change of mobility eve 
highest concentrations tested. The altered surface 

ies must therefore be due to. the: adsorption < 

















































The group antibody was readily removed after popes: 
washings in phosphate buffer solution (pF 7-0), wh 
cells attained their normal mobility value. ‘The an 
binding power of the group antigen was indepen: 






grown at 37°C. ; f 

The stability of the antigen-antibody complex: was a 
function of the pH of the suspension fuid. Tr : 
treated cells, after suspension in the gro 
solution (dilution 1:10), were suspended fo: 
buffer solutions of various pH values but constan 
strength (0-02). The cells were finally susper 
standard phosphate buffer solution (pH a 
mobility values determined (Table 2). At pH 
cells had a mobility approaching that of the c niro! 
pension, suggesting that the complex was abno 
dissociated at this pH and the cells largely free of ac 
antibody. At pH. values exceeding 2:5, however, i 
had reduced mobility values and had, therefore, roti 
their antibody. The pH at which the antigen~ant! 
complex is 50 per cent. dissociated is 2-1. Bi 

The electrophoretic technique lends itself to the siud? eee 
of antibody adsorption to cells, and is suitable for the 
detection of antibody in relatively small amounts. A ; 


Table 2. ELECTROPHORETIC MOBILITY: OF TRYPSIN-TREATED Ceres 1x 

BUFFER SOLUTION AT pH 7-0 AFTER SUSPENSION IN. GROUP. or: 

SOLUTION: (CONCENTRATION 1:10) AND WASHING IN BurreR Bo 
Various pH VALUES 





pH of buffer 
solution used 
ashing 70 4-9 39 29 


mobili RE Se 
(ujaci Flem) O86 -087 O85. AF89 -085 
Control mobility of normal trypsinized cells = — 2:20 4 












anti- 
diseases. It is often difficult to detect small amounts of 
antibody in such sera by the conventional bactericidal 
or ‘long chaining’ tests; and, in any event, the testing 
_ of large numbers of sera by these methods can be time- 
- consuming and tedious. The microelectrophoretic tech- 
nique, however, might well be used to. advantage both 
` as a rapid screening test and as a method of titration’ of 
the serum. 
| One of us (M. J. H.) thanks the Medical Research Council 
financial support. We wish to thank Miss C. A. M. 
Fraser for providing the specific sera. 
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_ Biogenetic Hypotheses for Aflatoxin 
a Tre recent proposals!’ of structures for aflatoxin B, 
< (Land TI), the biologically active*.+ metabolite of Asper- 
_ gillua flavus, prompt consideration of its biogenesis. It is 
the purpose of this communication to. show that of the 
<- two modes of forming carbon skeletons summarized in the 
Acetate and Isoprene Rules the former. does not lead to.a 
simple hypothesis in spite of the suggestive pattern. of 
oxygen substituents on ring C and the $ (or 8) keto-acyl 
< group of rings D and E. 





Q 
g 
ow YS 
pe be {a} 
"mg Magy o? 


(a 


ae A scheme (III) involving no loss or gain of carbon 
necessitates three separate chains linked in an implausible 
manner {bonds (a)). This difficulty is avoided for rings 










, B and C in schemes (IV)~(V1) but appears unavoidable 
. for rings D and E. Further, no precedent can be. cited for 
(V) or for the addition of another acetate or isoprene unit 


to a system such as (VT). 
x% 
Ay 
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(Vv) 


- In view of these difficulties consideration must be given 
_ to the possibility that mevalonate is a precursor of afia- 
toxin... Partial derivation from mevalonate is implicit in 
< (V) and (VI) while (VII) shows a wholly isoprenoid 

. origin for the carbon skeleton. Oxidative removal of four 
earbons from a side-chain with formation of a B-substituted 
furan ring from the remainder has been: postulated’ for 

the group of compounds related to limonin.  Clerodin® 
provides an analogy for the subsequent formation of ring 


ie) 
“Wg 0 P pa o 


(Vi) 





B. Al ough conversion of the skeleton (VII) to aflatoxin : 


-requires a rearrangement it is of interest thet a C, D, E 
ring system as in (VIII) can be mado easily with Dreiding . 
models. Base-catalysed fission of ring EZ and reclosure 
in tho alternative way is an attractive possible mechanism 
for the rearrangement. 
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Some Phosphorus Compounds in Royal Jelly 


Sysremaric investigations, mainly during the past 
decade, have led to the discovery of a number of biologic- 
ally highly valuable substances in the jelly of the honey- 
bee. Comparatively little is known so far as its contents of. 
phosphorus Compounds are concerned. Recently, Jacoli 

“and Sanguinetti‘, and Rembold? have isolated and identi- 
fied some adenine nucleotides in this substance. Since 
these compounds play a decisive part in many important 
biological processes we have undertaken the chemical 
analysis of royal jelly. 

We used a lyophilized substance obtained from local 
sources and supplied by the Slovakofarma National Enter- 
prise, Hlohovec, Czechoslovakia. The ribonucleic (RNA) 
and deoxyribonucleic acids (DNA) were determined by 
‘means of a modified method of Logan et al? whereby the. 
lipidic substances were eliminated through repeated ex- 
traction with methanol, a chloroform/methanol mixture 
(2:1) and ether. 

The determination of free acid-soluble nucleotides in. 
preparation under observation was carried out on their 
extraction by means of a ten-fold volume of ice-cold 0-6 N 
perchloric acid and re-extraction with a double volume — 
of 0-2 N perchloric acid. After neutralization with 6 N 
potassium hydroxide, the extract was kept frozen at a 
temperature of —20° C for 24 h. Then the extract was 
thawed and the resulting precipitate, potassium. per: _ 
chlorate, was centrifuged off. The clear supernatant was _ 
adsorbed on a column of ‘Dowex-1 x 8’ (200-400 | 

mesh) in the formate. form- dimensions 1 em x 
15 cm. The column was then rinsed with water 

and the nucleotides eluted with increasing ĉon- 
centrations of formic acid and ammonium formate © 

(rate of flow: 0-8. ml./min). By means of au 

automatic fraction collector we obtained samples 
of 5 ml. each and measured their optical density _ 
at 260 mp. The individual peaks were then combined and, - 
after concentration in a rotatory vacuum’ evaporator, 
they were freed of salts by adsorption on ‘Norite-A’ 
charcoal and elution with 2 per cent pyridine in 50 per cent 
ethanol. . The. fractions were then submitted to paper- 
chromatographical analysis in a solvent of isobutyric acid]. 

“water/25 per cent. ammonium hydroxide (66 : 33 : 1-5), 
and after the hydrolysis. of established spots with formic 
acid their bases were determined chromatographically in. a 


[$] 
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Fig. t. Chromatógra hy of nucleotides of ihe honeybee r 
a = Column i ex x 8, te Lom xi 

















solvent of isopropanol/hydrochloric acid (d. 1-18)/water 

70:41 + 39). 

_ Our search for nucleic acids has resulted in the estab- 

ishment of the fact that royal jelly contains both basic 
‘these compounds in quantities of 79-0 + 3-2 

ug P-RNA, and 47-0 + 4-4 ug P-DNA/g lyophilized 

preparation. ` 


Table 1. Tux CONTENT OF N “tat HONEY FOUND IN THE ROYAL JELLY oF 
THE i 








#moles/g } Per cent 
periret sul lanos of total 
ie Ret 
_ Gytidine nucleotides i 021 LO 
| Uridine Bon ty 9, 13, 15, 16 1b55 545 
 Jnosine mono- s 
phosphate 19 O24 ri 


The nucleotide pool of royal jelly contains mainly the 

_ phosphates of adenosine, uridine, and guanosine, several 

of them most likely bound to the sugar component (Fig. 1). 

This recalls that presented by Deutsch et al.* and 

: *, who investigated human milk and the 

ani In human. milk- the 

prevail whereas in the colostrum 

and in the milk of sheep, goats and swine as 

i jelly (Table 1) an overwhelming part 

nucleotides containing uracil. The complete 

identification of individual fractions obtained forms the 
ubject-matter of further research work. 
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: Palai Activity in Larval Foods of the 
Honeybee 


Tm composition of the larval foods of the honeybee 
bas evoked considerable interest among research 
workers'*, Honeybee larvæ are fed a jelly-like secretion 

head glands of nurse bees, who deposit it in the cell 
the comb. Since the caste determination is influenced 
trition" and presumably occurs before the third day 
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zoyal ing chansber g lyophilized 
ro N formis acid at 
M ammonium 
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of the larval life, the chemical composition 
of the foods fed to the young (1-3 days old) 
and old (4-6 days old) larva have receiv 
some added attention, Considerable vari 
tion has been reported in the carbohydrate’, 
protein’, lipid'!*, pteridine*, 
chemical constituents of the larva} foods. 
Whether larval foods can influence sex 
modification is still not certain. 

It is well known that in the vertebrates, oe 
insulin enhances. the utilization of glucose, 
amino-acids and fatty acids’, In > 
recorded here, we report the presence of 
protein having insulin-like activity : 
larval foods of the honeybae. 

Larval foods from cells of young a 
queen and worker larve were s 
collected, pooled and stored at — 
For pilot investigations a commercial 
of undetermined origin and age was used, 

The insulin-like activity of the jellies was determi LU 
the 20-25 mg samples and also in the acid-aleohol extracts. — 
The acid-alcohol extracts of the samples were prepared by 
first homogenizing a known amount of material with 1 o 
per cent trichloroacetic acid (TCA), centrifuging dos 
precipitates which were then extracted repeatedly with 
acid-alcohol as described by Scott and Fisher? Th 
alcohol was removed from an aliquot of 20-ul. exti 
equivalent to 40 mg jelly, under nitrogen before addi 
incubation medium. The assays. were run using t 
epididymal fat pad balanced segment method", Yn brief 
the method, was as follows. Six uniformly. thin pieces: 
were cut from the epididymal adipose tissue f 
Holtzman strain rat weighing 250 g. Tissue 
rats were used. Each tissue was placed in a 3 
reaction vial with I ml. bicarbonate buffer, gH. 
gelatin, 1-0 mg glucose, and 6-1 ml, of ain 
{0-2 uc) solution!?:11. Two fat pad) pieces from eac 
incubated with 0 and 500p units of crystalline maul 
the remaining pieces with the assay samples. Fol 
equilibration with 95 per cent oxygen and 5 per 
carbon dioxide, the vials were incubated for 3 h at 
in a Dubnoff metabolic shaker. The reaction was stopped — 
by adding 2 ml. of 2 N H,8O, to each vessel. “OO, 
liberated from the oxidation of radio-giucose waa | eted 
in hyamine and activity of carbon-14 measured in an 
automatic liquid scintillation counter. The results are 
given in Table 1. 
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Table 1. ‘INSULIN-LIKE’ ACTIVITY IN THE LARVAL Foons or Tax Hosuynny 00 









Activity in a 2a tale nia pass eo : 
Kind of larval food Unextracted Perse! 
extracted unex 
Commercial RI 65 33 Pe 
RJ fed to young larva 72 Bai ~ ae ae 
RI fed to old larvæ #9 oh a 
J fed to young larve 6-1 ee pin 
Wi fed to olddarve 83 = ibe 


It is known that the epididymal fat pad responds to _ 
many hormones and substances besides insulin. He 
growth hormone”, oxytocin?§, prolactin™, glucagon'® aod 
adrenocorticotropin (ACTH) influence the oxidation of 
glucose to carbon dioxide. In order to obtain vor 
atory evidence, chromatographic and electrophoreti 
properties of the unknown compounds were compar a 
that of the known crystalline insulin (Eli Lilly and Co.), 
The acid-aleohol extracts equivalent to about 500 me wor 
weight of the jellies were spotted on Whatman Na, Lor go 
papers and ascending chromatograms were develo 
n-butanol/water/acetic acid (12 : 5 : 23) solven 
as described by Grodsky and Tarver, » Variou 
trations of crystalline insulin varying from | 
were simultaneously spotted on the pap 
Under these conditions, insulin, froehly 
aleohol, moved with an Ry of o 21. 












> 





= ~F a al 5 = 1 SSS 
= _ NATURE April 1l, 1964 vo: 202 


pound of royal jelly (RJ) and worker jelly (WJ) showed 
bromophenol blue stained spots which had an Rp value 
identical with that found for insulin as shown in Fig. 1. 
Occasionally, we have observed that on standing the acid- 
aleohol extractable material was retained mostly at the 
point of application and the spot due to ‘insulin-like’ com- 
pound which migrated with Rr = 0-21 was less intensely 
stained. Even pure crystalline insulin solutions exhibited 
some trailing on keeping (Fig. 1). 





A B o 


1, Paper chromatographic se of insulin and royal jelly. 
Tit ephreeweek-old solution of rin aia ig Trosh acid-alcohol srecome 
of royal jelly; C, fresh solution of crystalline insulin 


The electrophoretic separation of protein was carried 
out as described by Patel et al.*. The acid-alcohol 
samples were applied as 2 cm bands at 14 cm from the 
cathode end of the S and S 2043 B (173 mm x 410 mm) 
paper. A current of 5 m amp at 250 V was applied for 3-h 
at room tem ture using high-resolution ¢tris-buffer 
(pH 8-9 ‘LKB Produkter’, Sweden). Electrophoretic 
‘migration of the compounds from the larval foods was 
identical with that of the crystalline insulin. Also, the 
ele horetic re-runs of the spots eluted from the paper 
chromatograms showed identical migration patterns. 
Sometimes trailing of the pure insulin and jelly samples 
was observed, possibly due to the denaturation of the 
material during excessive handling at room tempera- 
tures. 


Following chromatographic and electrophoretic separ- 
` ation, the papers were dried at room temperature and the 
bands corresponding to that of insulin were cut out for 
assay. The cut-outs were soaked for 30 min at 1-0 ml. of 
the incubation medium. The fat pad assays were run on 
these eluents. A blank area of the filter paper over 
which the solvent had run was used as control, The 
eluents from the control paper showed practically no 
activity, whereas the electrophoretic band and the 
chromatographie spot identical with pure insulin con- 
tained considerable ‘insulin-like’ activity. 

The above evidence clearly indicates the presence of 
‘insulin-like’ activity in the larval foods of the honeybee. 
To our knowledge, this is the only experimental report of 
such an activity in invertebrates. The insulin-like activity 
of the honeybee larval foods could not be blocked by anti- 
insulin serum produced in guinea pigs against beef insulin, 
This is not surprising in view of the high specificity of the 
antigen-antibody reactions. 


So far it is not known what, if any, part is played by 
the insulin-like compound in tho larval feods. pred 
and other related problems are being investigated. 

This work was supported by research and training 
grants, 714M5127 and AM06517, from the National 
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Institutes of Health, and U.S. National Science Founda- 
tion grant, G.21916. 
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Occurrence of Phenolphthalein Monophosphate 
as an Intermediate in the Enzymatic Hydrolysis 
of Phenolphthalein Diphosphate to 
Phenolphthalein and Orthophosphate 


PHENOLPHTHALEIN diphosphate was introduced by 
King' as a substrate for phosphatases. Huggins and 
Talalay* applied it to quantitative determinations of 
enzyme activities. They showed that the amount of 
phenolphthalein liberated by soluble phosphatases of 
animal origin increases more than linearly with the time 
of reaction. The same relation is found when 
the concentration of the enzyme instead of the time of 
reaction. 

Suomalainen et al.t reported a linear relationship be- 
tween the amount of phenolphthalein liberated and the 
enzyme concentration, when working with suspensions of 
yeast cells or dried yeast preparations. This suggests that 
the hydrolysis of phenolphthalein diphosphate, when 
catalysed by yeast cells, occurs via a reaction scheme 
different from that occurring in the presence of soluble 
phosphatases of animal origin. 

It is shown here that the course of hydrolysis of phenol- 
phthalein diphosphate catalysed by yeast cells is the same 
as that found by Huggins and Talalay. 

Saccharomyces cerevisiae 0-1 per cent w/v poor in phos- 
phate is aerated for 4 h at 25° C in a magnesium-free suc- 
cinate buffer of pH 4:5 (ref. 3) with glucose. Then theyeast 
is washed by centrifugation and resuspended in glucose- 
free buffer at a concentration of 0-1 per cent w/v. Pure 
phenolphthalein diphosphate (PDP) is added, and the 
suspension is aerated during incubation at 25° C. One 
volume part of a buffer containing 190 g Na,B,O,.10H,0 
and 40 g NaOH/l. is added at appropriate times to stop 


£ 
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of formation. of phenolphthalein from 0-4 mM phenol- 
the extinction at 260 mp at 





oS Rg 
ae Dithaitn phe diphosphate and the increase 
oes 0-8 corrected for the contribution of phenolphthalein 


o give rise to an ultimate pH of 10-8. 
lei measured at 553 my after standing 
of a typical experiment are given in 


» most likely explanation of the observed non-linearity 
-is that the phenolphthalein (Phen) is not formed directly 
_ from the substrate, but is formed from an intermediate : 
| phenolphthalein monophosphate (PMP). — 
PDP — PMP + Pr 


PMP — Phen + Pi 





> 240 250 260 270 280 290 800 230 240 250 260 270 280 290 300 230 240 250 260 270 280 200 


henolphthalein diphosphate: (a), the intermediate identified as phenolphthalein monophos| othe @) a 


The concentrations of the compounds are not equal. No corrections are made 
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Then the rate of formation of pheivslghitielen: will increase. 
initially with time, since the concentration. of the ‘gabe 
strate’ of reaction (2), namely PMP, increases. ; 
We have shown the occurrence of phenolphthalein mono- 
phosphate during the reaction by paper chromatogra) hy 
of the reaction products. The solvent. used contains one 
volume part of 1 M ammonium acetate in water and 3 
volume parts of 96 per cent ethanol. The chromatogramis 
are developed in the ascending direction on Whatman 
No. 541 at 25° C. Besides the spots of phenolphthalei 
diphosphate and of phenolphthalein an additiona) 
violet absorbing spot is found. The Rp values are 
0-98 and 0-85 respectively. The spectrum of the 
causing this spot is given in Fig. 2. The apectra of 
phthalein and of phenolphthalein diphosphate 
given for comparison. EES 
Further confirmation of the oceurrence of 
reaction is given by measuring the extinction 
at pH 10-8 at different times of reaction ( 
extinction has been corrected for the co’ 
phenolphthalein. Then.one is only concerned. 
change of the extinction at.260 mu caused by the 
of the coneentration of phenolphthalein iph 
the increase of the concentration of phenolpht! 
phosphate. The extinction at 260 my and at pr 
appears to increase linearly with time initially, 
in accordance with reaction (1). The molar ex 
PMP is much higher than that:of PDP at these co 
Therefore an increase of the extinction is observed 
occurrence of reaction (2) could also be demonstr: 
Pure phenolphthalein monophosphate extracted í 
paper chromatograms of partially. hydrolysed phen 
phthalein diphosphate appears to be hydro 
acid phosphatases of yeast cells to _phenolph 
orthophosphate. The reaction rate is independen: 





















y- = 
The reason. that ‘Suoinalainen et al. have | 
apparent deviating kinetics is probably cet by 
at t:- approximately stationary conditions. 
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— 3 Evidence for a Postsynaptic Origin of the 
_ Surface-negative Response to Direct Stimulation 
o of the Cat’s Cerebral Cortex 








= Appian! first demonstrated that a surface-negative 
potential, lasting approximately 20 msee, is produced by 
a single brief electrical stimulus of weak intensity applied 
0 the exposed cerebral cortex. This response spreads 
not more than 10 mm across the cortical surface, conducted 
along elements confined to the molecular layer (layer I) 
_ of the cortex*. There is disagreement as to the nature 
« ig surface-negative response’. Some. investigators 
ave concluded that this potential is generated by the 
ervougs processes which conduct the response’-*. Others 
ld that potentials generated by activity in these elements 
annot be recorded at the surface and that the surface- 
egative response is a postsynaptic potential generated in 
ements other than those conducting the response’. 
_ We have attempted to distinguish between these two 
possibilities by determining the interaction of two surface- 
negative responses initiated by stimulation at two points a 
nsiderable distance from the point of recording on the 
same gyrus. These experiments were carried out on 
ally isolated slabs of cerebral cortex in situ in 
rate unanesthetized cats, prepared according to 
technique of Burns’. Bipolar platinum stimulating 
des were placed on opposite ends of the isolated 
2 to 14 mm apart. ‘Non-polarizable electrodes 
ar-silk-wick) were used for recording. Recordings were 
ther d.c.-coupled or a.c.-coupled at the input with a 
constant of 500 msec. 
though the fibres conducting the surface-negative 
ponse extend for a maximum of 10 mm, occlusion of 
face-negative response resulted from the inter- 
of two such responses induced by stimulation at 


‘greater than 10 mm apart. The responses were 
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oo Bigl. Surface-negative responses to stimulation at points on the isolated. slab 12°5 mm 
maxim Atrival-time intervals 
3 ji rding electrode and S,, 
8 mm; and Sn 4-5 mm, Occlusion is shown in Æ where the amplitude of the response is | 
f interval is shorter 


“apart. (4) maximum response to S,; (B) um response to Si 
atO, D, and E are 11-5, 2-1 and 1-1 msec. Distance between reco: 


smaller than that in D, although the arrival 
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Maximum amplitude 
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Arrival-time interval (msec) 
Felationship between arrival-time intervals and the mean 


Fig. 2, 

maximum amplitude of the surface-negative response. 

amplitude is expressed as a percentage of the maximum amplitude 

expected for zero arrival interval if the responses were to sum alge- 

braically, Each point represents a mean of 5-7 values except for 

the point at 11-5 msec which is the mean of 4 values, The vertical bars 
indicate the standard errors 


The response 


recorded with a monopolar electrode placed approximately 

midway between the stimulating electrodes (Fig. 1). In: | 
the experiment illustrated in Fig. 1 the points of stimu. __ 
lation were 12-5 mm apart and the recording electrode 
8 mm from one of these. The surface-negative responses 


were of approximately equal amplitude at this point when: 


a maximum response was produced at either site of stimu. 
lation. In the other experiments this point of equal 
amplitudes was found to be exactly midway between the 
stimulating electrodes. : 

The surface-negative responses summed electrically as: 
the interval between their arrivals at the recording elec- 


trode was decreased (Fig. 1C and D). This is consistent 


with the concept that the potentials were generated: in 
separate groups of fibres entering the recording area. 
However, it was impossible to obtain complete addition 
at any arrival-time interval. As the arrival-time interval 
was further decreased (Fig. 12) occlusion occurred in all 
of 3 animals tested. The occlusion was shown by a 
decrease in the size of the summed negative responses. 
It was possible to obtain complete occlusion by careful 
adjustment. of the arrival-time intervals. For example, — 
in one experiment the mean maximum amplitude of 


negative responses produced by stimulation at one elec: - 
trode was 58 uV and by stimulation at the other 44 uV. o 
A stimulus interval was found at which the summed. 


response was only 56 uV, whereas summed responses of : 


up to 90 uV were obtained by changing the stimulus 


interval by 1-2 msec. ; 
In confirmation of previous workers*-4 we found tha 
negative responses could not be recorded from points . 
10 mm or more from the stimulating elec- 
trode. In addition, negative responses inse _ 
duced by stimuli Jess than 2 mm from the 
recording electrode were completely. unmodi- 
fied by another stimulus applied at a point 
more than 10 mm from the recording elec: 
trode. Therefore, the interaction observed 
in recordings from areas between two stimul- 
ating electrodes more than 10 mm apart. 
could not be due to interaction in nervous 
processes excited directly by both stimulat: 
ing electrodes. However, the observed inter- 
action could result from negative. responses. 
generated in neurones. excited by those 
nervous processes conducting the activity 


stimulation. ; 

The time-course for the interaction of two > 
negative responses has been studied in detail 
in one animal. Two responses, separated 
by varying intervals, were initiated at 











into the recording area from the points of - 
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stimulating electrodes 12 mm apart. Complete addition 
might be expected to occur when the two negative 
responses reach their maximum amplitudes at the record- 
ing electrode simultaneously. The maximum amplitudes 
recorded at various arrival-time intervals were plotted as 
_ percentages of the expected maximum amplitude (Fig. 2). 
-The size of the summed responses increased as the arrival- 
_ time interval decreased. However, complete addition was 
_ never observed although the individual negative responses 
remained within 5 per cent of their maximum amplitude 
at least 2 msec. Furthermore, the size of the summed 
sponse actually decreased as the arrival-time interval 
; reduced below 2 msec. Measurements of individual 
gative responses showed that the responses decline 35 
_ per cent in 6 msec and 75 per cent in 12 msec after reach- 
“ing their maximum heights. However, the sizes of the 
summed responses. were essentially constant (a 1-9 per 
cent decrease) for arrival-time intervals between 6 and 
12 msec. Thus there are several features of this curve 
‘which cannot be explained on the basis of simple electrical 
addition or interaction of responses generated in two in- 
dependent systems of nerve fibres entering the recording 
area. In contrast, this type of interaction can be explained 
readily if the negative response is generated in post- 
‘synaptic neurones. These results support the concept 
that the negative response is a postsynaptic potential 
‘generated in neurones other than those conducting the 
_ Tesponse along the surface of the cerebral cortex. 
. Bo et et al." reported a form of interaction of surface- 
sponses initiated at stimulating sites 4 mm on 
each side ofa recording electrode. -However, we could 
not determine from the limited experimental detail given 
in this abstract whether the interaction occurred at a 
octeynaptis site or in nerve fibres which extended under 
all the electrodes and thus were excited at both points 
of stimulation. 
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lectrical Activity of Single Smooth Muscle 
lis of the Mesenteric Artery produced by 
‘Splanchnic Nerve er in the Guinea 
Pig 

RECENTLY, action potentials have been recorded from 
‘single smooth muscle cells present in the blood vessels of 
_frogs!-*, turtles? and rats‘. Trail‘ found that the potential 
waves and spikes recorded from small mesenteric arteries 
_of rats ‘‘were abolished by i.v. injection of ganglion- 
. blocking chemicals and increased by splanchnic nerve 
_ stimulation”. In the experiments recorded here small 
mesenteric arteries in anesthetized guinea pigs have 
been used. Spontaneous discharges and a discrete 
mse to a single electrical stimulus applied to the 
hnic nerve have been seen. The discrete response 
nbled the junction potential recorded from cells in the 
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vas deferens when the hypogastric nerve is stimelatod™* 
and will also be called a junction potential. 

Guinea pigs were anæsthetized by injecting 1-18 mú] 
100 g of a urethane-chloralose mixture (urethane, 10 por- 
cent w/v; chloralose, 0-6 per cent w/v) intramusewarly. 
When the animal was anesthetized, its trachea wae 
cannulated, the animal placed on its right side and the 
left splanchnic nerve prepared for stimulation. A second 
small incision was then made in the abdominal wall and s 
loop of intestine drawn out through the incision, This 
loop of intestine was enclosed in a rigidly mounted 
sided ‘Perspex’ box. the intestine itself being fitted 
U-shaped groove (maximum width, 8 mm; depth 
cut into the floor of the box. The maximum 
between the inner edges of the groove was. 13 
between the inner edge and the cut away side of th 
12mm. A ‘Perspex’ plate which fitted inside the | 
into the underside of which was cut a U-shaped i 
matching that in the floor of the box was placed ov 
intestine and fixed. That part of the plate overly! 
mesentery was 0-3 mm thinner than the rest 
Krebs’s solution’ flowed into the box through a 
the covering plate at a rate sufficient to maintain the 
temperature at 35°-39° C and then allowed to drain ax 
The box thus acted as a leaky bath which greatly r 
movements of the loop of intestine. ‘The reetal tempera- 
ture of the animal was maintained at 37°-39° C by infra- 
red heat. 

Glass microelectrodes (filled with 3 M potassium 
chloride) were inserted into arteries of 100-450p diameter 
through a hole (10 mm in diameter) in the plate overlying 
the mesentery. These electrodes were suspended on athe: 
tip of a 2 em length of fine silver wire (0-002 in. di 
The mass of each electrode was reduced by prep: 
two stages. Part of a short length of ‘Py 
(outside diameter about 2 mm; wall to lu 

























the thin part of the tube. Only the last 2orso mm 
thin shaft were retained when the electrode wa 
Under these conditions it was possible to recor. the 
electrical activity of single cells without mov: an 
artefacts arising from the pulsing of the artery. Such. 
artefacts were easily recognized by their rhythmi ty, 

All cells possessed a fluctuating membrane potential 
with the maximum being 387 + P7 mV (2 8.0. 
n= 25; range, 26-59 mV). Some, but not all 
fired spontaneous action potentials which arose. 
a slow depolarization (Fig. la). Such action po 
could occur singly or. more commonly, in grow 
three, sometimes more, with each group being s 
by a quiescent period. Fig. la shows two action. 
followed by another depolarization which fi 
a spike. These action potentials invariabl: 
repolarization phase and were followed by a mer 
hyperpolarization (Fig. 1a). The.amplitude of 
potentials varied from 17 to 42 mV (mean, 26:3 + 0-9 mY; 
n = 42) and had a duration of 508 + 3-4 msee at 1O por 
cent of the spike height (range, 22-107 msec), Occasionally 
the action potential showed overshoot (Fig. la). but. 
was small (3 mV or less). In addition, smaller depolas 
tions of variable amplitude were observed, some of which 
may have been due to olectronic spread from. nearby: 
cells (see beginning of Fig. la). Similar results have: been 
reported by Trail‘. 

Cells with little spontaneous activity were beat. for 
seeing the effect of splanchnic nerve stimulation... A 
marked contraction of the arteries was prodeesd: when tl 
nerve was stimulated with pulses at 20/s 
duration. Fig. 2a shows four junction poten 
by the fifth to eighth stimulus of a tra 
0-8/sec). The latency was 145-175 
occurred and was complete after the 
(Fig. 2a). At higher ratos a stimula 
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500 msec 


Fig, 1. 
and innervation intact). a, 
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Action potentials recorded from smooth muscle cells in small mesenteric arteries of the anwesthetized guinea pig (blood supply 
Spontaneous action potentials; 6, action potentials produced by splanchnic nerve stimulation. The 


nerve was stimulated with square pulses of 1 msec duration and 30 V at a frequency of 0°5/sec 





500 msec 


Fig. 2. 
splanchnic nerve was stimulated. 


Junction potentials recorded from smooth muscle cells in small mesenteric arteries of anwsthetized guinea pigs when the 
a, The fifth to eighth junction potential produced by repetitive stimulation (frequency, 0-8/sec) 


of the nerve with pulses of 1 msec duration and 25 V; 6, junction potentials and spikes produced by 9 stimuli of 1 msec duration and 
30 V given at a rate of 2°27/sec 


addition to junction potentials, a sustained depolariza- 
tion (Fig. 2b). Each junction potential triggered a spike 
when a certain level of depolarization was reached 
(Fig. 2b). This critical level of depolarization could also 
be reached by a single junction potential without an 
accompanying sustained depolarization (Fig. 1b). The 
size of the action potential elicited by a single stimulus 
was similar to a spontaneous action potential (23-7 + 1-1 
mV; range, 19-28 mV; n = 9), but there was no or very 


little after-hyperpolarization (Fig. 1b). Also, the shapes of 


the two action potentials were different. This can readily 
be seen by comparing Fig. la with Fig. 1b 

The depth of anesthesia affected activity of the cells. 
Cells usually showed least spontaneous activity at the 
start of an experiment when the depth of anæsthesia was 
greatest. The records given in Figs. 1b and 2b come from 
the same experiment. At the beginning of the experiment 
spikes were only produced when the rate of stimulation 
was 2°27/sec (Fig. 2b). One hour later a single stimulus 
of the same duration and strength but given every 2 sec 
produced a spike (Fig. 1b). After a further hour the cells 
developed action potentials spontaneously. 

Tt is clear that the electrical response to sympathetic 
nerve stimulation of two different smooth museles—the 
vas deferens and mesenteric blood vessels—both of which 


contract on sympathetic stimulation is similar. In both, 
sympathetic stimulation evokes junction potentials which 
show facilitation and which can trigger spikes. In 
addition, smooth muscle in mesenteric blood vessels was 
sometimes spontaneously active. This spontaneous 
activity might well be myogenic as there were marked 
differences between the shapes of the spontaneous and the 
evoked action potential. 

I thank Dr. E. Bülbring for much advice and Dr. 
H. Kuriyama for showing me his method of preparing and 
suspending microelectrodes on which the present method 
is based. This work was supported by the Medical 
Research Council. 
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ensity of sound transmitted from the ear drum 
he inner ear can be attenuated by contraction of the 


ese muscles contract at the onset of sound, thereby 
ducing the size of cochlear microphonics as recorded at 


STAPEDIUS EMG 


. TENSOR EMG 


ROUND WINDOW 
MOVEMENT 


T DIVISION = 200 msec. 


Fig. 1. Non-acoustle middle ear muscle responses. 
movement (top) and vocalization, The cry, as the cat ‘hears ity 
' window (bottom) 


“ Oscilloscoy ic recordings di 
E ‘shown at the- pee | 


the round window: Previous ex 
muscle activity have only ¢ 
functions!-*. However, in waking 
have found middle ear musele activity related tor 
acoustic factors, for example, bodily movement. a 
vocalization. In animals that we have oxperi 
deafened by crushing both eight nerves, non-aco 
contractions persist in association with bodily mov men 
and vocalization. In these ani 
acoustic middle ear muscle 
absent, the neural compo 
from the cochlear response t 
round window, and they show no 
oural reaction to loud sounds. 

Action potentials of bo 
muscles were recorded in 
chronically implanted 


Cochlear responses were 

recorded from the rov 

same ear. The electrod carried 
Sheatz pedestal attached over the f 
sinua, to which a cable of dou! le- 


ai or cable. 

fied, displayed. acile nally ; 

-fod by. moans of electron 

Small movements, such as tum 
head, were detected by a pie 
cartridge mounted on the cage. 
only by a flexible cable attached — 
pedestal, the cats were froe 7 
the cage. Sound was deli 

field stimulus from a lo 
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“Averaged responses during prolonged white noise (85 db.), Round window, first trace: slapedios el 
tensor tympani Sleotromyogtam, third trace; movement, Touri traco. z 


















c ay + 3-4 db. (at 85 db. sound rasure lovol) 
movements are ‘associated with activity of both 
tympani and stapedius muscles (Fig. 1, top). This 
activity oceurs simultaneously with or, more usually, 
slightly in advance of the animal’s movement. Vocaliza- 
tion is also associated with middle ear muscle activity 

(Fig. 1, bottom), the muscle action potentials preceding 

the cochlear microphonic response by 75-500 msec. 
< Vocalization may be considered non-acoustic in its effects 

"on ear muscles since these muscles respond prior to the 

und and since the response persists in deafened animals. 

ddle ear muscle activity continues during vocalization, 
generally stopping simultaneously with cessation of the 

-microphonics. 

-Middle ear resporises to continuing sound stimulation 

with a broad frequency noise of constant intensity (85 db. 

< gound pressure-level) are shown in Fig. 2. Bodily move- 
ments are associated with an increase in middle ear 
musele activity (first and second traces) and a correspond- 
= ing decrease in cochlear activity recorded at the round 

“window (third trace). Large, rapid bodily movements are 
| associated with greater ear muscle activity than are 
lower movements or movements involving only the head 
r a single limb. The attenuation of round window 
-averaged responses induced by middle ear activity ranges 

be ap to 14 db. in association with movement. 

© Bodily movement and vocalization may be added to 

other non-acoustic events associated with middle ear 

-musele activity, including yawning*, swallowing®, eutan- 

pous stimulation of the pinna’, defensive reaction elicited 

_ by noxious stimuli’, and the tegmental motor reaction 

.. elicited by reticular formation stimulation®. 

-© ‘Middle ear muscle activity, whether acoustic or non- 
‘acoustic in origin, results in modifications of input to the 
-central auditory pathways. Attenuation of sound-evoked 

- responses at cochlear nucleus®, and round window?! have 

. been reported during ‘attention’ or ‘orienting responses’. 

: However, this attenuation may largely reflect effects of 
- middle ear muscle contraction imposed as a consequence 
- of bodily movement. In the absence of overt movement, 
animals staring at a bright flashing light show neither 
<< middle ear muscle activity nor alteration in round window 
_ response’. 

The interpretation of middle ear muscle activity as 
merely serving acoustic functions is too limiting. The 
fact that contractions occur in association with a wide 
y of motor patterns suggests that middle ear muscle 
is intimately correlated with other motor-control 
‘ithin the central nervous system. This sensory- 
integration may significantly influence experiments 
signed to study acoustic perception. 

We thank Dr. Robert B. Livingston, in whose laboratory 
this work was done, for his advice. 
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be of Insulin on Accumulation of Radio- 
activity from Amino-acids by Isolated Intgct — 
Rat Diaphragm 


InsuLIN in vitro enhances the incorporation of labelled 
amino-acid into protein of isolated rat diaphragm inde- 
pendent of its action in facilitating glucose transport ; 
neither the precise mechanism nor the exact site at which 
the hormone acts to stimulate protein synthesis is known. 

In circumstances similar to that in which it increases 
amino-acid incorporation into protein, insulin will also 
increase accumulation of “C-«-aminoisobutyric acid, a 
non-utilized amino-acid, and of some, but not all, of the 
utilized amino-acids (cf. Table 2 for a summary and for 
references). This led to the postulation that accelerated 
amino-acid transport was responsible for the insulin 
mediated stimulation of amino-acid incorporation into 
protein ; an idea with great appeal, for it provides unity 
to the effect of insulin on carbohydrate and protein meta- 
bolism—in both cases insulin acts, presumably, to enhance 
substrate transport. Despite the attractiveness of the™ 
transport hypothesis there are observations that fail to 
support it and lead instead to the conclusion that insulin 
ean influence protein synthesis in muscle at a site distal» 
to amino-acid transport, perhaps by an effect on some 
intracellular process*-§. There is, however, no experiment | 
that excludes with certainty the possibility that insulin 
also stimulates amino-acid penetration into muscle; in- 
deed, while there is no certain evidence that insulin 
promotes entry into muscle, it is equally true that there 
is no experiment that decisively rules out the possibility. 

Insulin increases accumulation by isolated intact rat 
diaphragm of three (glycine, proline, methionine) of the 
thirteen natural amino-acids so far tested (Table 2). These 
three amino-acids do not share any chemical characteristic 
that distinguishes them from the others the entry of which 
into muscle is not increased by the hormone. We have 
now tested the response to insulin of six of the seven amino- 
acids not previously tested and can add two (threonine and 
hydroxyproline) to the list of amino-acids the entry of 
which into muscle is stimulated by insulin; in addition, one 
amino-acid (serine) previously considered not responsivet 
has been shown to be so. 

The results are summarized in Table 1: insulin stimu- 
lated accumulation by isolated intact diaphragm of radio- 
activity from labelled u-threonine and i-hydroxyproline, 
but not from L-arginine, pL-tryptophan, L-isoleucine or 
pi-cystine. The hormone, nevertheless, significantly 
increased incorporation of radioactivity into protein from 
each of the amino-acids tested without regard to whether 
penetration into muscle was enhanced ; a dichotomy be- 
tween the two processes observed before’. Insulin also. 
stimulated accumulation of L-serine—a finding in disagree- 
ment with another report’. The discrepancy cannot at 
present be explained, but the effect of the hormone is 
consistently reproducible. 

There is nothing of the structure or metabolism of the 
six natural amino-acids and of the four model amino-acids 
responsive to insulin, or of the mechanism of amino-acid 
transport in’ muscle, that allows systematic sense to be 
made of the findings. It has been suggested’ that insulin. 
lowers the Km of theamino-acid transport process without 
affecting the Vm, and that if the effect of the hormone 
is measured at an external concentration of amino-acid 
in excess of the Km, then a decrease of the Km by insulin | 
might still leave the process saturated... This. possibility. 
was tested by measuring the effect of insulin on L-leucine 
accumulation at a concentration of the amino-acid of 
10-° M and no effect of the hormone was seen (Table 1). 
The actual Km for L-leucine entry into muscle is not 
known, but if it is less than 10-* M it can searcely have 
physiological significance, for that concentration is 4-5 
orders of magnitude lower than the concentration in rat 
plasma (1:5 x 10-4 M; Scharff, R., and Wool, I. G., un- 
published observation). 



































Amino-acid 
F dethreonine-U-4C 


i ; : Pearginine-U-"C 
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| teeoleueine-U-"C 

| Direystine-1-“C 
thydroxyproline-5-°H. 
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tact Tat diaphragm” was incubated for 2 h at 37° in 20 mL of Krebs-Henseleit buffer? containing the , labelled aminoacid indicated. 4 
tion, accumulation of incubated f and incorporation of radioactivity into protein? were determined. ‘The are the mean 2 
of the mean of 5 or 6 observations ; a difference due to insulin that is significant (P < 0-001) is indicated by an asterisk, 
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: Table 2. Brreor OF INSULIN ON ACOUMULATION OF FADIOACTIVITY FROM 
LABELLED AMINO-ACIDS BY aR INTACT RAT DIAPHRAGM 


do. not provide an eplashi of why insulin 
the accumulation of some amino-acids in 
but not others. However, it is important that in 
and in other investigations of amino-acid accumula- 
what has been determined is the ratio of radioactivity 
the tissue water to that in the medium. There is no 
ssurance that the ratio, so determined, accurately reflects 
centration ratio for the unlabelled amino-acid. 
at on needs doing is a chemical determination of the 
et. of insulin on the amount of amino-acid in muscle. 
thank Dr. James Castles and Mr. Arthur Moyer for 
istanee. The research was supported by grants 
National Institutes. of Health (AM-04842), the 
Hartford Foundation, the Life Insurance Medical 
Fund and the Abbott, Memorial ‘Fond. Tam 





a recipient of a U.S. Public Health Service research groer 
development award. 


Tra Go Woon 


- Department of Physiology, 
University of Chicago. 
+ Manchester, K. E., and Young, F. G., Biochem. J., 10,952 (2959), 
$ Wool, I, G., and Krahl, M. E., Amer. J. Physiol; 198, 981 G9sG). 
* Wool, I. G., and Krahl, M. E., Nature, 183, 1399: (1959), 
* Manchester, K. L., and Krahl, M, EJ: Biol. Chem. 234, ae 
£ Wool, I. G., and Krahl, M. E., Biochim. Biophys. Acta, 
* Akedo, H., and Christensen, H. N., J. Biol, Chem. 287, 
* Manchester, K. L., and Wool, I, G., Biochem. J., 88, 202 (8 
* Kipnis, D. M., and Noal, M. W., Biochim. Biophys. Aca, & 
*Krebs, H. A. and Henseleit, K., Z. Physiol. Chem., 210, 92 
‘8 Manchester, K, L., and Young, F. G, Biochem. dJa 95, 483 
bad '-Guroff, G., and Undenfriend, $., Biochim, Biophys. Aela, 4a, 














Reversible Movement of Fluid Across. the 
Fætal Lung l 


In 1953, attention was directed to the nasop 
and buceal cavities. as a source of amniotic fui 
lambs in the last trimester of gestation’. Since 
interest in the subject has continued. Dawes’, 
Adams et al.* have all directed attention to the 
fluid is derived from the foetal lung and mo 
trachea through the upper respiratory. trac 
with mucus added, into. the amniotic fui r 
Paul et al.* is that, “diffusion is the mechanism 
of water across the barrier between mate 
amniotic fluid and that the barrier provid 
restriction. to. free diffusion”. Adams et al 
“tracheal fluid is formed in the foetal lung eit 
result of ultrafiltration with selective reabsory 
filtration with selective secretion”. l 

In the winter of 1960-61, Mr. John Mackie 
observations in five lamb foetuses which wei 
a basis for a later investigation in its own right. 
stances have intervened to prevent resumption 
type of work, now and for the foreseeable future 
the results we obtained bear on the views. 
tioned and since private: correspondence 
the investigators. mentioned has entailed 
these unpublished results, it appears the 
to have our observations noted 
investigators who. are concerned w) 

The ewes were either anzsth 
jection of diallylethy] barbituric acid 
a sub-anmsthetio dose of 
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terrupted circle suture about re 5 in. across was made 
in the uterus over the head of the fœtus. The head and 
long neck of the foetus were delivered through a small 
uterine incision in the centre of the circle, the purse string 





of uterine tissue drawn firmly around the neck of the 


- foetus and a rubber bag tied over the head of the foetus. 

= The trachea was exposed and cannulated without loss of 

_ fluid, A soft rubber tube connected the cannula to a glass 
- tube having an internal bore of about % in. The tube 

‘was about half filled with saline. 

‘The meniscus in the tube was fixed level with the 

‘tracheal cannula, which was some, but an unmeasured 





number of, cm above the mean level of the fotal lung. 


- There was no appreciable filling of the tube in 15-20 min 
- or sometimes a lowering of the level occurred. The level 
_ of the meniscus was then lowered 5-6 cm below the level 
< of the cannula in the trachea. A slow but steady flow of 


fluid from the foetal lung through the trachea then 
`- occurred. Finally, the meniscus was held above the level 


of the cannula, at variable heights and for varying 
| lengths of time. There was always a movement of fluid 
into the feetal lung. In order to keep the meniscus in 
view, it was necessary to add saline to the tube. The 
rate was not measured, but it was fairly fast. Sometimes 


aa much as 5-10 c.c. of saline had to be added within 


i about 15 min in order to keep the meniscus in sight. 
Tt is clear that, although additional quantitative data 
- are needed, the foetal lung is a two-way diffusing system. 
_ There are vast capillary surfaces available for thit, Since 
-< intra-uterine pressure is usually very low (2-5 mm mercury 
© in sheep before labour’ ; 2-5 mm mercury in the human 
before ‘term, and 10 mm at term? ; 2 mm mercury in the 
monkey’), one may imagine that fluid from the fetal lung 
may move from there into the amniotic cavity when the 
uterine pressure is low, but that when uterine contractions 
develop pressures of 20-60 mm mercury, there can be a 
movement of fluid in the reverse direction, into the foetus. 
‘One ‘is still free to guess if the foetus is forced to swallow 
amniotic fluid when the uterus contracts. 
z S. R. M. REYNOLDS 
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PHARMACOLOGY 


o7 Correlation between Brain Catecholamine and 
. Sedative Action of Reserpine 


Iris ‘now well established that the sedative action of 
< reserpine is closely associated with loss of noradrenaline 
and disappearance of 5-hydroxytryptamine (SHT) in the 
braini-*, However, those amines the lack of which is 
responsible for the sedative action of reserpine are as 
yet unknown. If lack of amines were responsible for the 
tranquillizing effects of reserpine, then the administration 
of amines should counteract these effects. However, there 
is the blood-brain barrier to amines. There are two ways 
of bringing about an increase in amine content of the brain: 
one is the administration of the precursors of the amines, 
the other is the central administration of them. Intra- 




















Pon ‘inj ection of 3, 4 dikyaroxyphenylalanine, a ; 
precursor of catecholamine, produced complete counter 
action of the reserpine action; on the other hand, the 
injection of 5-hydroxytryptophan, a precursor of 5HT, 
did not‘. This supports the assumption that lack of 
catecholamine in the brain is responsible for the sedative 
action of reserpine. 

Our experiments were performed on rabbits in order to 
achieve a better understanding of the central action of 
reserpine. Noradrenaline (0-05-10 mg per kg) was 
injected into the cisterna of the tranquillized rabbit (male, 
weighing about 2 kg), which had received an intraperi- 
toneal injection of reserpine (5 mg per kg) 4 h earlier. 
Forty minutes after the administration of noradrenaline, 
the content in the brain of noradrenaline and its metabo- 
lites, 3,4-dihydroxymandelic acid and normetanephrine, 
was markedly increased over control values. However, 
the animal did not resume normal behaviour, and tran- 
quillization and ptosis persisted in spite of high concen- 
tration of noradrenaline in the brain. 
injections of 5HT, dopamine, or mixtures of both amines 


with noradrenaline did not antagonize the tranquillizing © 


action of reserpine. A dramatic response occurred on 
simultaneous administration of noradrenaline (0-75 mg 
per kg) and pheniprazine (‘Catron’) (1-5 mg per kg) to. 
the cisterna of a reserpinized rabbit, which showed | 
complete tranquillization. Within about 10 min ptosis 
disappeared and the animal resumed normal behaviour 
showing signs of central excitation. This effect lasted 
about 6-8 h, after which the animal gradually returned 
to the tranquillizing condition. The intracisternal 
injections of pheniprazine alone, dopamine or 5HT with it 
did not produce a complete counteraction of the reser- 
pine effects. The same results were also obtained in 
experiments using another monoamine oxidase inhibitor, 
iproniazid. 

Three assumptions can be made from these results. 
First, the sedative effect of reserpine seems to be related 
to the change in brain noradrenaline rather than 5HT. 
Secondly, in addition to the inhibiting effect on mono- 
amine oxidase, pheniprazine and iproniazid seem to 
produce a strong binding of noradrenaline with active 
sites or receptor in the brain, which may cause central 
excitation. Thirdly, the sedative effect of reserpine can be 
related to an increase of 3,4-dihydroxymandelic aldehyde 
(an intermediate metabolite of noradrenaline) rather than 
a decrease of noradrenaline in the brain. 
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HÆMATOLOGY 


A Carbonic Anhydrase Variant in the Baboon 


Wane examining red-cell hæmolysates from baboons 
by starch-gel electrophoresis, using the discontinuous 
tris-borate system of Poulik!, individual variations were 
noticed in the main non-hemoglobin protein (NHP) band 
after staining the starch gels with amidoschwarz. In most 
animals there was a single strong band in a position 
considerably behind the main NHP band of human 
hemolysates run in parallel. In a few animals, however, 
only a faint band was seen in this position but there was 
a strong one at approximately the same level as the main 
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band in man. In other animals both the slow (S) and 
fast (F) bards were present (Fig. 1). Fifty laboratory 
animals, originally caught in Kenya, yielded 4 examples 
of the F type and 11 of the F + S type while the remaining 
| 35 had only the stow main band. The proportions of the 
three types in the two sexes were closely similar in 17 
animals the sex of which was recorded. Taxonomic identi- 
fication was not easy because many of the animals were 
_ immature, but the majority was considered to be Papio 
eynocephalus and a few possibly P. anubis. In a further 
126 hxmolysates from baboons from the South-west 
Foundation, San Antonio, Texas, there were only 4 
SF types, the remainder having the S band alone. 
Seventy-five animals were P. cynocephalus, 36 were from 
an inbred strain of uncertain origin and 15 were hybrids 
between these two stocks, Since the San Antonio P. cyno- 
cephalus were known to have been imported from Kenya, 
the rarity of F variants in the sample suggests that its 
incidence may show wide local variations in wild baboon 
populations ; however, we have no details about the 
sampling involved in catching them. Only the S type 
was found in 21 specimens of P. hamadryas. 
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The F and S bands were separated sharply by electro- 
phoresis on cellulose acetate paper in veronal buffer at 
. Cs 8-6, which suggests that their difference is mainly one 
Haut et al.* concluded that the main non-hemoglobin 
protein component in man is the enzyme carbonic 
oon haw and Shaw eż al.* have described a genetically 
determined variant of this enzyme detectable by electro- 
jhoresis. We tested starch-gel runs of both human and 
; chim hemolysates for localized carbonic anhydrase 
© i fal by cutting the gels into serial slices and assaying 
each slice manometrically by the method described by 
Waygood'. The slices were pulverized in a small volume 
of buffer and then frozen at P90 G and thawed to extract 
the protein. Although evidence of carbonic anhydrase 
activity in the region of the slow and fast non-hemoglobin 
ee, atk was obtained, distinction between the 
i was inconclusive. 


phenotypes Chromatographic 
separation of the non-hemoglobin protein from fresh 
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hemolysates was then attempted ; 2-0 ml. of a hemolysate 
of the S type, containing 8 per cent hæmoglobin, were 
dialysed against 0-005 M disodium hydrogen phosphate, 
pH 8-5, and run undiluted on to a 25cm x 1-8 cm column 
of ‘DEAE’ cellulose equilibrated with this solution at 
°-5° C. The buffer was allowed to run slowly through 
the column and the first protein-fraction was concentrated 
by ultrafiltration. When this eluate was run on starch 
gel only the S band was visible after amidoschwarz stain- 
ing and it was somewhat stronger than in the original 
hemolysate. No evidence of bubbling due to catalase 
was seen when the gel was treated with hydrogen peroxide 
in the o-tolidine test for ham. The S band was alee 
positive when the gel was incubated in a mixture of 
a-naphthyl acetate and TR Fast Red salt after washing 
with pH 7-0 buffer, but additional esterase bands present 
in the whole hemolysate were absent in the eluate. 
Several inserts of the eluate were run in parallel with 
the hemolysate, and 5-0 mm intervals from the starting 
point forward were then marked at each insert by per- 
forating the gel with an ink-loaded needle. The upper 
half was stained to show the position of the S band in 
relation to the marks and the lower half was cut into a 
series of transverse slices corresponding to the marks. 
The slices extended forward well in advance of the position 
of the F band. Manometric assay showed strong carbonic 
anhydrase activity only in the slice containing the S band. 
The experi ted with similar results after 


pH 6-5, in which the S 
towards the cathode. A hemolysate of the SP type was 
dialysed against M/100 sodium dihydrogen phosphate, 
pH 6:8, and applied undiluted to a 25 cm x 1-8 cm column 
‘i phadex 050’, with fines removed, equilibrated 
at this pH. The first eluted protein fraction was con- 
centrated, dialysed against 0-005 M disodium h 
phosphate, pH 8-5, and applied to a ‘DEAE’ 
column. The first fraction eluted by this buffer 
was concentrated and examined by starch-gel electro- 
phoresis. Both F and S bands were present in higher 
concentration than in the hemolysate ny’ — was also 
a faint band im a position co the back edge 
of the hemoglobin. All tices beside 1i aatan OAIN 


of the faster faint band. 

It is concluded that the variable main non-hmmoglobin 
po in component in these baboons is carbonic anhydrase. 

existence of three phenotypes S, F and 8+? is 

strongly suggestive of a variation determined by a single 
pair of alleles, but at present we have no evidence that it 
is in fact genetically determined. 

We thank Dr. L. H. Collier, Dr. A. N. Howard and 
Dr. S. R. Smithers for supplying us with material. 
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_ .. Homologous Tumour Growth in 
_ Methylcholanthrene-induced Sarcoma- 
ce bearing Mice ; 
Ty 1958, Southam and Moore! reported that implants of 
Cultivated cancer cells continued to grow in cancer- 
bearing patients, whereas its regression occurred in healthy 
volunteer recipients. We, therefore, examined whether 
growth of a transplanted tumour was. better in methyl- 
cholanthrene-induced sarcoma-bearing mice than in 
nal hosts or not. 
vo-hundred, 16-week-old, female SM strain mice 
ghing about 23-5 g) were injected subcutaneously 
:1 mg of 20-methylcholanthrene (California Corpor- 
for Biochemical Research, Los Angeles) dissolved in 
oil. Other 50 female SM strain mice and 16 ddj/N 
mice, of the same age, were maintained freely until 
_the mice injected with methylcholanthrene developed sub- 
|o Cutaneous tumour of the back. These mice of two groups 
. Were given synthetic cube diet (Central ‘Laboratory of 
_ Experimental Animals, Tokyo) and water ad libitum. 
fter 11-18 weeks following the injection of methyl- 
holanthrene, tumours (histologically fibrosarcoma) were 
eveloped in almost all mice. 
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ubcutaneous tissue of the dd/N strain of mice and 
ansplanted serially? (Table 1). Simultaneously mice of 
control groups maintained freely without injection of 
nethylcholanthrene were also inoculated with the same 
ber of cells. MSN tumour was minced. ground down 
hen approximately equal volumes of saline added 
iing 100 1.v. penicillin per ml., and the resulting 


was inoculated into the subcutaneous tissue of 
ominal wall. More than. 40 methylcholanthrene- 
‘sarcoma-bearing mice were maintained freely 
x it transplantation of MSN sarcoma. After trans- 
lantation of the cells the mice were checked by regular 
alpation of the inoculated site, and the longest diameter 
and its right-angled one of methylcholanthrene-induced 
_ tumours of the back and of MSN sarcoma implants of the 
‘abdominal wall, if developed, were followed twice a week. 
` Experiment 1 (challenged with 10t cells of seventh 
> transfer-generation MSN sarcoma)... The rate. of. pro- 
= gressive growth of MSN sarcoma was 59 per cent in 

methylcholanthrene-induced sarcoma-bearing SM mice 












_ and 0 per cent in normal SM mice (Table 1). This 
difference in the rates of tumour growth betweeg two 
groups was, statistically, highly significant. The growth- 
rate of methylcholanthrene-induced sarcomata of mice 
transplanted with MSN sarcoma cells was slightly higher 
than that of non-transplanted mice. In methylcholan- 
threne-induced sarcoma-bearing mice transplanted with 
MSN sarcoma, seven mice bearing progressively growing 
MSN tumour had rather larger spleen than the other 
ten without bearing progressively growing MSN tumour 
(Table. 1), 

Experiment 2 (challenged with 9 x 105 cells of eighth 
transfer-generation MSN sarcoma). In normal SM 
mice, MSN tumours were palpable as a miliary nodule in ` 
early stage, and thereafter they decreased in size and 
disappeared after 3 weeks. Therefore, the rate of pros: 
gressive growth of MSN sarcoma was 0 per cent in 
normal SM mice and 100 per cent in methylcholanthrene- ’ 
induced sarcoma-bearing SM mice (Table 1). -The growth- 
rate: of methylcholanthrene-induced tumours of mice — 
transplanted with MSN sarcoma cells was almost the © 
same as that of non-transplanted mice. z 

Reduction of host-resistance against tumour transplants 
by injection of cortisone? and by whole-body irradiation* 
is well known. The results of our experiments denot 
that the resistance was also reduced in the methylcholan- 











SARCOMA IN METHYLCHOLANTARENE-INDUCED SARCOMA-BEARING MICE 
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| Rate of. progremive Average spleen weight 

















l | 
i Tumour and No. of cells f Host growth of MSN sarcoma | at death * (mg) | 
| Seventh transfer-generation of ; Normal SM (homologous) mice. | 0/20 = 0% | 138 

a MSN sarcoma | ; l | Pe 

104 i MC-induced sarcoma-bearing | 10/17 = 59% 2304 i 
| SM (homologous) mice - I ` 407 | 
| Normal SM mice Fo] ee | 122 
None MC-induced sareoms-bearing | ; 
i SM mie. 3 | Ea _ | 302 | 
i. Eighth transfer-generation of Normal ddi N (isologous’ ou ) mice | 15/16 = 949 i 283 
| MSN sarcoma | Normal SM (homologous) mice 0/20 = a | 133 | 
ax 1065 MC-induced sarcoma-bearing 18/18 = 100% i 233 i 
| SM (homologous) mice te i l 
| None “| = M€-induced sareoma-bearing | | i 
SM mice | = z | 315 





N tu 
vely growing MSN tumour. 


the initiation of experiment. 
mour, 


threne-induced sarcoma-bearing mice. ‘The reduction of 
resistance against MSN sarcoma colls might be relative, 
rather than absolute, since it weakened when the challenge _ 
number of the cells was deereased. Greene” has shown 
that enhancement of tumour homografts was found in the ae 
mice bearing the spontaneous tumour. The mechanism of | A 
the reduction is obscure, At least, the idea that the 
reduction is due to “a part of a general condition which 
might be non-committally called cachexia’ can. bi 
denied, because the mice were entirely healthy in the stag 
when they were transplanted with MSN sarcoma cells 
that is, when the size of their methylcholanthrene-induced 
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clear Size i in i Premalignant Conditions 
«of the Cervix Uteri 

Previous investigations have shown that according to 
ir modal DNA content uterine and other tumours in 
an fall into two fairly discrete ploidy-groups'*, and 
‘ollow-up investigations in patients. with uterine tumours 
suggest: that the ploidy-group may be of prognostic 

icance*, From the size of the nuclei in histological 
ons of carcinoma of the cervix, it has been possible 
ake a correct estimate of the ploidy-group of the 
our in the majority of cases ; based on a large series 
sections, 50 per cent of tumours were found to have 
lominantly small nuclei (corresponding to a near- 
/ DNA content). and 50 per cent predominantly 
go nuclei (corresponding to a near-tetraploid DNA 
content}. It would appear that a study of nuclear:size 
nditions commonly regarded as precursors of malig- 
nant disease in the cervix uteri might be of interest, and 
ould possibly throw light on. the relationship between 
e chromosomal changes, which appear to be a constant 
‘ture (though variable in extent) of human malignancy, 
arently stepwise transformation ef nocmmal to 
ul epithelium. o>. 
rough the courtesy of Dr. A. ‘Glackemann, I have 
recently had the opportunity of looking through. sections 
f basal-cell hyperplasia, carcinoma in situ and micro- 
arcinoma of the cervix. The results are shown in Table 1. 
majorit of the sections were of material removed 
he ervix from patients with carcinoma 





were from ante-natal clinics ; the mean 
was 36-7 years, and the range 22-81 years. 
ize was. assessed as described for invasive tumours’, 
measurements being made on basal, parabasal and 
ransitional cells; allowance was made for the increase 
in nuclear size during ‘differentiation, as between the 
pindle-shaped basal-cell nuclei and the Ta spherical 
ransitional-cell nuclei, an increase which, of course, is 
lated to any change in ploidy (tumours were placed 
16 arge nucleus’. category if more than 20 per cent 
ei exceeded the following critical values : for 
l-cell nuclei, a diameter of 10u, or, if non- 
utline, a product of the major and minor axes 
100, and for spindle-shaped nuclei of basal- 
ype, the minor axis of which was between } x and 
x the major axis, a major axis of 13u). It was found 
shat the carcinomas in situ, like invasive carcinomas, fell 
into two-groups on the basis of their predominant nuclear 
ize. The lesions were also classified histologically as 
‘squamous or basocolumnar (I thank Dr. Gliicksmann for 
_ ‘the histopathological assessments). . Of 77 squamous 
_ lesions; 54 had large nuclei (Table 1). This is significantly 
_ different (P < 0- -001) from the distribution for -invasive 
iamous-cell carcinomas (401. out of 803 having large 
i). On the other hand, only 4 out of 10 basocolumnar 
lesions had large nuclei. No relation between nuclear size 
and age was apparent. Most cases were consistent with 
_ regard to. nuclear. size throughout the lesion (an average 
4 slides per case showing carcinoma in situ were 
ble for examination). However, 9 cases classified 
redominantly ‘small-nucleus’ had some ‘large-nucleus’ 
areas, and 10 cases with predominantly large nuclei had 
ome ‘small-nucleus’ areas. 
The greater frequency of ‘large- nucleus’ in situ car- 
inomas as compared with invasive carcinomas raises 
some. interesting possibilities. Perhaps carcinoma in situ 
with large nuclei progresses less often or more slowly to 
_ invasive cancer ; or perhaps there may be a change from 
a large to a small-nucleated type when invasion occurs. 
It may be relevant that some invasive tumours having a 
near-tetraploid modal DNA content have a minority of 
r-diploid cells, as shown by the presence of a small 
mdary mode in the diploid region or of metaphases 
near-diploid chromosome numbers. It is possible 
Ae some carcinomas in situ the ‘majority of cells may 














































NATURE 


-noted in many cases; this was especially apparer 


“(defined by Gliicksmann and Cherry’ as carcinorea ¢ 


Nuclear -with early or questionable i invasion of the cervical. 







Table L NUCLEAR Size IN 18 CASES OF Piui 
CASES OF CARCINOMA in situ AND 24 Cases OF Mic 
CERVIX UTERI 


Small nuclei. Large nuclei” 


Basal-cell hyperplasia 17 i 


squamous 23 pi a9 
Carcinoma in situ 

basocolumnar 8 4 18 

squamous 19 9 1% 
Microcarcinoma 

basocohumnar D § ka p 



















be near-tetraploid, but there may be a few noar: 
cells which become predominant when invasio: a 
It is of interest that one lesion classified as ‘large-nucien 
showed a deep prolongation in which the nu 
mostly small, Although in invasive tumours an 
is the rule, the findings in carcinoma in siz, v 
ing varying degrees of polyploidy, are com 
normal chromosome complements. It is of in 
the chromosome counts of Spriggs, Boddington any 
on 5 cases of carcinoma in sity showed aneuploi y 
instances, but only apparently normal tetraploi 
2 cases. It was noted in the present work 
‘gmall-nucleus’ lesions: there was. a substan al 
of intimately mixed cells having large nuclei, © 
to what has been found in small-nucleus invasive tomo 
A sharp transition to apparently normal epitheli 








the basal layer.of ‘Jarge-nucleus’ lesions was 
the junction with normal epithelium. : 
Sections were examined from 24 cases of microcarci On 





















and carcinoma in situ with definite invasion of the ¢e: 
stroma but lacking in ability to grow in xenotopi 
The mean age of the patients was 44-4- years 
(Table 1) do not suggest such a preponder 
nucleus types as for carcinoma in situ, but ra 
bution similar to that found in invasive care 
evér, owing to the small number of cases the tes! a 


not ‘statistically significant. 


Finally, sections from 18 cases diagnosed dis banal. jel 
bperplasia (mean age, 35-5 years) were examined 
one had predominantly large nuclei, although two 
which had predominantly small nuclei also had some arcas 
showing mainly large nuclei. Of 17 having small nuclei 
9 showed very little variation in size, compatable 
found in normal epithelium, while the remainder showed o>. 
a proportion of cells with large nuclei similar to that found ~ 
in small-nucleus carcinoma in situ or invasive carcinoma. 

The findings suggest that either polyploidy w 
tetraploid chromosome complements or aneuplo 
near-tetraploid complements is of frequent. but > 
occurrence in carcinoma 7. situ, and may. occasions 
prominent in even earlier stages of carcinogene 
question as to whether nuclear size (or DNA conte: 
be of prognostic value in carcinoma in situ would seem ` 
worthy of investigation. 

I thank Mr. Stanley Way for supplying the material 
on which this work was based, and Dr. Alfred Glicks- 
mann for his assistance and advice. This work was. 
supported by a grant from the British Empire Concer 
Campaign. 
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F. A. P. Murer has deraribodi tho. role of thymus 
the development of a normal immune systern. J. F. A. P. 
Miller and his colleagues have shown also the influence of 
thyn ectomy on the induction of 3,4-benzpyrene.. skin 
er in:mice?, Moreover, I have shown that homograft 
neonatal thymus has an inhibiting influence on the 
cidence of 20-methylcholanthrene (MC) skin cancer in 
j of the L strain®. In these experiments the differences 
idence of induced cancer up to the 120 days after 
beginning of the experiment between the control group 
animals and the animals repeatedly grafted of neonatal 
nus during the whole course of the experiment. were 
ignificant. 

Several documents recently published support the view 
, humoral influence of thymus rather than the one 
ased on the lymphocyte migration theory‘, 

To understand the mechanism of the thymus- inhibiting 
on the incidence of MC skin cancer in mice, I have 
undertaken. a second series of experiments. ‘Three groups 
80 white mice of the same age, belonging to the same 
(L strain) of the same sex (50 per cent male and 
cent female in each group), were selected and painted 
0:25 per cent solution of methylcholanthrene in 
‘The mice of the 3 groups were painted 3 times 
s. the total number of paintings being limited to 
r a period of 7 weeks. The mice of the first. group 
ept as controls. The mice of the second were grafted 
es at 2 weeks’ interval before the paintings were 
d with one neonatal thymus taken from young mice 
he samo strain between 2 and 5 days of age. After- 
during the whole course of the paintings and after 
t dof the painting during the whole course of the 
period of observation (210 days) a similar graft. was 
peated every 14 days. The animals of the third group 
ate of being grafted were injected at a similar interval 
a homogenate of thymus of the same age and of the 
è , origin. The thymus had been homogenized in a 
ter tube and resuspended:in normal-saline. The i injec- 
were given intraperitoneally, each mouse receiving 
value of one neonatal thymus at each injection. 

he results of this experiment are presented in Table 1 





Table 1 
No. of : 
animals alive -80 $0 120 160 180 210 
after 60 days days days days days days days 
77 2 9. 22 35 46 58 
78 — 1 13 26 24 84 
76 — — 8 16 24 82 


order to follow the fate of the grafted thymus we 
grafted normal animals of the same strain with neo- 
| thymus. In at least 50 per cent of the grafted 
itis the epithelial part of thymus survives over 15 
3 and some time later is repopulated with thymo- 
probably from host origin. We have never been able 
bserve a graft in the peritoneum of the animal injected 
i ı thymus homogenate. Therefore there are reasons for 
ae admitting that the action of the thymus is due to some 
- kind of a hormonal influence, though in our experiments a 
hormonal influence is not yet fully demonstrated. We 
are not in a position either to state if this influence is 
dhe to a factor like that isolated by A. Szent-Gyérgyi 
et ak5. 

Concerning this mechanism of action it is possible that 
‘the thymus could help to restore the immune response 
depressed by the carcinogenic agent and by so doing 
help the host to recognize the abnormal antigenicity 

of the developing tumour cells. 


E tig 
diferent nnn fractions isolated by- ultraçentrifage i 


. possible to induce.a certain state of immunity against . 



































the incidence of skin cancer induced by MC. 
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Immunoprophylaxis of Induced Experimental — 
Hepatoma 


Wira C. Deckers, we have shown that in hepatoma — 
induced in rats by dimethylaminoazobenzol the specifi 
antigens of the tumour ‘are localized in the microsomal 
fraction», The specific antigen is not necessarily the sam 
for all the tumours examined though they may be chemi 
ally related’. We have shown previously also that it w 








skin cancers induced by 20-methylcholanthrene in mice — 
repeatedly injected at regular intervals with microsomes 
isolated from the same type of cancer‘. : 

“We have repeated a similar experiment in rats fod z 


-dimethylaminoazobenzene (DAB) and _pre-immunized. - 


with the microsome fraction of induced DAB hepatoma. 
However, in some of our experiments in rats fed DAB we | 
had observed an enhancing effect of the microsome fraction. : 
“In order to understand the reasons of dissimilarities 
between different. sets of experiments, we performed a” 
new series of experiments planned as follows. 

Five groups of 50 young rats aged 4 months and weigh- 
ing 140-170 g were used, Each group was composed of- 
25 males and 25 females. All the groups were fed our.” 
regular diet supplemented with DAB (boiled polished rice, — 
fresh carrots, plus 0-25 per cent DAB). One group of | 
animals was kept uninjected as controls. The four other 
groups were injected with different fractions of induced: 
DAB hepatoma. One group has been injected with the 
lysosome fraction, one with the microsome fraction and 
one with the supernatant. All the animals were injected — 
5 times at a week’s interval, before starting the feeding — 
with DAB. After the feeding was begun, we. repeated — 
the injections in each group once a month. The DAB 
was fed to the animals of the five groups for seven months. 
Then the DAB was discontinued but the animals were 
kept on the rice diet until their natural death. 

The procedure for the isolation of the particles was 
as follows. After ‘potterization’ of the induced tumour — 
selected for the experiment, the homogenate was sus- _ 
pended in a 0-25 M sucrose solution. The nuclei were 
isolated and discarded after centrifugation at 6,000g for- 
10 min. The supernatant was recentrifuged at 15,000g 
for 3 min to sediment the mitochondria which were also’ 
discarded. The remaining supernatant is centrifuged at. 
40,0009 for 7 min to sediment the lysosomes. The super- 
natant, after elimination of the lysosomes, is centrifuged _ 
again ab 105,000g for 30 min to sediment the microsome | 
fraction. This fraction is resuspended in 0-25 M sucrose, 
recentrifuged at 105,000g for 30 min. This second centri- 
fugation is done to eliminate from the microsome fraction 
as much of the remaining supernatant as possible. The 
wasted microsome fraction is resuspended in normal saline 
to be injected in the corresponding group of animals. 
The supernatant of this second centrifugation of the- 
microsome is discarded. On the other hand, the super- 




















the first ‘oantzifugation of. the 
ion as such into the corre- 





pan of Eo 
) results of this experiment are given in Table 1. 


Table 1 z 
ten of tamonmafter iveeks) Animals 
a 25 50 alive after 
50 weeks 


2 49 14 19-19 16 
1201517 17 
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the qaem is. 
immunity agains the induction. of 











ne fact that the group. of E onina | jected with micro- 
liver behave pract cally like the. control 




































ung 
of immunity. 
o results of this experiment show that only. one 
finite fraction of hepatoma cells induced by DAB con- 
ins antigens able to induce a certain state of. immunity 
nst induction of tumours by some type of carcinogen 
noteworthy that this fraction after isolation 





jon are not only unable to induce any 
y, but are responsible, on the contrary, 
ing effect. It is likely that the enhancement 
in some of our previous experiments, after 
injections of microsome fractions, was due to the 
tamination of those fractions with a certain amount 
f supernatant. 
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; Activity in the Epidermis of Patients 
with Advanced Cancer 


[umMaw liver catalase is depressed in patients with 
anced cancer. Clinical improvement may cause a rise 
ver catalase’, An investigation was, therefore, under- 
taken to determine whether skin catalase was subject to 
same variations. As depression of human liver 
talase has been shown to be related to loss in weight?, 
n was directed to this aspect of the problem. 
minations were performed before and during cancer 
therapy with tho following cytostatics: 5-fluoroura- 
. cyclophosphamide, SPG 827 (benzylidene com- 
f the glucosides of Podophyllum emodi), SPI 77 
drazide of podophyllic acid) and 6 W54 (ethyl- 
Shloropropyi} saeco This forms part of 


rice induces an 


the specific tumour antigen present a certain 


sucrose to reduce any contamination : 


ties of supernatant. The antigens of the- being: used to determine the skin catalase activity. 


inhibitors of catalase, such as phenothiazine de 

























Skin catalase (Kat F units) 





406. 8 10 2 u oo e 





“Skin Tomogenate (per ent). 
Figi. 


y3 
Patients miig fom various kinds of 
metastasis served as volunteers for these tes 
them received radiotherapy before or d 
‘This therapy was not administerc 


were avoided when the patients’ skin catalase © 
measured. Excess iron, which might stimulate eat 
synthesis, was not given to these patients. 
The skin was cleaned with alcohol and the full 
ness of epidermis was removed from areas of t 
back with a Volkman spoon, taking care that th 
mis was free from blood. The specimen wos 
pressure between’ pieces of blotting paper | 
immediately to the laboratory for analysis. 
used is the rapid titrimetric method of Bo 
Chance and Theorell”, with modifications by Fi 





Skin catalase (Kat F units) 











emg prep sph 
in a chilled all-glass ho: ogenizer. - Results 
essed as ‘Kat Fre. z 
imens were analysed and the Kat F values plotted 
E the concentration of skin homogenate used in each 

letermination. The weight of specimens used varied from 
0-5 mg to 32 mg of skin, and the percentage concentration 
aried from 0-05 per cent to 3-2 per cent. 

The unexpected finding was that higher Kat F values 
re given by smaller specimens and lower by larger, even 
hen: the same skin source was used (Fig. 1). 

normal expected relationship between the catalase 
y and percentage homogenate. was determined by 
ting the average activity for each percentage homo- 
©, and drawing a best-fit curve through these points 








a order to eliminate the effect of changes in the 
reentage concentration of the homogenate on the 
catalase: activity, all the results were converted to a 
ion percentage homogenate: concentration. It will 

ticed from the figure that the catalase activity, when 
determined: with small- percentage concentrations of 
homogenate, is more sensitive to changes in the percentage 
iogenate used than is the case with higher concen- 

ns. ‘Higher concentrations, however, require large 

ens. of skin not readily. obtainable. from most 
ients: A 1-0. per cent concentration seemed to be the 
compromise and this was used in further determina- 


cimens were taken from 30 patients who received 
uracil and telecobalt (from a Siemens gammatron. 

In 16 patients repeated 

ecimens were taken.. The Kat F values of a 1-0 per 


-c. telecobalt unit). 


t concentration were determined. In 12 of the 16 
eases the Kat F value increased when the patient's 
condition improved, or decreased when the patient’s 

‘condition was worse. In 7 of the 16 cases the Kat F value 
-) mereased when the patient’s condition improved and in 
eases there was a decrease when the patient’s condition 
= was worse. In 4 cases there was no correlation between 
oS clinical condition and Kat F value and in only 6 of the 16 
` cases was there a parallel between weight and Kat F value. 
In 9 patients on 5-fluorouracil and telecobalt, repeated 
specimens: were taken during the same week of therapy. 
Six patients who showed decreasing catalase activity 
leteriorated clinically, but the clinical deterioration was 
not clear: until later. Two patients in whom the skin 
abode activity increased improved clinically. In the 
ing patient no clinical change occurred, but the 
value increased. 
‘Nine patients with breast cancer stage 4, who were 
= receiving- different cytostatics, were examined. In 6 of 
the 9 patients the Kat F values increased with decreased 
"size of tumour, or decreased with increased size of tumour. 
In 5 patients the Kat F value increased with decreased 
> tumour size, in 1 patient there was a decrease as the con- 
dition worsened and the remaining 3 showed a decrease 
‘while their condition remained unchanged.: Im only 4 of 
the 9 patients was there a similar parallel between weight 
id Kat F values. 
conclude that: (1) There is a component of the 
mis which inhibits catalase activity. (2) By using a 
istant-percentage homogenate, however, there seems to 
© correlation between tumour response and skin catalase 
< values. Skin catalase activity generally increased in 
patients who improved and vice versa. In several 
“patients. the change in skin catalase activity preceded 
measurable clinical change. This correlation is clearer 
-othan that between skin catalase and the change in the 
< patient’s weight—especially in those patients with breast 
cancer. 
Skin catalase activity may prove useful in correlating 
objective clinical evidence of response to therapy. This 
work was carried out with the assistance of the Council for 
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-describe some experiments which show that this can be 
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A Fast Neutron Source for Radiotherapy 


Atr the authors?-$ in the correspondence under this titli 
have stressed the difficulty i in designing a collimator fo 
14-MeV neutrons. It may, therefore, be of interest t 


done more easily than might have been ‘expected. 
Attenuation measurements. have been carried out 


‘using a beam of 14-MeV neutrons energizing from a 12-in. 


square hole in the protective barrier around a deuterium- 
The barrier consisted of 60 em thick — 
paraffin wax walls forming a cube. The hole could be. | 
blocked off by slabs of the attenuating material being” 
tested and the neutrons transmitted through the atten= 
uator were detected using a polythene-walled ionization 

ehamber. ‘Broad beam’ attenuation data obtained in this 


-way are required to design local shielding for the neutron 


source. 

The results obtained are shown in Fig. 1, where it can 
be seen that the relationship between percentage trans- 
mission and thickness. of attenuation is approximately © 
exponential. Fig. le gives the text-book answer, that in- 
terms of mass unit area paraffin wax is the most efficient - 
attenuator. However, the best material for constructing. 
local protection with a beam-defining hole is that which © 
gives a usable beam at the minimum distance from the _ 
neutron source. The results as plotted in Fig. 1b are 
therefore of more direct interest, and these show that steel. 
is the best material for this purpose. This is a very. çon- 
venient result in that steel is also an efficient absorber of- 
any y-rays generated by nuclear reactions in the collimator, 
and also in terms of cost and structural properties. 

In X-ray or y-ray therapy equipment the usually 
adopted specification calls for the primary radiation 
intensity outside the useful beam to be 0-1 per cent of that: 
inside. This is clearly a quite impracticable requirement: 
for the shielding of a 14-MeV-neutron source for therapy. | 
Fig. 16 shows that the thickness of steel required to cut. 
the primary intensity to 2 per cent would be about 16 in., 
and this dose-level outside the beam would probably be ` 
acceptable in a therapy unit. 

An experimental steel collimator of this thickness has 
been set up, and the intensity distribution across one edge 
of its exit is shown in Fig. 2. The detector used was a` 
l-em diameter polythene-walled ionization chamber. It 
can be seen that the intensity outside the beam is about 
4 per cent of that inside. Although at position B the 
shielding placed directly between the neutron source and 
the detector was steel, the remainder of the protection 
around the source was the paraffin wax cube already 
described. For this the intensity outside the main beam is 
probably higher than it would be if the whole of the 








= Thickness of attenuates aan 


80° 20° 160 = 200- 240 















l a 
TEAD 
PARAFFIN 
WAX, POLYTHENE 
Re adn 
FAD WAX 


J POLYTHENE b 







Transmission curves for 14M 
materials- 


adia were made of steel. Tn other sords the 4 per 
t level outside is probably an upper estimate for a 
plete steel shield. 





distinguishing between, the neutron. beam 
; ' contaraination possent. These results have, 
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Position of ionization chambers (em) 
ah of steel pouner and | intensity distribution along tho 
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`- constant concentration ofa radioactive tracer 


few days of pre 
-and after the same period. 


l or ‘phosphorus changes after such a dose can 
t ini tnoage ugh various. 


„genous excretion of the isotope and its appes 


F t6 ionization chamber used in hoe theasorerents isi 


“injection of 


208. 




















































therefore, ‘been, potifirmed by doing copper dativokion E 
measurements at points A and B (Fig. 2). The indeced _ 
activity in copper specimens exposed at these points is @o 
direct measure of the local fast neutron flux, ‘The unts ee 
obtained from specimens exposed at point B were, 1 ee 
not significantly different from background. Tf the ne 
activity of this specimen had been 5 per cent of that — 
exposed at point A, this would give a count equal to about: 
two standard deviations from background. This result 
showed that the fast neutron flux at B is not likely to 
greater than 5 per cent of that at A. i 
The estimated dose rate from a deuterium-t 
neutron generator given by Lomer and Greene’ 
that a patient could be treated by a neutron | 
distance of 50 cm from the source. The results. 


















» show that an adequately thick collimator, made of : 


will permit treatments at this distance. 
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_A Simple lethod for Establishing 5t ible Tani 
ntrations of Radioactive Calcium, č 
Str ntium and Phosphorus in the Plasma of oe 
Goats and Cows : 
Some investigations of mineral metabolism 
made easier if there were a simple method for est: 














it was desired to estimate the net transfer 
phosphorus from the cow to the foetal calf de 
ognancy, and also the endogeno 

and gastrointestinal absorption of these ele e 


single intravenous dose of radioactive ealei 
horus could be used for this investiga 
y with which the specific activity of 





These errors arise because: fa) i 
‘an average value for the specific : 
iê plasma. (b) The time relationship betw 






fæces is uncertain. (c) The net rate of traz 
of. calcium or phosphorus may be. variable. 

The calculations become much simp 
accurate if a stable specific activity can be ma 
several days. One way to do this is to give the 
continuous intravenous infusion when the specific ac 
rises to an equilibrium-level at which the rate of 
exactly balanced by excretory losses. However, co: 
intravenous infusions are technically difficult: to 
for long periods. 

The method adopted consists of. the gabon 
injection of a saline suspension of a ‘sparing 
compound labelled with an isotope of the 
cerned. This acts as a depot of radioactivi 
slow leaching occurs into the blood-stream.. In th 
calcium, calcium orthophosphate labelled with | 
has been used as the depot, and for phosphorus tl 
compound labelled with phosphorus-32.. Some 
ments with strontium have also been carried o 
strontium sulphate labelled with strontium. 
depot, and the principle may presumably 
other elements of biological interest. 

Fig. 1 shows the concentration (in ef 
calcium.-45 in the plasma of a gost afte 
OFO compared. w 



















vs. The quantities of material and radioactivity 
d subcutaneously were as follows: 

5 mg calcium as Ca,(PO,), containing 0-5 me. 
1-45. 


50 mg strontium as SrSO, containing 0-6 me. 
m-89. 

‘mg phosphorus as Ca,(PO,), containing 0-8 me. 
shorus-32. 

determination of calcium-45 was carried out with 
imately 50 per cent efficiency by means of an 
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“O° Fig. 2, Concentration of strontium-80 in the blood plasma of a goat 
after a single subcutaneous dose of “SrSO, compared with that after 
a Single Intravenous dose of “SrCly. —, Intravenous "51Cly: O, sub- 
Bien! cutaneous *Sr8O,.0 ARES ; 
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» Fig. 3. Concentration of phosphorus-32 in the blood plasma of ee 
after a single subcutaneous. dose of Ca, A compared: with tha 


( 
after a single intravenous dose of Na;( PO,).. ==, Intravenous 
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Na*PO,); O, subcutaneous Cas(#PO,)y 


Ekco N664B liquid scintillation counter by the method of 
Carr and Parsons? Strontium:89 and phosphorus-32 were 
both determined in. an M6H Geiger—Miiller liquid counting 
tube with an efficiency of about 7 per cent. All counts 


have been corrected for radioactive decay. 


The advantages of the present method over a si nf le 
intravenous dose for the investigation of the problems. 


< outlined here are several. The specific activity of the 
-isotope in blood plasma is maintained at a nearly stable 
-level for a week or more, and the very high initial specific 


activity and its rapid decline after an intravenous dose are- 
avoided. 
as B. F. Sansom 
< Agricultural Research Council Institute 
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BIOLOGY) à 
Distribution of Surface Strain in Paired Human : 
Mowa Femora eo 


A NuMBER of different techniques, including mathe- 
matical analysis of bone sections', photo-elastic, load 
deformation, and strain lacquer study of bone models? 
and extensometer and strain gauge measurements < 
intact bones? have been used in the past in an attempt 
to establish relationships between the structure of lo 
bones and the various forces believed to be acting i 
them. However, until Marique’s observations in 194 
which were accurate to only 100 pin./in., no actual 
observations had been made on the strains which result 









from forces applied to human or animal bones. 
Some years ago, similar but significantly more precise 
determinations were made but not published by us on 
the strain patterns of loaded pairs of normal human 
femora‘.. In view of (a) the present resurgence of interest: 
in the primarily mechanical or structural aspects of a 
number of clinical affections of the human skeleton, and 
{b} the theoretically widespread investigative applicability 
of the described technical procedure, it seemed desirable. 
to record, herewith, some of these previously unpublished 
observations, together with certain more recently obtained | 


data. 








no.asea April 1l, 1964 
Paper-backed type A-7, 4-8, and A-7R electric resis- 
ce @9R-4) Strain gauges, which permitted the measure- 
nt of surface strains as small as õu in./in. in a length 
small as 4 in., were fixed by ‘Duco’ cement at 1-75-in. 
tervals along the shaft of both femora obtained from a 
single individual, beginning at the level of the’ lesser 
trochanter (gauge No. 1) and terminating just above the 
eondylar flare (gauge No. 20). Since a preliminary exam- 
ination using gauges in a rosette distribution had demon- 
ted that. maximum strain lay along the grain of each 
ne, the gauges were identically applied to each bone 
t their axes were collinear with the grossly detectable 
n> of the bone. A common lead to one leg of all 
gos and separate leads to the other leg of each gauge 
ro used. This permitted the simultaneous activation 
all gauges as well as separate activation of any partic- 
r pair of gauges through an SR-4 strain-gauge indicator 
d a 20-point (Baldwin-Southwark) switch box. 
One bone was used as the original ‘test’. bone and the 
contralateral femur from the same individual was used 
‘dummy’ so as to compensate for and eliminate any 
ons caused by ambient conditions. After each test, 
test and dummy bones were interchanged and the 
surface strain patterns redetermined. As a matter of 
convenience, the test bone was in each instance placed 
in the test rig in an anti-anatomical position and held in 
place by acrylic mounts made to conform exactly with 
e load bearing surfaces of the bones by the use of im- 
sions previously made with dental compound. The 


















































ndary moment loads could be applied (Fig. 1) and 
the line of action of the applied load could be shifted 
offset) to pass through any desired point between the 
noral condyles. 





Main Suppérting Pivot. 











Moment <7" 
Counterweight Acryl 


Moment Loads 





sep phenomena (in which measured strain continues 
se under a constant load) were entirely eliminated 
taneously activating similarly located gauges on 
the loaded ‘test’ and the unloaded ‘dummy’ gauges 
the two femora. Consistent reproducibility of results 
er time-intervals of even one year was further assured 
applying a tare load to create an initial strain in the 
gauges from which strain increments could be readily 
bserved. Results were then obtained with an accuracy 
ited only by the precision of the instruments employed 
r less uin. /in:). 

hen test femora were loaded. with constant load 
ements and the load line directed along the neutral 
‘ace (that is, the surface of bone along a plane from 
noral head through the intercondylar notch, x = 0), 
nd that compressive strains (negative values) 
ent along the neutral surface and along the 
anatomical surface of the bone, which was nearest 
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tig was so designed that both primary axial and 
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to the load line. Tensile strains (positive values) were 
noted at gauges 7-12 in all instances, which were placed — 
along the lateral anatomical surface of the femora! shaft 
and hence were farthest away from the load line. Sinilar 
findings were noted at the level of the strain rosette 
(gauges No. 13, 14, and 15), and at gauges placed midway 
between the compressive and tensile sides (gauges No. 
16-20). 

Furthermore, when the strain increments (delta Æ} were 
plotted against the load increments (delta A) at each 








measured level (gauge location), a straight line rels 
ship was found to exist between these two para: 
Positive slopes corresponded to tensile strains and ne 
slopes to compressive strains. Thus, by simply offset) 
the position of the femoral condyles in the test rig & 
the intercondylar notch (x = 0-0 in.) towards the n. 
condyle (x = 0-6 + y in.), hence altering the dir 
of the load line, an extremely easy method was prc 
whereby the load line of uniform strain (w = 2*) 
gauge locations could be determined accurately. 
was obtained experimentally by plotting the obe 
strain increments for a constant load at various gauge 
loeations for different offsets of the lead-line podion 
(Fig. 2). A generalized strain line.was constragied by 
plotting the value of the slope of the: individual strain 
lines (Fig. 2) as ordinates against the offset values as ihe 
abscissa. The critical offset value z*, corresponding to l 
offset that gives a zero strain line slope, was 
determined by the intersection of the generali: 
line with the abscissa. a 
By definition, this condition of constant strain charset 
izes a structure that provides a maximum of load ca 
for a minimum of material and determines the eff 
or true ‘mechanical axis’ of the bone. Under the deser 
experimental conditions, it was found (in contradistin 
to what is generally assumed in many anatomical 
but in conformation with the overwhelming majo 
clinical and pathological facts) that the true mec 
axis of the human femur does not enter the interco: ye 
notch, but rather extends from the postero-euperior că á— 
portion of the femoral head (‘weight-bearing surface’) to 
about the midpoint of the medial condyle. The actual 
value of æ* was 1-1 + 0-15 in. among 12 pairs of mated 
human femora; the value of either bone in. any given 
pair, however, did not differ from the other by more 
than about 0-05 in. 
In other respects, the observed results confirmed and. 
extended previous observations indicating that th n 
femur, despite its structural heterogeneity, is an 
structure which obeys Hooke’s law. It is t 
as in homogeneous structures of definet 
obtain an indirect but accurate compu 
surface stress. (in terms of load per unit a: 
bones by direct measurement of the surf: 
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parent! fir 

roof of the ion held and generally accepted 
ion that the grossly detectable ‘grain’ of the femur 
ost precisely (+ 2°) parallel to the direction of the 
incipal surface strain at all anatomical levels. 

This work was supported in part by grant A-988 from 
the National Institute of Arthritis and Metabolic Diseases, 
National Institutes of Health. 
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; "Stone Formation (Lithiasis) in nthe: Nephridial 
_ Bladders of the Common Indian Cattle Leech | 
ee Hirudinaria granulosa (Savigny) 


In leeches and other aquatic annelids excretory products 
are thrown.out in dissolved condition and no stone forma- 
n in their nephridia has ever been describedi?, How- 
' in human patients and other herbivorous animals 
occurrence of urinary concretions is well known. During 
the course of chemical analysis of the leech urine an 
reciable: number of urinary calculi were collected. 
phenomenon of lithiasis in Hirudinaria ‘granulosa, 
ever, is not of frequent. occurrence since the nephridial 
ers usually contain turbid fluid, due to excessive 
ial growth;.which becomes clear and colourless on 
entrifugation (4,000 r.p.m.). 
he concretions which were found were about 0-4 mm 
diameter, brilliant white in colour and round or irregular 
ape. Smaller or larger granules or spherules were also 
sometimes seen. Usually the concretions were found freely 
inside the vesicles, but sometimes were seen partially 
ded. in their walls. These were very hard, insoluble 
id or boiling water, alcohol or. ether, did not burn on 
g and gave negative murexide test and Benedict’s 
or uric acid. These were almost- entirely soluble in 
or concentrated hydrochloric acid with sudden 
escence. On incineration at 850° C ina furnace, 
‘white residue was obtained like that. of calcium 
the microscope with dark-field illumination. The 
zleuli were also analysed by the Conway microdiffusion 
technique’, using the unit No. 24 having a wide rim. 
A white precipitate of barium carbonate was formed in 
the central chamber of the unit after some time, indicating 
- that carbon dioxide was evolved during the reaction and 
that the calculi were mainly formed of calcium carbonate. 
< Seanty residual matter, left after treatment with mineral 
‘acids, gave a positive xanthoproteic reaction,  Millon’s 
reaction (modified by Cole‘), Biuret reaction and ninhydrin 
reaction, indicating the presence of proteinaceous matter 
‘inside the calculi. 
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<; Measurements of Swimming Speeds of 
=f Yellowfin Tuna and Wahoo 


Bainbridge and Nursall? have questioned the validity 
of certain fish swimming speed. estimates: because these _ 
require that either co: letely la flo ery high é 
power factors ; f 
animals’ pe ijh are 
included in this 8 showed that 
certain morphological features indieate that scombroi 
fishes may attain velocities of 10 body-lengths/sec, an 
the large species should be able to attain maximum speeds 
considerably in excess of 45 km/h. a 

An opportunity of. measuring scombroid swimming 














: speeds arose when the junior author was invited to partici- 


pate in a tuna behaviour research cruise off the Pacific coast 
of Costa Rica, ‘The measuring equipment consisted of a 
spinning rod and a spinning reel. containing fishing line 
marked with iron- powder. A magnetic pick-up was 
mounted near the tip of the rod, so that when a hooked © 
fish pulled line from. the r the magnetic field was _ 
disturbed ‘by the iron powder markings. The resulting — 
electrical. signal was fed into a tape-recorder. i 

- The magnetic pick-up consisted of a monaural variable 
reluctance phonograph cartridge (General Electric Model”. 
4G-050) modified by removal of the stylus assembly and 
mounted in a 1-6.em x 16cm x 1.6 cm aluminium box | 
(Fig. 1).. The line passage was a 1-6 cm length.of 2 mm 
inside diam. plastic tube into which the magnetic poles: 
projected. The entire box, except for the line passage, 
was then filled with epoxy resin. The recording unit was. 
mounted on the rod, midway between the two distal line | 
guides. The output leads were connected to a:portable _ 
tape-recorder (Transmagnemite model 612SDV(8106)). 

Braided linen fishing line of -18- and 27-Ib.: test was _ 
marked at 2-54 cm intervals with powdered iron suspended _ 
in collodion and methyl ae ketone. A feather: or r bane 











rg : ome section. Shronal the — pick-up unit: 
a, utpu Tmin b net; ¢, co magnet pole ; e, line passage: 
7. ieee tube’; PA aluminium box 
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— Fig. 2. 
A, Wahoo D; the recording ended abruptly when the 
markings were whipped off the fishing line before entering the magnetic 
pick-up unit. 


Example of two oscillograms of swimming hy nea a 
ron powder 


B, yellowfin D; the arrow indicates the maximum speed 
chosen after the 5-sec delay 


jig attached to a 2-m wire leader was connected to the 
marked line and trolled behind a skiff. When a fish was 
hooked, the skiff operator shut off the outboard motor and 
turned the skiff 90°. The rod was pointed at the fish to 
minimize the action of the pole. Once the line had passed 
through the pick-up, it could not be rewound on the reel 
because the wet markings would scrape off inside the 
cartridge. It was thus necessary to handline each fish to 
the skiff, and often a fish either escaped or was attacked 
by a shark before it could be boated. 

Swimming speed measurements of yellowfin tuna, 
Thunnus albacares (Bonnaterre), were only taken in pure 
yellowfin schools, so the fish were identifiable even though 
they may not have been seen. The mother vessel was 


Table 1. MAXIMUM Burst SPEEDS FOR YELLOWFIN TUNA AND WAHOO 
saen a ee, 
(km/h) 
Yellowfin A 558-870 85°87 11-47 
Yellowfin B 558-870 24-86 7-95 
Yellowfin C 558-870 18-83 6-01 
Yellowfin D 530-980 74°59 21-11 
Yellowfin £ 530-080 45°25 12°81 
Wahoo A 1,000 43-71 12-15 
Wahoo O 920 43°35 13-09 
Wahoo D 1,131 77-05 18-93 
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trolling at the same time with similar lures and caught 
only yellowfin tuna ; the size ranges are given for those 
fish that were brought aboard the larger vessel (Table 1). 
The larger body sizes were used to calculate the body- 
lengths/sec. 

The identification and capture of wahoo, Acanthocybium 
solandri (Cuvier), was easier. On striking the lure, the 
wahoo always jumped clear of the water and could be 
identified at that time. They were brought aboard the 
skiff for measurement. 

The recordings were analysed in the laboratory. The 
tape-recorder output was fed through a reetifier to filter 
out the background noise and then into a converter 
(Foxboro model FR-73-4) that transformed the variable 
frequency into a variable d.c. voltage. This voltage was 
then fed into an oscilloscope that had previously been 
calibrated with known frequencies. The oscillograph 
tracings were recorded photographically. Since it took 
an estimated 5 sec to bring the skiff to a stop, the first 
5 see of each tape-recording were not used for swimming 
speed measurements. 

The highest peaks taken from the oscillograph tracings 
(Fig. 2) after the initial 5 sec are summarized in Table 1. 
These burst velocities were present only in the first 10-20 
sec after the fish was hooked, after which the velocities 
dropped to much lower values. The drop in line velocity 
could have resulted if the fish had changed course ; in 
some cases the line went entirely slack, indicating the fish 
had indeed reversed its direction. 

Other faetors that may have reduced the line velocities 
are the drag of the fishing line, the drag of the lure, and 
the probable turbulence induced in the boundary layer 
of the fish by the line and lure. No measurements were 
made of these values. It is felt that yellowfin tuna and 
wahoo can probably attain higher velocities than are 
reported here. 

We thank the personnel of the U.S. Fish and Wildlife 
Service, Bureau of Commercial Fisheries Biological 
Laboratory, San Diego, California, who helped one of us 
(H. L. F.) while aboard their charter vessel M.V. Red Rooster 
during March—June, 1963 ; and Mr. Aaron Klain, of the 
Department of Zoology, who designed and built com- 
ponents and gave advice concerning the electronic instru- 
mentation. This work was supported by contract NE 104- 
669 between the University of California and the Biology 
Branch of the Office of Naval Research, and by a U.S. 
Public Health Service zoology heart traineeship 5166. 
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Colour Change and Polymorphism in 
Chamaeleo bitaeniatus 


THe side-striped chameleon, Chamaeleo bitaeniatus, is 
common in the Kampala, Uganda, area, where it occurs 
in a wide variety of habitats, especially hedges. At birth 
the young are basically brown and they remain so until 
they become breeding adults. Their ability to undergo 
reversible colour change is limited to different shades of 
brown, and they cannot change to a very different colour. 
Adult males are basically turquoise-blue with a dark 
reddish-purple dorsal crest, a yellowish gular crest, and 
a mid-lateral line that lacks pigment bordered ventrally 
by a more or less broken reddish-purple line. Adult 
females lack the conspicuous crest patterns and are 
basically either green or brown with a dark mid-lateral 
line. Hence on becoming adult the females remain brown 
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like the young or become permanently green. Reversible 
colour changes occur in adults of both sexes : they become 
darker at lower and paler at higher temperatures, darker 
in bright daylight and paler at night, and the entire colour 
and pattern are much intensified (especially in ;the males) 
on meeting another chameleon (a similar change occurs 
when they are handled or when they are attacked by a 
predator). 

We have no evidence of colour change in response to a 
change in background colour. Thus, in this population 
of chameleons adult males and females undergo reversible 
colour changes under a variety of stimuli; the males, 
however, are all basically alike, while the females are 
polymorphic, with a green and a brown form. In a sample 
of adult females collected at Kampala in April, 1963, 134 
were green and 44 brown. There is some (continuous) 
variation in both colour forms, but each individual can 
be positively classified as being either green or brown. 
We have no evidence of adult females changing from 
green to brown or from brown to green. 

Polymorphism of the kind described here may be main- 
tained in a population if the fitness of the heterozygotes 
is greater than that of the homozygotes or if the fitness 
of the genotypes varies with their frequency in the popu- 
lation. In view of the apparently cryptic coloration of 
the green and the brown forms, the latter possibility seems 
more likely in C. bitaeniatus. In addition to polymorphism, 
the ability to change colour under different environmental 
conditions, particularly under different light intensities 
and temperatures, results in considerable diversity in 
colour and pattern within the population at any one time, 
especially if (as is often the case) there are light and 
temperature differences in different parts of the same 
microhabitat. Such diversity may afford a considerable 
degree of protection from predators. The restriction of 
polymorphism to females is reminiscent of the situation 
in some other animals, including diurnal Lepidoptera’, 
cercopid spittlebugs*, and birds*. In O. bitaeniatus this 
may be because the females are more vulnerable to 
predators; in particular, unlike most chameleons, the 
young are retained for a considerable period within the 
female and are born alive. z 

P. W. Octivie * 
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Potassium Tellurite as a Bacteriostatic Agent 

in isolating Algae 

An essential prerequisite to obtaining predictable 
growth of algae under laboratory conditions is the estab- 
lishment of axenic cultures, but this is often extremely 
difficult to achieve. The successful use of potassium 
tellurite as a bacteriostatic agent? in the pure isolation 
of representative aquatic fungi from the orders Blasto- 
cladiales, Chytridialest and Saprolegniales, using material 
direct from Nature which was sometimes highly contam- 
inated with bacteria, suggested that algae might also 

nd to this treatment; and the promising results 
obtained are reported in this communication. 

For marine algae 0-01 per cent (w/v) potassium tellurite 
was autoclaved with plain sea-water and 1 per cent (w/v) 
agar and the poured Petri dishes left to lose their moisture 
of condensation for 24 h. Using Falkenbergia rufolanosa 
(Harv.) Schm. the young tips of freshly collected filaments 
were carefully washed in sterile sea-water and cleaned 
further by dragging them through the agar*. The dishes 
were then sealed with ‘Sellotape’, reversed, and incubated 
at 16° C with illumination from above. 
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Fig. 1. Above, Falkenbergia rufolanosa after four-weeks’ incubation 


in agar showing initial growth from the inoculum (below). Bacteria 
are present In the latter region only (x 40) 


Below, Falkenbergia rufolanosa after six-weeks’ incubation In agar 
showing coralloid habit (x e. 25) 


Bacteria were not eliminated completely in the region 
of the inoculum, but were restricted to such an extent 
that the alga was able to outgrow them and produce fresh 
clean filaments in the thickness of the agar (Fig. 1, above). 
After six weeks under these conditions it was noted that 
the growth habit differed from that of plants grown in 
enriched sea-water and from that observed in Nature. 
The filaments branched much more profusely and often 
had a somewhat coralloid habit (Fig. 1, below). It is 
interesting to recall that a similar induced coralloid habit 
has been described by Stosch? for Asparagopsis armata 
(the gametophyte of Falkenbergia rufolanosa) and in this 
case it was ascribed to iodine deficiency when the alga 
was grown in liquid media. This suggests the possibility 
that there might be a local depletion of nutrients as our 
material grows in agar, and it has been noted that the 
‘iodine’ cells are in fact less conspicuous than in collections 
from Nature. On the other hand, other artificial conditions 
of our cultures could account for the appearance observed. 
Other marine algae such as Cladophora and Ectocarpus 
species have been isolated from Nature on tellurite agar 
with little difficulty, the former growing best when a 
modified Schreiber base was used. Filaments of thalli 
of the Chordariales have also been grown successfully. 
For fresh-water algae a soil mineral tellurite agar has been 
used to re-isolate contaminated laboratory cultures of uni- 
cellular, colonial and filamentous members of the Chloro- 
phyta, including Chlamydomonas, Chlorella and Ulothrix 
species; and a species of Glvocystis was isolated from 
Nature. Success in growing both marine and fresh-water 
forms is dependent on the absence of free water in the 
dishes, a condition which we think is also responsible for 
the complete absence of troublesome diatoms. 
SoPHIE C. DUCKER 
L. G. WILLOUGHBY 
Botany School, 
University of Melbourne, 

Parkville, N.2, Victoria, Australia. 
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frà-red ‘Receptors in Melanophila acuminata 
DeGeer 


A NUMBER of insects of different orders have been 
reported swarming near various sources of fire and smoke, 
although the families Buprestidae (Coleoptera), Platy- 
pezidae and. Empididae (Diptera) have received the 
eatest attention. The most well-known insect associated 
fires, however, is a species of Bupréstid, Melanophila 
inata, which has been reported as being attracted 
long distances to a variety of burning materials such 
wood, oil, mill refuse, smelter products and trash in 
efuse dumps!?, Other species of Melanophila (consputa 
Lec., notata Cast. et Gory, coriacea Kerr. and ignicola 
hampion) have similar habits™=t, 
‘The mechanism of orientation to fires by these insects 
has not been previously investigated, but most authors 
e assumed that it is an attraction to the smoke from 
7. 'Phis:seems to be a reasonable assumption since, 
some: cases, it has been found that Melanophila must have 
t distances (60-100 miles) to account for its 
ace at fires’, and an olfactory type of orientation 
uld a aoordpliah this. Yet I have failed to demonstrate 
any reactions other than an avoidance of smoke, carbon 
dioxide or carbon particles in an olfactometer in the 


cies of the North American sub-genus 
attracted to fires and all possess a sensory 
ith the lateral margins of both coxal 
: ay the mesothoracic lege*.. In my investigations 
mechanism of orientation of M. acuminata to fires 
ve examined the morphology, histology and function 
f these sensory pits. Each pit, which measures about 
50u x 2002, contains from about 70 to more than 100 
"sense organs covered with a mass of fibrous waxy material. 
ach sense organ consists of two parts: a thin, transparent 
icular sphere about léu outside diameter connected to 
‘ll by way of a canal through the endocuticle and 
uing structure which excretes thin filaments of 

blishing that these organs were not. 
ditory or proprioceptive in function a simple 
aled that they were sensitive to infra-red 
en, attached by the pronotum to a 


imulated 1 from the side with radiation from a tungsten 
amp. passing through a camera shutter and a series of 
lenses and infra-red transmitting filters. Responses were 
btained at shutter speeds of 1/2-1/300 sec in the wave- 
length region of 0-8-2-7y. Later, responses were obtained 
rom brief exposures to radiation ranging as high as 6-0u 
a sportrophotómetor. The response consists of a distinct 
form of twitching of the antenna on the side 
being stimulated and occurs only when the 
focused on the sensory pit and when the insect 
A gnitude of the twitch varies directly with 
i tensity o the stimuli. There were no responses when 

ainted over with bronze paint or when the 
s focused on other parts of the body except 
. A related species, M. drummondi Kirby. 
oes not possess the mesothoracie sensory pit did 
espond to wave-lengths of 1-25 or greater. Both 
cies, however, responded when the antenne were 
imulated with very intense radiation passing through a 
odak 87-C filter which starts transmitting at about 
‘8u. These reactions did not take place when wave-lengths 
er than 1-25p. were used and it is likely that tempera- 
> receptors which aro present on the antenne of M. 
acuminata and which can detect a difference as small as 
"Q in-air. temperature’ were responsible for these 
ictions. The pit sense organs. however, require very 
ergy to give a response. The energy in calories has 
calculated from a standard source; but an idea 





angular piece of metal foil and suspended in the air, was . 
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of the quantity involved ean be obtained by consid 
the amount of radiation used in a spectrophotometer. 
the time this radiation has passed through two slits a) 
prism and has been reflected from several mirrors ver, 
intensities reached the insect. 

This is the first example, so far as is known, of an 4 
possessing distinct sense organs for detecting inrer 
radiation, It is suspected that M. acuminata oriente to 
fires by detecting infra-red radiation at eonside 
distances from the source. During flight the pit org 
completely exposed and could function tropotactiou! 
guide the insect to the heat source. The antennal tenpora- 
ture-receptive sense organs probably fanotion — for. 
short-range orienting when the insect is near a fir 
the pit organs of the mesothorax function for longi 
orientation. 

The morphology of these sense organs and the details 
of this work will be published elsewhere. I thar me 
F. L. Weichman of the Department of Physics for l 
advice and loan of various filters and Mr. W. Be Dyer io 
his assistance in these investigations. Mr. R. Swindlehurs! 
of the Department of Chemistry kindly allowed me to 1 
the spectrophotometer and was very helpful in all ways. _ 
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MICROBIOLOGY 


Effect of Temperature on Flagellation, 
Motility and Swarming of Proteus 


Ir was noted! that the swarming of Proteus hirus 
more extensive at room temperature than ar 37 
variants were described which were motile at 37 
formed swarming colonies only at room temperat 
Apart from observations? on a single strain of P. vu 
there are no reports about the effects of tempe 
flagellar synthesis by P: hauseri, and it we 
investigate it in relation to motility and sw 
investigated were those proviously? used. St 
morganti, P. retigeri and Providence used in the 
vestigation were also examined. The solid medi 
those of Naylor‘ with Difco agar replacing Oroi 
The medium without sodium chloride is named N an 
other is called S. These media were also used at an 
concentration of } per cent. Plates were well dried | 
use. The liquid medium was Oxoid nutrient broth. 
5 media were inoculated with single loopfuls of ov 
broth cultures. grown at 22°C, Cultures were 
incubators at 22°, 37°, and 43°C and examined after 
for spread and motility by hanging- drop prepara: 
flagella by staining, and H antigens were determined 
slide agglutination of living cultures. Antigens for antis 
sera production were grown in broth and killed with ` 
formalin. 

All strains which spread were motile and. possested. > | 
numerous peritrichously arranged cea Al 28 
of P. hauseri grown at 43° C on N or $ agar or i 
were non-motile and aflagellate. -At this t 
cultures did not even swarm on 1 per cent | 
at variance with a statement? that Proteus fo: 
cultures regardless of the temperature. th t 











































n both agar concen- 
ons of N and S media at E 22° C At 37°C s 
urred on 1 per cent N and § media and on the 1-5 
‘per cent S medium. Swarming did not occur on the 1-5 
| per eent N medium at 37° C. Preparations from the latter 
`- plates showed the organisms to be non-motile with fewer 
flagella than controls at 22°C. Kopper* also encountered 
rains of P. hauseri which swarmed in the absence of 
sodium chloride. Antisera were prepared against 10 of 
‘strains grown at 43°C. These sera contained only O 
o H agglutinins. Sera made from these strains 
wn at 37° O contained both O and H agglutinins. Pure 
tisera did not agglutinate organisms grown at 43° C 
agglutinated those grown on the. 1-6 per cent N 
um at 37°C. Viable counts of all strains on “Bacto 
agar at 22°C were similar to those on the other 
at 43°C. The differential effect of temperature on 
bility and. flagellar synthesis agrees with the trend 
encountered in many other organisms’. 

-The PF. _ retigeri and Providence. strains behaved like the 
P. morganti cultures tested. They. all spread on both 
I per cent agar media at 22° €. This spread was either 
form ‘emanations’, which we prefer to call-‘arbor- 
ion’, or consisted of blunt pseudopodial outgrowths. 
r 48 h the difference between these types was less 
I defined and inocula were often surrounded by a con- 
us sheet of spread like the swarming of 2:-variants 
but thicker. On the 1-5 per cent N and S 
at 22°C none of the cultures spread though they 
ile and possessed numerous peritrichous flagella. 
C only 3 of the 17 P. morganii, 3 of the 24 Provi- 
id none of the 22 P. rettgeri cultures.spread on the 
ent N and S media. Preparations from the. remain- 
tures on the 1 per cent plates or in broth and all 
tures on 1-5 per cent N and S- plates at this tem- 
perature never showed translational movement. although 
ms of some cultures showed twitchi 

ellar stains of cultures at 37° Č revealed the vast 
jority of organisms to be aflagellate. Those possessing 
lla were usually monoflagellate. P. morganti eultures 
spread at 43° Cand were non-motile and aflagellate. 
wth of Providence and P. rettgeri strains.was poor on 

media at 43° C although growth in broth at this 
mperature was satisfactory and showed non-motile 
ate organisms. Antisera were “prepared against 12 
"the P. morganti, P. retigeri. and Providence strains 
at 22°C. Strains which spread at 37° C were 

. After absorption of O agglutinins these sera 
dutinate homologous cultures grown at 37° C. 
3:8 for the inclusion of P. retigeri, P. morganii and 
nce with P: hauseri ina Proteus group have been 

ed (among other properties) on the ability of their 
olonies to spread®* under suitable conditions. However, 
colonies of organisms belonging to other- genera of the 
_Enterobacteriaceae and also other families may 
, and a marked difference, regarding flagellar syn- 
at 37° C, has been demonstrated between P. hauseri 
e other groups investigated. 
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ie Tecent years 6 some attention has been devoted t 
study of Propionibacterium chiefly because of its ability 
to synthesize appreciable amounts of vitamin B,,. Severa 
authors'*, working with different species of Propiont 
bacterium, reported high vitamin B,, activity unde! 
different culture conditions**. However, there is lact 
of sufficient experimental evidence to ascertain optimum 
conditions for its growth and synthesis of vitamin B, 
In this connexion, we have carried out experiments or 
the influence of cobalt on the growth characteristics of 
P. freudenreichti. This work was undertaken as a cons 
sequence of our recent report? that cobalt stimulated 
vitamin B,, content of activated sludge. 

Propionibacterium freudenreichii used in the experiments 
was obtained from the American Type Culture Collection 
and maintained on a culture solution formulated by the 
ATCC authorities. The organism was grown at 30° C in 
50 ml..samples of the autoclaved culture solution contains 
ing varying cobalt. concentrations. Triplicate. samples 
containing cobalt concentrations 1, 2, 3, 4, and 5 mg/l. 
were run. In order to examine the. influence of cobalt; 
on the growth characteristic of the organism, the sample 
portions were incubated for successive time periods of 
24 h up to 3 days. The growth of the organism was 
determined turbidimetrically using Klett Summerson 
Photoelectric colorimeter with 420 mu filter; the sterile 
culture medium- served as blank. The vitamin Bis activity. 
of the washed cells was. determined by bioassay using 
the method suggested by Skeggs et al.*. 

The. observations made on the. growth characteristics: 
and vitamin B,, under the influence of these concentra- 
tions of cobalt are given in Tables 1 and 2 and Fig. 1. 
These results indicate : (1) That.the growth of P. freuden- 
reichii and its synthesis of vitamin B,, were stimulated. 






“with small amounts of cobalt. The optimum concentration | 


of cobalt was 3 mg/l. ; (2) that with 3 mg/l. cobalt, there 
was a three-fold increase in the vitamin B,, content of 


P. freudenreichii ; (3) that the optimum period of in- 
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Fig. 1. Influence of cobalt on Propionibacterium freudenreichtt 
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mbation for the growth of bacteria was 48 h; (4) that 

ten & mg/l. cobalt, there was a decrease in the 
and the vitamin content of the organism ; (5) that 

here was no alkali stable B,, activity in the culture. 


fable 1. INFLUENOB OF COBALT ON THE Snows or P. freudenreichii 
INCUBATED AT 30° 


‘Turbidity (Klett 
units) 
Treatment (cobalt 

mg/L.) 24h 48 h* 

0 (Control) 40 42 

1 50 62 

2 62 138 

3 68 168 

4 40 40 

5 38 38 


*The values for the suspensions at the end of 48 h did not appreciably 
differ from those obtained at the end of 72 h, 
Table 2. INFLUENCE OF COBALT ON VITAMIN By ACTIVITY ON 
P. freudenreichii AFTER INCUBATION AT 30°C FOR 48 h 
Vitamin By:® (#g/g 
Treatment (cobalt, mg/l.) Dry weight (mg) on oven dry 
wt. basis) 


0 (Control) 0-0980 600 
1 0-1080 1,000 
2 0:1460 ʻ 

3. 01523 1,800 
4 28 600 
5 00116 596 


* There was no alkali stable vitamin By activity. 


These results thus indicate the possibility of consider- 
ably increasing the vitamin B,, content of the cells of 
5 ichii, by having the optimum cobalt con- 
centration in the medium. 
S. SATHYANARAYANA RAO 
D. R. WASHINGTON 
Environmental Engineering Division, 
Rensselaer Polytechnic Institute, 
Tro 
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Agar Electrophoresis of Colicines with an 
Alcaligenes faecalis Indicator Strain 

Srrarss of Alcaligenes faecalis (unpublished observa- 
tions) previously used? are not inhibited by colicines A-K 
and V from A. faecalis strain N.C.T.C. 8769, which 
is inhibited by colicinogenic strains CA 38, CA 23, CA 42, 
OA 46, CA 57, CA 58, CA 62 and P 14, kindly supplied 
by Prof. P. Fredericq. 

The agar el oresis method used is a modification 
of Chapple’s* procedure and will be described at a later 
date. broth and agar used were the Pr, media of 
Ben-Gurion and Hertman* with the sodium chloride and 
sodium phosphate content reduced by half. The soft top 
layer used contained 0-7 per cent agar. Strain CA 38 
which produces colicines Æ and J was stabbed in the centre 
of a 12-in. square agar plate and incubated for 36 h at 
37° C. The growth was then killed with chloroform vapour 
and a potential of 50 V was applied across the agar for 

16h. The current taken was approximately 130 m.amp. 

Electrophoresis was conducted in a refrigerator to aid 
cooling. The plate was then layered with soft agar con- 
taining A. faecalis strain N.C.T.C, 8769 as indicator and 
incubated overnight. An area of inhibition was found in 
the region of the anode quite unlike published photographs 
of horesis of colicines. This result was perfectly 

r ible. A composite experiment was on 
another plate using indicators N.C.T.C. 8769 and coli ẹ. 


` 
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The latter is sensitive to all known colicines, including Æ,, 
E, and I. Results shown in Fig. 1 reveal an inhibitory 
faction produced by CA 38 for N.C.T.C. 8769 distinct 
from the other colicines registered by coli 9. This in- 
hibitory area was 2-5 cm in diameter and clear with a 
shelving edge. Stab inocula of this clear area always 
produced growth of the indicator strain still sensitive to 
further inhibition. This inhibitory fraction has not been 
obtained in solution. It is inactivated by trypsin and 
also by heating at 75° C for 30 min. 





were 
poteaial of 56 yey errs 
sterilized. were 
containing the indicator strains shown and 
incubated overnight 


killed with 
plate for 16 h in a refrigerator. 


tn Pet ak cat oe 


Work on the other colicinogenic strains mentioned has 
shown that they also produce further distinct inhibitory 
agents the properties of which will be presented in a 
further communication. 

I. J. MARÉ 
J. N. COETZEE 
De bof Microbislogy, H. C. DE KLERK 
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VIROLOGY 


Spread of Groundnut Rosette Virus by Aphis 
craccivora (Koch) 


Tr has been known for many years! that close spacing 
of groundnuts, Arachis hypogaea L., reduces the incidence 
of groundnut rosette in a crop. Storey and Ryland* 
pointed out that there was a reduction in the number of 
rosette virus-infected plants per unit area of land, as well 
as the reduction in percentage infection that would be 
expected with larger plant populations associated with 
close spacing’. Analyses of experiments on groundnut 
spacing’ have confirmed this result, but in a few experi- 
ments there were no significant differences in the numbers 
of infected plants per unit area at harvest***. 

At one time it was suggested that the reduction in 
infections per unit area might be due to the moister eco- 
climate of closer-spaced plants favouring the spread of 
entomophagous fungi among the colonizing Aphis 
craccivora (the vector of rosette virus) and thereby limiting ` 
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pooiadary spread of the virus by apterous aphids. This 
heory was not supported by the evidence that there were 
more infections per unit area in wide spacings even in 
parly counts’. The spacing effect, therefore, must be due 
to some differences in the primary spread by winged 
aphids before secondary spread started. 
-o Data which may throw some light on this phenomenon 
were collected on an observation experiment at Kawanda 
= Research Station, Uganda. This experiment consisted 
of two plots of groundnuts (variety B227—an erect 
variety), one at a spacing of 2 ft. x 1 ft. and the other 
spaced at 2 ft. x 3 in. Weekly counts were made on 
numbers of rosetted plants on each plot and of the aphids 
colonizing a sample of 105 plants (10 per cent of the total 
plant population) in each plot. 

_ In Table 1 are shown the number of infested plants and 
the numbers of alate, apterous and nymph aphids in the 
samples from each plot, together with the numbers of 
rosetted plants. 

- Inall, 37 alate aphids were found on the sample of wide- 
~ spaced plants, whereas only 1 alate was found on the 
_ sample of close-spaced plants. To ascertain what pro- 

:: portion of alates found in he sample from the wide-spacing 

~ plot were produced by overcrowded. colonies, each alate 
“-ywas classified on the size of colony in which it was found 

_ {Table 2). 


Table 













2.. DETAILS OF COUNTS OF ALATES on WIDE-SPACED PLANTS 
i (PLANTS WITH ALATES/SAMPLE OF 105) 








a Weeks after sowing 
SARDE 4-6 7 8 B 18 
E 4 = Alates alone 0 4 3 5 
(2) Alates tas small colony of i 
i 2 4 9 
OER @) tee plu plus large colony of 
ae ap terous and nymphs 3 1 4 


“Table 2 shows that the majority of alates found on wide- 
‘plants were not being produced in overcrowded 
ies. AENT 3) but had recently settled on the 
-plants (categories 1 and 2). In the light of the present 
- knowledge of aphid flight and dispersal’* it is probable 
that most of the recently settled alates had originated 
5 from outside the crop. 
~The counts also showed a difference in the number of 
Be plants which had only small colonies of nymphs, presum- 
__ ably left by alates which had flown away (Table 3). 
t would seem that the closely spaced plants were not 
sited by alates so frequently as the widely spaced ones. 
uld account for the fact that the closely spaced 
have less rosette infections per unit area even near 
ezinning of the season. 
at fewer alate aphids visit closely spaced plants 
g tbe associated with the fact that groundnuts grown 
` under close spacing have a different growth form to those 
grown under wide spacing. Wide-spaced plants are much 
“more spreading than close-spaced plants”. The apical bud 
<° cand young leaves of each shoot are exposed, whereas in 












Table 3. No. OF SMALE COLONIES OF NYMPHS PER SAMPLE 
Weeks after sowing Close spacing. Wide spacing 


4-6 o (0)* i 
2 3 9 

8 1 G8. 15 

9 2 53 12 
10 3 (10-0) 17 


* Glose-spacing plot count adjusted to equal area with wide spacing. 


> # Figures in parentheses are the numbers adjusted to allow for the close-spacing plot being smaller in area than the wide-spacing plot. 


close-spaced plants the buds and young leaves are hidden 
under a canopy of mature leaves. : 
Tt is a well-established fact that the alate forms of many ` 
species of aphids are attracted to the colour yellow?®.. 
Kennedy and Stroyan" and Kennedy"? mention the 
possibility of the alighting response of alate aphids being 
associated with the yellow of young and senescent leaves: 
rather than with the green of mature leaves. Thus wides 
spaced plants which expose more young leaves would be 
more attractive to alate aphids than would close-spaced. 
plants. ; 
This theory could also explain that fact that in a close- 
spaced groundnut crop it is often the plants at the ends 
rows and the edges of gaps (which have the growth form: 
of wide-spaced plants on the sido away from the close 
spacing) that are first infected with rosette virus!» 1, 
Rocer Hur. 
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Protection against the Lethal Effect of 
Lymphocytic Choriomeningitis Virus in Mice 
by Neonatal Thymectomy 


Evipence has recently been summarized! for a hypo- 
thesis stating that the lethal effect of lymphocytic chorio- 
meningitis virus. infection in mice depends on a severe. 
immunological conflict between the rapidly multiplying 
viral parasite and the immune response of the host to this 
foreign antigen. In this light, the lymphocytic response: 
to this virus is seen as a part of the immune response: 
acting to eliminate the virus-infected tissue by a mechan- 
ism comparable with the homograft responso. This hypo- 
thesis integrates the protective effect of x-irradiation. 
amethopterin treatment, the ability of new-born and con- 
genitally infected animals to tolerate the virus by immuno- 
logical tolerance or paralysis, and also the extreme hyper: 
sensitivity to endotoxin developed during the incubation 
period of acute infection by this virus. 

On the basis of recent work concerning the role of the 
thymus and the effects-of thymectomy?, this hypothesis 
would predict that thymectomized mice, by virtue of 
their impaired immune capacity, would be unreactive to 
the lethal effect of lymphocytic choriomeningitis virus 
infection. Thymectomy should not prevent the growth 
of the virus, which would probably proliferate in the 
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animal, giving rise to a state similar to that found in mice 
exhibiting tolerance to lymphocytic choriomeningitis 

virus." A series of brief experiments to test this prediction 
e reported herewith. A total of 18 albino mice, Albany 
rain, less than 24 h old were thymectomized using the 
hnique of Hast‘. Two received a sham operation. A 

group of 5 mice receiving no operative procedure was 
included for virus control although experience indicated 
hat the virus dose used is lethal to mice older than 7 days. 
Twelve of the thymectomized mice plus the 2 sham 
erated ones and the 5 controls received an intracerebral 
ulation (ic.) of 100 LD. M/B, lymphocytic chorio- 
ingitis virus on day 15 (after birth); 6 of the thymec- 
mized animals received no virus, Results shown in 
ble 1 are clear cut. All the control.and sham-operated 
ice died, of typical lymphocytic choriomeningitis disease 
the ninth day post-virus. The 6 thymectomized 
yoculated mice remained well throughout the experi- 
ental period and the twelve thymectomized virus- 
inoculated mice showed only slight ruffling of fur on day 9 
wt-virus. Five of the thymectomized mice which had 

virus were sacrificed on day 10 after virus inocu- 
tion and examined for the presence of thymus tissue; 4 
ore were similarly examined on day 20 and 3 on day 27. 
all cases the thymus was found to have been com- 
pletely removed. On day 20 six thymectomized virus- 
inoculated mice were bled from the orbital sinus and 0-03 
ef each blood was inoculated undiluted ic. into 
adult mice to test for virus. The same test was per- 
med on 3 thymectomized uninoculated mice. While the 
ter bloods had no effect on the test mice, all the bloods 
he thymectomized virus-inoculated animals con- 
mea virus, that is, 80 per cent (24/30) of the test mice 











































. Response OF THYMEOTOMIZED Mice To LYMPHOOYTIC CHORIO- 
MENINGITIS (LOM) Virus Inrecrion 
Inoculation of 100 Viremia 
LD. LCM virus Mortality 20-27 days 
ie. on day 16 poat-virus 
4 
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= > NA, not applicable. 


Neonatal opera- 
. five pri ure 


8/6 
Na* 













eariy 
d by day 6 after ino 
trast to the results obtained in this laboratory by 
imilar inoculation of blood from tolerant mice carrying 
lymphocytic choriomeningitis virus. Such blood tests 
usually cause death in test animals beginning on day 9. 
This time of death is typical for lymphocytic chorio- 
meningitis virus obtained by repeated liver passage, 
yhereas brain-p J virus rarely causes deaths before the 
enth day. Early mortality suggests that the brain 
for these inoculations had maintained or 
nere s ability to kill rapidly during its incubation in 
the thymectomized mouse in contrast to the usual ten- 
dency for the virus to take longer to kill after being in 
rant but immunologically capable animals. 

findings fulfil the prediction that lymphocytic 
riomenin itis virus infection should not be fatal to 
hymectomized mice and in this respect add further 
eight to the immunological conflict theory of lymphocytic 
1oriomeningitis virus pathogenesis in mice. 

‘This investigation was supported (in part) by research 
grant AJ-03846 from the National Institutes of Health, 
US. Public Health Sorvice. 

‘ote added in proof. Since this communication was 
mitted, two others, confirming the protective effect of 
natal thymectomy on subsequent inoculation with 
phocytic choriomeningitis virus, have appeared as 
ows: Rowe, W. P., Black, P. H., and Levey, R. H., 
otective Effect of Neonatal Thymectomy on Mouse 
“Infection”, Proc. Soc. Hap. Biol. Med., 114, 248 
East, J., Parrott, D. M. V., and Seamer, J., ‘The 
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Ability of Mice Thymectomized at Birth to Survive 
Infection with Lymphocytic Choriomeningitis Virna”. 
Virology, 22, 160 (1964). 
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GENETICS 


Genetic Control of the Melanic Form insularia — 
of the Moth Biston betularia (L.) : 

KETTLEWELL! gives the frequencies of the three forms 
carbonaria, insularia and typical of the moth Diston. 
betularia, for many localities in the British Istes. Tn this 
paper he points out that the form insularia is extremely 
variable and has a distribution which would repay more 
intensive study. He also states* that the two melanice 
carbonaria and insularia are controlled by genes at 
separate loci with no evidence of linkage. He bases his 
analysis! of insularia frequency changes during the 
evolution of industrial melanism on this assumption. 
However, the extreme variability of the form indicates 
that it may be controlled in more than one way and 
some recent breeding results* suggest that on OCHARION. 
the form may be controlled by a third allelormorph ab 
the carbonaria locus. 

Matings were set 
insularia more fully. Dr. H. B. D. Kettlewe 
sent us female inswlaria from Oxford (not the s 
had reported on previously*). These insects wor 
in ap ce to that from Cheshire (the progeny o 
originally suggested allelomorphism) and were abo 
way in appearance between the darkest and the Ugh’ 
forms found in collections. The females were mab 
carbonaria males heterozygous for the typical form { > 
5340B, 5516 and 5551, Table 1). The offspring in these 
broods consisted of all three forms in ratios not signi- 
ficantly different from 2 carbonaria to 1 insularia to 1 
typical. A number of these carbonaria were mated to the. 
recessive typical form (Table 1). Only two types of brood « - 
resulted: those segregating for carbonaria and typical end 
those for insularia and 








up to investigate the genetics E 








Table 1. BROODS OF B. betularia SHOWING THB MODE OF Twinmos w 


THE MELANIC FORM instlorig £ ; 
Parental forms Offspring : 
Brood and origin 2 . sede 
Carbonaria  inswarti typleal ; 
$ é g 3 g g ¥ ey 
63878 carb. x ? 19 12 “e ie FE 5 
wild 
53408 insul. x rb, 24 22 WV 18 t 7 
ex 58378 
Keittiewell 
5516 insul. x card. 12 17 9 y i (i 
ex 538378 
Kettiewell ; 
5551 insul. x carb. 18 9 vi 8 t 9 
ex 5837.8 
Kettlewell 
5784 carb. x typical 17 19 25 18 
5616 wild 
5791 typical x carb. WW 12 bi pi 
5340B8 
5792 typical x earb, 11 7 4 à 
53408 
5793 carb. x typical 4 4 $ 
538408 
5794 typical x earb, 47 33 26 
5340B 
5795 typical x le — a ste 
53408 
5796 typical x earb. 19 2% Boe 
5340B 
5797 typical x carb. S ~ one 
53408 
5799 carb. x earb. on & 
5516 

















typical. In no brood did all three 






fully in agreement with the hy robai that carbonaria 

pes insularia are controlled by allelomorphs at the same 

locus and that carbonaria is dominant to insularia and 
-both are dominant to typical. 

"Phere is thus good evidence that at least some of the 
“genes controlling insularia, both from Oxford and from 
Cheshire, are allelomorphic with those determining car- 

-= bonaria. It is, therefore, clearly desirable to investigate 
ineularia, both darker and lighter than those studied in 

the present investigation, to ascertain how many loci are 

‘concerned. If several are found, this will be of consider- 

able importance in investigations into the evolution of 

-industrial melanism in B. betularia. 
os Č. A. CLARKE 
3 ‘Department of Medicine, 

De s P. M. SHEPPARD 

Department of Genetics, 

<01 The University of Liverpool. 

+ Kettlewell, H. B. D., Heredity, 12, 51 (1958). 

* Kettlewell, H. B. D., Heredity, 9, 828 (1955). 

‘Clarke, € A., and Sheppard P. M., Nature, 198, 1278 (1963). 


_ Graft-induced Sex Changes in Cucumis melo L. 


Ey normally monwcious melons (bearing both male and 
female flowers) the occurrence of andromoncecious (mostly 

- staminate with fewer perfect flowers), hermaphroditic (all 
perfect flowers), and even gynomoncecious (mostly pistil- 
late with fewer starninate or perfect flowers) plants have 
| been reported’. The latter type would be of considerable 
-| value- in genetic work. Previous attempts to establish 
- genotypically pure female lines have failed owing to the 

_ difficulty of obtaining pollen for inbreeding. In the 
reeorded work here, it is reported that grafting of a 
gynomoncecious scion to selected andromonecious under- 
stocks will temporarily induce formation of male flowers 
on the gynomoncecious scion. 

Regulation of sex expression in musk-meion plants by 
“various environmental treatments and in plants related 
“to the melon by hormonal treatments*-* has been re- 

_ ported. The plants used in the present studies did not, 

<; however, respond to such treatments. A previous report 
of a graft-induced change in sex expression of hops*, and 

. studies from this laboratory? on the effects of grafting on 
- pollen-style compatibility in Q/nothera, together with the 
recent report of Pringle on a specific male sex inducing 
substance”, suggested grafting as a possible means of in- 
ducing sex changes in melon plants. The graft-induced 
_. formation. of male flowers on a gynomoncecious plant here 
reported could be explained by the diffusion of either a 
<: macromolecular substance or a low molecular weight 

hormone across the graft union. 

-~ Beedlings of Spartan Rock, an andromoncecious variety 
of Cucumis melo L., of Cucurbita pepo L., or rooted clonal 
cuttings of the gynomoneecious musk-melon were used as 
understocks. A cleft graft was made at the twentieth 
ə of the stock by inserting a 5-7 cm long scion from 
gynomoneecious plant in a manner such that the cut 
r the scion could be dipped into a vial containing 
: The graft union was normally established in 2-3 
ka, , after which time. the vial and the cut end of the 
scion could be removed. 

-A gynomoncecious musk-melon plant was found by 
Dr. C. E. Peterson among the F, progeny from a cross 
between moncecious x hermaphroditic plants and was 
multiplied by vegetative propagation. Gynomoncecious 
seedlings for grafting experiments were selected from the 
inbred population of each successive generation. The 
seions were detached from the mother plant and grafted 

to the andromoneecious seedlings of musk-melon or of 
aia The results of such graftings are presented in 
Table 1. Usually three replicate grafts.of each treatment 
were made. One can conclude from Table 1 that grafting 







































a gynomoncecious mu nak corioe scion to sndromonarious : 
of the same ‘Species or of pumpkin greatly in- 
aas the induction of staminate flowers. The induction 
was generally higher in grafts on seedlings of the same 
species and decreased as the homozygosity of the scions: 

increased, levelling off in the F, generation. The absence 
of staminate flowers in the F, and F, of control plants- 
may be explained by the small number of plants observed. 

The reappearance in the F, controls is roughly one- 
twentieth of the calculated value to be expected in an; 
inbred population, assuming bifactorial inheritance’. 


Table 1. 






EFFECT OF GRAFTING ON THE INDUCTION OF STAMINATR FLOWERS | 
IN SELECTED GyNOMONGICIOUS MUSK-MELONS eh 
Generations of inbreeding 

for the eynomencecionn i; 





scion 
Treatment Fy Fy By Py OF; 

1, Ungrafted control Z 
(1) No. of clonal plants 3 I 1 1 RE 
{2) No, of nodes observed 14. 43° 54 76 172. 
(3) Per cent staminate flowers formed OF 05 ü 0 o? 


2, Conirol—grafted to gynomonecious musk- 
(1) No. of clonal plants 





a 
(2) No. of nodes observed &7 48 2o = 
(3). Per cent staminate flowers formed 5 0 0o 
3. Grafted, p andromonæcious musk-melon 
(1) No. "of clonal plants 3 i 
(2) No. of nodes observed 150 65 41 2H 
(3) Per cent staminate flowers formed %31 23 13 ft: 


4. Grafted to emer te pumpkin 


seedling 
(1) No, of clonal plants —  —_ = 2 3 
i No. of nodes observed eee BD TE 
(83) Per cent staminate flowers formed = ~~ oe 5 4 


In addition to the induction of staminate flowers on a- 
previously pistillate scion by means of grafting, the distri- 
bution pattern of the staminate flowers also changes... _ 
This is illustrated by data from four representative plants 
(Table 2). In general, the induction of staminate flowers ._ 
occurs at an earlier node as compared to the spontancous © 
occurrence of male flowers in control plants. 

Table 2. DISTRIBUTION OF STAMINATE FLOWERS FORMED ON REPRESENTA- 
TIVE GYSOMONOECIOUS MUSK-MELON Scions AS A RESPONSE TO UNDERSTOCK 


Sex of flowers formed on main. 
axis after grafting (Node No.) o = 
Pistillate Staminate Pistillate 


‘Treatments 


8 Ungratfted control 1-89 40 41-48 
2) Control—grafted to gynomonecious 
musk-melon 1-37 38 39-48 
(3} Grafted to andromonwcious musk- 
_ melon seedling i 18-33 34-05 
{4} Grafted to andromoncecious ; 
pumpkin seedling 1-10 141-12 18-44 


it is also of interest that the graft-induction of male- 
flowers is a temporary effect, in this respect being similar 
to the graft effects reported for Gnothera’. The induction |. 
effect usually begins and ends with the formation of nodes. 
with hermaphroditic flowers or nodes bearing pistillate _ 
and staminate flowers simultaneously. Cases where the. 
succession of staminate nodes is interrupted by mixed or 
pistillate ones also occur, especially at both ends of an > 
induced portion of the axis. 

This work was supported in part by the Michigan Agri- 
cultural Experiment Station, by the U.S. National Science 
Foundation (G 22069) and the U.S. Public Health Service 
(AM 05916). We thank Dr. C. E. Peterson for providing: 
us with the original F, plants and Dr. R. 8. Bandurski _ 
for his advice. «i 
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ÅLBKSANDER KIVILAAN 
Department of Botany and Plant Pathology, 
Michigan State University. 
East Lansing, Michigan. 
1 poole, C. E., and Grimball, P, C., J. Hered., 30, 21 (1939). 
t Wittwer, S. H., and Bukovac, M. J., Econ. Bot., 12, 213 (1958). 
3 Peterson, C, E., and Anhder, L, D., Science, 181, 1673 (1960). 
1 Galun, E., Genetica, 32, 134 (1961). 
* Galun, E;, Jang, Y., and Lang, A., Nature, 194, 596 (1962). 
t Limberk, J., Čs. Biologie (Praha), 8, 252 (1954). 
? Kivilaan, A., and Chang, C. W., Nature, 197, 1130 (1963). 
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FORTHCOMING EVENTS 


Monday, April [3 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (joint 
aeeting with the BRITISH INSTIITTION OF RADIO ENGINEERS, at Savoy 
lace, London, W.C.2), at 2.30 p.m.—Colloguium on ‘‘Bield-Effcct and 
Kher High-Input-Impedance Devices and their Applications”, 


INSTITUTION OF MECHANICAL ENGINEERS, ATICMATIO CONTROL GRCUP 
at 1 Birdcage Walk, Westminster, London, 8.W.1), at 4 p.m.—Diccussicn 
wn “The Computer in the Design Drawing Office’; 6 p.m.—Discussicn cn 
‘Is Universal Programming for Machine Ecol Centro) Fossible 7” 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, S.W.) 
t 8.15 p.m.—Dr. John D. Nicholaides: “The Earth ficm Outer Space”. 


Tuesday, April 14 


ZOOLOGICAL SOCIETY OF LONDON (at the Zoologica] Gardens, Regent's 
Park, London, N.W.1), at 5 p.m.— Scientific Paz cis. 


INSTITUTION OF ELECTRICAL ENGINEERS, FGWER DIVISION (at Savoy 
lace, London, W.C.2), at 5.30 p.m.—-Mr. L. L. Alston and Mr. S. Zoledziow- 
ki: "Study of the Growth of Discharges on Polluted Insulaticn”; Mr. 
» H. A. Ely and Mr. P. J. Lambeth: ‘Artificial Pollution Test for High- 
oltage Outdoor Insulation”; Dr. B. F. Hampton: ‘“‘klashcver Mechanism 

of Polluted Insulation”. 


INSTITUTION OF ELECTRICAL ENGINEERS, SCIENCE AND GENERAL DIVISION 
(at Savoy Place, London, W.C.2), at 5.80 pm.—Mr. F. W. Yates: “Power 
Generation Using Radioactive Isotopes”. 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 5.30 p.m. 
—Mr. A. Silverleaf: “Model Experiments in Hydrodynamics” (Lceture 
for Sixth Form Boys and Girls frem Schools in London and the Home 
Counties. Further lectures on April 15, 21 and 22.) 


INSTITUTION OF MECHANICAL ENGINEERS, AUTOMOBILE DIVISION (at 
1 Birdcage Walk, Westminster, London, S.W.1), at 6 p.m.—Mr. J. G. 
Dawson, Mr. W. J. Hayward and Mr. P. W. Glamann: “Experiences with 
a Differentially Supercharged Diesel Engine”. 


Wednesday, April 15 


, BRITISH INSTITUTION OF RADIO ENGINEERS (at Birkbeck College, Malet 
| Street, London, W.C.1), at 10,30 a.m.—Symposium_on “The Operation of 
' Electronice Equipment under Conditions of Severe Electrical Interference”. 


| 

| „SOCIETY OF CHEMICAL INDUSTRY, AGRICULTURE GROUP (joint meeting 
with the BRITISK SOCIETY OF SOIL SCIENCE, at the Society of Chemical 
Industry, 14 Belgrave Square, London, S.W.1), at 10.30 a.m.—Meeting on 
“Soil Fertility and Nutrient Turnover’. 


ROYAL SOCIETY OF ARTS (at John Adam Street, Adelphi, London, W.C.2), 
at 2.30 p.m.——Dr. R, C. Sutcliffe, F.R.S.: “Advances in Weather Forecast- 
ng”. 


ROYAL STATISTICAL SOCIETY (at the London School of Hygiene and 
Tropical Medicine, Keppel Street, Gower Street, London, W.C.1), at 5.15 p.m. 
—Dr. M. G. Kendall and Mr. J. Murchland: ‘Statistical Aspects cf the 
E Legality of Gambling”. 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION {at 
Savoy Place, London, W.C.2), at 5.30 p.m.— Dr. E. A. Ash: “A New Method 
of Amplification Using Acoustic Waves”. 


Thursday, April 16 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (at 
Savoy Place, London, W.C.2), at 9.30 a.m.—Colloquium on “The Design 
and Use of Cathode-ray Tubes”. 


ROYAL Society (at Burlington House, Piccadilly, London, W.1), at 
4.380 p.m,—Mr,. G. De Santillana (Massachusetts Institute of Technology): 
“Galileo To-day’ (The Wilkins Lecture). 


INSTITUTION OF MINING AND METALLURGY (at the Geological Society, 
Burlington House, Piccadilly, London, W.1), at 6 p.m.—Mr. D. N. Moir 
and Mr, J, R. Stevens: ‘Studies Relating to the Flotation of Beryl’; Dr. 
J. Furby: “Strain Wave Behaviour In the Percussive Drilling Process”. 


LONDON MATHEMATICAL SocrETY (at the Royal Astronomical Society, 
Burlington House, Piccadilly, London, W.1), at 5 p.m—Dr. I. J. Good: 
“Estimation of Small Probabilities’; Dr. J. M, Fiammersley: “Monte 
Carlo Methods”. 


INSTITUTION OF ELECTRICAL ENGINEERS, SCIENCE AND GENERAL DIVISION 
at Savoy Place, London, W.C.2), at 5.30 p.m.-—Discussion on ‘The Fielden 
port and the Electrical Engineer’ opened by Mr. R. L. Cannell. 


SOCIETY oF CHEMICAL INDUSTRY, ROAD AND BUILDING MATERIALS 
GROUP (at 14 Belgrave Square, London, S.W.1), at 6 p.m.—Annual General 
Meeting, followed by Mr. B. Agard Evans: “Sources of Information Re- 
lating to Road and Building Materials”. 


WOMEN’S ENGINEERING SOCIETY (at Hope House, 45 Great Peter Street, 
Vestninster, London, S.W.1), at 7.15 p.m.—Miss F. O'Kane: “Air Traffic 
‘ontro]”’. 


Thursday, April 16—Friday, April 17 


BIOCHEMICAL SOOIETY (at the Middlesex Hospital Medical School, Cleve- 
land Street, London, W.1), at 2.25 p.m. on Thursday and 10 a.m. on Friday 
— Annual General Meeting. 


Friday, April 17 


INSTITUTION OF MECHANICAL ENGINEERS, EDUCATION AND TRAINING 
GROUP (at 1 Birdcage Walk, Westminster, London, S.W.1), at 6 p.m— 
Discussion Meeting on “What is the Place of Kinematics in Engineering 
Courses To-day ?” 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 9 p.m— 
Dr. D. H. Matthews: “The Floor of the Arabian Sea”. ) uiis 
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Monday, April 20 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVINON (at 
Savoy Place, London, W.C.2), at 5.30 pm.—Mr. P. A. C. Morns: “The 
Amplification of Oblique Incidence Sounding to Long-Distance Communuica- 
tions Problems”. 


INSTITUTION OF HLEOTRICAL ENGINEERS, POWER DIVISION (Joint meeting 
with the SCIENCE AND GENERAL DIVISION, at Savoy Place, London, W.C.2), 
at 5.30 p.m.—Dr. J. E.` Thompson: “Modern Developments in Silicon- 

Ton”, 


SOOIETY OF CHEMICAL INDUSTRY, PESTICIDES GROUP (at 14 Belirave 
Square, London, 8.W.1), at 5.30 p.m.——Dr. Hubert Martin: “The Koly of 
Chemistry in Pest Control”. 


ROYAL GEOGRAPRICAL SOCIETY (at 1 Kensington Gore, London, 8.W.7), 
at 6 pm.—*The Darwin Range and the Beagle Channel” (Colour tilms with 
commentary by Mr. Eric Shipton, C.B.E.). 


PLASTICS INSTITUTE, LONDON SEOTION—-ENGINEERING SUBH-GROUP (at 
“The Ring”, Blackfriars Road, London, S.E.1), at 6.30 p.m Annual 
General Meeting, followed by Mr. G. R. 8. Wilson: ‘Plastics Foam Making 
Machinery”. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or U-fure 
the dates mentioned: ; 

LECTURER or ASSISTANT LECTURER IN INORGANIC CHEMISTRY- The 
Secretary and Registrar, The University, Southampton (April 18). . 

LECTURER (preferably with interests in the theoretical aspects of ece nuie 
geography) IN GEOGRAPHY—The Registrar (Room 22, O.R.B.), The Unive re 
sity, Reading (April 18). 

ASSISTANT LEOTURER or LECTURER (preferably with qualificnticn: snd 
experience in telecommunications) IN THD DEPARTMENT OF ELECTRICAL 
AND CONTROL ENGINEERING—The Secretary, Battersea College of Te. h- 
nology, Battersea Park Road, London, 8.W.11 (April 20). 

DEPUTY CHEMIST AND BACTERIOLOGIST (male or female, with a dezree 
or A.R.LC.), for a waterworks laboratory at Bedford—The Envincer und 
Manager, North Bedfordshire Water Board, 36 Mill Street, Bedford (Apri) <u), 

LECTURER IN ORGANIC CHEMISTRY; a LECTURER IN MINING MEOH- 
ANICAL ENGINEERING; an ASSISTANT LECTURER (Grade B) tn PHY>H 3; 
and an ASSISTANT LECTURER (Grade B) IN PRODUCTION EXGINEERING~- 
The Principal, Nottingham and District Technical College, Burton Sint, 
Nottingham (April 20). 

LECTURER IN THE DEPARTMENT OF METALLURGY—The Registrar, The 
University, Liverpool (April 20). 

LECTURER or ASSISTANT LECTGRER IN PURE MATHEMATICS ~ Jhe Secre- 
tary ana Registrar, The University, Southampton (April 20). 

LECTURER or ASSISTANT LECTURER (preferably with an interest in bow 
temperature or solid state physics) IN PHysics—The Registrar, The Unis -r- 
sity cf East Anglia, Earlham Hall, Norwich. Nor. 05G (April 20). 

JUNIOR FELLOW (recent graduate) IN THE DEPARTMENT OF VETERINARY 
MEDICINE, Langford, to undertake responsibilities with regard to rout ne 
clinical and clinical pathology duties— The Registrar and Secretary, ‘he 
University, Bristol (April 24). 

ASSISTANT LECTURER or LECTURER IN PHYSICAL CHEMIsTRY ~The 
Secretary, The Royal College of Science and Technology, George street, 
Glasgow, C.1 (April 25). 

ASSISTANT LECTURERS (2) IN PATHOLOGY at Queen’s College, Pund: >— 
The Secretary, University of St. Andrews, Queen’s College, Dundee (Apri} 25). 

CHAIR OF MECHANICAL ENGINEERING—The Registrar, University College 
of Swansea, Singleton Park, Swansea (April 25). 

LECTURER IN INDUSTRIAL MEDICINE—The Secretary of the Univer. ity 
Court, The University, Glasgow (April 25), 

LECTURER or ASSISTANT LECTURER n & good hunours degres end 
preferably ene in polymer physics) IN THE DEPARTMENT OF POLYMER 
AND FIBRE SciencE—The Registrar, Manchester College of Science ond 
Technology, Sackville Street, Manchester 1 (April 25). 

Post-DOOTORAL FELLOW (spectroscopist, physicist or physical chem! .t) 
IN THE DEPARTMENT OF CHEMISTRY, to co-operate with Dr. A. J. Hyde on 
the determination of molecular space-time correlation functions in hgud 
using scattering from laser beams—Dr. A. J. Hyde, Department of Ch: m- 
istry, The Eoyal College of Science and Technology, George Streut, Glaccuw, 

„1 (Apri s 

ASSISTANT LECTURERS or LECTURERS (2) IN THE DEPARTMENT OP Pi RB 
MATHEMATICS AND STATISTICS-«-The Registrar, University Collene of Sooth 
Wales and Monmouthshire, Cardiff (April 26). 

ASSISTANT LECTURER (with special reference to social phiksopliv or to 
the philosophical aspects of the social sciences) IN Pui.osorii\- The 
Teen Registrar (Arts and Law), The University, Birminzhass 15 

pr. . 

LECTURER or ASSISTANT LECTURER IN ZOOLOGY—The Registrar, Univer- 
sity College of North Wales, Bangor, North Wales (April 27). 

CHAIR OF THERMODYNAMICS AND FLUID MECHANICS—The Secretary, 
The Queen’s University of Belfast, Belfast, Northern Ireland (Apr.l 80), 

LECTURER or ASSISTANT LECTURER IN BIOCHEMISTRY: and a LECTUNER 
IN PHARMACOLOGY at the University of Singapore—The Secretary, Iuter- 
University Council for Higher Education Overseas, 33 Bedford Place, 
London, W.C.1 (April 30). 

LECTGRER or ASSISTANT LECTURER IN THE DEPARTMENT OF PURE MATHE- 
Matics—The Registrar, University College of North Wales, Bangor, North 
Wales (April 30). 

LECTURER (preferably with an interest in comparative and/or phyelo- 
logical peychology) IN PsycHOLOGY—The Registrar and Secretary, Uun er- 
sity of Durham, Old Shire Hall, Durham (April 30). 

SENIOR LECTURER or LECTURER IN CHEMICAL PATHOLOGY—The Regis- 
trar, The University, Sheffield (May 2). 

ASSISTANT LECTURER (with special qualifications in crop production nnd 
an interest in statistics or mathematics) IN AGRICUIATRE—The Registr 
(Room 22, O.R.B.), The University, Reading (May 4). 

CHAIR OF EDUCATIONAL PSYCHOLOGY at the Institution of Edueation— 
The Academic Registrar, University of London, Senate House, London, 
W.C.1 (May 5). 

READER IN INMUNOLOGY at the London Hospital Medical Colleye— Tho 
annie Registrar, University of London, Senate House, London, W C1 

ay 5). 

CHAIR OF EDUCATIONAL PSYCHOLOGY at the Institute of Educaticu- The 
demie Registrar, University of London, Senate House, London, W.C, 

y 6). 
_ BOWMAN CHAIR OF PHYSIOLOGY—The Registrar, The University. thrm- 
ingham 15 (May 9). 
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LECTURER or ASSISTANT LECTURER IN ANIMAL PHYSIOLOGY; and & 
LEOTURER Or ASSISTANT LECTURER IN BIOCHEMISTRY in the Faculty of 
Agriculture, Makerere University College, Uganda—The Secretary, Inter- 
University Council for Higher Education Overseas, 38 Bedford Place, 
London, W.C.1 (May 10). 

READER IN PSYCHOLOGY at Birkbeck College—The Academic Registrar, 
University of London, Senate House, London, W.C.1 (May 11). 

READER IN PuHysloaL CHEMISTRY at Queen Elizabeth College—The 
a Registrar, University of London, Senate House, London, W.C.1 

y 18). 

LECTURER (preferably climatologist) IN THE DEPARTMENT OF GEO- 
GRAPHY, University of Tasmania—The Secretary, Association of Common- 
wealth Universities (Branch Office), Marlborough House, Pall Mall, London, 
8.W.1 (Australia, May 18). 

LECTURER (with a registrable medical qualification) IN THE DEPARTMENT 
OF ANATOMY, University of Ibadan, Nigeria—Tho Secretary, Senate Com- 
mittee on Colleges Overseas in Special Relation, University of London, 
Senate House, London, W.C.1 (May 18). 7 

CHAIR OF VETERINARY PHYSIOLOGY at the University of Melbcurne— 
The Registrar, University of Melbourne, Parkville, N.2, Victoria, Australia; 
or The Secretary, Association of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London, 8.W.1 (Australia, May 31). 

ASSISTANT LECTURER (with a degree in chemistry, agricultural chemistry 
or agriculture with a strong interest in chemistry) IN AGRICULTURAL 
CHEMISTRY—The Principal, Seale-Hayne Agricultural College, Newton 
Abbot, Devon. 

ASSISTANT or ASSISTANT LECTURER (with special interests in inorganic 
chemistry) IN THE DEPARTMENT OP CHEMISTRY-—Head of the Department 
o pomis ry, University College, Upper Merrion Street, Dublin 2, Republic 
of Ireland. 

BiocHEMIstT (graduate), for research on nucleic acid and protein synthesis 
in cerebral tissues—The Secretary, Institute of Psychiatry, The Maudsley 
Hospital, Denmark Hill, London, 8.4.5. 

Esso RESEARCH FELLOW (with a good honours chemistry depite of a 
United Kingdom university, and some academie or industrial postgraduate 
experience) FOR POLYMER ResHarcu—Dr. G. N. Welding, Reader in Poly- 
mer Science, Ref. (N), National College of Rubber Technology, Holloway 

ad, London, N.7. z 

GRADUATE BIOCHEMIST, to take charge of the Medical Ward Laboratory 
—The House Governor, The London Hospital, Whitechapel, London, B,1. 

LECTURER IN PLANT PHYRIOLOGY—Head, Department of Biology and 
Botany, University of British Columbia, Vancouver 8, Canada. 

LECTURER (with good academic qualifications and preferably previous 
experience of teaching, research or industry) IN MATHEMATIC8—The Aca- 
demic Registrar, Loughborough College of Technology, Loughborough, 
Leicestershire, quoting Ref. 4/G. 

MASTER TO TEACH PHysics at all levels, including the Sixth Form— 
The Headmaster, The Crypt School, Gloucester. 

SCIENTIFIC OFFICER or SENIOR SOIENTIFIO OFFICER (honours graduate 
in science or agricultural sclence with training in pysiolo ) IN THE FEED- 
ING AND METABOLISM DEPARTMENT, to work on the autrition of ruminants, 
including the factor affecting the voluntary intake of food by cattle—The 
Secretary, National Institute for Research in Dairying (University of 
Reading), Shinfield, Reading, Berks, quoting Ref. 64/N/11. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Proceedings of the Royal Irish Academy. Vol. 63, Section A, No. 2: 
Observations on the Heterogeneity of Condensation Nuclei. By P. J. Noland 
and J, A. Scott. Pp. 35-47. 33. 6d. Vol. 63, Section B, No. 1: Food of 
Perch (Perea fluviatilis, L.) and Trout (Salmo trutta, L.) in an Irish Reservoir. 
By Christopher Moriarty. Pp. 1-32. 4s. Vol. 63, Section B, No. 2: The 
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FUTURE OF TRANSPORT IN BRITAIN 


HEN the Buchanan Report* was published, the 
Minister of Transport, Mr. E. Marples, announced 
that the Government accepted its basic approach. 
However, it was not until February 10 that the House 
of Commons debated a Government motion asking the 
House to welcome the Government’s acceptance of the 
need for a balance to be struck between the growth of 
traffic and the quality of urban life, and to accept that 
the modernizing and reshaping of Britain’s towns should 
proceed within the framowork of the main planning 
concepts embodied in the Report. Inthe House of Lords, 
the Report was first.discussed on February 26 on a motion 
of Lord Morrison of Lambeth dirocting attention to the 
problems of transport within Britain. Regional develop- 
ment had, however, been discussed in a debate in the 
House of Commons on December 3, but without reference 
to the Buchanan Report from the Government side. In 
replying for the Government on February 10, the Minister 
of Housing and Local Government, Sir Keith Joseph, 
seemed inclined to suggest that the striking of a balance 
between traffic and urban life was a matter for local 
government rather than a regional authority or a national 
plan. , 
If this is pushed too far, then the Government has 
manifestly not accepted the Buchanan approach after 
all. Sir Keith’s reply was not sufficiently clear on this, 
for while he insisted that decisions must lie largely in the 
hands of the citizens of each town concerned, he also 
emphasized that the decisions must take account also of 
regional needs and be guided by the ideas of the Buchanan 
Report. He failed to indicate the extent to which the 
Government was prepared to assist with finance and 
ignored the argument of the Crowther Report for regional 
development agencies. Probably the most constructive 
passage of this Government reply was Sir Keith’s indica- 
tion of the extent to which the Gevernment was already 
seeking to investigate the outstanding problems indicated 
by the Buchanan Report as calling for further research. 
Sir Keith pointed out that while transport surveys and 
the preparation of road network plans were being prepared 
for traffic, Britain could simultaneously carry out the re- 
search and the legislative preparation in the human, 
administrative, technical, legal and financial fields in-. 
volved in what he termad ‘twilight area’ renowal. Rosearch 
on both pilot studies and policy techniques was proceeding 
simultaneously under the Joint Urban Planning Group, 
which served the Ministry of Transport, the Scottish 
Dovelopment Department and the Ministry of Housing and 
Local Government. Together the Departments wero 
developing a joint approach in dealing with the impact of 
traffic on towns. Local authorities were proceeding with 
town centre development, and as each town overtook its 
housing shortage and finished its slum clearanco it could 
turn to road networks and the twilight arcas. Designs for 
the future development of town centres would be expoctod 
to be planned intelligently for the Buchanan age. The 
Government accepted the need to overhaul the existing 
system of planning and highway grants and, as for costs, 


* Traffic in Towns: a Study of the Long Term Problems of Trafic in Urban 
Areas. Report of the Steering Group and Working Group appointed by the 
Minister of Transport. Pp. xiv+224. (London: H.M.S.0., 1963.) ` 508.” 
(See also Nature, 200, 1059; 1964.) 


Britain must renew her towns anyway. He referred to 
the shortage of planning and engineering staff, and to the 
need of local authorities for such staff. 

Sir Keith Joseph’s speech makes it clear onough that 
the Government recognizes the wide implications of the 
transport situation ; however, the debate scarcely indicated 
that the Government has appreciated how far beyond the 
question of traffic in towns the problem extends. and 
that it has as yet recognized the full oxtent of the 
powers which will be required. Mr. Marples said at tho 
outset that it was a matter of design for living in the 
fourth quarter of this century and of coming to terms 
with the motor-car without letting it destroy our way of 
life or eliminating amenities. Others, too, in the debate 
recognized that it was a question of civilized living. and 
Mr. P. Noel-Baker in this connexion rightly referred to 
the railway as a more civilized method of travel. 

Mr. Marples committed the Government vory clearly 
to several important principles. While in tho smaller 
towns good environment could, at a cost, be reconciled 
with maximum. use of cars, in the large towns and cities 
this was impossible. The situation could not be met by 
spending more and more on extending and improving 
roads and parking places and spreading out the cities: a 
balance must be struck between the needs of traffic and 
the other needs of urban life. Referring to the two basic 
planning concepts of the Buchanan Report—--u primary 
road network to receive and distribute traffic, and environ- 
mental areas, commercial, industrial, civic or residential, 
where quality of environment took precedence —Mr. 
Marples pointed out that to plan the two areas us a whole 
choices had to be made, based on factual information, 
and the right use must be made of land. ‘ 

It seems to be implicit rather than explicit in these 
Buchanan principles that the design of the environmental 
areas should be such that people would neither desire 
nor need to teke their cars into many areas, and at this 
point much more fundamental enquiry and imaguiarive 
thinking are necessary. Mr. Marples himself referred 
to the vital role of public transport and to the design of 
buses to meet public needs much more effectivuly: this 
bears on the closure of railway lines, as well as on the 
modernization of ports, but it was left to other speakers 
to,refer to the waterways and to the implications of the 
Channel tunnel. Generally, too, there was lacking the 
sense of urgency with which Buchanan concluded his 
opening chapter. On this point and on tho conviction 
of the Crowther Committee that no existing agency was 
competent to carry out the executive functions demanded, 
Mr. G. R. Strauss’s criticism was valid. 

Generally, there was much sound criticism in the 
debate, not so much of the Buchanan Report or Govern- 
ment policy, as of shortcomings in existing transport 
facilities, for example, the neglect of the usor and what. 
has sometimes seemed a deliberato effort on the prrt of 
both railway and bus services to discourage use by making 
the services as -inconvenient and inefficient as possible. 
Over large areas it is now difficult to judgo the public 
support which efficient and well-planned and woll-designed 
services would attract. It is not easy to put uncivilized 
policy into sudden reverse, and it has to be remembered, 
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as Mr. W. T. Rodgers pointed out, that the present 
situation was forecast, not simply six years ago by Prof. 
Buchanan in his book Mixed Blessing: the Motor in 
Britain, but so long ago as 1940 in the Barlow Report. 
Mr. G. Wilson argued cogently on the same lines for more 
attention te the possibility of expanding public trans- 
port; in the general conclusions of his Report, Prof. 
Buchanan observes that, given a different financial policy, 
travel by public transport could be made relatively 
cheap, and this might prove to be the key to the problem 
in the long-term. 

That, of course, is related to the question whether 
towns can be so designed as to offer little inducement to 
the private owner to take his car into commercial or 
industrial or other particular areas. However, it depends 
also on decisions and policies which are primarily the 
responsibility of the central government, which must be 
taken at national and not regional, still less local, level, 
for all the undoubted importance of associating local 
interest and support with the planning and execution of 
developments. In opening the debate on problems of 
transport in the House of Lords, Lord Morrison was 
sceptical as to the value of the Report of the Crowther 
Steering Group. His major criticism of the Buchanan 
Report as a whole was the absence of any estimate of the 
financial costs of imaginative schemes of the type proposed. 
He admitted that the purchase of land for public purposes 
constituted one of the biggest obstacles to good town 
planning and to implementing the Report, and he thought 
that the Report had rendered a public service by directing 
attention to the need to consider the cost of surrounding 
redevelopment as eligible for grant and not merely that 
of the actual highway, bridge or underpass. Nevertheless, 
Lord Morrison insisted that Britain still lacked an adequate 
enquiry into its transport system as a whole, and this was 
ossential before sound decisions could be taken on the 
Beeching proposals for closing railway lines. 

Much of this was accepted by Lord Chesham, who 
followed. Putting national expenditure on transport at 
about £5,000 million in 1962, of which some £3,000 million 
was business expenditure, he referred to the various 
enquiries still in progress before defining the Govern- 
ment’s policy. This aimed first at developing a com- 
prehensive, modernized transport system with each 
element able to exploit technological advances to the full: 
this was a matter of investment control. Secondly, each 
element should play its proper part in the overall system. 
Thirdly, proper and economic co-ordination should be 
aimed at, allowing the user freedom of choice in the 
interests of his own officiency, and the operator freedom 
to provide that efficiency where he was best able to do so. 
Fourthly, and most important, the aim must be to serve 
the needs of the nation efficiently in helping to achieve 
and maintain prosperity. 

Expenditure on roads this year would be £125 million 
and by 1968-69 would reach £200 million a year. This 
expenditure would concentrate first on completing the 
1,000 miles of motorway by the early 1970’s, but the 
improvement of trunk roads would be complementary. 
There would be increasing emphasis on improvement work 
in towns: of this year’s road programme £50 millions 
worth went into the towns, a figure which would increase 
to £140 millions by 1970. Capital investment in railways 
this year was £110 million and 1963 had seen a reduction 
of £17 million in the railway operating deficit, but Lord 
Chesham avoided the issue about heavy traffic being 
transported by rail instead of road, and on traffic in towns 


NATURE 


April 18, 1964 vor. 202 


admitted the need for more knowledge om the transport 
requirements of different land users, of differont levels of 
car ownership and of different income levels, and said it 
was to provide this knowledge that precedence was being 
given to transport surveys. 

Later in the debate Lord Hughes returned to the point 
concerning the absence of any information on the cost of 
the alternatives when railways are closed: this could make 
nonsense of the claims for £800,000 a year saving from the 
closures announced as approved by the Minister of Trans- 
port on March 3. Lord Henley also insisted that the 
towns could not take the traffic withcut radical replanning, 
and urged the Government to face the issues of public 
ownership and control and not to separate the issues of 
land use and traffic planning. He was not at all disturbed 
at the estimate he quoted of £18,000 million as the total 
cost of the Buchanan proposals when this was set in the 
light of such figures as the present cost of £500 million a 
year through accidents and the slowing up of traffic. 
The crux of the matter, he thought, lay in the fact that 
motor transport in general was not paying its fair share 
of the costs. Road systems, he urged, should be much 
more part of the economic strategy of the country; he 
also thought that some subsidizing of public transport 
was inevitable if Britain were to achieve her objectives, 
as was also adoption of regional agencies such as the 
Crowther Steering Group suggested. 

Lord Stonham, who strongly urged consideration of the 
transport problems as a whole, as recommended by Prof. 
Buchanan, also referred to the question of cost. Particu- 
larly, he referred to the social costs which had to be set 
against any financial advantage which the closing of 
railway services might appear to offer, or the road damage 
caused by heavy lorries, for which the users of the lorries 
did not pay. He, too, stressed the contribution which 
British waterways could make to the transport system, 
especially in relieving congestion. 

A major difficulty is, as the Bishop of Norwich observed 
and Prof. Buchanan stated, that sane judgments of value 
are inescapable in satisfactory planning. It is in reaching 
such judgments that we are most handicapped by our lack 
of knowledge of the costs of so many of the factors such as 
cost of fuel, wear and tear on the road and vehicle, man- 
hours lost in traffic blocks, damage to health through noise 
and fumes, spoliation of the countryside, casualities and 
destruction of agricultural land. In stressing this point, 
Viscount Massereene and Ferrard made much the same 
point about rail travel being more civilized as Mr. Noel- 
Baker did in the Commons, and he too referred to the 
necessity of transposing more traffic to the waterways— 
a matter in which Britain is lagging behind the rost of 
Europe. | 

There were references by other speakers to the social 
costs and industrial as well as social inefficiency which 
could result from some of the proposed rail closures. In 
general, the whole debate demonstrated that the only sane 
and effective policy was to look at all forms of transport 
and to treat them as a whole. In replying on the debate 
for the Government, Viscount Blakenham sought to show 
that the Government was attemping to do just this and 
that it was awaiting the further surveys to which Sir 
Keith Joseph had referred in the House of Commons on 
February 19, but he could add very little to what Mr. 
Marples or Sir Keith Joseph had said in that debate, 
Although he referred in more detail to the railway closures, 
recognizing that in urban areas these represented a special 
problem, he did not enter into the question of costs, even 
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social costs, and his assurance that the Government would 


look carefully into all aspects of closures before they were ` 


approved amounted to very little. 

The Buchanan Report again figured largely in a debate 
on urban development in the House of Lords on March 4, 
which was opened by Lord Silkin. While the emphasis 
in this debate was mainly on the necessity for a national 
survey of all aspects of development with a series of 
development plans for different areas or regions based 
on what was considered as the most satisfactory form of 
future development for each region, much ground was 
common with the debate on February 26. Lord Silkin 
made the valid criticism that the Buchanan Report had 
seriously underrated the potentialities of such inventions 
as the hovercraft, the helicopter, the monorail and the 
transport of goods by pipeline; certainly these and other 
developments could have a decisive influence on the shape 
and design of cities and the extent to which citizens 
desired private transport by motor-car rather than 
efficient public transport. Emphasis was again placed on 
the question of land values; and Lord Molson, while critical 
of Lord Silkin’s suggestion that redevelopment should be 
the responsibility of a single department, regarded the 
creation of a Joint Urban Planning Group as a most 
promising initiative and one the Government should push 
with great energy. On the whole the most satisfactory 
feature of the debate was the much more convincing reply 
given by Lord Hastings for the Government. 
paying tribute to the work of the Crowther Steoring 
‘Group he insisted that the Government accept the need 
for a national policy dealing with location of industry 
and population from which would flow, as the Steering 
Group pointed out, policies for roads, ports, air facilities, 
etc., which provided the essential basis for regional 
plenning. The studies already published for the North- 
East and for Central Scotland (see Nature, 201, 747; 1964) 
would be followed by others: these regional developments 
were being assisted by regional organizations staffed by 
senior officials of the main Govornment departments 
concerned working closely with local authorities and with 
commercial and industrial interests. 

Lord Hastings argued that this was a more efficient 
method of dealing with the situation than the regional 
development agencies proposed in the Buchanan Report. 
It was more likely to ensure the co-operation of the local 
authorities and to secure the most effective use of the 
limited number of staff qualified in town planning, engin- 
eering architecture and traffic planning. He also claimed 
that all the subjects on which further research was recom- 
mended in the Buchanan Report were already receiving 
attention or would be shortly. Specifically, Lord Hastings 
mentioned renewal design studies which were to be carried 
out in residential areas in conjunction with selected local 
authorities, and the ‘twilight area’ studies which were 
being carried out by private developers, in co-operation 
with local authorities, under the ægis of the Joint Urban 
Planning Group, one of which, for Fulham, had already 
been published. The subjects suggested in the Buchanan 
Report were: the physical form of urban areas making for 
minimum or most efficient movement, with particular 
reference to size, density, distribution of land uses and 
changing social habit; the quantitative relations between 


land uses, activities and traffic generation, methods of pre- > 


dicting movement demands, and the allocation of demands 
between transport systems; networks, including theoreti- 
cal patterns, capacity and methods of arriving at practical 
patterns; environmental standards and management; 
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comprehensive development, including problems of 
finance, organization, execution, design and building and 
constructional techniques for large-scale operations; cost- 
benofit analysis and its application to see where the public 
advantage really lies; the continuing study of ways and 
means of moving people and goods around in urban areas. 

Clearly, the intelligent pursuit of such studies would 
remove the basis from Lord Silkin’s criticism of the Report, 
and Lord Hastings claimed that in research the Govern- 
ment was giving a lead. The all-important problem of 
environmental standards and environmental management 
as a technique was to be further studied in detail by Prof. 
Buchanan with the support of the Nuffield Foundation. 
What appears to be lacking so far, however, is not simply 
just a question of real appreciation of the force of the 
Crowther Group’s main conclusion that, if Britain’s 
cities are to be- saved from strangulation, a new executive 
agency of some sort will have to be created. No Minister 
has yet given an entirely satisfactory answer to the 
Crowther Group’s conviction that the task cannot be done 
by any existing agency or by any joint body formed from 
existing agencies. Nor indeed is any answer likely to be 
convincing which does not show exactly how the organiza- 
tion proposed by the Government will make uso of the 
new techniques that electronic computers and operational 
research, for example, have now made available for hand- 
ling the complicated issues that arise in urban dovelop- 
ment and transport. 

Such methods could bring about a transformation of 
the planning of the fabric of social life and resolve com- 
paratively rapidly issues previously considered intract- 
able. There is, as yet, little sign that the Government 
appreciates how in this way the piecemeal plenning of the 
past could be replaced by methods which would enable 
the locations of roads and other transport services to 
serve most effectively the present or future needs of 
industry, social services and town and countryside goner- 
ally. There is yet a third issue which the Government has 
still to face. On many issues it is manifestly seeking to 
acquire the essential facts as a basis for decisions, but it is 
no less obvious that it is as reluctant as the Opposition 
to face the issue of local government reform. Admittedly, 
however, the two enquiries into the management of local 
government and into the staffing of local government 
which Sir Keith Joseph announced in the House of Com- 
mons on March 3 could help in one aspect. They are no 
substitutes for resolute action on the question of resources 
and areas. While the decision to establish an office of the 
Ministry of Housing and Local Government in the North- 
west to enable that region to cope at close range with its 
urgent problems of housing, planning and urban renowal 
is a step in the right direction, the rejection of the recom- 
mendations of the Welsh Local Government Commission 
is another matter. 

On the face of it, the rejection implies surrender to 
Welsh parochialism in face of the urgent need, which Sir 
Keith Joseph himself admitted, of reorganization of local 
government in Wales. It is difficult to look forward with 
any confidence to the recommendations which the Ministry 
must now make itself. The only remaining hope would 
seem to be possibly in the proposal for a single elected 
regional Council for Wales, which would go far towards 
the type of authority desiderated by the Crowther Group. 

The other outstanding weakness in the Government’s 
present position is its failure in recognizing that urban 
development and the needs and preservation of the 
countryside are interlocked. Traffic in towns originates 
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in and passes through the countrysido, leaving its marks 
and raising its problems where the countryside is not 
destroyed and the landscape marred. Cortain pending 
developments such as a Channel link represont threats 
of grave’ magnitude, and if only from the point of 
view of minimizing danger to the countryside it is 
imperative to make the maximum use of existing water- 
ways and to plan road sorvices and rail servicos side by 
side. It is not only in towns that radical chango in the 
design and oporation of bus sorvices is essontial if they are 
to provido a roasonablu substitute for rail services. 
Services planned without regard to local needs and condi- 
tions and to traffic connexions, fares that ignore the posi- 
tion of the pensioner, the infirm and elderly, are unlikely 
to attract support. In the countryside espocially the 
imaginative planning of dual-purpose transport could 
offer exciting possibilities. As it is, data dorived from 
` traffic policies designed to discourage use, whether of rail 
or road facilities, and inefficiently operated will remain 
suspect to the general public. Policies directed towards 
real efficiency and providing the type of service needed 
could well bring a response which would falsify much 
of the Beeching Report. 

Nor is this the only indictment that can be brought 
against the present position. Quietly, but even more 
effectively for that, the Civic Trust’s report on its 1963 
triennial awards for outstanding contributions to the 
urban scene comments on the way in which much of the 
character of new building lacks the strength and charac- 
ter of the outworn buildings that are being replaced. 
We lack sensitivity to the neighbourhood or environment, 
sometimes even to the purpose which the buildings are 
to serve. There is sound sense in the proposal of the 
Royal Institute of British Architects for a new research 
council to promote research into all aspects of what it 
terms “the built environment”, covering the use of land, 
building, transport and town planning. The suggested 
annual expenditure of £5 million is small enough against 
an expenditure now contemplated of more than £3,000 
million a year on new construction, repairs and upkeep. 
The proposal for a research council found some support 
at a recent conference of the Town Planning Institute, 
but where the Government’s committee method met some 
severe criticism from Prof. Buchanan, Prof. W. J. M. 
Mackenzie and others. 

Much more research is essential if Britain is to be 
modernized during the next two or three decades on the 
right lines; but perhaps what is most’ needed here is a 
series of large pilot projects in comprehensive develop- 
ment schemes. These should be run by the Ministries of 
Housing and Local Government and of Transport, with 
adequate support from the Treasury. Although the 
Government’s attitude, as disclosed in these debatos, 
was scarcely favourable, such projects should not only 
help to keep the work of the proposed rescarch council 
on a sound basis but should also enable local authorities 
and other agencies to make speedier and soundor progress 
with their own schemes. Measures of this typo could do 
much to redress the doficiencies in the Beeching Report, 
more especially where they are due to the narrow approach 
dictated by Dr. Beeching’s terms of reference. They 
would provide much of the information that is as cssontial 
as a basis for wise, not to say socially economic, decisions 
on closures, as in the design and planning of roads and 
road services for both town and countryside. It was, 
therefore, all the more encouraging to find that Sir 
Keith Joseph should write in a foreword to the papers 
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presented at the conference of the Town Planning Institute 
noted here that it was vital that the wotk of the town 
planning profossion should be based on a well-con- 
sidered and continuing programme of research in the 
field of urban development. 

$ 


 PALÆOCLIMATOLOGY 


Climates of the Past . 

An Introduction to Paleoclimatology. By Prof. Martin 
Schwarzbach. Translated and edited by Richard O. 
Muir. (The University Series in Geology.) Pp. xii+328. 
(London: D. Van Nostrand Company, Ltd.; Princeton, 
N.J.: D. Van Nostrand Company, Inc., 1963.) 638. 


HIS second revised edition is somewhat longer than 

the original and has more illustrations including 
some good photographs. The general plan is very little 
changed, and some sections appear to have survived 
unscathed in spite of recent publishing activity on these 
topics. It is most useful, however, to have a satisfactory 
translation of this work which was first produced several 
years before the present revival of interest in- paleo- 
climates. The printing, which is on art paper, is dis- 
appointing in the type-face selected (Bodoni) and in the 
heavy use of bold for some headings and in parts of tables 
in the text. The literary quotations at chapter headings 
are mildly disturbing even if only taken as an indication 
of the author’s humorous intentions. 

The book is divided into two main parts on general 
description of criteria and on historical record, followed 
by a third shorter part on hypotheses or “Genetic Palæo- 
climatology”. 

The first part is logically organized with history of the 
subject, the present climate, and method. of reconstruction 
of past climates very briefly covered. These are followed 

iby four chapters on hot, cold, arid and humid climates. 
respectively, with as much space devoted to the second as 
to the other three together. There is a tendency through- 
out to dwell on glacial phenomena which are relatively 
easily recognized even if some tillites are disputed; some 
of the criteria thus mentioned can have very little geologi- 
cal application, and they are presented more or less in 
the form of an extended card-index with little cohesion 
or criticism. The author does not attempt any explana- 
tory or critical account of recent work on red beds, or 
limestones and evaporites. He says very little about 
invertebrate animals, and he regards (p. 31) the coral 
growth work of Ma as “resting on very insecure founda- 
tions”; this last is a curious judgment, as it is the develop- 
ment rather than the idea which could be faulted in this 
ease. With fossil plants the sources are not very up to 
date (World Distribution Map of Permian Floras), and 
the statement (p. 88) that Carboniferous plarits “were 
still insufficiently advanced to be able to react to seasonal 
variations by the development of growth-rings of varying 
thickness” is astoundingly all his own (or almost). 

The record in the historical section is, of course, uneven, 
but here the ‘catalogue’ approach is more appropriate, as 
assessment of the evidence is probably out of the question. 
Eocambrian tillites are covered much more fully than in 
the first edition, and the information is usefully tabulated. 
The author has taken steps to remedy his original omission 
of reference to Russian work; but, as he says himself in 
the preface, the task is not complete. For the Upper 
Paleozoic many of the data quoted are from familiar 
southern-hemisphere sources, but it includes the very 
recent finding of tillite, long required by theorists, in 
Antarctica. Schwarzbach in effect rejects L. C. King’s 
hypothesis of migration of climatic belts, which he should 
do on the evidence so far presented by King; the whole 
chapter, however, lacks conviction. Some interesting 
points are recorded from the sparse Mesozoic literature, 
and the marine paleotemperature work is reviewed in 
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general. Thegnorthern hemisphere Tertiary and Quater- 
nary, Particularly the latter, are more fully covered. 
Chapter 20 summarizes the ‘“‘Harth’s Climatic History” 


as “alternations of cold and warm phases” which is some-: 


. what uninformative without any further subdivisions. 
This and the succeeding chapter on “Climate and Organic 
Evolution” are too short to be at all effective. 

The third part of the book, on hypotheses, is also short. 
The author coneludes that: “Major Ice Ages occurred in 
times of strong relief”, and that volcanic activity has had 
little effect; he discusses briefly carbon dioxide balance 
in the atmosphere. Polar wandering, continental drift 
and paleomagnetism are dealt with in five pages, and are 
followed by eight pages on radiation curves. An “At- 
tempted synthesis” concludes “that varying solar radia- 
tion and changing geography influenced climatic develop- 
ment simultaneously”. <A final page on “Future Climatic 
Development” is gallant, and should perhaps be read 
first. 

The thirty-five pages of bibliography are arranged 
alphabetically, but perhaps this is the most helpful classifi- 
cation in this case; it is a pity that the author favours his 
own private abbreviation system for journal titles. 
There-are separate subject and author indexes, and a 
Fahrenheit/Celsius conversion table. 

It is surprising that Schwarzbach makes so little use 
of ‘the book on the same subject published under the 
editorship of Nairn (1961), although it and several later 
references appear in the bibliography. Possibly the 
timing was difficult, although the author does not say so. 

The book as a whole is Central European in outlook, 
and is valuable for the cover of German sources in particu- 
lar and the general thoroughness of the pattern of 
approach. The failure to deal with up-to-date aspects of 
all the relevant sectors of geological knowledge and the 
relative lack of successful synthesis may be accepted or be 
considered reasonable by readers in this subject at this 
time. It is a pity, however, thet the author could not 
have tackled just one region in the Tertiary, perhaps, 
with the view of criticizing and comparing detailed 
observations from the many dispersed sources. 

N. F. Huemes 


A SURVEY OF PÆDIATRIC 
HÆMATOLOGY 


Disorders of Blood and Blood-forming Organs in Child- 
hood 

By H. S. Baar, Stella Baar, K. B. Rogers and E. Stransky. 

Pp. 902. (Basle and New York: S. Karger, 1963.) 

Sw. Fr. 230; D.M. 230. 


HERE is so much that could be said about Disorders 

of Blood and Blood-forming Organs in Childhood, for it 
is a large volume (902 pages) to be devoted to a pediatric 
sub-speciality, and represents essentially the life-work of a 
distinguished pathologist and hematologist. Although 
there are four authors, it is abundantly clear that at least 
three-quarters of the book have been written by Dr. 
H. S. Baar. The contributions of Dr. Stransky are 
chiefly on anemia and the blood changes in infectious 
diseases, including a number of tropical infections and 
infestations. Both authors devote considerable space to 
the history of the subject and the advances achieved during 
the present century, which make interesting reading. Dr. 
Stella Baar’s chapters on the enzymes of the red cells and 
on the blood changes in burns are gems of clarity and 
conciseness. 

There is an almost nostalgic element in Dr. H. S. Baar’s 
writing, dating back to his Viennese days, and a firm 
adherence to his original views, which are on occasions 
at variance with the experience of other authorities. His 
extensive contributions to the literature are evidenced, by 
the fact that there are more than 200 references to them 
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in the author index. Much of the book must have been 
written some years ago, and it has been difficult to fuse 
these parts into a homogeneous whole with the up-to-date 
findings of modern investigators. Unfortunately. as Dr. 
Baar explains in his preface, it has been necessary to 
supply much of the later information in the form of brief 
and extremely sketchy footnotes in small print. Dr. 
Stransky was denied even these for his contributions. 

The practising pediatrician will be disappointed if he 
looks for therapeutic guidance but will add much to his 
historical knowledge and make the acquaintance of many 
rare disorders. The pediatric pathologist, with time to 
spare, could spend many useful and stimulating hours 
delving into this monumental tome which is a veritable 
repository of pathological knowledge and experience, 
With improvement in the system of referencing. the 
enquiring reader’s task could be considerably lessened; 
the correct references are often difficult to extract because 
they are not numbered, and are often undated, in the text. 
Many authors quoted have been shorn of their initials. and 
when. there are five authors with the same namo, as oceurs 
with Schmidt and Schneider, for example, and only four 
are provided with initials, the author index takes on the 
semblance of a cricket team of the past. 

There are numerous tables, which are clearly repro- 
duced; but the photomicrographs, in black and white 
only, although printed on glossy paper are not reproduced 
so well. 

As it stands, the book is almost too comprehensive and 
from the point of view of the clinician thore is insufficient 
stress on the important and common conditions and. 
unfortunately, the more recent work on leukæmi» and 
hemolytic disease of the new-born, to select two examples. 
could not be included. 

If it could be edited, the too numerous spelling mistakes 
and typographical errors corrected, the brilliant work 
highlighted and the important pediatric problems reset in 
perspective, it would indeed be a volume to have and to 
prize. WILFRID GAISsForD 


A BROAD VIEW OF PROTEINS 


The Chemistry and Function of Proteins 

By Prof. Felix Haurowitz. Second edition. Pp. xiv + 455. 
(New York: Academic Press, Inc.; London: Academic 
Press, Inc. (London), Ltd., 1963.) 80s. 


HE Chemistry and Function of Proteins is the second 

edition of a book published in 1950. The emphasis 
placed on problems of structure and function has caused 
the author to modify the title of The Chemistry and 
Biology of Proteins given to the first edition. The hook 
provides an extremely wide coverage of topics relating 
to proteins. 

The early chapters deal with the isolation and estima- 
tion of proteins, and methods used for the determination 
of amino-acid composition and sequence. In the following 
chapters, many of the physical techniques which have been 
used for the investigation of the properties and structure 
of proteins are outlined, and the results obtained by their 
use are discussed. The properties of different groups of 
proteins are then considered, and, where possible. their 
biological functions are discussed. Among the chapters 
included in this section are those on proteins with hor- 
mone action and proteins with enzymatic action. The 
latter chapter includes a discussion of the active sites of 
enzymes and the kinetics of enzyme reactions. The role 
of proteins in immunological reactions is then considered, 
and finally the topic of protein biosynthesis is dealt with. 
the chapter including sections on amino-acid supply and 
the formation of peptide bonds by proteolytic enzymes 
and by non-enzymatic reactions. Both the more con- 
ventional views on the mechanism of protein biosynthesis 
and the author’s somewhat ‘heretical’ ones are included. 
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Knowledge concerning the structure, function and bio- 
synthesis of proteins has increased enormously in the past 
fourteen years. Prof. Haurowitz has undertaken a task 
of heroic proportions in attempting to deal single-handed 
with virtually all aspects of present knowledge of the bio- 
chemistry of proteins. It is now more customary for such 
a subject to be dealt with by a series of specialist authors; 
but this approach has the disadvantago that there is often 
variation in the treatment of topics. 

The Chemistry and Function of Proteins shows both the 
strengths and the weaknesses of the single author treatise. 
To be balanced against uniformity and a reasonably clear 
text are the facts that occasionally recent findings (for 
example, on glycoproteins) have not been adequately 
assimilated, some topics (for example, phosphoproteins) 
are rather scantily dealt with, and the book is far from 
free of errors of fact. In places, a more definite statement 
of the significant conclusions to be drawn from observa- 
tions cited would have been welcome. Material which is 
of largely historical interest is not always clearly distin- 
guished from that relating to present-day views or practice, 
and old-fashioned and admittedly inadequate classification 
of proteins has not been completely abandoned. While 
the subject-matter to be included is to some degree a 
matter of personal choice, I think that occasionally points 
of significance have been omitted from sections which 
nevertheless contain rather trivial information. The book 
frequently supplies background, information to topics, 
such as physical methods, so that a reasonable apprecia- 
tion of a subject may be gained without prior specialized 
knowledge. It is, however, unlikely that the subject of 
proteins would be examined in isolation, and on this account 
some information given is perhaps rather superfluous. 

The extensive bibliography takes an unusual form, and, 
while it may be adequate for some purposes, the absence 
of a general author index is a disadvantage to the more 
specialized reader. Despite the reservations made, I 
consider that the book is of some value to those wishing to 
gain an introduction to one or more aspects of protein 
biochemistry and, taken as a whole, it provides within a 
single volume a suitably broad view of the molecular 
biology of these important substances. J. L. Sumzrn 


SCIENTIFIC APPROACH TO 
ARCHAOLOGY 


Science in Archeology 

A Comprehensive Survey of Progress and Research. 
Edited by Don Brothwell and Eric Higgs. Pp. 595+ 32 
plates. (London: Thames and Hudson, 1963.) 90s. net. 


HE application of scientific methods of examination 
T to archæological materials is nothing new. More than 
a century ago, for example, chemical analyses were being 
used to throw light on early metallurgy and glass working; 
but it is also true that in the past few decades the archæ- 
ologist has learnt to rely increasingly on the findings of the 
scientist. All archeologists would agree that the results 
of this liaison have been of very great,value to our under- 
standing of man’s past, while at the same time many 
would admit that it is rather difficult to follow precisely 
what their scientific collaborators are up to. To a few, 
there is no such problem-—the scientist is merely a person 
to whom some of the knottier problems of interpretation 
may be passed for an opinion, to be ignored should it 
conflict with that of the archeologist. Such archeologists 
are mercifully few and their numbers dwindle fast. The 
very great majority, however, do find themselves in the 
difficult position of having had little formal scientific 
education, yet needing more and more to understand what 
the scientist can do, and what it all means once he has 
done it. The time is ripe for a ‘general reader’ to introduce 
science and the scientist to the archzologist. 
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Don Brothwell and Eric Higgs have edijed an impres- 
sive-looking volume bringing together fifty-odd eéntribu- 
tions, all of which were written by authors practising in 
various specialized fields of scientific investigation. Science 
in Archeology is arranged in five major sections dealing 
with methods of dating; the environment of early man; 
the study of human remains; the examination of arti- 
facts; and the geophysical surveying of archeological 
sites. For this no small task the editors deserve to bo 
congratulated and, alas, upbraided. 

As is so often the case with collections of essays of this 
nature, the editing falls short of what is really required: 
there is more to editing than arranging for a number of 
contributions and a foreword to be sewn between. boards. 
It is the duty of editors to commission and to ensure that 
their authors provide them with material of the style and 
length appropriate to the work undertaken; and since the 
scholar, as we all know, is averse to being told how he 
must write, the editor must have infinite tact, patience and 
time at his disposal, failing any one of which the finished 
book is almost bound to look like a patch-work quilt. 
This volume is no exception, for the essays vary con- 
siderably in style. Some are evidently written with the 
layman in mind, others require of the reader considerable 
specialist knowledge if they are to be understood. It is too 
easily forgotten that the average archeologist, if he ever 
studied a science subject to even the Ordinary Level of the 
General Certificate of Education, most probably did so ten 
years ago, or more, and has since forgotten most of what 
he then learned. Whatever may be his weaknesses in this 
direction, however, he is well aware that it is possible for 
serious scholars to hold, in all honesty, totally conflicting 
points of view, and that when scholars disagree the lay- 
man is seldom in the position to form an objective opinion 
of the merits of each case. It is too much to ask the lay- 
man to decide, as he must when reading this book, what 
attitude to adopt towards the value of blood-group investi- 
gations applied to archeological material. That a conflict 
exists should not be concealed, but editorial comment as 
to how and why it exists at all would have been of great 
help to the reader. 

An editor needs to be as watchful of his publisher as 
his authors; for publishers, too, have their lapses. On 
its dust-jacket it is claimed for this book that it will be 
a standard .work of reference for many years to come. 
Apart from the obvious improbability of this statement, 
one suspects that by now neither editor would consider the 
contribution on potassium-argon dating to be quite the 
last word on the subject. Unlike wines, few books, espec- 
ially those dealing with scientific matters, improve much 
with age. 

However, there are two things for which the editors 
should receive praise. First, for having taken on the 
task at all; it was not a project for any but the brave. 
Secondly, for having raised so many hares, and this is 
perhaps the greatest virtue of the book. As a rule archæ- | 
ologists tend to follow well-trodden paths of enquiry. 
In so far as excavation or as investigations that are essen- 
tially taxological are concerned, the archeologist is right 
to do so, for the established methods are known to work. 
In his approach to the scientist the archeologist is apt also 
to rely on past experience and to ask only the type of 
question that has been posed before, questions that, on 
the whole, relate most closely to the line of enquiry being 
followed by the archeologist himself. Time and time 
again throughout this book, the different authors have 
emphasized the enormous variety of lines of approach 
that could be followed were the material made available. 
One cannot help feeling that in many years to come the 
reader will turn to this book, not as a work of reference, 
but as a valuable historical record of the decade in 
which archeologists began to use all available means 
of scientific investigation as a matter of course, rather 
than as an innovation. 

H. W. M. Honczs 
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The Scientific Basis of Medicine 

Annual Reviews, 1961. Pp. xi+342+18 plates. 1962. 
Pp. xi+3654-29 plates. 1963. Pp..ix+348+430 plates. 
(British Postgraduate Medical Federation.) (London: 
The Athlone Press, University of London, 1961-63. 
Distributed by Constable and Co., Ltd.) 40s. net each. 


HESE Annual Reviews continue the earlier series of 
lectures on the Scientific Basis of Medicine (Volumes 

1-8). In general, a good lecture does not, even when 
re-written, make a good review, and the new title of the 
series is not so good as the old. There has not, in fact, 
been a change in the form or the style of the articles, 
which are based on a proportion of the lectures organized 
each year by the British Postgraduate Medical Federation, 
and given by workers in the medical and biological sciences. 
They are chosen to interest a wide audience and usually 
achieve their object of presenting a rounded and readable 
digest of new knowledge important to the biological fields. 

The lecture series and the annual volumes which follow 
them are well known and popular, for they provide & 
ready means of becoming acquainted with some of the 
achievements in diverse branches of medical research in 
Britain. The articles are meant to interest the research 
worker and to instruct the specialist in training. Not 
many authors can succeed in both objectives, but nearly 
all succeed in one or the other. 

Tho three volumes contain 60 articles. A rough attempt 
to classify the authors as professional scientists or as 
clinicians who are also amateur scientists suggests that the 
professionals outnumber the amateurs. Twenty-five write 
from teaching hospitals, eighteen from other university 
departments and seventeen from specialized research 
units, most of them established by the Medical Research 
Council. The number of articles with a biochemical bias is 
less than before, and research. workers with a biochemical 
slant may be instructed by the increasing number of 
contributions from departments of anatomy. Immun- 
ology and genetics receive little notice, psychiatry and 
epidemiology almost none. 

Our scientific contacts are, often limited by the number 
of societies to which we belong, and the scope of our 
reading by our immediate preoccupations. These articles 
are important in introducing subjects which have clearly 
advanced, Itis a pity, above all in this type of publication, 
that the editors do not see fit to include titles of papers in 
the bibliographies. The value of the whole series has been 
greatly enhanced by a cumulative index. 

Few workers in the biological sciences can afford not to 
thumb through these volumes. Many teachers will want 
to have them on their shelves and they are good value. 

Pau FourmMan 


Progress in Medical Virology 
Vol. 5. Edited by E. Berger and J. L. Melnick. Pp. x+ 
306. (Basel and New York: S. Karger, 1963.) 60 Sw. francs. 


NOR MEDICAL virologists should not be put off by 
the title of this book, which deals mainly with basic 
rather than medical aspects of virdlogy. i 

The structure of animal viruses is discussed by P. Wildy 
and R. W. Horne in a beautifully illustrated chapter 
containing a valuable attempt to correlate the appear- 
ances of virus particles seen in different types of prepara- 
tions examined by electron microscopy. Biochemical and 
biophysical aspects of the early interactions between. 
animal viruses and cells are reviewed by L. Philipson. A 
series of interactions starting by electrostatic attachment 
followed by irreversible attachment and penetration are 
discussed in detail, but unfortunately the review was com- 
pleted too soon for important contributions on the direct 
visualization of some of these processes to be included. 
Influenza virus genetics is extensively dealt with by C. D. 
Kilbourne, who presents a most useful list of markers used 
in recombination experiments and discusses the selective 
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procedures for the isolation of recombriants and the 
possible mechanisms of different types of virus ‘co-opera~ 
tion’ phenomena. ; 

S. Levine reviews the effects of X-irradiation on animal 
cells, on virus yield and cytopathogenicity and on the 
‘capacity’ of uninfected and virus-infected cells. This 
discussion paves the way for the contribution by A. Kohn 
on the possible integration of viral nucleic acids into the 
genome of animal cells. Although the radiological findings 
provide no direct evidence of interaction between animal 

_viruses and the host nucleic acids, with the possible 
exception of measles virus, the possibility of such inter- 
action is suggested by other experimental approaches for 
a number of viruses such as Rous sarcoma, polyoma, 
papilloma, polyhedrosis and, perhaps, sigma virus of 
Drosophila, avian myeloblastosis and simian virus 40. 
To this list should be added the oncogenic types of 
adenoviruses in the light of more recent results. H. A. 
Wenner and Te Yong Lou present an extensive review of 
virus diseases associated with cutaneous eruptions. Apart 
from conditions associated with the agents formerly 
grouped under the category of ‘dermotropic viruses’, such 
as measles, rubella, varicella and herpes zoster, herpes 
simplex and vaccinia, the authors discuss certain clinical 
entities of uncertain ætiology such as roseola infantum 
and erythema infectiosum. Cutaneous manifestations of 
infections by viruses of the echo, coxsackie, adeno and 
arbovirus groups are reviewed. 

Finally, the different techniques available for the 
investigation of the viral ætiology of human cancers are 
briefly considered by A. E. Moore, who offers an optimistic 
view of future prospects in this field. H. G. PERERA 


Advances in Pharmacology 

Vol. 2. Edited by Silvio Garattini and Parkhurst A. 
Shore. Pp. v+392. (New York: Academic Press, Inc.; 
London: Academic Press, Inc. (London), Ltd., 1963.) 86s. 


HIS second volume of Advances in Pharmacology 

maintains the standard set by the first. Again there 
are very few errors, and the editors and authors have clearly 
carried out their tasks painstakingly and efficiently. This 
volume is slightly smaller than the first, consisting of six 
articles instead of eight. Of the seven authors contribut- 
ing to it, five are from the United States, one is English 
and one Argentinian. All are well-known experts in their 
respective fields. : 

The first monograph, entitled ‘Experimental and 
Clinical Aspects of Drug Toxicity” by Gerhard Zbinden, 
of New Jersey, is the largest and demonstrates the 
author’s wide experience of this topical problem in 
industrial pharmaceutical research. The author empha- 
sizes the importance of work on the elucidation of mechan- 
ism of drug action in the improvement of toxicological 
evaluations. An article by G. H. Glaser, of Yale, follows 
on “Pharmacological Considerations in the Treatment of 
Myasthenia Gravis”. The article is clearly written and 
in it Dr. Glaser describes the clinical features, diagnosis, 
pathology and treatment of this ‘disease, the cause of 
which stillremains much ofa mystery. Possible causes are 
discussed. including the suggestion made by Simpson that 
myasthenia gravis may be due to an auto-immune reaction. 

The third article concerns an unusual subject for review, 
but is none the less valuable. It is entitled ‘“Potentialities 
for and Present Status of Pharmacological Research in 
Genetically Controlled Mice” and is contributed by Hans 
Meier, of Meine. ‘Hormones and Atherosclerosis” is the 
title of an important article contributed by M. R. Malinov, 
of Buenos Aires, who discusses the evidence for the 
possibility that atherosclerotic lesions may be wholly or 
partially influenced by endocrine changes. The last two 
articles are related in that both are concerned with the 
drug treatment of cancer. The first is by 8. S. Brown, now 
of Caterham, Surrey, and deals with “Nitrogen Mustards 
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and Related Alkylating Agents”: the second, by J. F. 
Henderson and H. G. Mandel, of Washington, is entitled 

Purine and Pyrimidine Antimetabolites in Cancer 
Chemotherapy”. 
_ Although of great importance, the trend of the articles 
in this volume is away from the more popular ‘synaptic 
pharmacology’ and, because of this, it might not appeal 
to so large a number of readers as the first. 

W. C. Bowman 


Dolphins 
By Antony Alpers. Pp. 251+12 illustrations, Second 
edition. (London: John Murray, 1963.) 25s. 


De the past decade, dolphins have been the 
subject of intense research within the province of 
underwater physiology ; but more recently the behavioural 
patterns of captive animals have attracted the attention 
of an increasing body of animal psychologists. The first 
international symposium on “Cetacean Research”, held 
at Washington D.C. in August, 1963, was almost entirely 
devoted to the examination of dolphins and it is not sur- 
prising, therefore, that Alpers had coined the new word 
‘delphinology’ to distinguish this branch of natural history 
from that-of cetology, the study of whales generally. 

Dolphins is a greatly enlarged edition of the author’s 
previous work, A Book of Dolphins, published in 1960. The 
general theme is that, in the light of modern knowledge, 
most of the fabulous tales of the friendly association of 
man and dolphin which abound in classical literature 
might well be true. To demonstrate this, he reviews, with 
considerable erudition, the legendary stories of the Greeks 
and, Romans and shows that, from the anatomical and 
physiological points of view, the dolphin is well equipped 
to perform the feats ascribed to it by the ancients. He 
directs attention to the numerous biological and psycho- 
logical observations which have been made on captive 
dolphins in marine aquaria in the United States, and 
correlates these with information about commensalism 
between wild dolphins and fishermen in various parts of 
the world. Finally, the author demonstrates the close 
parallel between legend and apparently well-authenticated 
accounts of the rescue of humans from drowning. 

In a chapter dealing with modern information about the 
voluntary association of dolphins with man, Alpers gives 
a full account of the behaviour of a bottle-nosed dolphin 
with bathers at Opononi, New Zealand, and of the world- 
renowned ‘Pelorus Jack’. Throughout most of the book 
the author writes with obvious dedication, and there are 
passages full of poetic and mystic beauty which should 
have a special appeal to the young reader. It is the more 
surprising, therefore, that he has been able to deal 
objectively with the more anthropomorphic attitude of 
some observers and bas shown such skill in avoiding bias 
about scientific matters which are highly controversial. 

The great advantage which this book enjoys over the 
previous edition is that it contains a chronological history 
of ‘delphinology’ since classical times and an extensive 
bibliography. P. E. Purves 


Les Libellules du Québec 

Par Adrien Robert. (Ministère du Tourisme de la Chasse 
et de la Pêche, Service de la Faune, Bulletin No. 1.) 
Pp. viii+ 223. (Québec: Ministère de la Chasse et des 
Pêcheries, 1963.) n.p. 


HIS hand-book is primarily intended for amateur 

naturalists, and has as its purpose to enable them to 
identify the dragonflies occurring in the Province of 
Quebec, without recourse to the larger works on the 
Odonata of North America, which tend to assume a greater 
knowledge of entomology than the average naturalist 
possesses. The first fifty pages deal with the life and 
structure of the Odonata and their larvæ, their enemies, and 
the place the Odonata fill in the general food-chain. This 
latter feature is well illustrated by two line-diagrams. 
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The second part of the work deals with the identifica 
tion of the adults and consists of well-illustrated keys 
preceded by an explanation of the method of using them. 
Throughout the keys, the text is on the left-hand page, wit} 
the relevant illustrations on the facing page. The thirc 
main part of the work consists of ecological notes on thx 
various species recorded from Quebec, a list of bibliographic 
references and an index. 

The numerous illustrations are in line and half-tone. 
The line-drawings are mostly excellent and are well 
annotated to direct attention to the more important 
characters. The half-tone illustrations of habitats are lese 
satisfactory, the shadows being heavy and featureless. The 
book should, however, prove very useful to the group of 
naturalists for which it is intended, and should help to 
foster interest in the Odonata, a group which tends to be 
relatively neglected, since their brilliant colours are less 
easy to preserve for the cabinet than those of the Lepidop- 
tera. D. E. Kums 


Special Materials in the Library 

Edited by J. Burkett and T. S. Morgan. (A Series of 14 
Lectures held at the Library Association and Aslib Head- 
quarters, January 17th to April llth, 1962, organized by 
the Department of Librarianship, North-Western Poly- 
tecbnic, London.) Pp. ix+179. (London: The Library 
Association, 1963.) 40s. (L. A. members, 30s.). 


HE lectures comprising this book deal with materials 

the handling of which in a library calls for special 
methods and sometimes new approaches. They include 
Government publications, foreign literature (the treat- 
ment of which is the least satisfactory), report and trade 
literature, local history and maps, music and recordings, 
audio-visual materials and microtexts. Some of the 
topics have been discussed over the years at Aslib Con- 
ferences, but in this book the information is brought 
together and made up to date, and the subjects are 
expanded with the authority and experience of such 
experts in their fields as L. L. Arden, V. Britten, G. R. 
Crone, B. Agard Evans, C. H. Gibbs-Smith, D. Grenfell, 
J. H. Davies, K. A. Mallaber, and R. C. Wright. The 
treatment is factual and realistic. Most of the lectures 
are provided with ample bibliographical references, and 
there is an adequate index to the whole volume. While 
the lectures are addressed particularly to the librarian, 
they have the user’s needs especially in mind, and some 
general readers will be grateful for the guidance given on 
how to obtain and handle particular classes of material, 
or on the choice of equipment, such as microfilm readers. 
Each lecture is followed by a short summary giving the 
main points of the discussion at the Conference. 

R. BRIGHTMAN 


The Indian Ephemeris and Nautical Almanac for the 
Year 1964 

Pp. xviii +466. (Delhi: Manager of Publications, 1963.) 

Rs. 14.00 n.P.; 22s. 


ae is the seventh year of publication of the Indian 
Ephemeris and Nautical Almanac, which contains 
material selected from similar publications of Western 
countries and additional material designed primarily for 
Indian users. The additional material includes the appar- 
ent geocentric longitudes and latitudes of the planets, 
moonrise, moonset, sunrise and sunset for some Indian 
cities, heliacal rising and setting of the five visible planets, 
and a long section on the Indian calendar. The “Explana- 
tion” at the end of the volume is a very readable portion 
of the book, interesting features including the method of 
computations of eclipses and details of the assumptions 
underlying the calendar calculations. The volume is well 
produced and is making an important contribution towards 
modernizing the indigenous almanacs published in various 
parts of India. R. H. GARSTANG 
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ADDITIONAL IDENTIFICATIONS OF RADIO SOURCES WITH 
STAR-LIKE OBJECTS 


By Dr. C. HAZARD 
School of Physics, University of Sydney 


M. B. MACKEY 
C.S.I.R.O. Division of Radiophysics, Sydney 


AND 
W. NICHOLSON 


H.M. Nautical Almanac Office, Royal Greenwich Observatory, Herstmonceux, Sussex 


HE accurate position obtained for the strong radio 

source 30273 by the “Method of Lunar Occultations” 
has shown. it to be associated with a thirteenth magnitude 
star-like object with a red shift (d4/A) of 0-158 (refs. 1, 2). 
This large red shift suggests that, in spite of its stellar 
appearance, 30273 is an extragalactic object some three 
magnitudes brighter than the brightest of the field and 
cluster galaxies*, although the observed optical and radio 
sizes show that its diameter is less than 1,000 parsec. 
This identification of 3C273 led immediately to the recog- 
nition that a similar stellar object associated with the 
source 3048 and which had been assumed to be a star in 
the Galaxy was also an over-luminous but even more 
distant ‘galaxy’ with a red shift of 0-368 (ref. 4). Pre- 
sumably, 30147, 3C196 and 30286, which have been 
identified with similar optical objects, are of the same 
type, and it appears that a significant fraction of the 
strongest extragalactic radio sources must be associated 
with this new type of astronomical object. The identi- 
fication of more of these objects, in particular the 
identification of weaker and presumably more distant 
radio sources, is of great importance, for not only is the 
emission mechanism of great interest but also because of 
their high intrinsic brightness they permit a detailed 


investigation of optical objects at distances much greater 
than have hitherto been thought possible. It is the 
purpose of this article to suggest an additional two, and 
possibly three, such identifications based on occultation 
observations carried out since the observations on 30273. 
This type of observation is particularly useful in examining 
these sources, for many of them appear to be characterized 
by having a large fraction of their emission concentrated 
in a region of small angular size (< 1”) and the occultation 
observations yield the required diameter information at 
the same time as the highly accurate positions required 
for their identification. 

The observations have been carried out at frequencics 
of 136 Mc/s, 410 Me/s and 1,420 Me/s, using the 210-ft. 
radio telescope at Parkes, New South Wales. Up to the 
present, fifteen occultations have been observed. These 
occultations, which were all predicted by H.M. Nautical 
Almanac Office, cover a total of eight sources, one being 
the well-known galactic source, the Crab Nebula. The 
estimated positions and relevant details of the structure 
of the remaining eight sources are summarized in Tables 
1 and 2, together with the data on 30212 which were 
observed using the 250-ft. radio telescope at Jodrell 
Bank’. i 














Table 1 TERS 
Flux at 410 Mc/s Approximate Approximate i 
(10-** W.m-* angular size component, 
Source (c/s)") of components separation Notes on radio source 
3015 10 2” 10” Three woll-resolved components of approximately equal angular 
size and fourth component which is either extended or complex 
8039.4 25 4” 30” Double 
39B 2 10” 
30212 12 7” x 15” — Single elliptical source 
30245 8 <05” 3” Close double, components of approximately equal flux and angu- 
r size 
302734 45 g 19-57 Double spectral index of component A= —0:9 spectral index + 
component B=0-0 ' 
273B 22 0-5” 
MSH 12+044 4 15” 4’ (A to B) Triple, components spread over about 5 minutes of arc, com- ' 
12+ 04B 2 12% ponent 4 appears double. Individual components of A 45%. j 
124 o4c 2 20” Y (BtoC) Spectral index of A steeper than that of B and C 
MSH 14-1214 T <05” 37” Double, each component may be complex { 
14-1218 : | 
MSH 20~ 1184 3 12” Y Certainly double but probably even more complex i 
20 —118B 15 230” ! 
4 
Table 2 
Position of radio source (1950) Position of optical object (1950) Notes on optical object 
Source R.A. Error Deol. Error R.A. Decl. 
h m 8 (Ł)s 7 i - (+) h m 8 z f ç 
8015 A 00 34 3048 0:07 -01 25 34 1 
15 B 00 34 30-90 01 -O01 25 42 1 00 34 307 —01 25 40 Eliptical galaxy mpg% +16 
15 @ 00 34 3093 02 -0I 25 52 2 
CC212 08 55 55-8 0:3 +14 21 23 2 08 55 55-7 +14 21 26 eres star-like object mpg ay 
+19: 
30245 10 40 05-89 0-06 +12 19 17-4 1 10 40 06-0 +12 19 17-9 Star-like object mpg ey +16 
30273 A 12 26 32:38 0:03 +02 19 27-8 15 End ot piini Jee extending from 
stellar objec! 
273 B 12 26 33-29 0-02 +02 19- 42-0 05 12 26 83°35 +02 19 42-0 Star-like object mpgAy +13 
MSH 12+04.4 12 15 06-3 0-2 +03 56 34 3 12 16 06-7 +03 56 26 Member of dense cluster of 
galaxies (mpg +18). Com- 
ponents B and C appear to be 
associated with other members of 
the cluster 
MSH 14-1214 14 53 1270 0:03 —10 56 586 0-5 14 53 12-7 ~10 56 42 Star-like object (mpe +17). 
= pane jet appears to project 
3 sou 
14-121 B 14 53 11:82 0-06 -10 56 241 i 14 53 12:0 —10 56 19 Faint nebulosity to north of 


stellar object mpg œ% +20 
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Except for 30212, all the sources observed have a com- 
plex structure, and all have components of angular size 
less than about 10 seconds of arc. The results in Table 1 
are intended only to indicate the general structure of the 
sources and there are indications that the individual com- 
‘ponents of MSH 12+ 04 and MSH 14 — 121 may 

- themselves be complex. The quoted positional errors are 
?maximum values, and comprise both the errors in estim- 
ating the times of disappearance and reappearance at the 
Moon’s limb and also the uncertainty in the position of 
the limb. The position given for MSH 12 + 04 refers to 
the strongest component, as from the single occultation 
analysed it is not possible to pair with certainty the 
immersion and emersion times of the weaker components. 
No positions are yet available for 3039 and MSH 20 — 118, 
as for these sources the immersion and ‘emersion, respec- 
tively, occurred below the horizon of the telescope and hence 
in each case only a single occultation curve was observed. 

A search has been made of the Sky Survey plates in the 
region of the six radio positions available and has resulted 
in a possible identification in each case. The results of 
this investigation are summarized in Table 2; the quoted 
optical positions should be accurate to better than about 
10 seconds of are in all cases. The close agreement between 
the optical and radio positions leaves little doubt that the 
identifications are correct. Of the six suggested identi- 
fications, four, including 30273, are with objects which 
appear stellar on the Sky Survey plates. The double 
nature of 30245 and MSH 14 — 121, together with the small 
angular size of the individual components, had already 
suggested that these two sources were similar to 30273. 

Other than the suggested optical counterpart of 30245, 
which appears to be stellar on both the red and the blue 
plates, there is no other object above the plate limits 
within about 1 minute of are of the radio position. 
MSH 14 — 121 is more complex. Component B of the 
radio source appears to be associated with the faint 
nebulosity to the north and preceding the stellar object, 
but component A appears to lie near the end of the faint 
jet rather than to coincide with the stellar object itself. 
As both the radio sources 30245 and MSH — 121 are 
weaker than 30273 with components of smaller angular 
size and their optical counterparts are fainter, it appears 
likely that they may be even more distant. Preliminary 
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observations of their optical spectra by M. Schmidt (private 
communication) tend to confirm the unu8ual nature oi 
both sources, but as yet no red shifts are available. 

The optical counterpart of 30212 is the faintest object 
so far identified with an extragalactic radio source. Its 
relatively large radio size is perhaps more characteristic 
of the familiar elliptical radio galaxies than with a.3027£ 
or 3048 type object and its identification as a ‘stellar type 
radio source must be considered tentative. Even if we 
neglect this possible identification, out of the eight 
sources, which were selected only on the basis that 
reasonably accurate occultation’ predictions were avail. 
able, three appear to be definitely associated with stellar 
objects. Matthews and Sandage? have noted that of the 
24 brightest extragalactic sources north of declination 
—47° at least five, and possibly seven, are star-like. 
Combining the two sets of observations and remembering 
that 30273 is common to both source lists, we see that 
the ‘stellar galaxies’ comprise 25-30 per cent of the total. 
Apart from a possible difference in the size of the in- 
dividual components both the ‘radio galaxies’ and the 
‘stellar galaxies’ appear to have a similar radio structure 
and this is at least suggestive of a common type of origin. 
The stellar objects could perhaps’ represent the optical 
manifestation of a catastrophic phase in the formation of 
a radio galaxy. 

In conclusion, it is interesting to note that the six 
sources for which positions accurate to the order of one 
second of arc have been obtained by the occultation tech- 
nique have all been identified. Of these six, only the 
complex source MSH 12 + 04 appears to be associated 
with a cluster of galaxies, the “stellar galaxies’ all appear- 
ing to be isolated objects. 

We thank Mr. J. G. Bolton for his assistance and 
advice during the course of this work. One of us (C. H.) 
thanks Dr. E. G. Bowen for his invitation to carry out 
occultation work at Parkes as a guest observer from the 
Chatterton Astronomy Department of the School of 
Physics of the University of Sydney. 


1 Hazard, C., Mackey, M. B., and Shimmins, J., Nature, 197, 1037 (1963). 
* Schmidt, M., Nature, 197, 1040 (1963). 

3 Matthews, T. A., and Sandage, A. R., Astrophys. J., 188, 30 (1963). 

t Greenstein, J. L., Nature, 197, 1041 (1963). 
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OPTICAL ACTIVITY IN SAPONIFIED ORGANIC MATTER ISOLATED FROM 


THE INTERIOR OF THE ORGUEIL METEORITE 


By Pror. BARTHOLOMEW NAGY, Sister MARY T. J. MURPHY and VINCENT E. MODZELESKI 


Department of Chemistry, University of California, La Jolla 


Dr. GEORGE ROUSER, Dr. GEORGE CLAUS and Pror. DOUGLAS J. HENNESSY - 
City of Hope Medical Center, Duarte, California; New York University Medical Center; Fordham University, New York 
AND 
Dr. UMBERTO COLOMBO and Dr. FRANCO GAZZARRINI 


\ Istituto di Ricerche ‘G. Donegani’, Novara, Italy 


N optically active fraction was obtained by saponifica- 
tion of solvent extracts from a stone of the Orgueil 
carbonaceous meteorite. The surface layer of this stone 
was removed with a high-speed, dental-type drill prior to 
extraction to ensure the exclusion of possible contamina- 
tioris from the meteorite surfaces. The extraction and 
saponification were conducted in a newly built, special 
laboratory at the University of California, not yet used 
for the examination of biological materials and containing 
no stopcock grease or other possible contaminants. The 
saponified meteorite extracts showed a small but well- 
reproducible levo-rotation. Two saponified fractions 
obtained by the identical procedure from smaller frag- 
ments of two other stones of the Orgueil meteorite showed 
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very similar lmvo-rotation. Saponified fractions obtained 
again by the same procedure from a dust sample in the 
museum where the three stones were kept, an old wax 
sample used for sealing a container holding meteorites 
in a different museum, ragweed (Ambrosia elatior) pollen 
grains, and soil were dextro-rotatory at the same wave- 
lengths. Identical fractions obtained from a recent 
alga (Pelagophycus porra), naphthenic acids in petroleum 
and the Bruderheim non-carbonaceous meteorite were 
either slightly dextro-rotatory or showed no optical 
activity at the same wave-lengths. The chemical composi- 
tion of the optically active fractions was analysed by 
infra-red, ultra-violet and visible spectroscopy and thin- 
layer chromatography. The thin-layer chromatograms 
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showed that ghe composition of the Orgueil meteorite 
extract® was wholly different from the composition of 
saponified fractions which can be isolated by identical 
procedures from recent biological matter. 

Stones of the Orgueil meteorite shower fell at about 
8 p.m. on May 14, 1864, near Orgueil and Campsas in 
France. It was discovered only a few woeks after the 
fall’ that these stones contained significant quantities of 
organic matter, including hydrocarbons*. Recent analy- 
ses*-* revealed saturated and aromatic hydrocarbons, 
long-chain fatty acids and what appeared to be porphy- 
rins. Microstructures resembling microfossils were ob- 
served in the stones’:*. These organized elements were 
mineralized with iron hydroxide, limonite, contained some 
chlorine’ and left acid-insoluble residues after leaching 
with hydrochloric acid. Tho residues contained com- 
pounds resembling ribonucleic acids and proteinaceous 
matter’. The mineral composition of the Orguei) meteor- 
| ite suggests that the parent body had an aqueous, low- 
temperature, somewhat reducing and slightly alkaline 
environment", one- which could have supported life 
processes. The meteorite contains approximately 20 

r cent water", most of which appears to be non-terrestrial 
Eons of its significantly different douterium/hydrogen 
ratio’. Tho burnt crust of the stones, acquired during the 

through the Earth’s atmosphere, is only a few 
RESA u thick, There is no mineralogical evidence 
that the stones were damaged by heat beneath the crust. 

A spectropolarimetric examination was undertaken 
` because optical rotation in organic molecules is generally 
regarded as evidence for biological origin. It should be 
noted in this connexion that biological matter which has 
accumulated in and been preserved through the geological 
past on Earth, such as petroleum and components of coal, 
still shows optical rotation?*1° even though it may have 
been subjected to rather severe environments while lying 
buried in the rocks. 

Orgueil meteorite. Three Orgueil meteorite samples 
were obtained from the Montauban Museum, Montauban, 
Tarn et Garonne, France, through the courtesy of Dr. A. 
Cavaille. The Museum records showed that these stones 
were kept continuously in the Museum from May 26, 
May 29 and June 20, 1864, respectively, under glass bell- 
jars. One of tho samples consisted of a rather large, 
dark-coloured fragment of a stone (Fig. 1), showing well- 
developed fusion crust on one side. The other two samples 
consisted of smaller, dark-coloured fragments. All three 
samples showed some of the usual white crystalline mater- 
ial (epsomite) exposed on the surfaces. A careful examina- 
tion of the fragments under a dissecting microscope 
showed no surface contaminations, such as paint marks, 
wax, varnish, shellac, ete. A detailed microscopic exam- 
ination of petrographic thin sections of several fragments 
showed no disruption of the original mineral-grain texture. 
This observation, together with the fact that the water- 
soluble meteorite mineral, epsomite, was still present, 
excludes the possibility that the interiors of these samples 
were contaminated by mechanical or solution processes. 

Bruderheim meteorite. A 21-1-g sample of the Bruder- 
heim non-carbonaceous meteorite, which fell in Canada in 
1960, was obtained from Drs. G. Goles and R. Murthy 
of the University of California, San Diego. This control 
sample was taken from the interior of a complete stone 
No. 42701B18, obtained originally from the University 
of Alberta, Canada. Almost the entire surface of the stone 
possessed a burnt crust. Bruderheim contains minerals 
of high-temperature history only; therefore it is believed 
that it cannot contain indigenous biochemical com- 
pounds 

Museum dust. A 2-71-g sample of dust from the Mon- 
tauban Museum was obtained from Dr. A. Cavaille. It 
consisted of microbiological matter, fragmonts of dry plant 
leaves, textile threads, granules of brick and mortar, etc. 
This dust accumulated through a period of years. This 
control sample is thought to be representative of the 
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Fig. 1. A stone of the Orgueil meteorite (Orgueil sample No, 3) before 

its surface was removed with a specially cleaned drill. Optically active 

organic matter was Isolated from the interior of this stone, The burnt 
crust is located between the arrows 





terrestrial biological contaminants which were present 
during the Orgueil meteorite storage. 

Museum wax. A 0-38-g sample of wax was obtained 
from Prof. J. Orcel of the Museum National d'Histoire 
Naturelle, Paris. This old wax sample was used in Paris 
to seal containers holding meteorites. It was chosen as a 
control because it might represent the general type of 
waxes with which the Orgueil meteorite could have been 
contaminated at various museums during storage. 

Ragweed pollen. A 0-25-g sample of pollen was obtained 
from Dr. B. Siegel of the Brooklyn Jewish Hospital, New 
York, to be used as a control. It has been claimed% that 
organized elements are recent pollen contaminants, par- 
ticularly ragweed, Ambrosia elatior, pollen. If this claim is 
true it is conceivable that the bituminous matter in Orgueil 
might have been contaminated with biochemicals from 

llen. 

P arini algae. It has been suggested? that organized 
elements may morphologically resemble algae. A speci- 
men of the large, multicellular and commonly available 
brown alga, Pelagophycus porra (a seaweed or kelp), was 
used as a control. A fresh sample was collected by one of 
us (B. N.) on the beach at the University of California in 
La Jolla, during heavy seas which washed tho kelp ashore. 
A 30-g sample was used in this investigation. 

Soil. An 11-5-g soil sample, another control, was 
obtained from an oak forest in Hartsdale, New York; 
it was collected by one of us (B. N.). This soil was 
apparently not affected by cultivation or other artificial 
processes. It is probable, of course, that the organic com- 
position of the soil at the locations of the meteorite fall in 
1864 was different from that of this control sample even 
though the latter was obtained from a climatic region not 
markedly dissimilar from the vicinity of the village of 
Orgueil. Such soils contain a wide range of biochemicals 
including many common classes of compounds. 

Naphthenic acids. A refinery extract of naphthenic 
acids, isolated from the kerosene-gas oil fraction of com- 
bined petroleum stocks by saponification with eaustic 
and acidification with sulphuric acid, was obtained from 
Dr. Sol Silverman of the California Research Co: 
in La Habra, California, for the purpose of an additional 
control. 1-g portions of the sample were used in this 
investigation. 

Solvents, chemicals and glassware. Only reagent or 
C.P. grade chemicals were used: benzene, methanol, 





_. water, other, hydrochloric acid, potassiun 
- anhydrous sodium sulphate. All liquids, except ether, 
_ were freshly distilled prior to use through 12- or 16-in. 
_ distilling columns packed with glass beads or Raschig 
_-Yings. Carbon tetrachloride used in infra-red analysis 
and polarimetry was spectral grade. Ether was purified 
“by. chromatography on activated alumina (Woelm, 
neutral, Grade I) columns according to procedures de- 
scribed in the literature’. Solvents accepted for use 
contained 0-0-0-4 mg residue/100 g solvent and exhibited 
no extraneous absorption effects on their infra-red 
spectra. All glassware was acid cleaned with a mixture 
of hot 85 per cent conc. sulphuric acid and 15 per cent cone. 
nitric acid. No stopcock grease was used, and no plastic 
or rubber implements were in contact with the samples or 
solutions. Liquid samples were evaporated under a 
_ ostream of (water-pumped) nitrogen filtered through 
_.. Matheson molecular sieve gas purifiers recommended 
for the removal of traces of oil and water. Blank runs 
¿(that is, procedure blanks) containing solvents only, but 
otherwise identical with the entire meteorite analytical 
procedure, were performed prior and parallel to all 
experiments. 
< dStandards for thin-layer chromatography. The composi- 
tion of the Orgueil optically active fractions was analysed 
by comparison with identically prepared saponified 
_ fractions isolated from recent biological matter, with lipid 
fractions and pure compounds. The following standards 
were used in addition to brown algae, museum wax and 
aphthenie acids: (a) plants; saponified matter from a 
yurple sulphur bacterium (Chromatium sp.), a bacterium 
found in marine muds (Saprospira grandis), a moss 
(Polytrichum commune), fungus (Pholiota praecoz), and 
the leaves of the flowering plant, banana palm (Musa 
_sapientum); (b) animals; saponified. matter from an 
anthozoan, sea anemone (Bunodes rigidus), excluding the 
tisstes of the digestive tract, and non-saponified lipid 
extracts from beef brain and beef spleen. Chloroform 
rinse of one of the investigators’ hands (B. N.) and a cold 
chloroform extract of the Orgueil meteorite served as 
two additional standards. The following pure compounds 
and element were used as standards on the thin-layer 
plates: hydrocarbons; n-hexadecane (C,,), n-octadecane 
- (Cis) and n-triacontane (Ca); elemental sulphur; amino- 
_ acids; L-(+)glutamic acid, u-(—)-leucine, glycine and 
‘Di-c-alanino; fatty acids; oleic (Cis) stearic (Cie) 
eerotic (Cas). a-methyl eicosanoic (C,,) and «-ethyl 
eicosanoic (C,,) acids. The last two compounds, which 
are saturated, branched-chain fatty acids, were prepared 
uring this work from malonie ester. syntheses using 
 1-bromocetadecane, methyl iodide or ethyl iodide in a 
<: procedure similar to the method described by Bleyberg 
and Ulrich*. 
Standards for optical rotation measurements. The 
optical rotation of the samples was evaluated with refer- 
-o ence to solvent blanks, and solutions in which different 
| forms of sulphur were dissolved. Because the saponified 
fractions from Orgueil and controls were light brownish 
_yollow in colour, dyes and colloidal sulphur were added 
to some of the blanks in an attempt to reproduce the 
le absorptions in the visible spectral range. A mix- 
of two synthetic dyes consisting of a darkened sample 
of N-mothy! aniline and of isatin trinitrophenyl ether in 
-garbon tetrachloride gave the best colour match (Fig. 2). 
- Sample preparation. One of the Orgueil stones was big 
enough for mechanical cleaning prior to- extraction. 
_ Fig. | shows this stone fragment (26-19 g) before its surface 
was drilled off with a modified ‘Port-a-dent’ dental-type 
- turbine drill, 5,000-200,000 r.p.m., manufactured by 
Pioneer Research and Development Co., Lemon Grove, 
California. In the experiment reecrded here nitrogen 
(water pumped and filtered through a Matheson molecular 
sieve. gas purifier) was used to drive the turbine at 40 
~Ib.jin.* pressure. The turbine was covered with tape to 
> exclude possible oil contaminations from bearings. ‘The 
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Fig. 2, Absorption curves in the visible spectral range of an Orgueil 


saponified fraction and synthetic coloured blank containing sulphur. 

The optical rotation of one Orgueil fraction was measured against this 

bi Arrow indieates the wave-length where the optical rotation of 
Orgueil is best noticeable 


water jet customarily used in dental work was discon- 
nected and it was assured that only a weak and diffuse 
part of the stream of nitrogen blew toward the sample. 
The drill bit was carefully washed with distilled chloro- 
form prior to the experiment to remove possible lipid 
contaminations. (Chloroform washing was judged to be 
more effective than sterilization, which only kills living 
organisms.) The entire surface of the stone was removed 
by drilling. Following this, the stone was broken along 
planes of weakness, and then cleaned by drilling along the 
new surfaces to remove any extraneous matter that may. | 
have seeped in there. The stone weighed 22-34 g after its ` 
surface was removed. This stone and all other samples. 
were pulverized, except controls which were received in. 
powdered form. The kelp was homogenized in a Waring- 
type blender. : 

Extraction and saponification. -The powdered Orgueil - 
meteorite samples, 100-200 mesh (11-13 g, 11:49 g and 
22-05 g respectively), and all controls were extracted in < 
fritted glass thimbles for 5 h in a Soxhlet apparatus with 
100 ml. of benzene~methanol (6:4) solution. 2-9 g of 
potassium hydroxide and 1 ml. water were added to the 
bottom flask of the apparatus to saponify carboxylic. 
acid derivatives (for example, esters) extracted from the — 
sample in the thimble. At no time was the potassium ` 
hydroxide in contact with the sample in the thimble, 
The saponified material was extracted by shaking with 
50 ml. water to which a 20 per cent solution of hydro- 
chloric acid was added to acidify the separated aqueous 
extract. The acidified material was extracted with 25 ml. 
ether, which was then evaporated to dryness at room 
temperature under nitrogen. Next the residue was dis- 
solved in carbon tetrachloride for infra-red and polaris“. 
metric measurements. The extraction and saponification 
procedure was identical to that described by Nagy and 
Bitz for the isolation of fatty acids from the Orgueil 
meteorite. 

Infra-red spectroscopy. A Perkin~Elmer Infracord, 137, 
spectrometer with sodium chloride optics was used to 
identify the saponified fractions. The solutions of carbon 
tetrachloride were run in 1-0 or 2-0 mm sodium chloride 
cavity cells. Comparison of infra-red spectra of Orgueil 
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and its 74 compounds now available fome 


Ti 


A 
These compounds are being made available world-wide l 
following the discovery by Imperial Smelting Corporation Cide a he 
University of Birmingham, of a new and attractive synthetic route. They open 
up exciting possibilities in such fields as polymers, pharmaceuticals, dye- 
stuffs and agricultural chemicals, where the presence of a fluorinated 
aromatic ring may lead to novel properties. Many companies and university 
research departments are taking experimental quantities of these fluoro- 
carbon compounds and carrying out their own programmes of investigation. 


CI > a ee a ) IMPERIAL SMELTING CORPORATION (SALES) LIMITED 
[rrena AY, EESING 6 ST. JAMES'S SQUARE, LONDON, S.W.1 A MEMBER OF 
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3) oaned Spectra of saponified organic fractions from the Orgueil 

and so Js. Curve H is taken from the literature (ref. 27). 
vchataeteristic at garboxylio acids are at 3-8, 3-7, 585 
-and iTi 


g 


extracts with spectra of pure compounds 
. the literature??? showed characteristic acid 
features (Figs. 3 and 4). The meteorite 
jhowed. a strong acid-carbonyl absorption at 
5:85u, shoulders at 3-3 and 3-7p and a broad band at 
1074. These spectral features are gonerally regarded to 
be characteristic of carboxylic acids*. In an earlier 
investigation’ the identity of the acids in Orgueil was 
further substantiated by the preparation and spectra of 
carboxy hie acid derivatives (methyl esters). 
Ultra-violet and visible spectroscopy. A Beckman DK-2A 
tometer, equipped with 1-em cells, was used to 
tain the ultra-violet and visible spectra.. One meteorite 
saponified fraction was analysed in a Cary model 15 
pectrophotometer. Samples were examined in methanol 
x occasionally in carbon tetrachloride solutions in the 
lo range). The Orgueil acidic fractions showed 
bands at 277, 262 and 220 my in the ultra- 
let range. Tho ultra-violet spectra of naphthenic acids 
and of the lipid hydrolysates from Pelagophycus wore run 
nd showed variations from the Orgueil spectra (Fig. 5). 
pament between the infra-red spectra of these threo 
ples (Fig. 4) indicates only the presence of a common, 
ral component. group rather than a narrow class of 
ounds. The visible spectra of Orgueil saponifiable 
matter were characterized by the absence of absorption 
bands and bya general increase in absorption toward 
lower wave-lengths. Hodgson and Baker‘ found that the 
le spectra of the hexane-benzeno eluates from silica- 
olumns of solvent extracts of Orgueil stones showed 
tions which resembled a petroleum porphyrin poak. 
r, dihydroporphyrins. (common constituents of. 








re cont biological contaminations) were e: generally 
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pinning of saponified organic fractions 
ether we VV) b, with a solution of n-hexane-ether (95/5, v/v); 
-Rows A, / show the three main components of the Orgueil fract: 


1-7, 10-11 are Orgueil saponified fi 


ractions, 
the absence of natural lipids in the Orgueil samples, 
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11 12 


c 


silicate taken in ultra-violet light after rhodamine 

Diplo developed with a solution of n-hexane- 

and e, with a solution of roform—methanol—water (65/25/4, v/v/v). 
: A, hydrocarbons; B, sulphur; and C, acidic compounds. Columns 
ns gee matter from brown algae. Note 
in naphthenic acids and algae (columns 


13 


9, 12 and 13) 


absent, the detection limit being approximately 0-004 
p-p-m. This further emphasizes the lack of terrestrial 
contamination in thé interior of the Orgueil meteorite. 
Thin-layer chromatography. The composition of the 
Orgueil saponified fractions was further examined by thin- 
layer chromatography. The chromatograms were com- 
pared with those of the various standards. Thin-layer 
plates spread with silica-gel and magnesium silicate or 
calcium sulphate as the binder were heat activated at 
120° C for 20 min and air-cooled for 30 min before applica- 
tion of the samples with a calibrated microsyringe. Plates 
were developed in lined chambers with two solvent systems 
differing in polarity; a chloroform-methanol—-water mix- 
ture, and the less polar hexane-ether system. After air 
evaporation of the developing solvents, the plates were 
sprayed with “Rhodamine 6G’, which under ultra-violet 
light stained the spots yellow or purple on a lighter 
purple background. Chromatograms photographed under 
ultra-violet light are shown in Figs. 6a, b and c. Thin- 
layer chromatography separates compounds on the basis 
of polarity rather than on structure. From the thin-layer 
chromatography of the Orgueil saponified extracts, hydro- 
carbon, sulphur and acid fractions were evident. Indi- 
vidual components were scraped off the plates with a razor 
blade, eluted from the adsorbent, and identified by their 
istic infra-red spectra. Corresponding areas on 
control thin-layer plates were subjected to the same 


procedure. Certain spots present on four chromatograms 
of Orgueil were the fatty acids, but they represent only a 
minor percentage of the total and apparently are insufficient 
to cause the observed optical rotation of the saponified 
extract. Analysis and control experiments with amino- 
acids, including thin-layer chromatography using ninhydrin 
spray reagent and solubility tests, have shown the absence 
of amino-acids in the Orgueil saponified fractions; con- 
sequently, the observed levo-rotation is not caused by 
these compounds. The composition of the Orgueil optic- 
ally active fraction does not resemble the composition of 
museum wax, naphthenic acids, sulphur bacteria, bacteria 
from marine mud, brown algae, moss, fungus, palm 
leaves, sea anemone, beef brain, beef sploen, lipids 
from human band or synthetic mixtures of pure lipid 
compounds. Some of the usual recent biological lipids 
were absent in both saponified and cold chloroform 
extracts of Orgueil. 

Optical rotation measurements. The saponified fractions 
from meteorites and controls dissolved in carbon tetra- 
chloride were measured with two different-type instru- 
ments, two Rudolph photoelectric spectropolarimeters 
using xenon—mercury light sources, and a Rudolph visual 
polarimeter, modified by a photoelectric detection system. 
Cell-lengths varied between 0-1 and 2-0 dm; a 1-0 dm 
cell was used most often. Measurements were made 
between 306 and 650 my wave-lengths; however, no 


OPTIOAL ROTATION OF SAPONIFIED FRACTIONS ISOLATED FROM THE ORGUEIL METEORITE AND CONTROLS 


Values in degrees refer to solvent standards* 


Table 1. 
Wave- (a) (b) (e) íd) (e) (f) 
length Orgueil Orgueil O Bruder- Procedure Museum 
(mp) 1 2 heim blanks dust 
306 — — — — — — 
353 =- — — is + 0-003 — 
390 — — — ie + 0-005 — 
408 — = -= a 0-000 — 
435 — — — 0-023 0-000 +0003 — 
— 0001 
440 - — ah oe +0003 — 
450 oe -0-012 ae . +0003 — 
475 ye oa Ee BA + 0-003 — 
500 oe — 0:007 me = 0-001 + 0/003 — 
550 ee oe aie oe + 0-003 — 
570 .. .. oe os +0004 +0124 
589 i — 0-007 we 0-000 +0001 +0121 
— 0-004 
595 — 0-008 es 
Š +0001 
620 .. ip 3% 0-000 +0118 
650 — 0-008 oa +0-001 — 0-004 +0°102 
Range of 
error +0005 +0005 +0005 +0005 +0005 +0-005 


(9) (A) | (i) j) (k) w) (m) 
Museum eed eed Soil Soil Brown Naph- 
wax pollen 1 pollen 2 1 2 algae thenic acid 
A = +0-093 = = = pas 
. — +0023 — +0030 — — 
as — +0028 — +0030 — — 
+0043 _ +0019 — +0015 +0002 +0002 
? a 0-023 — +0016 zŞ i 
s +0003? +0023 — +0014 ss oe 
° oe +0021 — +0010 sD ae. 
ss +0016 +0023 — +0014 +0004 0-000 
è ee +0023 +0025 +0014 2° os 
eN dó +0025 +0016 
x9 +0-011 +0025 +0018 +0004 0-000 
+0048 
<3 +0020 +0020 +0016 
Se +0015 oe 8s 
BS +0012 oO +0017 +0004 0-000 
+0005 +0005 +0008 +0005 +0008 +0005 +0005 


* All measurements were made at room bray or page The concentrations of organic fractions were of the same order of magnitude snes the 


at rnia Research Corporation. 


extracts. 
fo 
Symbols: —, no transmittance; .., not measured. 


in cones rotation values. Measurements a, e, í and k were made at the U 
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‘ig. 7. Optical rotation of saponified extracts from the Orgueil meteorite 
nd Vertical lines thaw the range of experimental 


strument was algo calibrated with coloured blanks 

olloidal sulphur and a solution of cholesterol 
n, tetrachloride sufficiently diluted to- give a 
ævo-rotation similar to the meteorite extracts. The 
optical rotations of the three, identically prepared 
saponified fractions from the three different Orgueil 
stones were measured at three laboratories by three 









TO optical activity. 
Generally, both the lævo- and the dextro-rotations 
appeared to increase toward lower wave-lengths; a lævo- 
rotation of —0-023° + 0-005° was obtained for Orgueil at. 
435 my, next to the lower limit of optical transparency 
of the acidic meteorite solutions, During this work, 
coloured solutions and suspensions of colloidal sulphur 
were examined, samples were filtered through ‘Millipore’ 
filters, cell design, length, instruments and instrumental 
conditions were varied; these. procedures indicate that the 
measured optical activity in Orgueil was real. 

_ Earlior attempts to detect optical rotation in carbon- 
aceous meteorites?™?t have been unsuccessful. Tt appears 
that this can be explained by some of the following factors: 
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(a) by the use of polarimeters lacking sufficiont sensitive 
ity; (6) by the use of chemically unfractionated organic 
matter or by the investigation of the chemical fractions 
in which optical rotation was either absent or below the 
detection limit. It appears that a thorough fractionation 
of the organic matter is essential for the detection of 
optical rotation in Orgueil, because of the probable 
presence of compounds having varying (or opposing) 
rotation. Finally, it is possible that previous failure to 
detect optical activity is also related to (c) the opacity of 
solutions at the lower spectral range and to the apparent 
restriction of some of the easily detectable rotation to a 
narrow range very adjacent to this lower limit of trans. 
parency. 

The optical activity in organic substances synthesized 
in enzymatically catalysed processes arises from wym o 
metry associated with the presence of at least ono cerbon 
atom in the molecule to which four different groups i 
bonded. Other types of asymmetry in organie mo ee 
are seen in allene, spirane, biphenyl and eertain poly. 
cyclic aromatic systems. Laboratory synthesis of com: 
pounds with asymmetrie centres gives racemic mixtures. 
The ordinary source of optically active matorial of natural 
occurrence, however, is in the asymmetrie synthesis 
catalysed by enzymes produced by living cells. We 
are not aware of naturally occurring optically active 
terrestrial organic substances which have been demon- 
strated to have any other origin. The synthesis of optic. - 
ally active compounds in contact with surfaces of enantio- 
morphous crystals has not been conclusively demon 
strated**.*¢, Tt seems reasonable to connect optical 
rotation in Orgueil with biological activity, either el 
indigenous origin or perhaps still related to terrestrial > 
contaminations. ee 
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EVOLUTION OF MAMMALS ON ISLANDS 


By Dr. J. BRISTOL FOSTER 
Department of Zoology, Royal College (University of East Africa), Nairobi, Kenya 


ORKERS in Europe have been debating whether 
<V Y isolation of rodent populations, either on islands or 
as alpine isolates, results in a tendency towards gigantism, 
- or whether the large size commonly found in these insular 
© populations is the consequence of their being relicts of a 
` once more widely spread larger form. For example, some 
< workers!-? believe that the former reasoning best explains 
the large insular bank voles (Clethrionomys) of Britain 
while others*~* prefer the relict theory. 
The work recorded here’ was carried out on the 
Queen Charlotte Islands, forty miles off the north-west 


< eoast. of British Columbia, Canada, and attempted to 


. gather evidence relating to the present problem. Two 
species of deer mice (Peromyscus maniculatus and P. 
- attkensis) were readily collected and exhibited variation 
within the Islands. The former species is one of the most 
widely. distributed of any mammal in North America and 
is found on the largest islands of the Queen Charlotte 
‘Islands and on the neighbouring mainland. P. sitkensis 
averages about twice the weight of P. maniculatus and 
~ has a very disjunct distribution: it occurs on the outer 
gmail islands of the Queen Charlotte Islands and on 


<: widely spaced and mostly small islands in the Alexander 


< Archipelago of neighbouring Alaska. The problem then 
arises whether P. sitkensis is a relict population of large 
tice, perhaps left over from earlier pre-glacial times, a 
-solution already suggested by Cowan*, or whether the 
larger forms have evolved separately on the islands as a 
result of the insular nature of their environment. The 
investigation recorded here indicates that the latter is 
more likely, a conclusion which results. from the following 
(1} The differences within the small island ‘relict’ 
populations (P. sitkensis) are greater than one would 
expect if they owed their similarity to a recent common 
origin, their large size being the single unifying charac- 
teristic. This argument is subject to dispute since one 
would expect such small, isolated populations to be 
somewhat distinct even if they are relicts of a single form. 
In. Peromyscus the form occurring on small islands is 
“eonsiderably more varied in colour, size and proportions 
-. than are the populations which belong to one gene pool 
distributed over an equally large range on the mainland, 
-and this tendency has been shown by other workers* 1°. 


Jt is evident that the insular environment has had a 


significant effect on the animals. 
_ (2) ‘The original relict concept as stated for certain 
insular rodents in Britain‘ and British Columbia contains, 
an integral part, the argument that the smaller mouse 
sinates:the larger and has displaced it from most of its 
o ial range leaving it as a relict. There is no direct 
evidence that such a displacement has occurred, and there 
js an increasing body of evidence to suggest that it did 
“not. Steven! has been able to breed the two sizes of bank 
voles, and indirect evidence suggests that this should be 
possible for the two sizes of deer mice since intergrades 
are found in every character. Hence, rather than a 
displacement of one form by the other the two might be 
more likely to interbreed should they come into contact 
with one another. The displacement theory also pre- 
supposes that very fow of the small mice would be needed 
_ in a waif introduction to eventually displace the larger 
forms. Evidence is strong that Haida Indian canoes 
were the mode of introduction of one character (red belly) 










to and within the Queen Charlotte Islands, and 
undoubtedly provided opportunities for P. maniculatus 
to displace P. sitkensis on the smaller islands could they 
have done so. 

(3) A wide survey of the literature indicates that different 
species of insular vertebrates often tend to be uniformly 
different from presumed ancestors on the adjacent main- 


land. Insular lizards are generally recorded as being 


larger!-16 though there are sufficient exceptions!*:1%!7 to 
suggest that each example reflects peculiar rather than 
universal insular conditions. The problem of deciding © 
whether the forms are relicts or an insular development < 
is particularly difficult in the reptiles due to the generally 
long historical record of both the reptiles and the islands: 

In birds insular large size is the rule? *-*1, bill and. 
tarsal-length especially tending to display the increase. 
But occasionally there are exceptions wherein these 
members show a decrease in size ?%33, 

There is much confusion and contradiction in the 
literature concerning the size of insular mammals"; 
consequently I made a survey of 116 insular races or 
species of 6 orders mostly living on the islands of Western 
North America and Europe. The results are shown in 
the Table. which indicates whether the insular form is 
smaller, the same size, or larger than the presumed 
adjacent mainland ancestor. 


Table 1 
Smaller Same Larger 
Marsupials ü 3 
en f = fF 
omorphs 
Rodents 6 3 60 
Carnivores 13 1 1 
Artiodactyls 8 2 0 


There is a clear tendency towards gigantism in insular 
rodents while dwarfism is characteristic of insular lago- 
morphs (rabbits and allies), carnivores and artiodactyls 
(cloven-hoofed mammals). For the others the evidence is 
not conclusive. Additional trends are observable in the 
insular Peromyscus living on islands along 3,000 miles of 
the west coast of North America. It appears that the 
greater the degree of isolation the larger the body-size. 
Further, the tail-length is usually significantly shorter 
and, finally, specimens taken on islands in British Columbia 
tend to average older than those living on large islands or 
the mainland. í 

The fact that species of insular vertebrates often tend 
to be uniformly different from presumed ancestors on the 
adjacent mainland is evidence that the difference is likely 
the consequence of insularity. The alternative is to reason, 
for example, that most forms of rodents, over a wide » 
geographical area and space of time, were larger when the 
islands first became occupied, that artiodactyls were 
smaller, etc. There is no evidence to support this alterna- 
tive. 


that the large size of the insular rodents is a conservative 
character, whereas there is abundant evidence that it is 
more likely to be the opposite*-**, Rensch? discusses 
at lerigth the mechanisms which could confer an advantage 
on being large: inter-uterine competition puts a premium 
on speed of development and large size (the smaller 
embryos may be absorbed) which continues after birth; 
they live longer, thereby ‘having more time to accumulate 





(4) The relict hypothesis necessitates the argument _ 


No, 4929 April 18, 1964 


antibodies, gather experience, etc.; large size could be 
important in Intraspecific competition; there may be an 
organizational advantage in having more nerve cells; 
larger animals are more efficient metabolically, thereby 
tending to have a longer life. 

However, the size of the smaller mouse on the mainland 
is also obviously adaptive. They fill a niche as small 
herbivores and an increase in size could make them more 
vulnerable to competition from larger rodents or more 
susceptible to predation in being not only easier to see 
but perhaps easier to catch, since large forms are often 
more dogile?.9,3, 

One of the most important and universal characteristics 
of islands is that their faunas are impoverished—there is 
only one native species of rodent on the Queen Charlotte 
Islands and other orders are also reduced. Consequently 
the importance of predators and competitors in controlling 
size may be greatly diminished. In such situations it 
appears that the larger rodent has an advantage. 

It is likely that all morphological changes in insular 
mammals are adaptive. The large insular Peromyscus 
with proportionally shorter tails is not merely an example 
of allometric growth since on a few islands the large mice 
have long tails. The advantages of change in tail-length 
might be indicated in the following example. On Kunghit 
Island of the Queen Charlotte Islands specimens of P. 
sitkensis collected fifty years ago have significantly shorter 
tails than those collected recently. Shortly after the first 
collection was made, rats (Rattus ratius rattus and R. r. 
alexandrinus) were introduced and have since become 
abundant. It appears that this competitor and/or pre- 
- dator has forced the mouse to become more agile with the 

resulting selection for a longer tail. 

If it is possible to imagine the advantages of rodents 
becoming larger on islands, one must still explain why 
larger mammals (carnivores, lagomorphs and artiodactyls) 
usually become smaller. It appears that while rodents 
have intrinsic factors regulating their numbers in the 
absence of predation, artiodactyls are especially suscept- 
ible of reaching the limit of their food supply resulting in 
malnutrition and stunting of the young. In these circum- 
stances, the initial rapid genotypic decrease in size would 
be followed by a more gradual selection and adaptation 
of the phenotype to the optimal and smaller size. It 
should be added that there are relatively few predators of 
artiodactyls compared with rodents and consequently the 
likelihood of an island population being completely free of 
predators is far more likely for artiodactyls than for 
rodents. Reasons for the change in size of members of 
other orders are worthy of investigation. 

Insular adaptations are likely attained more rapidly 
and more precisely due to the smallness of the gene pool 
and the restiiction of gene flow to other populations. 
Whereas on large islands or on the mainland the animal 
adapts to the average conditions due to the gene flow 

‘between the panmictic populations, the adaptations may 
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be more precise on small islands, this perhaps being 
indicated by the older average age of insular Peromyscus, 
Intergrades between the two species of Peromyscus in the 
investigation recorded here were individuals collected 
from localities which were intermediate with regard to 
gene flow, for example, from an islet which is joined to the 
mainland only at the lowest tides. These intergrades, 
and the fact that the two species never occur sympatric- 
ally, make it more meaningful to consider that the two 
species are conspecific, the races of sitkensis now becoming 
the races of maniculatus. It appears that all the diffor- 
ences between the insular forms of this species have 
evolved since the retreat of the Pleistocene glaciers about 
10,000 years B.P. 

Exact conclusions in such investigations are hampered 
by the complete absence of fossil material. However, it 
can clearly be shown that insularity has been a major 
force in the evolution of the forms and has beon under- 
rated in similar work in the past. 

I thank Dr. I. McT. Cowan, Department of Zoology. 
University of British Columbia, who initiated and directed 
this work. 
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LIFE AND WORK OF THE REV. P. J. SMIT 
By MURRAY SCHOONRAAD 


Curator, Museum for Science and Industry, Pretoria 


O mark tho centenary of the birth of the late Rev. 
P. J. Smit an exhibition of his work was recently 
arranged in Pretoria. 

It is not uncommon in history for a man to achieve 
more fame for the work he has done as a hobby than for 
that which he carries out in his profession; but there are 
very few who change over completely from one career to 
another and back again and still make a success of both. 
The Rev. P. J. Smit was one such man. 


Pierre Jacques Smit was born at Leiderdorp in Holland 
in 1863, and, as a baby two years of age, moved with his 
family to England where his father was appointed as an 
illustrator at the British Museum. At an curly age he 
showed great facility in drawing, and followed in his father’s 
footsteps at the British Museum. He commenced his 
eareer by making zoological drawings of the natural history 
collection, and specialized in the drawing of animals and 
birds. He made paintings of the birds in the large aviaries 
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Fig. 2. Banded variety of the Egyptian cobra (Naja kaje kaje}. An illustration by the 
late Rev. P. J. Smit in Dr. V. FitzSimons’s Snakes of Southern Africa 


at the London Zoo to enable visitors to identify the 
birds there, Later, he spent several years illustrating 
British Museum catalogues of reptiles and fishes, wood- 
petkers and weaver birds. Smit also made many plates 
for the Proceedings and Transactions of the Zoological 
Society and for the Annals of the Genoa Museum. 

At the British Museum he came to know many famous 
men: Sir William Flower, Dr. Sclater and the artist Wolfe, 
to name a few, and visited a number of Museums, such as 
those of Berlin, Stockholm, and Brussels, to make pictures 
of animals. 

About that time (1890-1900) a great survey of the 
Congo Basin was in progress; large numbers of new species 
of fish were found, and he made most of the plates to 
illustrate the reports of this survey. His most important 
work was the illustration of Dr. John Anderon’s Zoology 
of Egypt, a quarto work, lavishly illustrated by colour 
plates, mostly drawn from life. 

In 1899, there were rumours of a strange new ‘quagga’ 
which roamed, the dense rain-forest of tho Belgian Congo, 
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Fig. 1. First drawing ever made of the okapi (by the late Rev. P. J. Smit) 
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and two strips or ‘bandoliers’ of its skin 
_, arrived at the British Musefim. Qnly the 
' skull and a few bones of this remarkable 
e animal had been found, but Sir Ray 
UOA Lancaster recognized at once that it was 
`  & new species related to the giraffe. Later 
a complete skin and two skulls were sent by 
Sir Harry Johnston, who was then explor- 

ing the Semliki River area of the Congo. 
Smit was asked to make a picture of 
what he thought the animal would look 
like when alive from these remains (Fig. 1). 
He also went to Brussels to see a stuffed 
specimen there. Years later when the live 
animal was first seen by white men, and 
compared with his illustration, the likeness 
was found to be surprisingly accurate. 
Besides this, he made a large number of 
~ woodcuts for the Birds, Mammals and 
“Reptiles of India, coloured plates for 
Warn’s Royal Natural History, and for the 
'  Batrachians of Europe by Boulenger, and 

drawings for the British encyclopedia. 

Work which is of special interest to us 
in South Africa is the book called A Natural- 
ist in the Transvaal by W. L. Distant. 
This was illustrated by Smit from photo- 
graphs, and it contains a portrait of Presi- 
dent Kruger and a picture of Pretoria 
drawn from the tower of the old Dutch 
Church which stood in the middle of 
Church Square in 1900. : 

As Smit was of an adventurous nature 
and wished to see more of the world, he 
came to South Africa just after the Boer 
War at the ago of forty and after a fow 
years in business in Bloemfontein joined 
the Wesleyan Ministry as a Methodist 
minister. He had always been a great 
church worker and local preacher. As 
was the custom in the Wesleyan Church, 
he was moved about all over the country. 
He went from the mission station of Ben- 
sonvale to Wynburg and from there to 
Robertson in the Cape and hence to Win- 
burg in the Free State. In 1932 he retired 
from the ministry at Port Elizabeth. 

During this period of his life he met Dr. 
j Peringuey of the South African Museum, 

' General Hertzog, General de Wat, Dr. 
, Marquard and many other well-known 
South Africans. He had kept up his 
interest in painting, and landscape work 
and flower studies done by him are still 
to be found in many homes throughout the 
country. For many years he exhibited at the exhibitions 
of the Eastern Province Arts Society. 

While at Port Elizabeth he made a set of coloured 
plates of South African snakes for Dr. Watt. This was 
made possible by the co-operation of Dr. Pringle of the 
Museum and Snake Park, who supplied live specimens, so 
that finally 105 different species were illustrated; many 
of the illustrations used by Dr. FitzSimons for his book 
Snakes of Southern Africa which has just been published 
were from those done for Dr. Watt which are now in the 
possession of the University of the Witwatersrand, 
Pretoria (Fig. 2). 

About 1936 Smit became friendly with the late Dr. 
Austin Roberts, who asked him to illustrate his book on 
the Mammals of South Africa. The twenty-four coloured 
plates with 230 figures of animals which illustrate that 
work were done by him. He was eighty years old when 
he started this work and completed it in about three years. 

Until his death in 1060 at the age of nincty-seven, the 
Rev. P. J. Smit was still painting. ` 
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OBITUARIES. 


Prof. J. Bayley Butler 


THe death of Prof. James Bayley Butler, emeritus 
professor of zoology, University College, Dublin, on 
February 21, in his eightieth year, has removed from the 
academic life of Dublin a distinguished and genial man. 
It is true to say that his life was varied, active and a 
very happy one. Born in India, educated in England and 
Ireland, he followed his medical course in the Catholic 
University of Ireland and graduated with both the M.B. 
and M.A. degrees. He was singled out for an academic 
life and was appointed as a tutor in anatomy in his Alma 
Mater, gaining the reputation of a gifted teacher and 
dissector. On the establishment of the National Univer- 
sity of Ireland, Dr. Bayley Butler was appointed assistant 
to Prof. George Sigerson, poet and zoologist, at University 
College, Dublin. Some years later he became professor 
of botany in the same College, but he succeeded Sigerson 
on the latter’s retirement in 1922. During the First 
World War he saw service with the Royal Army Medical 
Corps. 

Prof. Bayley Butler was a member of the Royal Irish 
Academy, serving three periods on its Council; he was 
also a member of the Fauna and Flora Committee. At 
the time of his death he was vice-president and member 
of the Council of the Royal Dublin Society. He was one 
of the prime movers of its Bicentenary Exhibition in 
1931 and was associated with subsequent exhibition 
meetings. He had a long association with the Royal 
Zoological Society, Dublin, serving on its Council since 
1912. Later, he was to become one of the Society’s 
honorary vice-presidents. 

Prof. Bayley Butler is perhaps best known as an applied 
zoologist. He gained a remarkable reputation as an expert 
witness in court cases, both in Ireland and abroad. In 
his later years he became interested in the distribution 
and control of wood-boring beetles and of Serpula lacry- 
mans, the cause of dry rot, and became scientific adviser 
to an Irish firm manufacturing both insecticides and 
fungicides. His work on the chytridiacean parasite, 
Catenaria anguillulae, in the ova of Fasciola hepatica, is 
known to parasitologists. 

One could speak at great length of Dr. Bayley Butler’s 
remarkable versatility. He sold the patent of a resinous 
water-proofing material used in the preparation of field 
maps to the American Army during the Second World 
War. His work at Glenlion, Baily, Co. Dublin, is familar to 
both architect and botanist. He designed and built his 
home by direct labour, and the Roman and Alpine gardens 
were opened each year for the Jubilee Nurses’ Fund and 
had the reward of remarkable attendances. For some 
years, though in failing health, he was engaged in writing 
his autobiography. It is hoped that the records of a very 
remarkable life will be published later. 

This appreciation should not end without mention of a 
very important side of Prof. Bayley Butler’s personality, 
the professor-student relationship, a relationship inclined 
to be overlooked to-day with increasing student numbers, 
One remembers the expeditions to Dalkey Island, the 
Christmas parties at his home in Ranelagh Road and, 
later, the garden parties at Glenlion, Baily, Co. Dublin, 
where frog, cockroach and snail races were novel features 
of very enjoyable afternoons. Dr. Bayley Butler was 
never happier than as host on such occasions. 

He will be remembered by his students, colleagues and 
friends-as a man of remarkable intellect, of great under- 
standing and gentle disposition. C. F. HUMPHRIES 


Dr. A. H. R. Goldie, C.B.E. 


Dr. A. H. R. Gorp, who died at his home in Stirling 
on January 24, aged seventy-five, was deputy director in 
charge of research when he retired from the Meteorological 
Office in 1953. 

With the Dux Medal from his school at the Harris 
Academy, Dundee, and a first-class honours degree in 
mathematics and natural philosophy from the University 
of St. Andrews in 1909, Goldie went on to St. John’s 
College, Cambridge, where he was a wrangler in the 
mathematical tripos of 1913. Deciding on meteorology as 
a career, he spent two years in weather forecasting and 
the Meteorological Office Observatories at Falmouth and 
Eskdalemuir before he joined the Meteorological Section 
of the Royal Engineers, newly formed under Capt. (later 
Lt.-Col.) E. Gold. In his duties with the British Army, 
first in France and later on the Italian front, Goldic 
enthusiastically applied Gold’s recently developed theory 
of the gradient wind to the preparations of reports for 
the artillery, a practice which was soon acknowledged 
by the British and German Army Staffs as providing 
accurate information for shooting when balloon ascents 


could not be made. 


When he returned to the Meteorological Office in 1919 
with the rank of major, Goldie was for five years in control 
of local forecasting centres at civil and military airficlds 
before he was appointed superintendent of the Meteor- 
ological Office, Edinburgh, where he remained until 1938. 
This was Goldie’s most productive scientific period. His 
early interest in what goes on in the upper air abovo 
weather systems had matured, and his keen powers of 
interpreting observational data (which had led him in 
1923 to direct attention for the first time to the occurrence 
of the laminated tropopause) backed by a thorough grasp 
of the various problems he tackled bore fruit in a valuable 
series of papers. He wrote five Geophysical Memoirs on 
the distribution of wind and rainfall around depressions 
and on the kinematical features of depressions treated as 
vortices; he also contributed papers to the Quarterly 
Journal -of the Royal Meteorological Society and to the 
Transactions and Proceedings of the Royal Society of 
Edinburgh. These were on such diverse themes as ‘Waves 
at an Approximately Horizontal Surface of Discontinuity 
in the Atmosphere”, “Tho Structure and Movement of 
the Atmosphere as Affected by Diurnal Variations” and 
“The Electric Field in Terrestrial Magnetic Storms”. 
Though well enough known to the staff at the Observa- 
tories at Lerwick and Eskdalemuir which he controlled 
at that time, the insight into geomagnetic phenomena 
shown in the last-named paper surprised many of Goldie’s 
meteorological contemporaries: its value as æ con- 
tribution to geomagnetic theory was recognized by 
Goldie’s appointment as secretary of the International 
Association of Terrestrial Magnetism and Atmosphere 
Electricity, a post he held for eleven years. 

In 1938 Goldie became the first assistant director 
(research) in the Meteorological Office, and in this 
appointment, even with the administrative responsibility 
of controlling the work of the Instruments, Climatology 
and Marine Branches added soon after the outbreak of 
the Second World War, Goldie continued to make im- 
portant contributions to meteorological theory and 
practice. He produced an explanation of how aircraft 
condensation trails are formed, and this led to a means of 
forecasting the altitudes where they could occur and to 
the adoption of rules for aircrews on how to avoid making 
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them. When he could return to his own field of interest 
after the War, Goldie used the new measurements of 
humidity made at great heights by the Meteorological 
Research Flight to deduce the large-scale flow of the 
atmosphere from the troposphere over the tropics into 
the stratosphere above middle latitudes, and this in turn 
led to several papers on the atmospheric circulation at 
high levels. : 

In 1936 Goldie was awarded a D.Sc. by the University 
of St. Andrews and was promoted to deputy diroctor 
(research) in 1946 with the rank of deputy chief scientific 
officer; he was appointed C.B.E. in 1951. He had served 
on the Council of the Royal Meteorological Society and 
as vice-president of the Royal Society of Edinburgh. 
Always a gentle, friendly and unassuming man with a 
wide interest in people and the world around him, Goldie 
in his younger days enjoyed tennis, badminton and long 
walks in the hills; but fishing was his real pastime. As 
a boy he often accompanied his father, the Rev. Andrew 
Goldie, on excursions from the manse into the hills 
around, Glenisla, and he shared the quiet satisfaction of 
landing a trout from the loch. That kind of quiet enjoy- 
ment of unpretentious things continued with him through 
life. Goldie was twice married: in 1928 to Marion Wilson, 
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who was widely known for her devoted work for the 
Meteorological Office staff evacuated to Sténehouge in the 
war years; she died in 1948. In 1952 he married Helen 
Carruthers, author, with Dr. C. E. P. Brooks, of the 
Handbook of Statistical Method in Meteorology. There 
were no children. J. M. Stace 


Dr. A. Elek 


Dr. ADALBERT ELEK was born in Hungary on May 3, 
1887, and obtained his education and degrees in his home 
country. : 

After going to the United States he became micro- 
analyst at the Rockefoller Institute in New York, whore he 
introduced micro-analytical procedures for all the elements 
following closely the book by F. Pregl. He also developed 
numerous procedures in this field which are still used by 
the micro-analyst. 

In 1948 he moved to California, where he established 
in Los Angeles his own micro-analytical laboratory on a 
consulting basis. He died on January 4, 1964, but’ will 
be remembered by all microchemists in the United States 
as probably the first chemist using micro-analytical pro- 
cedures continuously with success. He was a member of 
the American Microchemical Society. 


NEWS and VIEWS 


The Royal Irish Academy : Officers 


THe following have been elected officers’ of the Royal 
Trish Academy: President, Prof. J. Doyle, emeritus pro- 
fessor of botany in University College, Dublin; Treasurer, 
Dr. V. C. Barry; Secretary of the Academy and Secretary 
for Irish Studies, Dr. B. O. Cuiv; Secretary of the Science 
Committee, Dr. P. J. Nolan; Secretary for Polite Literature 
and Antiquities, Mr. J. J. Tierney. 


Members 


The following were elected new members of the 
Academy: Dr. J. S. R. Chisholm, Dr. M. de Paor, 
Mr. R. H. M. Dolley, Dr. ©. Kembal, Dr. B. Spencer, 
Dr. H. Wagner, Mr. W. A. Watts. 


Honorary Members 


The following were elected honorary members in the 
Section of Science: Prince Louis V. P. R. de Broglie, 
Prof. Melvin Calvin, Dr. F. H. C. Crick, Prof. Werner 
Heisenberg. 


Council Members 


`The following were elected to the Science Section of 
the Council: Dr. V. C. Barry, Dr. R. C. Geary, Dr. J. N. 
Grainger, Rev. R. E. Ingram, Dr. C. Lanczos, Rev. J. R. 
McConnell, Dr. P. J. Nolan, Dr. N. A. Porter, Dr. J. L. 
Synge, Dr. E. T. 8. Walton, Dr. A. E. Went. 


International Academy of Astronautics : 
Corresponding Members 


- Tue following have been elected corresponding mem- 
bers of the International Academy of Astronautics of the 
International Astronautical Federation. 

Basic Sciences Section: Dr. Lloyd V. Berkner, Graduate 
Research Center of the Southwest, Dallas, Texas; Prof. 
J. Coulomb, Centre National d’Etudes Spatiales, Paris; 
Dr. H. Elliot, Department of Physics, Imperial College 
of Science and Technology, London; Dr. George Gamow, 
Department of Physics and Astrophysics, University of 
Colorado, Boulder; Prof. Samuel Herrick, University of 
California in Los Angeles; Dr. Chia-Chiao Lin, Massa- 
chusetts Institute of Technology, Cambridge, Mass.; 
Dr. A. P. Mitra, National Physical Laboratory, New Delhi; 


Prof. Tatsuzo Obayashi, Ionosphere Research Laboratory, 
Kyoto University, Kyoto; Prof. Yngve Ohman, Stock- 
holm Observatory, Saltsjöbaden; Prof. P. Swings, 
Institute of Astrophysics, Cointe-Sclessin; Dr. John W. 
Townsend, jun., National Aeronautics and Space Admini- 
stration Goddard Space Flight Center, Greenbelt, Md.; 
Prof. C. E. von Weizsäcker, University of Hamburg. 

Engineering Sciences Section: Dr. A. K. Oppenheim, 
University of California, Berkeley, Cal.; Dr. Simon 
Ramo, Bunker-Ramo Corp., Canoga Park, Cal.; Prof. 
Robert Sauer, Mathematisches Institut der Technischen 
Hochschule, Munich; Dr. W. R. Sears, Graduate School 
of Aeronautical Engineering, Cornell University, Ithaca, 
N.Y. 

Life Sciences Section: Dr. W. R. Adey, Space Biology 
Laboratory, University of California at Los Angeles 
Health Sciences Center; Wing Commander P. Howard, 
Royal Air Force Institute of Aviation Medicine, Farn- 
borough; Prof. E. H. Graul, Strahleninstitut der Philipps- 
Universität Marburg/Lahn; Dr. Erwin A. Lauschner, 
Institute of Aerospace Medicine, German Air Force, 
Firstenfeldbruck. 


Salk Institute for Biological Studies : 
Dr. Leo Szilard 


Dr. Leo Szmarp, one of the world’s most eminent 
scientists, has been appointed Resident Fellow of the 
Salk Institute for Biological Studies, San Diego, Cali- 
fornia, as of April 1, 1964. 

Dr. Szilard’s achievements as a theoretical and nuclear 
physicist have brought him international recognition and 
fame, especially when, during 1939-42, he and Enrico 
Fermi designed the first chain reaction systemm—that of 
uranium and graphite—used in the atomic pile. After the 
Second World War, Dr. Szilard turned from the problems 
of physics to the life sciences, becoming professor of 
biophysics in the University of Chicago. Dr. Szilard’s 
work in recent years has centred on problems relating to 
induced enzyme formation in bacteria, antibody forma- 
tion in mammals, the general problem of ageing, and the 
molecular basis of memory. It is in order to continue 
his own work in collaboration with the other Fellows of 
the Institute that Dr. Szilard has taken up residence in 
San Diego. Dr. Szilard’s achievements in the field of 
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peaceful applications of atomic energy were recognized 
by tha award to him jointly with Dr. Eugene P. Wigner 
of the Atoms for Peace Award for 1959. Dr, Szilard is the 
author of the widely read paperback book, The Voice of 
the Dolphins, five stories of social and political satiro. 
Contrary to what one might expect, the book is not about 
ae intelligence of the dolphin, but about the stupidity 
of man. 


Virology at St. Mary’s Hospital Medical School, London: 
Prof. K. R. Dumbell 


Dr. K. R. DUMBELL has been appointed to the newly 
created Fleming chair of virology in the University of 
London at St. Mary’s Hospital Medical School. Dr. 
Dumbell graduated in medicine in the University of 
Liverpool in 1944, obtaining the degree of M.D. in 1950. 
From 1945 until 1947 he was an assistant lecturer in the 
University Department of Bacteriology at Liverpool and 
played a part in the investigation of the 1946 outbreak 
of smallpox in that city. In 1947 he transferred to the 
staff of the Common Cold Research Unit of the Medical 


Research Council and worked on the problems of air 


hygiene and the transmission of respiratory infections. 
This work he continued during his period of service with 
the Royal Air Force (1950-52) at the R.A.F. Institute of 
Pathology. The following year he worked at the Rocke- 
feller Institute, New York, with Dr. Peyton Rous on the 
effects of chemical carcinogens on benign tumours and 
with Dr. Richard Shope on a virus-induced tumour of 
deer. On his return to Liverpool in 1953, first as lecturer 
and then since 1958 as senior lecturer, Dr. Dumbell 
resumed his early interest in smallpox and the related 
group of animal pox viruses. The central theme of his 
research has been the virulence of these viruses and the 
possibility of relating this property to their other charac- 
ters. He has published work on the antigenic analysis of 
pox viruses and has made a particular study of the effect 
of temperature on their growth in various host systems. 
This work has had important practical applications in the 
recognition of the different varieties of smallpox virus and 
has led to significant contributions in the field of pox 
virus genetics. 


Hydrography in France : M. André Gougenheim 


Tue development of the sciences of the sea in France 
since the end of the Second World War has probably owed 
more to André Gougenheim than to any other single 
individual. Born in Paris on January 31, 1902, Gougen- 
heim had, since his entry into the service of the Hydro- 
graphic Engineering Corps of France at the age of twenty, 
accomplished great feats of marine surveying far and wide 
—not only in his homeland waters but also in those 
adjacent to former French possessions spread wide over 
the Earth. His eminently successful and very distin- 
guished career culminated in his appointment to the 
directorship of the Service Hydrographique de la Marine in 
1957, and it is from that post that he has recently retired 
after reaching the appointed age limit of sixty-two. 
During his occupancy of that high office, his multi- 
farious duties never prevented him from devoting untiring 
effort towards the furtherance’ of oceanography in France. 

British practitioners of the science greatly admire the 
journal which Gougenheim founded at the end of 1948 
under the name: Bulletin d’Information du Comité Central 
@’Océanographie et d'Etude des Côtes (C.0.E.C.) and which 
has gone on from strength to strength as a publication of 
the Service Hydrographique since the appearance of the 
first number (in very modest dress) in January 1949. 
Now in its sixteenth year, it appears under the style 
Cahiers Océanographiques, and its monthly appearance 
affords to its readers a most valuable review of oceano- 
graphical activity over the world at large. So good and so 
useful is this that one is amazed at the vast amount of 
' reading which must have gone to its production. The 
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same journal has been the swift medium of publication 
for the results of excellent French researches far and wide, 
though it should be added that the remarkable monthly 
journal is open to all comers. With his rotirement from 
his high professional office went also Gougenheim’s retire- 
ment from the presidency of C.0.E.C., but his continuing 
close interest is certain. Laureate of the Academy of 
Sciences in 1931 and recipient then of the first award of 
the Prix Givry, Gougenheim repeated the distinction in 
1958 when the Prix Binoux was awarded to him. Recipi- 
ent in 1952 of the French Navy’s gold medal for scientific 
work, Gougenheim was ten years later elected to the 
Academy of Sciences. At the resulting sword-presentation 
ceremony, addresses from -nine of his most eminent 
scientific confréres attested the high place which Gougen- 
heim holds in the esteem of the great scientists of his 
country and their keen appreciation of the great vigour 
of his activity in all that has to do with the study of the 
sea. Throughout the ceremony there prevailed a proper 
measure of admiration for the fact that Gougenheiin has 
never spared himself in his great endeavours to achieve 
that France shall play a worthy part in the advancement 
of oceanography. 
M. Gougenheim’s successor as director of the French 
Hydrographic Service is M. Guy Jean Chatel, who holds 
he surveying rank which is equivalent to rosr-admiral. 
From this officer (aged fifty-seven), who has a long list of 
sea-going appointments behind him, and who is a member 
of C.O.E.C. and other French organizations connected 
with the sciences of the sea, British oceanographers are 
confident that they will receive the same close collaboration 
and will enjoy the same mutuality of interest as in the 
case of his predecessor in office. 


Natural Philosophy at the University of Glasgow: 
Prof. G. R. Bishop 


Pror. G. R. Bisropr, associate professor in the Faculty 
of Sciences, École Normale Supérieure, at Orsay. has heen 
appointed to the newly established Kelvin chair of natural 
philosophy in the University of Glasgow. Prof. Bishop, 
who is thirty-seven, graduated B.A. with first-class 
honours in 1948 and was awardod the degree of Doctor of 
Philosophy in 1950, both at the University of Oxford. 
Thereafter he was appointed as Imperial Chemical Indus- 
tries Research Fellow at the Clarendon Laboratory until 
1953, when he became a Research Fellow of St. Antony’s 
College, Oxford. In 1955 he moved to France to the 
Ecole Normale Supérieure and in 1962 was appointed 
professeur associé of the new Faculty of Sciences of Orsay. 
At Oxford, Prof. Bishop’s research interests included 
problems on the photodisintegration of the deuteron at 
low y-ray energies, the polarization of protons emitted in 
nuclear reactions and the orientation of nuclear systems 
at low temperatures. In 1955 he was invited to the Ecole 
Normale Supérieure to form a group to carry through a 
research programme on two accelerators, a 600-keV 
Cockeroft—-Walton set and a 2-2-MeV Van de Graaff. in 
preparation for the time when the 1-BeV electron linear 
accelerator, then planned for Orsay, would become avail- 
able. Prof. Bishop was given the task of organizing the 
experimental programme for this accelerator and is at 
present responsible for directing the research. It is 
expected that Prof. Bishop will take up his new appoint- 
ment at Glasgow on October 1. when Re will become 
responsible for the programme of work planned for the 
University’s new 100-MeV electron linear accelerator 
which is to be housed at the National Engineering 
Laboratory, Hast Kilbride. The accelerator and building 
are the outcome of a £1 million grant by the Department 
of Scientific and Industrial Research to the University. 
The accelerator, which should be fully operational by 
early 1966, will provide a very high intensity boam with 
which a wide range of new experimental researches on 
photonuclear problems will be possible. 
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Higher Education in Britain 


In written answers in the House of Commons on 
March 16, the Parliamentary Secretary to the Ministry 
of Education, Mr. C; Chataway, stated that the four 
technical training colleges in London, Bolton, Hudders- 
field and Wolverhampton had, this year, 1,200 students, 
and new teaching accommodation was expected to be 
completed at all the colleges by the summer of 1965. 
The future work of the colleges was under consideration 
by the Standing Sub-Committee on Teachers for Further 
Education of the National Advisory Council on the 
Training and Supply of Teachers. The Further Education 
Staff College opened at Coombe Lodge, Blagdon, in March 
1963, had so far provided nine courses, covering a wide 
range of subjects dealing with further education and with 
its relations with industry, and attended mainly by senior 
teachers and administrative staff from colleges of further 
education. There were 24,731 full-time teachers in grant- 
aided establishments of further education in March 1962, 
and 6,490 men and 11,745 women were admitted to all 
courses of initial training in the specialist and technical 
teacher training colleges in 1961-62, 5,765 and 12,607, 
respectively, in 1962-63; the provisional figures for 
1963-64 are 7,250 and 15,000 and there are about 7,750 
day students at residential teacher training colleges. On 
March 18, Sir Edward Boyle stated that the report of the 
sub-committee set up by the National Advisory Com- 
mittee on Education for Industry and Commerce, under 
the chairmanship of Mr. W. F. Birch, to consider the need 
for a new qualification in business studies in respect of 
courses broadly equivalent to those leading to the Diploma 
in Technology had been endorsed by the National Ad- 
visory Council and he had commended it to local education 
authorities and colleges. The report recommended the 
establishment of a new nationally recognized qualification 
in business studies for courses which, through the sand- 
wich system, combined an advanced general education 
for business with practical experience. It was suggested 
that the qualification might take the form of a distinctive 
honours degree of the new Council for National Academic 
Awards. 


Nuclear Power Projects in the United States 


Tue first edition of the Fact Book on U.S. Nuclear 
Power Projects (originally known as Fact Sheets on U.S. 
Nuclear Power Projects) appeared in December 1958 and 
gave a classification of the power reactor projects in the 
United States according to the various Atomic Energy 
Commission programmes under which they were initiated. 
Revised. editions appeared in June 1960, April 1961 and 
June 1962. In the fifth edition projects are classified by 
reactor types, using the coolant as the difference indicator 
(Fact Book on U.S. Nuclear Power Projects. Fifth edition. 
Prepared by the Electric Companies Public Information 
Program, 230 Park Avenue, New York, N.Y., July 1963). 
The list includes water-cooled reactors with ten pres- 
surized, and twelve boiling-water reactors; sodium-cooled 
reactors with two moderated and two fast-breeder 
reactors; one organic-cooled reactor; two gas-cooled 
reactors; and details of the research and study projects 
of some 160 electric utilities in the United States which 
are actively engaged in civilian nuclear power projects. 
The classified data sheets are preceded by three intro- 
ductory and explanatory articles dealing with the approach 
to nuclear power development in the United States, elec- 
tric power company participation in nuclear power 
development, and the eight power plants being con- 
structed or planned by utilities other than investor- owned 
electric companies. 


Home Universities Conference, 1963 


Tue report of proceedings of the Home Universities 
Conference, 1963, includes the text of the main speeches 


at the two sessions dealing with universities and the- 
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future pattern of higher education and with university 
expansion in the short term, respectively (Universities 
and the Future Pattern of Higher Education: University 
Expansion in the Short Term. Pp. 84. London: The 
Association of Commonwealth Universities, 1964. 5s.). 
The former was opened by Lord Robbins, who also 
replied to points raised in the subsequent discussion by 
Dr. J. M. Whittaker, Dr. K. W. Keohane, Dr. B. V. 
Bowden, Prof. W. M. Arnott, Sir Sydney Caine, Mr. S. J. 
Tester, Mr. H. J. Perkin, Dr. E. Q. Edwards, Mr. D. R. O. 
Thomas and Sir Malcolm Knox. The second session was 
opened by Prof. C. A. Moser, who concentrated on the 
statistical background; he was followed by Prof. B. R. 
Williams, who dealt with staffing aspects, and by Mr. D. 
Campbell, who dealt with buildings. There were con- 
tributions by Dr. E. M. Patterson, Prof. G. C. Moodie, 
Mr. K. L. Stretch, Mr. U. F. J. Eyck, Mr. S. J. Tester, 
Prof. M. R. Gavin, Dr. R. A. Foakes, Prof. C. H. Hassall, 
Lord Chorley, Dr. D. M. A. Leggett, Dr. D. A. Kearney, 
Dr. J. A. Pope and Miss C. M. Hill, to which the speakers 
replied. 


Commonwealth, Scholars in Britain 


Tse fourth annual report of the Commonwealth 
Scholarship Commission in the United Kingdom, covering 
the year ended September 30, 1963, records that with 183 
of the 1962 Scholars taking up their awards, 472 Scholars 
were attending United Kingdom universities and colleges 
in the session 1962-63 (Pp. 50. London: H.M.S.O., 1964. 
3s. net). About 15 per cent of the awards have been held. 
by Scholars in medicine and surgery, most of whom seek 
æ higher professional qualification, and as many such 
scholarships need clinical experience in a paid hospital 
post, it is now the Commission’s practice to offer awards 
in medicine and surgery tenable for an aggregate number 
of months instead of a defined continuous period. The 
Commonwealth Scholarships (Amendment) Act, 1963, 
prevents adoption of this arrangement from restricting 
unduly the number of new awards. Of the 107 Scholars 
whose awards expired at the end of the 1961-62 session, 
18 wished to defer their return home; for 1962-63, 80 out 
of 184 Scholars sought to defer their return, and the 
Commission points out that this wish is sometimes due to 
difficulty in securing appropriate appointments in the 
Scholars’ home countries. In the 1963 competition, 362 
nominations were submitted; recommendations were 
made to the Commission for the award of 273 scholarships 
and places were found for 252, but afterwards a further 
30 candidates withdrew. It is expected that in the 
session 1963-64 the number of Fellows and Scholars 
holding awards in Britain will total 520; 512 were present 
in October 1963. Invitations to Commonwealth visiting 
fellowships tenable in the session 1963-64 were accepted 
by six distinguished academics. The report includes 
details of degrees and diplomas awarded to 139 Scholars 
in 1962-63. the results confirming earlier reports on the 
standard of these Scholars. Of the 222 Scholars accepting 
1963 awards, 44 were from India, 31 from Canada, 19 from 
Australia and 18 from Pakistan; London with 62, Man- 
chester, 24, Cambridge, 23, and Oxford, 22, took the most. 
Arts (60), science (48), technology (42), medicine (34) and 
social sciences (34) took almost all the Scholars. 


The Cawthron Institute 


THE biennial report of the Cawthron Institute, New 
Zealand, for 1961-63 includes the director’s report, a 
technical report giving notes on current research, a list of 
publications and five special articles (Pp. 46. Nelson, 
New Zealand: Cawthron Institute). The articles deal 
with foliar spraying of minor elements on apple trees 
(C. R. Barnicoat); biochemical research on polyphenols 
and polyphenolases (J. R. L. Walker); the effect of heavy 
dressings of phosphate and lime on the incidence of cloud 
in tomato fruit, and also with fertilizer treatment and 
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fruit quality, in glasshouse tomatoes (D. J. Stanton and 
D. Salter); bitter pit investigations in apples (E. T. Chit- 
tenden, J. Watson and L. Hodgson). The Director notes 
that, during the two years, investigations at the Institute 
—the work of which is restricted to plant nutrition and 
related soil studies, but includes fundamental investiga- 
tions—have included long-term studies of soils, apples, 
tomatoes and pastures, and, in collaboration with the 
Hop Research Station and the Tobacco Research Station 
of the Department of Scientific and Industrial Research, 
of tobacco and hops. These have included the study of 
hop diseases and the nutritional requirements of the black 
root-rot fungus (Phytophthora cactorum (Schroet)) and of 
other species of Phytophthora, and investigations of the 
chemical composition and smoking quality of tobacco. 
Other investigations in progress deal with: calcium 
metabolism of apples; the availability of magnesium to 
white clover and to pastures and apple trees from different 
fertilizers; the availability to pastures of phosphorus 
from different fertilizers; sulphur requirements of pastures 
on certain Nelson soils, and a systematic study of minor 
element status of soils of the Nelson province. Insufficient 
finarice was forthcoming for a proposed scheme of research 
into sheep farming. The technical report notes a sub- 
stantial reduction in bitter pit in Cox’s, Orange apples 
from the use of calcium nitrate sprays and satisfactory 
results with sawdust as a rooting medium for nutrient 
trials with tomatoes. Investigations of various diseases 
and of Verticillium with disease of hops are also noted. 


The Technologist 
Tue first issue of a new quarterly, entitled The Technolo- 
gist: the Study of Technology and Society, includes an 
article by Lord Fleck “The Image of Technology”, a 
bibliographical review by K. Hudson of industrial 
archeology and some comments on the Trend Report by 
Aubrey Jones (1, No. 1, January 1964. Pp. xiv+42. 
Published quarterly. London: Sir Isaac Pitman and 
‘Sons, Ltd., 1964. Annual subscription 30s. Single 
issues 78. 6d.). A note on research in progress by E. Hope 
deals with music composition by high-speed computer, 
and Dr. R. A. Buchanan under the title “Technology 
Comes of Age” discusses the status of technology in 
Britain. The periodical is a joint venture on the part of 
the publishers and the Bristol College of Science and 
Technology. Besides examining the impact of technology 
and the applied and social sciences on contemporary 
society, and the significance of the work of technological 
institutions, the periodical seeks to express the distinctive 
outlook of these institutions, explore the philosophical 
implications of technology, and promote the exchange of 
ideas between the institutions and Government and 
industry. 


Social Welfare Work in France 


A PAMPHLET, Social Welfare in France, issued by the 
Press and Information Service of the French Embassy, 
which describes the organization of social welfare work 
in France, gives a brief account also of the training and 
recruitment of welfare workers (Ambassade de France, 
Service de Presse et d'Information. Social Welfare Work 
in France. Pp. 14. London: Ambassade de France, 
Service de Presse et d’Information, 1963). Social welfare 
schools provide some 800 welfare workers a year, but 
recruitment, mainly women, is becoming more and more 
difficult and does not correspond with needs. This is 
attributed to the numerous other openings now available 
to girls, to the arduous and tiring nature of the work and 
to the unattractive remuneration and prospects. 


Technical Assistance in Economic Development 

Mr. A. Mappison, director for technical co-operation 
of the Organization for Economic Co-operation and 
-Development, has recently described the role of technical 
assistance in economic development (O.H.C.D. Observer. 
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December 1963). In this he outlines what is being dono 
on a world scale to meet the needs of the developing 
countries for foreign skills, training and technology, and 
gives some comparative figures for the British contribu- 
tion which should be noted. Although his figures for 
Britain’s assistance are lower than those which have since 
been given by the Secretary for Technical Co-operation. 
according to Mr. Maddison Britain supplied 17,500 experts 
in, 1962 to work in developing countries financed by 
technical assistance out of 85,000 from member countries 
of the O.E.C.D. Development Assistance Committee and 
of a world total of 102,500. Britain received 40,000 
students and trainees from these countries out of cor- 
responding totals of 135,000 and 170,000, respectively; 
France and the United States receiving 25,000 and 
40,000, respectively; and West Germany 15,000. 


Radiation Control of Salmonellae 


RADIATION preservation of foods is receiving increasing 
attention as an alternative to using chemical proserva- 
tives. The sensitivity of organisms to ionizing radiation 
varies between species: Salmonella are not among tho 
most resistant. The International Atomic Energy Agency, 
Vienna, has recently discussed this in No. 22 of its Tech- 
nical Reports Series, entitled Radiation Control of Salmon- 
ellae in Food and Feed Products (Pp. 148. Vienna: 
International Atomic Energy Agency; London: H.M.S.0., 
1963. 64 schillings; 18s.; 3 dollars). The report men- 
tions that heat treatment is not totally effective in 
removing Salmonella, and the organisms are not revealed 
at a concentration less than 10-20 per kg of feed. On 
the other hand, irradiation of the order of 7-10 x 10° 
rads will reduce Salmonella by a factor of 107. Doses of 


‘this order do not affect very much the quality of the 


food or feed products. Losses of vitamins and protein. 
for example, are not significant at 0-5 M rad and irradiated 
blood albumin contains more available lysine than the 
heat-treated material. A sample of chicken lost its 
irradiation odour and taste on placing in the refrigerator 
for 24 h and looked more appetizing than an unirradiated 
sample. Storage of irradiated food should be under 
refrigeration, as surviving organisms can multiply more 
quickly owing to lack of competition. The sonsitivity of 
different serotypes of Salmonella to irradiation varies with 
the food medium, temperature and gaseous environment; 
the well-known oxygen effect, for example, being of the 
usual magnitude. Radiation preservation would be less 
costly than heat treatment. The cost of a plant would bo 
mainly due to the cost of the isotope. Radiation doses of 
greater than 1 Mrad can cause off-odotrs and flavours. 
Enzyme activity is not arrested even at the sterilizing 
dose. (There is a misprint in the first paragraph of p. 77, 
where ‘50,000 rad’ should read ‘500,000 rads’.) 


Fossil Squirrels 


A RECENT issue of the Bulletin of the Museum of Com- 
parative Zoology at Harvard College reviews thoroughly 
all the North American specimens of Tertiary Sciuridae, 
including many specimens not previously described; 
three new genera and seven new species are named (130, 
No. 3; December 20, 1963. A Review of the North Amer- 
ican Tertiary Sciuridae. Pp. 109-248 +22 plates. Cam- 
bridge, Massachusetts: Museum of Comparative Zoology 
at Harvard College, 1963). The Sciuridae aro known in 
North America from Mid-Oligocene times onward; some 
genera appear. to have originated in North America and 
migrated later to other continents (for example, Mar- 
moita), while other genera have remained exclusively 
American. The author, C. C. Black, broadly accepts the 
two-fold division of the Sciuridae into Petauristinae and 
Sciurinae, with recognition of eight tribes in the latter 
sub-family, though the generic grouping into tribes differs 
slightly from recent writers. Black mentions that the 
Petauristinae (flying squirrels) as a group are more of a 
convenience than a reflexion of monotaxie origin. He 
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accepts Wood’s thecry that the’ Paramyidae are the 
ancestral rodents from which (perhaps in a form near the 
Upper Eocene Uriscus) arose the sciurids. The author 
considers the Prosciurinae unlikely sciurid ancestors. The 
bulk of the paper is devoted to the systematic account of 
all known North American specimens: the discussion 
parts are largely devoted to details of comparative 
anatomy and its taxonomic significance. Most of the 
material is dental; a few skulls are known; neither 
braincase nor narial region is described though two are 
figured. Few post-cranial remains are known, but the 
author lists the expected skeletal characters. Black 
summarizes the floral and climatic changes in western 
North America in Tertiary times and relates the adaptive 
radiation of sciurids to this. The change from contracting 
forests to grasslands, begun in late Oligocene, is paralleled 
by the appearance in early Miocene of ground squirrels, 
probably descended from chipmunk-like types of late 
Oligocene. The work is well illustrated with plates 
which appear to be based cn photographs of pencil 
drawings. If the Old World sciurids could now be as 
well revised, we would be in possession of an excellent 
picture of this interesting family. 


Lederle Medical Student, Research Fellowships 


Tue Lederle Laboratorios Division of the American 
Cyanamid Company is making available medical student 
research fellowships to medical schools throughout the 
United States and Canada for the year 1964. These 
fellowships, in amounts not exceeding 650 dollars per 
annum. for any one individual, are intended to relieve in 
part the financial burden of students who desire to devote 
their summer vacation to research in preclinical depart- 
ments. Students who apply for these research fellowships 
must be of good scholastic standing and must have the 
consent cf the faculty member under whose supervision 
their research is to be conducted. The selection of students 
to receive such awards will be made by the Dean of the 
medical school, or by the regularly constituted committee 
of the faculty charged with such selections. By special 
permission of the Dean or the Fellowship Committee of 
the school, the student may carry on such research in 
another medical school provided that satisfactory 
arrangements are previously made with the faculty 
member of the school and the department in which the 
student is to carry on his resoarch. 


Harkness Fellowships of the Commonwealth Fund 


Tx following appointments to Harkness fellowships of 
the Commonwealth Fund have been announced: P. W. 
Atkins (Leicester), physical chemistry; N. L. Browse 
(Westminster Hospital), surgery; D. E. Eccles (Ministry 
of Public Buildings and Works), civil engineering; C. V. F. 
Henfrey (Oxford), anthropology; L. L. Iverson (Cam- 
bridge), biochemistry; Miss M. M. Knight (Middlesex 
Hospital), social studies; G. R. G. Lewison (Cambridge), 
hydrodynamics; B. Moores (Manchester College of Science 
and Technology), industrial engineering; Miss L. 8. 
Pearson (Leeds), genetics; A. G. Robiette (Cambridge), 
spectroscopy; R. D. Rowe (Oxford), mechanical engineer- 
ing; P. A. Strittmatter (Cambridge), astrophysics; D. L. 
Weaire (Cambridge), theoretical physics. 


The Night Sky in May 


New moon occurs on May lld 21h 02m v.t. and full 
moon on May 26d 09h 29m. Tho following conjunctions 
with the Moon occur: May 6d 08h, Saturn 3° N.; May 
14d 16h, Venus 4° N. Mercury is in conjunction with 
Mars on May 10d 13h, Mercury being 1-9° S., Mars with 
Jupiter on May 19d 19h, Mars being 0-6° N., and Mercury 
with Jupiter on May 25d 14h, Mercury being 3° S. 
Mercury is too close to the Sun for observation. Venus 
is an evening star, setting at 23h 50m, 23h 30m and 22h 
20m on May 1, 15 and 31, respectively. Its stellar mag- 
nitude is — 4-2; greatest brilliancy is attained on May 13. 
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Its distance decreases during the month from 51 to 32 
million miles, and the visible portion. of the apparent 
disk from 0-378 to 0-108. Mars and Jupiter are too close 
to the Sun for observation. Saturn rises about 2h before 
the Sun, but conditions are not yet favourable for 
observation. There is one occultation of a star brighter 
than magnitude 6 visible at Greenwich: May 22d 2lh 
15-Im, 80 Vir. (disappearance). The 7 Aquarid meteors 
are activo during May 1-8, but they are not well observed 
from latitudes so far north as Britain. : 


Announcements 


Pror. A. Houmms, emeritus professor of geology and 
mineralogy in the University of Edinburgh, and Prof. P. 
Eskola, emeritus professor of geology and mineralogy in 
tho University of Helsinki, have been awarded jointly 
the Vetlesen Prize of Columbia University, New York, for 
outstanding achievement in science relating to “a clearer 
understanding of the Earth, its history or its relation to 
the universe”. The Vetlesen Prize, which was : first 
awarded in 1960, consists of a gold medal and 12,500 
dollars. ' 


Dr. N. A. pr BRUYNE, chairman and managing director 
of Techne (Cambridge), Ltd., has received the Adhesives 
Award of the American Society for Testing and Matorials 
in recognition of his outstanding work in the science of 
adhesion and the technology of adhesives. 


Tue sixteenth international symposium on “Crop 
Protection” will be held in Ghent on May 5. Further 
information can be obtained from Prof. J. van den 
Brande, Rijkslandbouwhogeschool, Coupure Links 235, 
Ghent. 


THE annual symposium of the medical staff of the 
Memorial Hospital of Long Beach, California, will be 
held at the Hospital on May 20. Further information can 
be obtained from Dr. G. X. Trimble, Memorial Hospital 
of Long Beach, 2801 Atlantic Avenue, Long Beach, 
California. 


THe annual general meeting of the Iron and Steel 
Institute will be held at the Institution of Civil Engineers, 
London, during May 6-7. The meeting will include 
sessions on: process selection; the role of national steel 
specifications; hot-blast stoves. Further information can 
be obtained from the Secretary, Iron and Steel Institute, 
4 Grosvenor Gardens, London, S.W.1. 


A SYMPOSIUM, organized by the British Society for 
Research on Ageing, will be held at the Ciba Foundation, 
London, on May 13. Topics under discussion will include: 
the ageing of connective tissue; lipid metabolism in 
ageing; metabolism of leucocytes; ageing and cysteine 
metabolism; ageing changes in invertebrates. Further. 
information and tickets can be obtained from Dr. D. A. 
Hall, Department of Medicine, The General Infirmary, 
Leeds 1. 


A CONFERENCE on “The Laser”, sponsored by the New 
York Academy of Scionces, will be held in New York 
during May 4-5. The programme will include sessions on: 
the physics of lasers; developments; applications to 
science, industry and the military; applications to biology 
and medicine; the effect of the laser on the eye. Further 
information can be obtained from the Executive Director, 
New York Academy of Sciences, 2 Hast Sixty-third 
Street, New York 21, N.Y. 


Erratum. Logos Press, Ltd., has written to the Editor 
stating that it wishes to retract a statement made in its 
advertisement on p. cex of the November 2, 1963, issue of 
Nature to the effect that it would be publishing a mono- 
graph by Dr. I. R. Beattie on The Infra-red Spectra of In- 
organic Compounds. The statement was made in error, 
and Logos Press, Ltd., offers its apologies to the author 
for any inconvenience that it may have caused. 
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MECHANISMS OF SETTING AND SHRINKPROOFING 
OF WOOL 


ETTING and shrinkproofing were the subjects of Wool 
Research Colloquium No. 4, held on October 17 at 
the new laboratories of the Division of Protein Chemistry, 
Commonwealth Scientific and Industrial Research Organ- 
ization, in Melbourne, and attended by more than seventy 
delegates. The main emphasis of the colloquium was on 
mechanisms, both physical and chemical, rather than on 
practical aspects. 

The first of the six speakers, Dr. J. Delmenico, discussed 
the difficulties in objective measurements of the degree 
of permanent set in pleated, creased or flat-set fabrics. 
For both yarns and fabrics, Delmenico favoured ‘exten- 
sion’ set, that is, the proportion of extension which is 
retained when the set wool is relaxed in water at 75° for 
30 min. These conditions were considered to be more 
realistic for predicting the performance of set fabrics than 
the usual test with boiling water for 1h. Setting of fabrics 
stretched in one direction involves not only extension set, 
but also the setting of the accentuated yarn crimp induced 
by lateral contraction of the fabric; changes in fabric 
width therefore provide a measure of this ‘crimp’ set. 
Permanent set, expressed as the percentage of extension 
retained after relaxation, was shown unexpectedly to pass 
through a minimum at 25 per cent extension. A similar 
degree of set was obtained at 5-10 per cent as at 50-60 
per cent extension. This provides some justification for 
extrapolating results obtained in setting at high extensions 
to flat-setting and permanent creasing where fibre exten- 
sions are probably quite low. 

Dr. 8. J. Leach and Dr. B. Milligan described an investi- 
gation into the role of thiol groups in setting, using ampero- 
metric and radiometric methods of thiol and disulphide 
analysis. They demonstrated that wool could not be set 
when its free thiol groups had been destroyed, and showed 
that the acceleration of setting by reagents such as bisul- 
phite was due to the production of extra thiol groups. 
It was suggested that thiol-disulphide interchange 
facilitates transformation of the original polypeptide 
structure to new molecular conformations. These con- 
formations must be stabilized to achieve ‘permanent’ set, 
or relaxation may occur by a reversal of the interchange 
mechanism. As might be expected on this hypothesis, 
loss of set is much slower in acid solution than in water 
due to the inhibition of thiol-disulphide interchange. This 


interchange could be permanently prevented by blocking ` 


or oxidizing the thiol groups after setting. Reagents such 
as sodium iodate, hydrogen peroxide, iodoacetamide or 
mercurials were suitable, and permitted a reduction in the 
steaming time required to achieve a given degree of set. 
Analyses provided no evidence of cross-linking or linkage 
rebuilding during setting or after-treatment of set wool. 
Mr. M. Feughelman postulated that setting of an 
extended wool fibre in boiling water causes a disruption of 
the microfibrillar regions, the setting strain influencing 
the fraction of regions affected, but the extent of their 
disorganization being determined by the time of setting. 
The changes in birefringence, swelling in water, X-ray 
pattern and stress-strain relationship, after setting for 
various times, were cited to support the hypothesis. These 
changes were recognizable after setting for only 2 min, 
provided the fibres were extended beyond their Hookean 
region. Longitudinal swelling on immersion in water 
increases progressively from 1-2 to 6-8 per cent for fibres 
held at increasing setting strains, indicating the introduc- 
tion of disorganized components in the organized micro- 
fibrils. Recovery of set fibres occurs as a result of the 
force of retraction remaining in the fibre, which is opposed 


by bonds formed in equilibrium with the oxtended state 
and by chain entanglement in the newly disorganized 
regions. The recovery per decade of time (length recovery 
is linear with log time) at 100° of a set fibro is much slower 
at pH 1 than in water. If, after partial rolease in acid. the 
fibre is returned to water, its recovery rate reverts to the 
normal value, indicating that the recovery mechanisin has 
not been impaired by the acid. This suggests that setting 
an extended fibre results in a new arrangement of disul- 
phide bonds which, after relaxation, counterbalance the 
inherent force of retraction. 

The afternoon session on shrinkproofing was opened by 
Dr. B. J. Sweetman, who, in a joint paper with Dr. J. A. 
Maclaren, discussed various oxidative shrinkproofing 
methods, in particular treatment with permonosulphuriv 
acid followed by sulphite or with peracetic acid/sulphite. 
These peracids provide little shrink resistance unless the 
wool is afterwards treated with sulphite. They found a 
relationship between uptake of oxidant and decrease in 
disulphide content of the intact wool, consistent with the 
hypothesis that cystyl residues (CySSCy) are mainly 
oxidized to the thiolsulphinate (CySSOCy) and thiol- 
sulphonate (Cy8S0O.Cy), with little disulphide fission. 
Treatment of the oxidized wool with sulphito was shown 
by radiochemical methods to cleave these partially 
oxidized cystyl residues. Since sulphite afforded no 
shrink resistance if the partially oxidized cystyl residues 
were first reduced back to disulphide with sodium horo- 
hydride, it follows that fission of disulphide bonds is 
essential for shrinkproofing treatments of this type. 

Dr. J. H. Bradbury and Dr. G. E. Rogers described 
techniques for the separation of cuticle-rich material from 
fibres, using either mechanical scrapers or ultrasonic 
vibration. Examination of this material scparated from 
shrinkproofed fibres permits the detection of chemical 
changes confined to the fibre surface; these changes are 
usually too small to be observed when whole fibre~ aro 
analysed. Using both light and electron microscopy, it 
was shown that modification of the scale structure alway» 
oceurs with degradative chemical treatments which confer 
shrink resistance. Resin deposition may also produco 
shrinkproofing, either by spot-welding fibres together, or 
by covering the scales with a thin adherent layer of poly- 
mer. These two types of deposition can now be distin- 
guished by light microscopy, and it is found that a thin 
layer of polymer can be produced by polymerization of 
monomer, in the presence of wool, but not by treatment of 
wool with a solution or dispersion of polymer. Of nine 
resin treatments examined, five depended on scale-masking 
for their offectiveness, and the other four on spot-welding. 
Of the two types, the former is preferable in that much 
smaller amounts of resin are required, and the treatinent 
may be applied at any stago in processing, rather than 
to the finished fabric. 

Dr. J. R. McPhee spoke of the virtues of shrinkprovfing 
by resin deposition, rather than by chemical treatments 
which degrade wool. Unlike chemically shrinkproofed 
wools, resin-treated wools exhibit shrink resistance which 
is virtually independent of the pH or temperature of the 
washing liquors. The amount of resin required to produce 
a given degree of shrink resistance may in some cases bo 
markedly reduced if the wool is first extracted with 
ethanol, or treated with hydrogen peroxide, or with 
hypochlorite in acid solution. This effect has been as- 
oribed to a cleaning or roughening of the fibre surfaco, 
thereby assisting the polymer to adhere more strongly. 
MePhee and Feldtman have shown that these treatments 
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lower the interfacial tension at the wool-air surface, with 
resultant increase of the spreading coefficients of urea- 
formaldehyde, polyamide and acrylic polymers on the 
fibre. This leads to more uniform coverage of the surface 
scales, and hence improved shrink resistance. This 
approach might allow selection of a particular resin, 
coupled with a suitable pretreatment, so as to ensure good 
spreading, and therefore high shrink resistance. 

Formal contributions were made by Prof. M. Chaikin, 
Mr. G. F. Flanagan, Dr. G. Laxer and Dr. V. A. Williams 
during the vigorous discussions which followed the 
main papers. 
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In summing up, Dr. E. G. Carter, of the International 
Wool Secretariat, congratulated the speakers on? their 
attempts to provide sound theoretical bases for setting 
and sbrinkproofing processes. He stressed the need for 
developing more analytical methods, such as those 
described for thiol, disulphide and lanthionine, which 
might help in discriminating between alternative theories. 
The measure of agreement between various speakers was 
indicative of closer collaboraticn between physicists sand 
chemists than was apparent during his first visit to 
Australia in 1955. S. J. LEACH 

Brian MELIGAN 


MINING AND ENGINEERING GEOPHYSICS IN SCANDINAVIA 


HE fourth Nordic Meeting for Mining and Engineer- 
ing Geophysics was held in Trondheim, Norway, 
during January 6-8, 1964. 

‘The meeting on January 6 was a joint meeting with the 
sixth-Nordie Geological Winter Meeting. More than 200 
geologists, geophysicists, and technicians attended this, 
while. the attendance amounted to about 110 for the 
remaining days. The participants included about 45 
Norwegians, 40 Swedes, 20 Finns, 4 Danes and 1 Icelander. 
The sessions were presided over by Dr. David Malmqvist, 
Boliden Mining Co:, Sweden, chairman of the planning 
committec, while the practical arrangements were organ- 
ized, by Andreas Eriksen, mining engineer, Sydvaranger 
Mining Co., Oslo, chairman of the organizing committee. 

The joint meeting opened with an address of welcome by 
Prof. A. Hofseth, Norwegian Technical Highschool, 
Trondheim, in which he emphasized the importance of 
co-operation between mining engineers, geologists and 
geophysicists. The technical programme began with 
geological papers and, shifted gradually towards more 
geophysical fields. 

C. O. Mathiesen (Norway) gave an account of the copper- 
field at Bidjovagge, Finmark (northern Norway). The 
geophysical investigation of this field was given four years 
ago by G. F. Sakshaug at the second Nordic Meeting for 
Mining Geophysics. Mathiesen presented a geological 
picture according to which the ore-body follows a folded 
anticline running north-south. The deposit is estimated 
to be 2-2 million tons and the richest part of the deposit 
contains 2-3 per cent copper and 0-032 ounce gold. Another 
geological paper dealing with a new promising nickel 
deposit in Nord-Hitura (eastern Finland) was presented 
by V. Yletynen (Finland). The ore consists of pentlandite, 
pyrrhotite and chalcopyrite. A geological survey of the 
Iron-titanium deposit at Rausand (western Norway) was 
presented by H. P. Geis (Norway). The ore-body is 
always associated with lenses of amphibolite and has 
been followed for a distance of about 55 km. Folding of 
the ore-body and the host rock has occurred in connexion 
with the Caledonian orogenesis. The ore consists of 
magnetite and ilmenite, the latter containing much 
hematite, 

Scott Smithson (Norway) reported twice; first, he gave 
a paper dealing with geological and geophysical investiga- 
tions of Norwegian Precambrian granites. From gravi- 
metric measurements the thicknesses of several granite 
masses have been computed. The range of 1-4 km for the 
thicknesses of Precambrian granites is very small com- 
pared with younger granites. In his second paper, Scott 
Smithson gave some preliminary results of gravity meas- 
urements over the Jotun nappes of the Caledonides. The 
measurements have been facilitated by helicopter trans- 
portation in order to locate stations where terrain effects 
are at a minimum. The Bouguer anomalies range from 
— 70 to —80 mgals both north and south of the nappes 
and rise to a maximum of about—30 mgals in the centre 
ofthe nappes. The calculated total thickness of the nappes 


ranges from about 5 to 10 km depending on the density 
contrast. The latter value corresponds to a provisional 
density contrast of 0-12 g/e.c. 

P. F. Troften (Norway) described an investigation of 
recordings of ore finds in northern Norway. From 1895 
up to recent times 1,680 localities have been reported. 
Treften concluded that apparently all outcropping ore- 
bodies and boulders have been located by ‘old-time’ 
prospectors. “The Aims and Means of Ore-prospecting”’ 
was the title of a paper given by G. Térnqvist (Sweden). 
Once again emphasis was placed on the co-operation 
between geologists, geophysicists and mining engineers, 
especially with regard to interpretation and re-interpreta- 
tion. An estimate of the probability for new ore-bodies - 
and for gains was given. 

Applications of geophysics to geological mapping were 
demonstrated in three papers. V. Marmo (Finland) 
outlined the procedure used by the Finnish Geological 
Survey, where aeromagnetic maps are used by field geo: 
logists, and he presented several examples. Giving 
examples from the iron provinces at Sor-Varanger in 
northern Norway and at Arendal in southern Norway, 
as well as from the anorthosite field at Egernsund 
(south-western Norway), Prof. J. Bugge (Norway) gave 
an account of the usefulness of aeromagnetic surveys. 
Finally, J. Eklund (Sweden) described air-borne radio- 
metric surveying of potassium, thorium and uranium 

Nn application to geological mapping. 

A series of more general topics was opened by G. 
Jelstrup (Norway), who gave a review of the gravimetric 
surveying of Norway; he was followed by R. Kjær (Nor- 
way), who dealt with geomagnetic mapping. Two papers 
concerned with seismology were presented by research 
workers from Bergen University (Norway). A. Kvale 
gave an account of the seismic measurements across the 
Skagorrak indicating 400 metres of Quaternary sediments 
and 2,960 metres of triassic sediments and/or phyllite 
deposited on granite and gneiss. The depth of the Mohor- 
ovitié discontinuity is computed to be 30 km. Aero- 
magnetic traverses along the Norwegian coast showed 
several positive anomalies. M. Sellevold reported a series 
of refraction seismic traverses in northern Norway. A 
thin layer with a velocity of 7:4-7-5 km/seo was traced 
between the basaltic layer of about 6-5 km/sec and the 
mantle of about 8-3 km/sec on the 300-km long traverse 
from Tromsø to Muinio as well as on the traverse from 
Vardø to Kirkenes. An analysis of the P-waves of the 
earthquake on December 15, 1962, near Bodø, revealed 
likewise a thin-layer velocity of 7-47 km/sec. R. Renstad 
(Norway) described an attempt to establish a Fenno- 
scandian gravimetric map. Ore-deposits were plotted. 
geological structures indicated, and also determinations 
of the geological age given. This section of the meeting 
was rounded, off by H. Major (Norway), who presented 
preliminary results of the geothermal gradient for a 
selection of mines. In general the gradient amounted to 
1° C per 50 metres. 
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The remaining fifteen papers covered various branches 
of applied geophysics, such as electrical, magnetic, geo- 
chemical and seismic investigations, case-histories, use 
of computing machines, etc. S. Werner (Sweden) presented 
the case-history of the Stora Sahavaara iron ore-body 
(Northern Sweden). The ore-body was recognized in 
1918 by means of the Tiberg magnetometer; however, no 
development or mining was undertaken. Modern meas- 
urements commenced in 1960 utilizing gravimeters and 
ground as well as air-borne magnetometers. Extensive 
drillings have given rise to control of the computed 
tonnage, the size, the dimensions and the iron content of 
the ore-body. Examples of geochemical exploration were 
given by B. Bølviken (Norway): as a whole, the samples 
were taken in streams and brooks. A statistical investiga- 
tion of aeromagnetic anomalies was demonstrated by M. 
Puranen (Finland), while J. D. Cornwell (Sweden) gave 
an interpretation of some aeromagnetic anomalies from 
northern Sweden. Variations of sheet- and fault-type 
anomalies were described in connexion with the Tjaure- 
kah fold and the fault complex associated with the 
Térendo gabbro. A magnetic anomaly of 4,000 was 
considered to be due to an unusual contact between the 
gabbro and granite. Two papers dealt with the seismic 
method of surveying. S. Johansson (Finland) gave an 
address on the application of the hammer seismograph 
model, #S-2, for engineering projects such as construc- 
tions of roads, dams, canals, bridges, etc. Several results 
were given. In the second paper, B. Hasselstrém (Sweden) 
presented a series of refraction seismic determinations in 
relation to the determination of overburden and to the 
localization of weathered rocks. Examples included the 
application of the method in drawing up plans for power 
stations, harbours, tunnels, etc. 

A. Metzger (Finland) described a method for electrical 
coring and its application for soil determinations. A. 
Breen (Norway) discussed measurements of the quotient of 
electromagnetic field strength by means of symmetrically 
built measuring apparatus. The design of a portable elec- 
tromagnetic instrument (‘Slingram’) was shown by K. 
Westerberg (Sweden). A similar system has been used 
for several years with promising results for prospecting 
by aeroplane and helicopter. The numerical calculation 
for this new instrument was given by D. Malmavist 
(Sweden), who presented s series of graphs and tables. L. 
Granar (Sweden) gave an account of an improvement of 
the ‘compensator’ method developed by K. Sundberg 
some forty years ago, while H. Brekken (Ncrway) 
discussed the inducto-electric method and demonstrated 
some experimental evidence. The series on electrical 
methods was concluded by D. S. Parasnis (Sweden), who 
gave a review of the resistivity method and presented 
several examples of the application and the utility of 
this method over the past forty years. 

H. P. Moxes (Norway) presented an approach to the 
calculation of aeromagnetic and groundmagnetic measure- 
ments by means of the electronic computer GIER. The 
effect in different elevations as well as the derivative 


EXPERIMENTAL 


S the opening number of the twentieth volume of the 

British Medical Bulletin, an 80-page issue has been 
published concentrating on experimental psychology *. 
This is introduced and edited by Prof. Summerfield and 
contains fifteen short, but informative, articles ranging 
from human learning, short-term memory, selective 
attention, and vigilance, to experimental investigations 
of sleep, ageing and drugs. Some subjects are omitted 


* British Medical Bulletin. Experimental Psychology, 20, No.1; January 
1964, (London: The British Council.) 30s. ` , 
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components of the anomalies were considered. A. Vogel 
(Sweden) spoke on the interpretation of magnetic and 
gravimetric anomalies by means of the least-squares 
method and by the utilization of electronic computers. 
The data originated from a deep-seated eruptive massive. 

At the business meeting reports were given by the vari- 
ous committees. The planning committee introduced rules 
and statutes for a Nordic Association for Applied Goophy- 
sics, one of the aims being to promote and enlarge Nordic 
co-operation within the domain of applied geophysics and 
its ,adjacent fields: the business meeting accepted tho 
proposal unanimously. The following officers were elected: 
President, S. Werner (Sweden); Secretary/treasurer, J. 
Espersen (Sweden); Council Members, H. Brekken 
(Norway), M. Puranen (Finland) and S. Saxov (Denmark); 
Representatives, G. Törnqvist (Sweden), A. Breen (Norway), 
A. Metzger (Finland) and M. Maag (Denmark). 

It was decided that the committees for geophysical 
education, for technical mapping problems and for a 
Scandinavian gravity map should continue for one more 
period. Committees for scale-model experiments, and 
for the applicability and the suitability of electronic 
computers in applied geophysics, were constituted. An 
invitation was accepted for the fifth Nordic meeting for 
applied geophysics to be held in Sweden in approxim- 
ately two years’ time. 

Following the meeting, the participants were invited to 
a luncheon-visit at the Norwegian Geological Survey. 
The managing director, K. Ingvaldsen, gave a review of 
the institution. The Norwegian Geological Survey was 
originally a geological survey with headquarters in Oslo; 
however, a few years ago the survey moved to new build- 
ings in Trondheim; at the same time the geophysical 
survey and the geochemical laboratory were incorporated. 
At.present, the Survey employs about 150 people. The 
visiting delegates had an opportunity of seeing the various 
divisions and of gaining a definite impression of the many 
activities of the Survey. 

On January 9 an excursion was organized to Fosdalen 
Mine, some 150 km north of Trondheim, and about 50 
members of the meeting participated. Chief-engineer 
C. W. Carstens welcomed the guests, and Ø. Logn, 
geophysical engineer, gave a detailed lecture with a series 
of slides, figures and graphs of the geophysical background 
of the Mine. He also gave details concerning the drillings 
and arranged for an exhibition of various instruments 
and apparatus. Afterwards, a dinner was held with the 
personnel at the Mine acting as hosts, 

It can thus be concluded that the fourth Nordic Meeting 
for Mining and Engineering Geophysics was most success- 
ful, the attendance being 100 per cent higher than at the 
second meeting in December 1959 and 50 per cent higher 
than at the third meeting in November 1961. The 
establishment of the Association as well as the creation of 
‘the journal, Geoexploration—the first two issues being 
published in 1963 and three issues being planned for 1964— 
are important contributions to co-operation in the fields 
of mining and engineering geophysics. SVEND Saxov 


-PSYCHOLOGY 


which might have been of particular interest to medical 
readers; as Prof. Summerfield points out: “Little is said 
about work on emotion, personality and social behaviour, 
or on problems derived from psychiatry”. In spite of 
these omissions, this is 2 very well-organized, very compe- 
tent review of those areas dealt with. All are written by 
experts, many of whom describe work of their own, not 
always published, thus giving a sense of urgency and 
of being up to date to their contributions. The biblio- 
graphies are uniformly excellent and will take the 


246 


reader straight to the forefront of research in the field 
considered. 

One point which may puzzle the reader% little relates 
to the question of just whom the work is intended for. 
Medical people unacquainted with experimental psychol- 
ogy will find the going very hard; because of the limited 
space available to each contributor the argument, the 
theoretical analysis and the description of experiments 
are necessarily very much abbreviated and not readily 
understandable to anyone but an expert. Experts, on 
the other hand, would not normally turn to a publication 
of this kind for information in their own subject; there 
are well-known sources for publication of reviews of 
limited areas. Perhaps the most likely readers will be 
students of psychology immediately before or after their 
degree examinations; for them an authoritative summary 
of this type, up to date and well written, will be a godsend. 
Unfortunately they might find the price rather off-putting ; 
30s. for 80 pages works out at about 1s. for 3 pages, which 
is rather expensive for a paper-bound issue. 

A perusal of the contributions makes very apparent the 
truth of certain generalizations often made about experi- 
mental psychology. Thus it is clear that an enormous 
amount of very ingenious and well-controlled work is 
going on in psychological laboratories; no quarrel is 
possible with the technical competence of the work re- 
viewed. However, what is missing are the general laws 
and high-level theories which bind together a field, or 
even a small part of a field. This is often excused on the 
grounds of the great youth of psychology; the passing 
years, however, do not seem to bring us any further into 
the Promised Land! Perhaps we are not always looking 
in the right direction or perhaps the rather self-conscious 
anti-theoretical bias of many psychologists prevents them 
from discovering these generalizations which alone can 
make the subject a unified science. The reader might be 
excused for wondering whether, in fact, all these contribu- 
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tions belong to one single science, as there seems to be very 
little congruence between them; as in the typical p§ycho- 
logical text-book the chapters are independent of each 
other, there is no logical structure, and they might be 
rearranged quite arbitrarily without affecting one’s 
ability to apprehend the various contributions. 

This feature of the present issue of the British Medical 
Bulletin, and of experimental psyshology as a whole, is 
perhaps not unrelated to the exclusion of personality. 
Psychology has tended to concentrate on functional 
relationships between stimulus and response; in this way 
it was hoped that the paradigm of the physical sciences 
could be taken over. However, simple S—R types of 
analysis have proved abortive; the same stimulus may 
produce different responses in different people, or even in 
the same person at different times. It has become 
imperative to introduce the organism in the formula, and 
much lip-service is paid to this by writing functional 
relationships in terms of S-O-—R. However, individual 
differences, which are the characteristic properties of the 
organism, still tend to be regarded in the same way as 
experimental errors, that is, as a nuisance to be eliminated 
by averaging. This is as sensible as a physicist trying to 
eliminate the differences between the elements, say with 
respect to conductivity or melting point, by simply running 
averages over large and random aggregates of materials. 
It is only when it is realized that individual differences 
are not only a legitimate subject-matter for scientific 
research but also form an essential part of all experimental 
psychology that a greater degree of organization will 
become apparent in the contributions of experimental 
psychologists. However, this is a fault of the subject, not 
the editor or the writers, and it would be churlish to end 
on a critical note instead of recommending whole- 
heartedly what is undoubtedly one of the best issues of 
the British Medical Bulletin for a long time. 

H. J. Eysencr 


LIMITATIONS OF THE RESEARCH PAPER 


HE research paper, which appears throughout the 

world each year in its hundreds of thousands, has 
been cast in @ traditional form for decades. It was not 
ever thus. The early Proceedings of the Royal Society and 
others of less eminence were not only lively but showed a 
high degree of subjectivity, thereby leaving us valuable 
clues to the nature of the men who formed these and other 
specific bodies and the workings of their minds. Scientists 
have become more reticent and humble and sometimes 
deceive themselves into thinking that they are producing 
completely objective accounts of their work, which have 
been described as ‘“‘didactic dead-pan”. There is much 
excuse for this. Scientists would like to feel that they 
produce results which others can verify and experiments 
which others can reproduce. Moreover, editors of scien- 
tific journals would encourage a succinct form of reporting 
and would prefer tabulated results to an account of the 
mental processes of the research worker, even if he were 
able to catch his mind at work and analyse step by step 
the formation of his ideas. 

A series of Third Programme talks given in the autumn 
of 1963 under the title of “Experiment”, published in 
The Listener and now available in the form of a B.B.C. 
paper-back *, consists of a number of variations on Prof. 
P. B. Medawar’s opening talk, “Is the Scientific Paper a 
Fraud ?”. He was not challenging the techniques and 
skills of the research worker or the veracity and even 
value of his facts, but was making a plea for a recon- 


* British Broadcasting Corporation. Ezperiment: a Series of Scientific 
Case Histories first broadcast in the BBC Third Programme, Edited by David 
Edge. Pp. 72. (London: British Broadcasting Corporation, 1964.) 4s. 


sideration of what is understood as scientific method. 
Francis Bacon, in presenting induction as the method of 
science, saw that the process of deduction only uncovers 
and makes explicit information that is already present 
in the axioms or premises from which the process of 
deduction started. i 
“The process of deduction reveals nothing to us except 
what the infirmity of our own minds has so far concealed 
from us.” In the nineteenth century, John Stuart Mill 
formulated more precisely the principles of induction 
which he believed to be the method of science, Briefly, 
observations, unprejudiced and even naive, were to be 
made in sufficient quantity and, out of all this sensory 
evidence, generalizations will grow and take shape 
“almost as if some process of crystallization or con- 
densation. were taking place”. J. 8. Mill wished to apply 
to sociology the methods which seemed to have proved 
so useful in the physical sciences, but the application of 
induction to sociology proved to be singularly unfruitful. 
The theory sustaining the inductive method can be 
challenged on several grounds. To start with, there is no 
such thing as unbiased observation, for all observation is 
a function of past experience. Again, the formulation of 
a scientific idea and the demonstration or proof, though ` 
confused by Mill, are two separate activities. In deduction 
they may well be the same, but in scientific activity they 
are different; but, most important, a generalization can- 
not contain more information than the sum of the 
particular statements on which it is founded. Thus, it is 
not surprising thet Bertrand Russell in 1903 said that 
“induction was a mere method of making plausible 
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guesses”, and Karl Popper in The Logic of Scientific 
Methog says, ‘“Thére is no need eyen to mention induc- 
tion’’, though, of course, he does. 

Hypotheses, which are the start of and incentive for 
the scientific enquiry, are the result of inspiration, insight 
or, crudely, guesswork, and their deductive consequences 
are tasted by experiment. This alternative view of the 
nature of scientific method, of Prof. Popper, may be 
called the hypothetico-deductive method, which was first 
formulated by William Whewill, the Master of Trinity 
College, Cambridge, who was a contemporary of Mill. 
Prof. Medawar, who opens the series of talks, and J. W. N. 
Watkins, who closes it, make a plea for more case- 
histories of scientific discoveries. i 

“The scientific paper is a fraud in the sense that it does 
give a totally misleading narrative of the processes of 
thought that go into the making of scientific discoveries. 
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The inductive format of the scientific paper should be 
discarded.” 

To illustrate the thesis which has been summarized 
here, there are reprints of seven lectures on widely 
assorted subjects: “The Magnetic Proton”, by O. R. 
Frisch; “The Hunting of the Diesel” (the cyclic variations 
in its speed), by D. Welbourne; “The Earth’s Dynamo”, 
by Sir Edward Bullard; “Paying Attention” (a psycho- 
logical investigation), by D. Broadbent; “The Edinburgh 
Spectrophone”’, by T. Cottrell; ‘The Computer Botanist” 
(the use of the Southampton computer in analysing the 
results of ecological studies), by W. T. Williams; “The 
Peenemiinde Mystery” (a real ‘spy’ story), by R. V. 
Jones. 

The little book, which costs only 4s., ought to be studied 
by every sixth form and university student, and research 
worker. W. L. SUMNER 


UTILIZATION OF GLUCOSE CARBON JN VIVO IN THE MOUSE 
By Dr. R. VRBA 


Medical Research Council, Neuropsychiatric Research Unit, Carshalton, Surrey 


HERE have been many investigations of the meta- 

bolism of glucose labelled with carbon-14 in individual 
organs and in tissue preparations in vitro, but there is 
relatively little information about the fate of glucose 
carbon in the organism as a whole. The object of the 
investigation described here was to obtain quantitative 
data on the extent of the conversion of glucose carbon 
atoms into high-molecular substances in a whole intact 
animal im vivo and to determine the nature of the ‘non- 
glucose sources’ of the respiratory carbon dioxide. 

Glucose-U-“C, when injected into an intact animal, is 
eventually converted almost completely into ™CO,; 
however, this process is not very rapid, since it takes 
several hours before half the injected glucose-“C can 
be recovered in the expired carbon dioxide!. It is known 
that an unestimated part of the glucose carbon is incor- 
porated into substances such as lipids, amino-acids and 
proteins, which are not commonly included as inter- 
mediates in the generally accepted schemes of oxidation 
of glucose to carbon dioxide. It has also been shown that 
only a part of the expired carbon dioxide is formed by the 
direct oxidation of glucose: a considerable part of the 
respiratory carbon dioxide comes from what have been 
described as ‘non-glucose sources’*. A rapid and extensive 
incorporation of glucose carbon atoms into amino-acids 
in the brain and other organs has been observed to occur 
in vivo®?, and it has been shown that glucose carbon is 
utilized for the synthesis of proteins and lipids in the brain 
and other organs’, Although it is known that the utiliza- 
tion of glucose in various organs can be influenced by 
fasting, hypoglycemia, drugs and other facters!4, it is 
not known how much of the injected glucose is actually 
assimilated im vivo into high-molecular cell constituents 
and what is the relative velocity of these processes. 

Experiments have now been carried out to account 
quantitatively for the distribution of the total labelled 
carbon from glucose-U-“C in large and small molecules 
at various intervals after injection of glucose-U-C. 
To my knowledge no experiments of this type have pre- 
viously been published. 

Male mice (25-30 g each) were first treated with anti- 
biotics to decrease the intestinal flora (neomycin, 250 
mg/kg in 0-2 ml. of water per os, 24 h before injection). 
They were then injected intraperitoneally with 15 uc. 
glucose-U-*C (as provided by the Radiochemical Centre, 
Amersharn, Buckinghamshire) and killed by dropping 
into liquid nitrogen either immediately after the injection 
(3 control animals) or at intervals ranging from 15 min 
to 8h. During this period each mouse was kept individu- 


ally in a desiccator, to which 3 gas absorption flasks 
(containing 15 ml. of 2 N sodium hydroxide each) were 
attached in series. The third gas absorption bottle was 
attached to a water pump in such a way that air was con- 
stantly sucked into the desiccator and, together with the 
expired carbon dioxide, was forced successively through 
the three gas absorption bottles where all expired CO, 
was trapped. The contents of the absorption bottles 
were then combined, the bottles washed and together with 
washings made up to 100 ml. (fraction carbon dioxide) 
and, after suitable further dilution, directly plated for 
counting. 

Acid-soluble fraction. The hard-frozen mouse was then 
powdered in a pre-cooled brassmortar and the homogeneous 
powder obtained was transferred quantitatively into five 
volumes of perchloric acid (5 per cent v/v), cooled to 
0° C. The tissue was homogenized for 3 min using the 
high-speed ‘Ultra-Turax’ homogenizer (Janke and Kunkel 
KG, Staufen i. Br.), with blades rotating at 24,000 r.p.m. 
The homogenate was centrifuged at 2,500 r.p.m. (1,500- 
2,000g) in a M.S.E. Major centrifuge (0° C), and the sedi- 
ment re-homogenized in another five volumes of perchloric 
acid. (All other homogenizations and centrifugations 
mentioned here were performed in the same way.) 
This procedure was repeated three times, and tho com- 
bined supernatants were made up to 500 ml. This acid- 
soluble fraction (40 ml.) was neutralized to pH 7 with 60 
per cent potassium hydroxide at 0° C, the precipitated 
potassium perchlorate was separated by sedimentation 
overnight in a cold room (0° C) and centrifuged. The 
precipitate was re-suspended in 40 ml. of water and 
removed by sedimentation and centrifugation. The 
combined supernatants (fraction A.S.) were made up to 
volume and plated for counting. 

Lipid fraction. (1) The acid-insoluble residue from the 
above procedure was homogenized in 5 volumes of Bloor’s 
mixture (ethanol-ethy] ether, 3:1 v/v) and after standing 
for a week at room temperature the suspension was 
centrifuged. The pellet was then homogenized in & 
volumes of Folch’s mixture [CHCI;/CH,OH, 2: 1 v/v] 
and centrifuged. The combined supernatants were made 
up to 500 ml. with methanol and suitable portions were 
plated for counting (fraction D1). 

(2) The foregoing ‘lipid fraction’ contains impurities, 
mainly lipid-bound protein, and therefore it was subjected 
to the following procedure: 10 ml. were neutralized with 
potassium hydroxide [60 per cent w/v] to the point of 
decolorization of phenolphthalein and centrifuged in order 
to eliminate traces of free perchloric acid ; the supernatant 
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was evaporated to dryness in a boiling-water bath and the 
dry residue kept at 100° C for 30 min. This treatment 
decomposes the protein-lipid complexes. The dry residue 
was then roe-suspended in {10 ml. Folch’s mixture and 
extracted by mechanical rotation for 6 h; the solution was 
then centrifuged, the sediment re-extracted with another 
5 ml. of Folch’s mixture, and suitable aliquots of the 
combined supernatant (‘purified lipids’) plated for counting 
(fraction L2). 

Nucleic acid fraction. The residue, after lipid extraction, 
was homogenized in 50 ml. of 10 per cent (w/v) sodium 
chloride solution and kept at 100° C for 1h in a boiling- 
water bath. The tissue was sedimented by centrifugation, 
and this procedure, recommended for nucleic acid extrac- 
tion’, repeated three times. The combined sodium chloride 
extracts were treated with 2 vol. of 95 per cent alcohol, 
the precipitate was washed with alcohol and the super- 
natants combined and suitable portions were plated for 
counting. This supernatant (N.41) contains radioactive 
acid-insoluble impurities which are not nucleic acids. 
The precipitate was dissolved in 5 ml. of 0:3 N potassium 
hydroxide, kept overnight at 38° C to decompose nucleic 
acids into soluble nucleotides, then potassium hydroxide 
was eliminated by neutralization with diluted perchloric 
acid, the precipitated potassium perchlorate washed 
with 5 ml, of water on the centrifuge and the combined 
supernatants (N.42) made up to 25 ml. with water. 
Aliquots of this supernatant were plated for counting. 
An aliquot of fraction N.A2 (which includes tissue-bound 
glycogen) was then mixed with 5 vol. of ethanol to pre- 
cipitate ‘tissue-bound’ glycogen, which accompanies 
nucleic acids’, but is not hydrolysed during the treatment 
with potassium hydroxide. The precipitated glycogen was 
dissolved.in 5 ml. water and re-precipitated with 5 vol. of 
alcohol. (The radioactivity of this sediment is included 
in fraction N.42.) The combined supernatants, which 
represent a ‘purified nucleic acid fraction’ (N.A3), were 
made up to volume and plated for counting. 

Protein fraction. (1) A portion of the dried residue 
(600 mg) from the pellet, remaining after extraction of the 
nucleic acid fraction, was homogenized and dissolved in 
100 ml. of 90 per cent formic acid, and aliquots of this 
fraction (P1) plated for counting. 
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Fig. 1. Distribution of abt n mice after infection of glucose- 
Male mice (25-80 g each) were injected with 15 uc. of glucose-U-“C in 


1 ml. water in the presence of 0-038 mg carrier glucose and killed (at 
intervals as indicated in graph) by dropping into Hquid nitrogen 
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Time (h) after intraperitoneal injection of glucose-U-"“C 
Fig. 2. Incorporation of carbon-14 into acid-insoluble substances in 
mice after injection of glucose-U-“C 
‘Residual acid-insoluble 1C’ includes acid-inscluble (‘tissue-bound’) 
‘lycogen, ‘lipid-bound’ protein, ‘protein-bound’ lipids, and the carbon-14 
ost during the purification of proteins and lipids. For experimental 

conditions, see Fig. 1; for details, see text 


(2) Another portion of the crude protein fraction was 
homogenized in 15 ml. of trichloroacetic acid (5 per cent 
w/v) and kept in a water bath at 90° C for 15 min with 
constant stirring. The suspension was centrifuged, the 
supernatant discarded and the residue homogenized in 
10 ml. of 6 N hydrochloric acid and hydrolysed in a sealed 
‘Pyrex’ test-tube for 18 h at 110° C. The hydrolysate 
was evaporated to dryness in vacuo and dissolved in 10 ml. 
of water, neutralized, and passed through a column 
(15 em x 1 em) of ‘Zeo-Karb 225°—-H+ form cation 
exchange resin. The water effluent (100 ml.) was dis- 
carded and the amino-acids were eluted with 200 ml. of 
1 N ammonia solution; the eluate was evaporated to 
dryness in vacuo, the residue dissolved in water, filtered, 
made up to volume, and suitable aliquots of this fraction 
(P2, ‘purified protein’) were plated for counting. 

All samples were pipetted on to plastic planchets 
(diam. 2-5 om), using three different aliquots for calcula- 
tion of self-absorption, and then dried in desiccators over 
concentrated sulphuric acid and NaOH-pellets. From 
each sample 1,000 counts were taken (in triplicate) in a 
Nuclear Chicago automatic counter and the samples were 
corrected as necessary for self-absorption and background. 

Fate of glucose carbon atoms. The results are expressed 
in percentage of the total carbon-14 recovered. The total 
carbon-14 per mouse is obtained from the sum of the 
following fractions: CO, + A.S. + D1 + N.Al+ N.A2 +- 
P1. From the three mice killed at zero time, we obtained 
this way an average of (1,552 + 62) x 10° c.p.m. per 
mouse. From five mice killed 15 min-8 h after injection 
of glucose-U-"4C we obtained an average of (1,560 + 42) 

x 10° c.p.m. per mouse. 

The acid-insoluble fraction (Fig. 1) represents the sum 
of Dl + N.Al + N.A2+ Pl, whereas ‘residual acid 
insoluble 4C’ (Fig. 2) represents (L1 + N.Al + N.A2 + 
P1)—(£2 + N.43 + P2), that is, the sum of unpurified 
fractions minus the sum of purified fractions. The 
fraction of ‘residual acid-insoluble “C’ includes ‘tissue- 
bound’ glycogen’, ‘lipid-bound’ proteins, and ‘protein- 
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bound’ lipids. These were eliminated during the purifica- 
tion procedures applied for obtaining ‘purified lipids’ and 
‘purified proteins’. The carbon-14 lost during the puri- 
fication procedures is also included in this fraction. 

Fig. 1 shows that 1 h after intraperitoneal injection of 
glucose-U-C into the mouse 39-3 per cent of the carbon-14 
was eliminated from the organism as “CO,, whereas 
18-5 per cont was incorporated into the acid-insoluble 
fraction. Lipids and proteins isolated after extensive 
purification contained a minimum of 3-7 and 3-1 per cent 
respectively of the total carbon-14 (Fig. 2). In view of the 
short interval this means that a considerable amount of 
glucose-carbon is rapidly assimilated into proteins and 
lipids in vivo. 8 h after intraperitoneal injection of 
glucose-U-“C 82-5 per cent of the labelled carbon was 
expired as “CO,, but at this time only 2-9 per cent of the 
earbon-14 remained in the acid-soluble fraction (Fig. 1). 
Consequently at least 14 per cent of the 4CO,, produced 
from the total oxidation of the injected glucose-U-"C, 
must be derived from oxidation of the acid-insoluble 
fraction which includes lipids and proteins. Thus these 
experiments provide data which show that glucose carbon 
atoms are in vivo utilized extensively and rapidly i in the 
biosynthesis of proteins and lipids, and that in vivo 
proteins and lipids are significant as intermediates in the 
process of oxidation of glucose to carbon dioxide. 
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Preliminary im vivo experiments have been performed 
to determine the effect of insulin on the fate of the carbon 
atoms of glucose. 

Crystalline insulin (0-05-0-40 vu.) was injected sub- 
cutaneously into mice 5 min and | h before the injection 
of glucose-U-"C, The mice were killed 1 h after tho latter. 

The “C content of the expired air, the acid-soluble 
glycogen, the acid-insoluble tissue-bound glycogen and the 
protein were not significantly affected by insulin. 

The rate of incorporation of “C into lipids was more 
than doubled. 

These experiments will be reported in extenso in due 
course. 
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TRANSFER OF RADIOACTIVITY FROM NUCLEAR TO CYTOPLASMIC 
RIBONUCLEIC ACID 


By Pror. HENRY HARRIS 
Sir William Dunn School of Pathology, University of Oxford 


HEN cells in which the RNA has been labelled 
with a radioactive precursor aro transferred to 
non-radioactive medium, radioactivity is gradually lost 
from the nuclear RNA and, under certain conditions, 
appears in the cytoplasmic RNA. Some authors take the 
view that this redistribution of radioactivity between the 
nuclear and cytoplasmic RNA represents the transfer of 
stable RNA from nucleus to cytoplasm!-'*. But there is 
evidence that the loss of radioactivity from the nuclear 
RNA. in this type of experiment is largely due to intra- 
cellular breakdown of the labelled nuclear RNA to acid- 
soluble end-products!!-*, The experiment which follows 
supports the latter interpretation and appears to set 
limits to the extent to which processes other than break- 
down might contribute to the loss of radioactivity from 
the nuclear RNA. 

The metabolic interrelationships between adenine and 
guanine nucleotides in the cell are such that adenine 
compounds are converted into guanine compounds much 
more readily than the reverse?”. When animal cells are 
grown for a few hours in the presence of (14C)-adenine 
both the adenine and guanine in the RNA become 
labelled, the adenine more heavily than the guanine. The 
pyrimidines are not labelled. It has been pointed out by 
Scott et al.1® that when the radioactive precursor in the 
medium has been exhausted and the radioactivity re- 
maining in the intracellular RNA precursor pool has been 
reduced to a negligible fraction of the radioactivity in 
RNA, the ratio of labelled adenine to labelled guanine in 
the RNA must remain constant unless breakdown of 
RNA occurs and the breakdown products undergo inter- 
conversion and re-incorporation. If some of the RNA in 
the cell does undergo breakdown and the breakdown 
products are re-incorporated, a progressive fall in the 
ratio of labelled adenine to labelled guanine in the RNA 
is to be expected. 

The experiment recorded here was carried out on HeLa 
cells growing exponentially in suspension culture. The 


conditions of culture and the growth medium have been 
deseribed!*. The generation time of the cells under these 
conditions was approximately 20 h. (#C)-Adenine was 
added to the culture at a concentration of 0-02 pe./ml. 
together with enough carrier adenine to make a final 
concentration of 10-4 M. The cells were grown in this 
medium for 18h. They were then washed once by centri- 
fugation in non-radioactive medium at 37° and trans- 
ferred to pre-warmed non-radioactive medium containing 
adenosine and guanosine at concentrations of 10-° M and 
2 x 10M, respectively. Samples, each containing about 
10? cells, were taken when the cells were transferred to 
non-radioactive medium and at intervals thereafter for 
8 h. The nuclear RNA was separated from the cyto- 
plasmic RNA by treatment of the cells with phenol- 
saturated water. The specific activities of the adenine 
and guanine in the nuclear and cytoplasmic RNA frac- 
tions were determined as previously described’, and the 
total amounts of radioactivity in the adenine and guanine 
of the two fractions were derived from the specific activity 
measurements. 

In Fig. 1, the changes in the total amount of radio- 
activity per coll in the RNA as a whole and in the RNA 
adenine and guanine are shown. The curves are corrected 
to allow for the dilution of radioactivity resulting from 
the growth of the culture. (The correction factor is given 
by ot, where ¢ = time and k = log 2 divided by the 
generation time.) At the beginning of the experiment the 
RNA adenine contained 137 x 10- counts per min and 
the RNA guanine 43 x 10-8 counts per min; at the end 
of the experiment the RNA adenine contained 121 x 10-¢ 
counts per min and the RNA guanine 71 x 10-* counts 
per min. The net amount of radioactivity incorporated 
into RNA from the precursor pools during the course of the 
experiment did not exceed 16 x 10-* counts per min/cell, 
and this incorporation occurred for the most part in the 
first 2h. If all the RNA in the cell were stable. the incor- 
poration of this amount of radioactivity from the precursor 
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pools could not have produced the observed changes in the 
amounts of radioactivity in the adenine and guanine of 
the RNA, even if, as is known not to be the case, all the 
radioactivity in the precursor pools had been present as 
labelled guanine. A redistribution of radioactivity 
between RNA adenine and guanine has clearly taken place; 
and since, after growth for 18 h in the presence of the 
radioactive precursor, terminal labelling of soluble RNA 
represents a negligible fraction of the radioactivity in 
RNA as a whole, this redistribution indicates that some 
fraction of the RNA in the cell has undergone breakdown 
during the course of the experiment. The extent of this 
breakdown must, moreover, have been at least sufficient 
to permit the net conversion ef about 16 x 10-* counts 
per min/cell of labelled adenine into labelled guanine. 
In Fig. 2 the changes in the amounts of radioactivity 
in nuslear and cytoplasmic RNA adenine and guanine are 
shown. (The curves are again corrected to allow for the 
growth of the culture.) It will be seen that the amount 
of radioactivity in the cytoplasmic RNA adenine shows 
no net change after the first hour. The labelled adenine 
of the cytoplasmic RNA cannot therefore have been a 
major source-for the net production of the labelled guanine 
in the cells. This conclusion is supported by experiments 
which indicate that the bulk of the RNA in the cytoplasm 
does not undergo appreciable turnover (for review, see 
ref. 19). On the other hand, there is a fall in the amount 
of radioactivity in the nuclear RNA adenine, and this fall 
is enough to account for the observed production of 
labelled guanine. Indeed, after the first 2 h, when net 
incorporation from the pools has largely ceased, the loss 
of radioactivity from the nuclear RNA adenine plus 
guanine is approximately equal to the increase in radio- 
activity in the cytoplasmic RNA guanine. It is therefore 
difficult to avoid the conclusion that the main source for 
the net production of labelled guanine in the cells is the 
labelled adenine released by breakdown of the nuclear 
RNA. This conclusion is also supported by numerous 
experiments which indicate that at least a fraction of the 
nuclear RNA does undergo breakdown in the cell (for 
review, see refs. 20 and 21). Since most of the labelled 
adenine lost from the nuclear RNA appears in the cyto- 
plasmic RNA not as adenine but as guanine, most of the 
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Redistribution of radioactivity between nuclear and cyto- 
plasmic RNA adenino and guanine 
A, Nuclear RNA adenine; A, nuclear RNA guanine; 2: cytoplasmic 
RNA adenine; @, cytoplasmic RNA guanin 


labelled nuclear RNA presumably undergoes breakdown 
to acid-soluble end-products at least once before being 
transferred in a stable form to the cytoplasm. Evidence 
presented in previous papers'4:15.21,22 indicates that this 
breakdown takes place for the most part within the cell 
nucleus. 

The present experiment does not permit one to decide 
whether the appearance of radioactivity in the cytoplasmic 
RNA is due to direct incorporation of labelled precursors 
from the intracellular pool, to the transfer. from the 
nucleus of RNA in which the ratio of labelled adenine to 
labelled guanine continually changes, or to both pro- 
cesses. But, since the redistribution of radioactivity in the 
nuclear RNA must itself be to some extent the result of 
nuclear RNA turnover, it appears that only @ small 
proportion of the RNA made in the nucleus at any one 
time can be an immediate macromolecular precursor of 
the stable RNA in the cytoplasm. 
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LESIONS IN ERYTHROCYTE MEMBRANES CAUSED BY IMMUNE HÆMOLYSIS 
By Dr. T. BORSOS 


Diagnostic Research Branch, National Cancer Institute, National Institutes of Health, Bethesda, Maryland 


Dr. R. R. DOURMASHKIN 


Division of Experimental Biology and Virology, Imperial Cancer Research Fund Laboratories, 
Mill Hill, London, N.W.7 


AND 


i Dr. J. H. HUMPHREY, F.R.S. 
National Institute for Medical Research, Mill Hill, London, N.W.7 


HEN membranes of erythrocytes treated with 
saponin are examined in the electron microscope 
by negative staining with potassium phosphotungstate 
a pattern of hexagonal ‘holes’ (that is, filling defects) 
becomes visible’, which has been explained as being due 
to solvation of saponin in the cholesterol-phospholipid 
layer of erythrocyte membranes”. In the course of electron 
microscopic examination of membranes of sheep erythro- 
cytes lysed by various other hemolytic agents it became 
apparent that the action of Forssman antibody and guinea 
pig serum complement also produces ‘holes’ in the cell 
membranes*. The holes in this case are quite unlike those 
produced by saponin, being 80-100 A in diameter, usually 
circular, but sometimes asymmetrie and surrounded by a 
clear ring (Figs. 1 and 2). They are never arranged in a 
regular array. Holes appear only when antibody and 
fully active complement are present, and, when an, excess 
of complement is.added, the number of holes per mem- 
brane is proportional to the number of antibody molecules 
added to the erythrocytes. Similar holes are produced 
by the action of several other complement-dependent 
lytic systems, such as the action of pig anti-rabbit erythro- 
cyte serum on rabbit erythrocytes, that of rabbit antiserum 
against Shigella shigae ‘O° somatic antigen on sheep 
erythrocytes coated with this antigen, and of rabbit 
antiserum against the Krebs mouse ascites tumour cells 
on the membranes of such cells‘. The phenomenon 
appears therefore to be generally associated with comple- 
ment-dependent cell lysis, and the holes may plausibly be 
considered to represent the final stage of cell damage which 
results in impairment of the selective permeability of the 
membranes, resulting in the loss of osmotic regulation 
: which leads to swelling and bursting of the cell. The 
existence of such holes has been inferred by Green et al. 
from experiments on immune lysis of Krebs ascites tumour 
cells5. 

From the mathematical analysis of their studies of the 
kinetics of immune haemolysis Mayer, Rapp et al. have 
concluded that production of a single lesion in the ery- 
throcyte membrane will lead to lysis, and have worked 
out experimental conditions for the Forssman antibody 
system in which the average number of sites of damage per 
erythrocyte can be predicted®. If the holes seen in the 
electron. microscope really represent the sites of damage, 
and if the predictions of the ‘one-hit’ theory are correct, 
then the numbers should correspond. 

This was tested in the following way using methods 
described in detail by Mayer’. Sheep erythrocytes were 
obtained from a single lot of sheep blood preserved in 
Alsever’s solution and used after storage for 3-8 weeks. 
The Forssman antibody was a serum pool of high hemo- 
lytic titre, obtained from rabbits immunized by repeated 
intravenous injections of boiled sheep cell stroma. In 
three experiments (Nos. 1, 3 and 4 of Table 1) sheep 
erythrocytes were treated with antibody and reacted with 
guinea pig complement to yield cells in the state ZAC’,,. 
These were next treated with purified guinea pig C’, (ref. 8), 
previously titrated in the same system, so as to give under 


standard conditions cells with a predicted number of 
effective HAC’,,, sites, that is, sites at each of which the 
action of excess of the C’, components would lead to 
sufficient damage of the membrane to causo cell lysis’. 
An excess of C’, components was supplied in the form of 
diluted guinea pig serum containing sufficient citrate or 
ethylenediamine tetracetate (EDTA) to chelate Mg” and 
Ca” ions. F 

` In one experiment (No. 2 of Table 1) whole complement, 
the 50 per cent hemolytic end point of which had been 
titrated, was used at dilutions calculated to yield rather 
more approximately predicted numbers of sites of damage. 
After incubation for the standard time (90 min) at 37°. 
distilled water was added to lyse any intact cells, and the 
cell membranes collected by centrifuging at 40-100,000g 
for 30 min. The membranes were washed once or twico 
with 0-01 M phosphate pH 6-5, resuspended in tho same 
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Fig. 1. Electron micrograph showing a small area of an erythrocyte- 

membrane fragment, after immune lysis with high concentrations of 

Forssman antibody and. whole complement. Large numbers of ‘holes’ 

the surface of the membrane are illustrated. The ‘holes’ appear 

black, being filled with phosphotungstate. The edge of the membrane 
ragment is indicated by an arrow. (x 200,000) 
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Fig. 2. A cell-membrane fragment from an experiment similar to that illustrated in Fig. 1. Each ‘hole’ is surrounded by a clear ring. The 
shape of the ‘holes’ is asymmetric and their arrangement is random. (x 400,000) 


buffer, mixed with 2 per cent potassium phosphotungstate 
and sprayed or applied as a single drop on to carbon- 
coated electron microscopic grids. A number of. photo- 
graphs were taken without selection and the holes counted 
on each suitably flat piece of membrane. The area of each 
membrane was measured with a planimeter. For the 
estimation: of the area of erythrocyte membranes under 
the conditions of examination, # suspension of erythro- 
cytes was lysed osmotically and those membranes which 
sedimented at relatively low values of g were examined. 
The areas of 103 apparently complete membranes were 
measured. The mean area was 12-9u? (S.D. + 3-6), and 
the area of the whole erythrocyte membrane was calcu- 
lated as twice this value, that is, 25-8u?. 

In Table 1 are summarized the results of four experi- 
ments to relate the observed number of holes to the pre- 
dicted average number of sites of damage per cell. With 
the exception of the first experiment the agreement is 
good, especially in view of the fact that prediction of 
the number of sites of damage is based on the hemolysis 
of a very large number of cells, while the visible holes 
were counted on & relatively small number of cell mem- 
brane fragments. Furthermore, any technical factors 
obscuring the holes would be liable to lead to underestima- 
tion of their numbers. 
`. The values given in Table 1 (Exp. Nos. 1, 3 and 4) relate 
to cells in the state HAC’ ,4. lysed with citrate-treated C’ 


Table 1. HOLES IN ERYTHROOYTE MEMBRANES SENSITIZED WITH FORSSMAN 
ANTIBODY AND LYSED WITH GUNEA PIG C’ UNDER CONDITIONS OF LOOTED 
3 


. Predicted No. 
Exp. No. of sites of | Observed No. No. ofholes No. of plates 
damage per cell of holes per x? per cell examined 
1 26-40 0-13 3°35 26 
2 1-8 0-072 1:86 40 
2 8-8 0-067 1°73 87 
2 7-10 0°25 6:45 81 
3 Ca. 20 0°42 10-8 30 
-3 Ca..20 0-68 17-6 34 
4 30 141 364 16 


Cells in the state FAC’, with C’, but not O's, or HAC’ without C's, 
showed no hemolysis when incubated under the same conditions. After 
distilled water lysis no holes were detected in many membranes examined 
from such cells. 


rather than EDTA-treated C’ as the source of 0’, com- 
ponents. Although hemolysis occurred with either 
reagent after the expected incubation period, holes in 
membranes from cells lysed in the presence of 0-01 M 
EDTA were either harder to visualize or, in some instances, 
not visible at all. When erythrocytes were first treated 
with EDTA, washed and then lysed with antibody and C’, 
holes were readily seen ; and the holes in membranes which 
already contained them did not disappear on subsequent 
treatment with EDTA. Thus EDTA’ appears to affect 
the appearance of holes only when it is present at the time 
of lysis. We have at present no explanation for this 
observation. 

Our findings provide strong support for the ‘one-hit’ 
theory of O’ lysis and indicate that the sites of damage 
correspond with the holes seen with the electron micro- 
scope. Experiments with radioactively labelled antibody- 
(to be published in detail elsewhere*) show that the relation- 
ship between the number of holes and the number of 
antibody molecules attached to each erythrocyte is com- 
plex, and depends on the concentration of C’ and on 
the nature of the antibody. At relatively high C’ concen- 
trations the ratio of the number of cell-bound 19S Forss- 
man antibody molecules to the number of holes may be as 
low as 3. This agrees with an estimate, based on the 
quantitative measurement of Forssman antibody by 
precipitation with purified Forssman hapten (H. J. Rapp, 
unpublished observation), that fewer than 10 molecules of 
this antibody per erythrocyte suffice to lyse 50 per cent of 
the cells under similar conditions. 

1 Dourmashkin, R. R., Dougherty, R. M., and Harris, R. J. C., Nature, 104, 
1116 (1962). 


2 Bangham, A. D., and Horne, R. W., Glauert, H. M., Dingle, J. T., and 
Lucy, J. A., Nature, 196, 952 (1962). 


3 Humphrey, J. H., in Immunopathology Intern. Symp., edit. by Grabar, P 
and Miescher, P. A., 8, 369 (Schwabe and Co., Basle, 1968). 

4 Dourmashkin, R. R., and Humphrey, J. H. (in preparation). 

$ Green, H., Barrow, P., and Goldberg, B., J. Exp. Med., 110, 699 (1959). 

£ See Mayer, M. M., in Experimental Immunochemistry, by Kabat, E., and 
Mayer, M. M., second ed., 187 (C. C. Thomas, Springfield, Illinois, 1961). 

7 Borsos, T., Rapp, H. J., and Mayer, M. M., J. Immunol., 87, 310 (1961). 

* Borsos, T., Rapp, H. J., and Cook, C. T., J. Immunol., 87, 880 (1961). 


äp 


No. 4929 April 18, 1964 


NATURE. 


253 


“SPIKE ACTIVITY IN THE CEREBRAL CORTEX 


By Dr. G. K. SMITH 
National Physical Laboratory, Teddington, Middlesex 


AND 
Dr. D, R. SMITH 


Case Institute of Technology, Cleveland, Ohio 


E have recently been investigating the origin and 

nature of the spontaneous activity of neurones in 
the cat’s cerebral cortex. The work is an extension in the 
cerveau isolée of that of Martin and Branch’, Girstein and 
Kiang? in the anesthetized cortex, who observed that the 
shorter intervals between successive action potentials fit 
æ random distribution while the longer intervals occur 
more frequently than such a process would predict. Our 
results lead us to conclude that at least two independent 
mechanisms combine to generate the signal which consists 
of bursts of random activity (that seen by the workers 
just mentioned) separated by periods of inactivity of 
variable duration. The preparation used was the unanzs- 
thetized cat isolated forebrain®, prepared under ether. 
Following complete mid-collicular brain-stem transection 
the animal was allowed to recover from the anesthetic 
` and recordings of unit activity were made extracellularly 
using glass micro-pipette electrodes. The unit activity of 
the unstimulated cortex was stored on magnetic tape and 
afterwards 2-5 min samples were analysed using well- 
known statistical techniques. 

The most useful statistic was found to be the distribution 
of intervals between successive action potentials plotted 
semi-logarithmically as in Fig. 1. In this figure each 
ordinate represents the number of intervals per second 
equal to or greater in duration than the value of time at 
the abscissa. A random series of pulses gives a straight 
line when plotted in this way. We examined records from 
forty neurones located in all parts of the cortex and at all 
depths. Fig. 14 is typical of the diagrams obtained in 
25 cases (Group I) and Fig. 1B is typical of the remainder 
(Group II). 

We will deal with Group I first, as it is 
the simpler case. In this group the inter- 
vals of length greater than 300 msec are 
distributed exponentially, that is, the dis- 
tribution does not differ significantly from 10 
that of a random pulse signal. By the 
method of maximum likelihood it is pos- 
sible to determine the most likely exponential 
constant for the distribution. If the result- 
ing theoretical distribution is subtracted 
from the observed distribution in the interval 
range 30-300 msec the residual interval 
distribution is also best fitted by an ex- 
ponential. In most cases the intervals 
between zero and 30 msec are greater in 
number than would be expected from an 
exponential distribution. If we ignore 
for the moment this relatively short set of 
intervals the resulting pair of exponential 
distributions suggests that the neurone 
spends part of its time firing at random 
with a high average frequency (the range 
from cell to cell is 5-60/sec) and another 
part of its time firing at random with a 
lower average frequency (range 0-2-6/sec). 
Analysis of dependence of successive inter- 
vals and of the distribution of the number of 
action potentials falling within a fixed time 
confirms that the use of the term ‘random’ 
is justified. 
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Fig. 1. 


By making use of the gradients and zero intercepts of 
the theoretical distributions obtained by the maximum 
likelihood method we can determine the time spent by the 
neurone in the two random processes. In all Group I 
neurones so far tested the sum of these two times equals 
the total length of the sample within the experimental 
error. Hence the switching time from one frequency to 
the other is very short. 

We can now picture the signal as consisting of ‘bursts’ 
of high frequency random activity. We may now ask 
what happens in the intervals between bursts. Consider 
two models to represent the spontaneous activity: 
(1) Bursts of relatively high-frequency random activity 
switched on at random times for unknown and perhaps 
random periods. The neurone is silent between bursts. 
(2) Bursts as in (1) superimposed on, or alternating with, 
a random slow ‘background’ activity. From these models 
the intervals of the low-frequency random distribution can 
be interpreted in two ways: (1) as the intervals between 
the last pulse of one burst and the first of the next burst, 
or (2) as intervals between pulses of a slow randomly firing 
background compounded with intervals of (1) and intervals 
between pulses at the extremes of a burst and pulses of the 
‘slow activity’. The analysis of neurone signals from the 
unstimulated brain cannot distinguish between these two 
possibilities because they are statistically equivalent. 

Stimulation of the brain can change the firing pattern 
of cortical neurones*:5, and it is profitable at this stage to 
examine these changes in terms of the models. Figs. 2 
and 3 show the effects of local currents and electrical 
stimulation of the cortical surface on neurones of Group I. 
In each case the stimulation alters only the distribution of 
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Interspike interval distribution diagram. A, analysis of spontaneous discharge 
recorded from a single cell in the median supra 


Ivian gyrus. The ordinate is the number 


of intervals of duration r seconds or longer divided by the total length of the sample (300 
sec). The intervals greater than 300 msec are best fitted by an exponential of gradient 1-32, 
The x? test shows that the ig ene fits the points at the 25 per cent level of significance, 
hence the cellis of group I. 

exponential in the range 30-300 msec, B, cell of group II. Intervals greater than 300 
msec are not exponentially distributed. This diagram is typical in the sense that the 
deviation from exponential might be explained by an additional assumption rather than 


ubtraction of this exponential from the data leaves a second 


xp! 
by assuming that the distribution follows a different law 
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Fig. 2. Effect of local currents on the distribution of interspike intervals. A Spontaneous 
spike distribution during 2 min period in which the microelectrode was e negative 
and passed 0-8 vamp. x, control before ; ©, control after polarization. A, complete 
distribution, Note that the value of the ordinate at z= 0 is the average firing rate. Before 
polarization it was 5-5 per sec. It rose to 18-4 per sec during polarization and fell to 6:3 
per sec when the current was switched off. B, short interval distribution after sub- 
traction of the maximum likelihood exponential obtained from the long intervals as de- 
scribed in the text. Note that during polarization the number of short intervals per see 
increases but the exponential gradient is unchanged. The observation is interpreted 
as an increase in the number oi bars: per unit sime with no change in the rate of fring 
pursts 
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Fig. 3. Effect of rhythmic electrical stimulation of the cortical surface on the spontaneous 
discharge of a cellin the median suprasylvian gyrus. A, 5 min record during stimulation of 
a point 10 mm from the recording point on the same gyrus. The stimulus consisted of a 
cluster of 10 shocks at 100 per sec presented once per second, strength about 75 per cent 
of maximal for the surface negative response. The cell fired with increased probability 
following the stimulus 5. x , control distribution before, ©, after stimulation. A, fullinterval 
distribution. B, distribution of short cre after subtraction of long interval distri- 
ution 
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that, if it were called a member of the fast 
random activity, as many error would be 
made as if it were called a member of the 
slow random activity (see Fig. 24). Hence 
a burst is defined as a sequence of intervals 
which are shorter than the chosen interval. 
Using this criterion we can measure the 
distributions of intervals between bursts of 
various sizes. Thus Table 1 gives tho 
gradients of the distributions of intervals 
between bursts containing 4 or more pulses, 
between those of 3 or more pulses and so on. 
Both in undisturbed and polarized neurones 
these distributions are exponential. The 
Table shows that the gradients of the dis- 
tributions for corresponding burst sizes are 
altered by polarization in a virtually constant 
ratio. The significant fact is that intervals 
between bursts of one pulse or more are 
altered in the same way and to the same 
extent as intervals between bursts of larger 
size. Now our first model requires that 
action potentials which occur between two 
long intervals (that is, isolated single pulses). 
must be regarded as short bursts in which 
the cell responds only once to the fast ran- 
dom process, whereas the second model 
postulates the existence of single pulses 
of a background activity as well. This result 
of local polarization suggests that such 


- isolated pulses behave exactly as if they were 


bursts, and that the simpler first model is 
adequate to describe the signal. If model 2 
is the case the background activity is 
affected to the same extent and in the same 
way (within the limits of our method) 
as is the burst generating mechanism. 

We can summarize by drawing a crude 
picture of the spontaneous unit discharge. 

(1) The cell fires in bursts which are ran- 
domly spaced in time and are of variable, 
possibly random duration. No activity 
occurs in the time intervening between 
bursts. (2) During bursts the times of firing 
are random. (3) Stimulation of the cortical 
surface by rhythmic electric shocks, stimula- 
tion by light flashes and polarizing currents 
applied locally through the microelectrode 
tip change the timing of bursts and their 
duration, but have no effect on the random 
firing within bursts. ; 

The cells of Group IT behave in most 
respects similarly to those of Group I, the 
only apparent difference being that those 
of Group II have non-random distributions 
of burst. No tendencies were observed 
in the location of these two groups either 
with regard to surface morphology or 


long intervals leaving the firing rate and distribution 
within bursts unchanged. The local currents also increase 
the time spent in bursts as reflected in the elevation of the 
curve without change in the slope. Note also that the 
distribution of long intervals remains exponential although 
its gradient is increased, that is, the ratio of long to short 
intervals has been decreased. Tip positive polarization 
has the reverse effect. 

In order to interpret this result in terms of the two 


“models we.next looked in more detail at the effects of 


polarizing current on the distribution of long intervals. 
In some neurones the gradients of the two random 
components are sufficiently different to permit recognition 
of individual bursts. In such cells one can set up a criterion 
which will, in fact, provide a fairly rigorous definition of 
bursts. This can be done by choosing an interval such 


to depth within the cortex. The diagram 
obtained from a three-minute sarnple of a given neurone 
is essentially unchanged when repeated after 20 min or 
more. , 

It must be emphasized that the results only apply 
to intervals greater than 30 msec. Shorter intervals 
frequently deviate from this picture and may be of 
physiological importance. 

These results are not sufficient to permit conclusions 
regarding the mechanism of genesis of the signal. Burns! 


Table 1 
Gradient of interburst interval g 
Minimum No. of distribution Ratio 
spikes per burst Control Polarized polarized /control 
4 0-46 1-13 2:46 
3 0:59 1-55 2-63 
2 0-79 2:27 287 
1 1:28 3'11 243 
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has shown, that bursts in isolated cortex are maintained 
by @ reverberating network of similar neurones. The 
results reported here make it difficult to see how such a 
net could be responsible for bursts in the intact cortex, 
for if the cell possesses classical properties, one would 
expect that local polarization would alter the threshold 
of the cell to synaptic bombardment from the net, thus 
changing the frequency of firing within bursts. We have 
compared the lengths of inter-burst intervals with the 
duration and number of action potentials in the bursts 
preceding them and found no correlation. Thus the burst 
mechanism appears to be independent of the mechanism 
which generates spike discharges during bursts. 
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A more detailed account of this work proposing a 
mathematical model of the signal is in the press. Work is in 
progress which may lead to a further clarification of the 
mechanisms involved and of the role of very short 
intervals. 

This work has been carried out as part of the research 
programme of the National Physical Laboratory. and is 
published by permission of the Director. 


1 Martin, A. R., and Branch, C. L., J. Neurophysiol., 21, 368 (1058). 
2 Girstein, G. L., and Kiang, N, Y.-S., Biophys. J.,1, 15 (1960). 

3 Burns, B. D., and Grafatein, B., J. Physiol., 118, 412 (1952). 

‘ Burns, B. D., J. Physiol., 127, 168 (1955). 

5 Burns, B. D., and Smith, G. K., J. Physiol., 184, 238 (1962). 


COUPLING OF CYCLIC CHEMOTHERAPEUTIC COMPOUNDS TO 
IMMUNE GAMMA-GLOBULINS 


By Dr. S. DeCARVALHO, Dr. H.-J. RAND and A. LEWIS 


Laboratory of Cancer Virology and Immunology, Rand Development Corporation, 
Cleveland, Ohio 


Y virtue of their serological specificity, immune 

y-globulins may serve as ‘guided missiles’ to carry and 
deliver therapeutic agents to target cells containing the 
specific antigens. This article deals with some of the 
chemical problems involved in the coupling of thera- 
peutic agents to y-globulins. 

The following procedure represents an adaptation of 
the method utilized by Heidelberger’ to couple 8-naphthol 
3:6 sodium disulphonate (R-salt) to crystalline egg 
albumin, and by Kabat? to couple the same dye to horse 
serum albumin. Mathé et al. make quick reference to 
having coupled methotrexate’ to rabbit hyperimmune 
y-globulin by diazotization!, but no details are given. 

The method here described was examined in detail and 
criteria for the end-points of each step of the coupling 
were developed. 

The following materials were used: 

Therapeutic compounds. Methotrexate (courtesy of Dr. 
J. M. Ruegsegger, Lederle Laboratories, Pearl River, New 
York) (A-methopterin) 4-amino-N -methyl pteroylglut- 
amic acid (MTX), lot No. 1260-01; uracil mustard 
(courtesy of Dr. H. Petering, Upjohn Co., Kalamazoo), 
lot, No. 2358K (UM); 5-fluorouracil (courtesy of Dr. G. 
Zbinden, Hoffmann-La Roche, Inc., Nutley, New Jersey), 
lot No. 009122 (5-FU); tetracycline (‘Achromycin V’, 
Lederle), lot No. 4859-23; 6-mercaptopurine hydrate 
(Nutritional Biochemical Co., Cleveland, Ohio), lot No. 
4554 (6MP); chlorambucil (Nutritional Biochemical Co.), 
lot No. 9981; ‘“Thio-Topa’ (Lederle), lot No. 4650-91. 

Gamma-globulins. Human. y-globulin from pooled serum 
(Cutter Laboratories, Berkeley, Calif.), lot No. @6083 
(HSGG); horse anti-tumour hyperimmune y-globulin, 
lot No. 257-29 (ref. 5) (HTUGG); horse anti-leukemia 
hyperimmune y-globulin, lot No. 567-M1-21 (ref. 5) 
(HLKGG). 

Even though there was successful coupling with all the 
therapeutic compounds listed, methotrexate, uracil mus- 
tard and 5-FU were the only ones investigated in detail. 

The coupling develops through the following three 
steps: (1) diazotization of benzidine; (2) coupling of the 
therapeutic compound to diazotized benzidine; (3) 
coupling of the compound obtained in (2) to y-globulin. 

The temperature of all operations is 7°~8° C. All reagents 
are added drop by drop with constant stirring. 

Step I. In a 100-ml. beaker place 37:0 ml. of benzidine 
reagent (720-0 mg of analytical grade benzidine in 6-50 ml. 
of 6 N hydrochloric acid added to 31-50 ml. of distilled 
water). Cool to 8° C in a bath of ice water oversaturated 


with sodium chloride. Below 6° C this reagent freezes. 
Over a period of 2 min add 14-00 ml. of pre-cooled sodium 
nitrite reagent (1-30 g of sodium nitrite in 32-0 ml. of 
distilled water). The end-point was determined in the 
following way. Immediately after each addition of 0-1- 
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Fig. 1. A, 2 ug/ml. benzidine solution in 6 N hydrochloric acid at 

pH 1-0; maximum absorption peak, 250 mz; minimum absorption 

peak, 224 mu. B, diazotized benzidine in solution at pH 1-0; maximwn 
absorption peak, 318 mz ; minimum absorption peak, 234 my 
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0:2 ml., a piece of starch iodide paper immersed in the 


-solution turns dark blue. This indicates excess of nitrite 
-just added. After stirring for 10 sec, the nitrite is partly 
“combined, partly eliminated and the iodide paper does 


not discolour. The end-point is indicated by persistence 
of the blue discoloration of the paper even after stirring 
for 10-20 sec. However, prolonged stirring (10 min) will 
again prevent blueing of the paper following volatilization 
of excess nitrous acid. This product is light green in 
colour. The colour of the tetrazobenzidine is brought out 
by addition of sodium acetate (4:50 g of sodium acetate 
in 10-0 ml. of water). In a 250-ml. beaker place 20-0 ml. 
of pre-cooled acetate reagent. With constant stirring, 
add in 1 min the tetrazobenzidine. The colour becomes 


first light yellowish-green and in 3-5 min changes to ` 


yellowish-brown (weak-tea colour). Diazotization of 
benzidine results in the changes in the ultra-violet absorp- 
tion spectra indicated in Fig. 1A and B. 

Determination of end points for Steps IT and III resulted 
from the following observations. Keeping the amount of 
diazobenzidine constant, different amounts of the thera- 
peutic agent were tried to bind to the azobenzidine. It 
was noticed that at low levels of therapeutic compound the 
resulting substance when coupled to the y-globulin pro- 
duced gelation of the protein while high levels of the 
cyclic compound prevented gelation. 

It was then found that small amounts of eee 
idine alone produced constantly gelation of the y-globulin. 
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Fig.2. A, 9 ug/ml, solution of methotrexate in sodium hydroxide PH 140 
at 25° C; absorption peaks, maximum, 375 my; 842 my; 
maximam, 300 mz; imum, 272 mu; maximum, 247 my; u: minimum 
240 mu. B, diazo-diphenyl-diazo-methotrexate (azotrexate) solution ab 
pH 25: absorption peaks, maximum, 869 mu; minimum, 340 my; 
‘maximum, 302 my; minimum, 271 mu; maximum, 259 my; minimum, 

244 ma. C, 1/120 ‘dilution of a yralobtlin-azotrexate (‘Gazotrexate-L') 
solution containing 2-4 mg/ml. of methotrexate and 77 mg/ml. of horse 
anti-leukemia y-globulin at “pH 8-0; absorption peaks, maximum, 
$69 mz; minimum, 345 mu; maximum, 280 my; minimum, AE 
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Fig. 3. A, 0-00094 per ane solution of 5-FU, pH 6-5; maximum absorp- 
tion peak, 264 lee . minimum absorption peak, 240° ma. B, solution of 
st ec creep hee zo-5-FU (azo-5-FU), pH 5-5; absorption aks, 
maximum, my; minimum, 290 mæ; maximum, 2 min 

240 ma. à ETEA dilution of a Da aoe “(Ono RUT) 
solution containing: 1-1 mg/ml. of 5-FU and 66 mg/ml. of anti-tumour 
horse y-globulin at ne 8-0 after dialysis ; absorption peaks, maximum, 
340 mz; minimum, 820 my; maximum, 280 mg; minimum, 250 mæ 


240 


This led to the hypothesis that tetrazobenzidine acted 
as a divalent link between the polypeptide chains of 
y-globulin (a), leading to its copolymerization’. ` 
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On the other hand, the coupling of the tetrazobenzidine 
to the therapeutic compound (FR) would either make the 
azobenzidine non-reactive (6) with y-globulin - 
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Fig. 4. A, 10 ug/ml. solution of uracil mustard, 2, 11-0; maximum 
absorption peak, 280 my; minimum absorption peak, 262 mg. B, solution 
of diazo-diphenyl- diasouraci mustard (azoum), a as, absorption 
peaks; maximum, 365 my; um, 276 mz; ma: may 
minimum, 280 mz. C, 1/20 dilution of a y-globulin-azoum gota ‘) 
solution containing: 20 mg/ml. of UM and 67 mg/ml. of anti-leukæmia 
horse y-globulin at pH 8-0; absorption peaks, maximum, 390 mg; 
minimum, 320 my; maximum, 280 mz; minimum, 250 mz 


(b) R-N=N-€ J-K )-N=N-R 


or univalent (c) 


R-N=N-€_>-<_-N=N- 


This hypothesis was confirmed by 
dialysing the final coupled compound 
extensively against buffered saline and 
determining the elimination of unbound 
E compound when gelation, did not 
occur. By trial and error the ideal 
proportions that give a univalent com- 
pound (c) were determined for each thera- 
peutic agent. { 

At these proportions no gelation of the 
protein occurs and only traces of the diazot- 
ized agent are found in the biffer outside 
the dialysing bag. 

The following are the proportions found 
for the three compounds examined. Metho- 
trexate: 600 mg benzidine, 720 mg Y- 
globulin, 1,920 mg; uracil mustard: 600 i 
mg benzidine, 720 mg y-globulin, 1,920 mg; ; 
5-fluorouracil: 360 mg benzidine, 720 mg 
y-globulin, 1,920 mg. 
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Step II. To the tetrazobenzidine add the proper 
amount of the therapeutic agent over a period of 2 min. 
The mixture slowly acquires a deep brownish-red colour. 
Allow to stand 7 min at 8° C. To complete coupling add 
10-0 ml. of 8 N potassium carbonate. Methotrexate and 
5-FU give a strong coffee colour, uracil mustard a red- 
orange or brick. The solutions are left stationary at 8° C 
for 1 h in the dark. 

Figs. 24, 2B, 34, 3B, 44 and 4B give the changes in the 
ultra-violet absorption spectra following these reactions. 
These spectra were utilized to identify these compounds 
in the buffer outside the dialysis bag of the final com- 
pound. 

Step III. The y-globulin reagent is prepared by adding 
to 120 ml. of 16 per cent solution of y-globulin in isotonic 
saline 20-0 ml. of a solution containing 11-05 g of potassium 
carbonate. The protein solution is placed in a 250-ml. 
beaker and the azotized drug is added slowly. The stirring 
at this step must be very gentle to avoid denaturation by 


‘foaming. At the end, 10-0 ml. of 8 N potassium carbonate 


is added. The colour of the coupled y-globulin is essen- 
tially the same as that of the tetrazo compound, but the 
ultra-violet spectrum is specific for each one of them 
(Figs. 20, 30 and 40). 

- In all the spectra of the Gazo-products the presence of 
y-globulin (280/250 mp) is recognized. 

The sequence of the three steps is exemplified for 
methotrexate in Fig. 5. The exact position of the coupling 
in the therapeutic compound is not known. 

The final product is dialysed against isotonic sodium 
chloride. The extent of the dialysis is determined by 
examining the ultra-violet absorption spectra of samples 
of the saline. After dialysis, the volume is adjusted to 
near the original concentration of the y-globulm by 
freeze-evaporation. In addition to removing undesirable 
chemicals in the preparation, dialysis proves that the 
therapeutic agent is tightly bound to the y-globulin since 
the colour of this persists after dialysis. Further proof of 
this tight binding is provided by precipitation of the 
y-globulin with ethanol, desalting or 15 per cent trichloro- 
acetic acid (TCA), all of which give a dark brown protein 
precipitate and clear supernatant. This precipitate retains 
the colour after extensive washing. The methotrexate- 
coupled y-globulin has the expected Rr value on paper 
electrophoresis for y-globulin in addition to the character- 
istic colour, ultra-violet absorption and fluorescence of 
methotrexate. These same properties were observed on 
precipitation bands in agar obtained when the coupled 
immune y-globulins were reacted with the corresponding 
antigens. 

Attempts are now being made to couple the same 
compounds on active antibody sites obtained from proteo- 
lytic and sulphitolytic treatment of the y-globulins. 

Deproteinization by TCA can be used as a method to 
determine quantities of unbound therapeutic compound. 


HN—<> XN, F2NONO, + AHCI —> CI N=N~€_>-€>-NENCI + 2NaC14+4H,0 


TETRAZO~BENZIDINE~ CHLORIDE 





TETRAZOBENZIDINE j METHOTREXATE 
l 
AZOTREXATE 


AZOTREXATE—GAMMA GLOBULIN 








Fig. 5. Coupling of methotrexate to horse y-globulin by diazotization (gazotrexate) 
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Sterility, safety, purity, pyrogenicity tests and vialing 
are performed by conventional methods‘. 
We thank Dr. R. Duschinsky for his comments. 
‘Heidelberger, M., Kendall, F. E., and Soo Hoo, C. M., J. Exp. Med., 58, 
137 (1983), 
? Kabat, E. A., and Heidelberger, M., J. Ezp. Med., 66, 229 (1987). 
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A MOLECULAR MECHANISM OF SICKLED ERYTHROCYTE 
l FORMATION 


2 By Dr. MAKIO MURAYAMA 


Laboratory of Physical Biology, National Institute of Arthritis and Metabolic Diseases, 
National Institutes of Health, Bethesda, Maryland 


JA a nears mechanism for gel formation in 
sickle-cell hemolysate was presented in a previous 
report; it was suggested that at 38° the amino-terminal 
valyl residue interlocks with the genetically interchanged 
valyl residue in the ß-chain, allowing cyclization from 
carbonyl of the first valyl to the NH of the fourth threonyl 
by hydrogen bonding as shown schematically here: 


H L T 

i e h 

H Hs Hu r 
Val-C - - - C-N-C-C-N-C-O-N-C-C-N. Pro. Val.Glu.Lys... 


c 
NH, | HO HO| HO 


This suggestion was made in order to account for the 
change in optical rotatory dispersion with temperature. 
The adequacy of the proposed conformation could be 
further evaluated by using a simple hydrophobic molecule 
resembling the valyl side chain, propane. I wish to report 
here that propane, ethane and methane were found to 
‘unsickle’ sickled erythrocytes containing Hb-S (sickle: 
cell hemoglobin). ‘These compounds can also prevent 
and/or reverse the gel formation of deoxygenated Hb-S 
hemolysate at 38°. The magnitude of the optical 
rotation is reduced by these compounds also. 
servations are consistent with the hypothesis previously 
presented for a sequence of events which led to sickled 
erythrocyte formation. 

Conventional methods were used to observe micro- 
scopically the phenomenon of sickling. Erythrocytes were 
deoxygenated using a 4 per cent sodium metabisulphite 
(Na,S,0;) aqueous solution added to blood from patients 
known to be homozygous for Hb-S. A small aliquot of 
blood was placed in a 50-ml. round-bottomed flask which 
was fitted with a stopper and tubing connected to a propane 
tank. Propane was allowed to dissolve under a pressure 
of about 300 mm mercury at 38°. The gel-formation 
experiment at 38° was performed in a small vial fitted 
with a serum-bottle rubber cap pierced by 2 hypodermic 
needles as previously described?. The optical rotatory 
dispersion data were obtained on the instrument used in 
the previous report. 

No sickling was observed when the blood specimen from 
a patient known to be homozygous of Hb-S was treated 
with propane. Several samples were used in this investiga- 
tion, each specimen from a different patient. In the 


untreated aliquots serving as controls nearly 100 per cent. 


sickling was found when deoxygenated with sodium 
metabisulphite. Essentially no sickling was observed 
when methane or ethane was substituted for propane. 
These simple molecules can also liquefy the gel of deoxy- 
genated Hb-S hemolysate and also prevent its formation. 
The changes in optical rotation at 38° normally observed 


These ob-. 


in Hb-S hemolysate are reduced in the presence of pro- 
pane. Hb-C@eorgetown containing erythrocytes do not 
‘unsickle’ when treated with propane. 

A sub-molecular mechanism of sickled erythrocyte 
formation was investigated because it was observed that a 
deoxygenated Hb-S hemolysate of sufficient concentra- 
tion gels at 38°, but liquefies reversibly on cooling to 
about 0° (ref. 2). Hemolysates of normal hemoglobin 
(Hb-A) do not gel at all. The fact that the Hb-S hamo- 
lysate gel melts reversibly suggested that the molecules 
must undergo a dynamic conformational (architectural) 
change of some sort with temperature. The optical 
rotatory dispersion study revealed that the amplitude of 
the Cotton effect in the green region as well as in the Soret 
region is increased reversibly four-fold when the deoxy- 
genated Hb-S solution is warmed to 38°. The optical 
rotation of a solution of Hb-A, on the other hand, was 
found to change but slightly with temperature. 

Tt is known that the only chemical difference between 
the normal hemoglobin (Hb-A) and the sickle-cell hemo- 
globin (Hb-S) is in one amino-acid residue in the 6-chain® 4. 
The locus of the genetic alteration is in the 6th residue 
from the N-terminus. The a-chain of both hemoglobins 
has the same amino-acid sequence. The amino-acid 
sequence of the first 8 residues from the amino terminus 
of the B-chains for Hb-A, Hb-S, Hb-C, Hb-G and 
Hb-Cgeorgetown is as follows: 


Hb-4 Val. His. Leu. Thr. Pro.Glu.Glu.Lys.... 
Hb-S Val. His. Leu. Thr.Pro. Val.Glu.Lys.... 
Hb-C Val. His. Leu. Thr. Pro.Lys.Glu.Lys.... 
Hb-G Val. His. Leu.Thr.Pro.Glu.Gly.Lys.... 


Hb-Caeorgetown Val. His. Leu. Thr. Pro. Glu. Lys. Lys.... 


Whilo electrophoretic mobility differences observed 
among hæmoglobins can be explained by the genetically 
interchanged amino-acid, a striking property like the 
phenomenon of sickling cannot be deduced so readily. 
It appears from the scale-model building experiments 
that the amino terminal valy] residue interlocks (or inter- 
calates) with the genetically introduced valyl residue at 
position 6 in Hb-S molecule, allowing cyclization of the 
peptide chain from the carbonyl of the first residue to 
the NH of the fourth by hydrogen bonding as shown 
schematically in Fig. 1. 

The intramolecular bond between the valyl side chains 
and the hydrogen bond as shown in Fig. 1 could stabilize at 
least 6 residues, thus restricting the freedom of rotation 
about bonds in the rings thus formed. This is the condition 
necessary for one of the Kauzmann and Eyring rules 
which states’: ‘Those influences which tend to restrict 
freedom of orientation about bonds will tend to increase 
the order of magnitude of the optical activity”. At 0°, 
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Fig.l. Schematic representation of the binding site (the ‘key’) on the 
-chain of the sickle-cell hæmoglobin. The intramolecular bond is a 
non-covalent typo (hydrophobic) between the first valyl and the gene- 
tically introduced valyl residus at position 6 from the amino terminus 


however, the hydrogen bonds under question appear to be 
transferred in a process of hydration because intramole- 
cular hydrophobic bonds become weaker, the lower the 
temperature. As a result, the peptide chain under discus- 
sion no longer forms a ring, thus diminishing the numerical 
value of the optical rotation. The mechanism of action 
of propane at 38° is in principle essentially the same as 
in the physical process of cooling. Propane effectively 
competes with the side-chain hydrophobic interaction; 
then the same sequence of events as described here in 
the instance of cooling Hb-S hemolysate takes place. 
This observation is consistent with the hypothesis pre- 
sented on a sub-molecular mechanism of sickled erythro- 
cyte formation‘. 

With the observations reported in this article, together 
with the three-dimensional structure of the reduced human 
hemoglobin molecule reported by Muirhead and Perutz®, 
it is now possible to present a consistent molecular mechan- 
ism for sickled erythrocyte formation. Muirhead and 
Perutz have shown that the two §-chains in human reduced 
hemoglobin molecule have moved apart, increasing the 
distance between their two hem groups by 7 Å. On 
the atomic scale this represents a substantial change of 
structure. It is known that oxygenation reverses sickling 
produced by any means. It can now be seen that the 
complementary binding sites (the keys) on the @-chains 
move away with respect to one another on deoxygenation, 
and, contrary to what one might expect, oxygenation 
results in drawing them closer together. The binding 
sites produced by cyclization at the amino terminal part 
of the B-chain must fit rather precisely with the comple- 
mentary binding sites on each of the «-chains; the toler- 
ance appears to be very small; consequently, when the 
binding sites on the B-chains move closer together (on 
oxygenation) the complementarity no longer exists. 

The reversal and/or prevention of the sickling process 
by SH-blocking reagent appears to be analogous to that 
produced by oxygenation. During the course of ampero- 
metric titrations with silver and mercuric ions in order to 
examine the chemistry of SH groups of, human hemo- 
globins, it became apparent that the molecules undergo an 
architectural alteration analogous to that in the process 
of oxygenation, that is, that there are mercapto-mercapto 
(SH-SH) interactions in the hemoglobin molecule’. 
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The mercapto-mercapto interactions 
the well-known hem-hem interac 
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in origin as it is for oxygenation’. 
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Fig. 2. A hypothetical stacking of Hb-S m 
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observed that methane, ethane, as well as propane, can 
‘unsickle’ erythrocytes containing Hb-S. 

The suggested mechanism of sickled erythrocyte forma- 
tion is consistent with experimental observations at hand 
at the time of this writing and offers a theoretical basis for 
clinical investigations which could follow. It cannot be 
over-emphasized that propane is not to be used clinically 
because of the damage it could cause to the other parts of 
hemoglobin as well as other molecules in the living 
system. Propane is a fire hazard, for another thing. 
Oxygen is far superior for ‘unsickling’ purposes. 
What appears most useful is to use physical cooling 
(ice packs) to break up the ‘log jamming’ in the 
blood capillaries. If the vasoconstriction appears to be 
disadvantageous, it can be overcome by some sort of 
vasodilator which could be employed concomitantly with 
cooling. Cooling of only the extremities is suggested. 

I thank Dr. Max F. Perutz for providing me with the 
molecular parameters needed to construct a model of the 
hemoglobin molecule. 

I also thank Dr. Paul McCurdy, Dr. Vernon E. Martens, 
Dr. Charles E. Rath and Mr. Kenneth McCoy for providing 
numerous blood specimens for this work. 
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‘TABOLITES OF LABELLED ANDROSTENEDIONE IN NORMAL 
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acetate. Completeness of adrenalectomy was checked by 
careful examination at post-mortem and any suspicious 
tissue was examined histologically. A small fragment 
(less than 20 mg wet weight) of cortical tissue was dis- 
covered in one of the three operated animals. The labelled 
steroid was injected intramuscularly in oil 7-21 days after 
adrenalectomy and urine was collected for 72 h. 

In the first experiment one normal and one adrenalec- 
tomized pig received 5 mg of 4-“C-androstenedione of 
activity 2:2 x 10° disintegrations/min. Urine was sub- 
jected to hot acid hydrolysis and the steroids then 
extracted with benzene. Total recovery of radioactivity 
was about 15 per cent for the normal animal and 30 per 
cent for the operated animal. Paper chromatograms of 
the urine extracts were run using the propylene glycol- 
ligroin system and the strips scanned for radioactivity. 
The extract from the urine of the normal animal showed 
the main concentration of radioactivity in the aetio- 
cholanolone—epiandrosterone region and a smaller amount 
of labelled material in the region corresponding to un- 
changed androstenedione. The region of the two andro- 
stanolones was eluted, and « and ß fractions prepared by 
treatment with digitonin after the addition of carrier 
epiandrosterone. The epiandrosterone, obtained from 
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the f-fraction, and its acetate were both crystallized to 
congtant specific activity. Carrier aetiocholanolone was 
added to the «-fraction, and this compound and its acetate 
were also crystallized to constant specific activity. The 
ratio of epiandrosterone to aetiocholanolone activity was 
about 0-35 (5:4 and 15-3 per cent recovery respectively). 
In the chromatogram of the extract of the adrenalectom- 
ized animal, radioactivity was detected only with cer- 
tainty in the region corresponding to androstenedione, 
the levels in the other areas of the chromatogram being 
too low for the precise location of the reduced radioactive 
C19 steroids if they were present. 

Because of the limited sensitivity of the scanning 
techniques used in the work described here, a second series 
of experiments was carried out specifically to assess the 
relative proportions of androstenedione and ring A 
reduced metabolites found in the urine of the normal and 
adrenalectomized animals. Androstenedione generally 
labelled with tritium was used. One normal animal and 
one adrenalectomized animal (found at post-mortem to 
have a small fragment of cortical tissue) were injected 
with 11 mg (250 uc.) of androstenedione and 8 second 
completely adrenalectomized pig received 6-6 mg (150 uc.) 
of steroid. The free and conjugated steroids were extracted 
from the urine, the conjugated material then being sub- 
jected to hot acid hydrolysis. Subsequent fractionation 
of the two groups of metabolites was carried out as previ- 
ously described’. The distribution of radioactivity in the 
neutral fraction was similar for the normal and adrenalec- 
tomized animals, the bulk of the labelled material being 
in the ketonic «-fractions (Table 1). Androstenedione 
(together with 58-androstane-3,17-dione and aetiocholan- 
olone) was detected in the ketonic «-fraction derived from 
the unconjugated metabolites by gas chromatography on 
` 6 per cent ‘QF-1° at 250°. The criteria of identification 
are based on a system of analysis discussed elsewhere®. 


Table 1. DISTRIBUTION OF LABELLED NEUTRAL METABOLITES IN URINE 
AFTER INJECTION OF TRITIUM-LABELLED ANDROSTENEDIONE IN NORMAL 
AND ADRENALECTOMIZED GUINEA PIGS 


Injected Distribution of radioactivity in 
radio- neutral fraction, expressed as 
activity percentage of total recovered radio- 
Animals recovered oo es BN 
in urine a- = a-Non- #-Non- 
% Ketonic Ketonic ketonic ketonic 
UC 1B 04 11 0-2 
Normal uv {8 42 382 49 08 
Completely 18 { ue 19-2 1-0 41 0-8 
adrenalectomized c- 8-7 16 2-2 0-6 
Adrenalectomized 15 uc 16-4 1:0 2-6 02 
with small remnant (5 12-8 52 3-7 12 


* UC and O refer to fractions from unconjugated and conjugated meta- 
bolites, respectively. Radioactivity measured in an internal sample liquid 
scintillation counter. 


A peak at about 7-1, associated with androstenedione, was 
found in the chromatograms of the free, acetylated and 
oxidized fractions. On reduction of the metabolites 
with lithium aluminium hydride, a peak corresponding 
to the reduction product of androstenedione was found at 
0-61. This large negative ARs, value (— 1-1) obtained on 
reduction is characteristic of a steroid having an <a,B- 
unsaturated ketone system’. Selected chromatograms 
from the ketonic «-fraction of the normal animal are shown 
in Fig. 1. The chromatograms of the corresponding 
fractions from the adrenalectomized animals were essen- 
tially the same except that there appeared to be rather less 
androstenedione present relative to the ring A reduced 
17-oxosteroid metabolites. This was confirmed by paper 
chromatography (Bush A system, 37°) of the three ketonic 
«-fractions derived from the unconjugated metabolites, 
followed by visual estimation of the androstenedione by 
means of the sodium hydroxide fluorescence reaction®. 
It would appear from these experiments that the 
presence of the adrenal glands is not a decisive factor in 
determining the extent to which reduction of the Aê 
double bond of androstenedione takes place in the guinea 
pig. The possibility that the 58-steroid hydrogenase 
detected in adrenal tissue in experiments in vitro‘ is of 
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Fig. 1. A, gas chromatogram of the ketonie a-fraction derived from 
the unconjugated metabolites of a normal guinea Piz injected_with 
androstenedione; B, acetylated fraction; C, oxidized fraction; D, the 
fraction after reduction with lithium aluminium hydride. Chromato- 
graphie conditions: 6 per cent ‘QF-1’ at 250°; retention times (r) in- 
dicated below key are relative to cholestane. Key to assigned structures 
in chromatogram A: (a) androst-4-ene-8,17-dione; (b) 58-androstane- 
3,17-dione; (c) 5a-androstane-3,17-dione; (d) 3a-hydroxy-5f-androstan- 
17-one. For the remaining chromatograms, the structural assignments 
refer to the appropriate reaction products of the compounds listed for 
A. The position of compounds marked with a star was confirmed by 
. rumning the fraction in admixture with an authentic sample 


importance in the metabolism of endogenous steroids, 

especially of adrenal origin, cannot be excluded on the 

basis of the present investigation. It is of interest that, 

although previous investigators':? have not detected the 

presence of ring A unreduced 11-deoxy C19 steroids in 

guinea pig urine, significant amounts of androstenedione 

were detected in the urine of all five animals examined. 

This finding might be related to the dose-level of the 

administered steroid, which presumably could be of signifi- 

cance in view of the low level of steroid hydrogenase 

activity found in guinea pig liver when examined in vitro’. 
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EFFECTS OF SINGLE AND FRACTIONATED DOSES OF TOTAL BODY 
X-IRRADIATION IN UTERO ON GROWTH OF THE BRAIN 
AND ITS PARTS 
By Pror. K. R. BRIZZEE 


Departments of Obstetrics and Gynecology, Anatomy, and the Eppley Institute for Research in Cancer and Allied bisae; 
University of Nebraska College of Medicine 


HE effect of fractionation of total dose in investiga- 

tions of ionizing radiation effects on mammalian 
tissues has received the attention of many authors in the 
past several years. None of these reports, however, has 
considered the effects of dose fractionation as compared 
with single exposure at the same total dose-level on organ 
growth or development. 

In view of the paucity of information on this subject, 
I have initiated a series of experiments on the effects of 
dose fractionation on growth and development of the brain 
using both gross and microparameters. This article 
presents results of our initial work in this series and is 
concerned with effects of fractionation of total dose 
administered in utero on the growth of the brain and its 
major structural subdivisions in the first 100 days of 
post-natal life. 

Pregnant rats of the Sprague-Dawley strain were 
exposed to total body X-irradiation on day 15 of the 
gestation period. The X-irradiation was delivered by a 
Siemen’s X-ray machine at 220 KVCP and 20 m.amp 
using a Thoreus-IT filter (0-4 mm tin + 0-25 mm copper + 
1-0 mm aluminium) and F.S.D. of 50 em. The half-value 
layer for the settings used was 2-2 mm copper. One 
series of six animals received a single dose totalling 150 
rads at a dose-rate of 40 rads/min on day 15-5. A second 
group of six rats received the same total dose at the same 
dose-rate in five equal exposures of 30 rads over a 12-h 
period at 3-h intervals. The midpoint of the exposure 
period (third exposure) corresponded to the time at which 
the first series already noted received the total dose. 
The animals were radiated from the dorsal aspect in a 
well-ventilated ‘Lucite’ chamber. The total dose and dose- 
rate were determined by calibrations using a Victoreen r. 
meter in a wax phantom at a depth calculated to equal 
the depth of the foetuses below the skin surface of the adult 
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Fig. 2. Mean brain-weight at successive developmental stages from 
birth to 100 days of age 
—, Control; --—-, single dose; — - —, fractionated dose 


female. A series of six control animals was treated in 
the same manner as the radiated groups but received no 

X-irradiation. 

At 1, 5, 10, 20, 50 and 100 days after birth, six animals 
from each group (sexes equally divided) were anæsthe- 
tized with intraperitoneal injections of pentobarbital 
sodium. The body-weight was determined, and the brain 
was removed from the skull and weighed in the fresh 
condition. The prosencephalon, pons-medulla (combined) 
and cerebellum were then removed and weighed ‘indi- 
vidually. The mid-brain was not included in this investi- 
gation. The length, width and depth of the cerebral 
hemispheres were determined after the method of Sugita. 

Mean values for body-weight in the control group were 
higher than in the radiated groups (Fig. 1), yet results 
from Student’s é test? have indicated that the differences 
were not significant in animals 100 days old. It should be 
noted, however, that the mean values were higher in 
controls than in either radiated group at every age level. 

Brain-weight (Fig. 2) was markedly greater in control 
animals than in the irradiated groups at all age-levels, and 
the differences at each age-level were statistically signifi- 
cant, P < 0-001. On the other hand, the differences 
between the two radiated groups were not significant 
in any age group. 

The ratio of total brain-weight to body- weight in control 
animals decreased from 0-032 at 1 day of age to 0-029 at 
20 days and 0-006 at 100 days. In the irradiated animals 
the difference between the single and multiple exposure 
groups was negligible and the mean value for the two 
irradiated groups together decreased from 0-028 at 1 day 
to 0-018 at 20 days and 0-005 at 100 days. It is clear 
that a marked difference in the ratio between control and 
irradiated animals occurred in the earlier post-natal 
stages but decreased markedly at 100 days. In spite 
of this decrease, however, the value for control animals 
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remained higher at 100 days than either of the irradiated 
groups. 

Results for weight of prosencephalon (Fig. 3) were 
similar to those for whole brain in that control weights 
were much higher than those in the irradiated series. 
As in the case of total brain-weight, the differences at all 
levels were highly significant. Values for the fractionated 
group were consistently higher than those for the animals 
which received a single exposure at all age-levels after 
the fifth post-natal day. However, the differences between 
the radiated groups did not attain the level of statistical 
significance. . 

Cerebral length in control rats increased from a mean 
value of 0-68 em at 1 day of age to 1-37 em at 20 days and 
1-52 cm at 100 days. In the radiated animals the mean 
value increased from about 0-5 em at 1 day to 0-9 at 20 
days and 1-1 cm at 100 days. Mean values for cerebral 
width in controls increased from 0-92 cm at 1 day to 1-49 
at 20 days and 1-57 at 100 days. In the radiated groups 
the value increased from a mean value of 0:8 cm at 1 day 
to 1:2 cm at 20 days and 1-28 om at 100 days. Depth of 
the cerebrum in control rats increased from 0-52 cm at 
1 day to 0-8 cm at 20 days and 0-89 cm at 100 days as 
compared with a mean value of 0-4 cm in the radiated 
groups at 1 day, 0-6 om at 20 days and 0-68 cm at 100 days. 
From these results it is clear that the changes in cerebral 
length, width and depth in the first 100 days of post-natal 
life showed essentially the same pattern as values for total 
brain-weight and weight of prosencephalon with greater 
mean values in controls than in irradiated rats, but no 
significant differences between the two irradiated groups. 

The mean values for ratio of width of cerebrum to length 
of cerebrum decreased in controls from 1-35 at 1 day to 
1-03 at 100 days of age. In both radiated groups the 
values were slightly higher, but the decrease in ratio was 
of the same order of magnitude and the differences between 
control and radiated groups were not statistically 
significant. 

The mean cerebellar weight (Fig. 4) was greater in 
control groups than in irradiated animals with levels for 
single exposure being higher than those receiving the 
fractionated dose. At 100 days, the difference between 
control and radiated groups was significant (P < 0-01), 
while the difference between the radiated groups was not 
significant. In this case, however, the mean values for 
animals which received a single exposure were greater at 
all age-levels than the values in the fractionated group. 
Thus, even though not significant statistically at any 
given age-level, the consistent difference in mean level at 
every developmental stage suggests a basic difference in 
effect of the single as compared with fractionated exposures 
used in this work. 

The ratio of cerebellar weight to weight of prosencepha+ 
lon in control rats increased from 0-14 at 1 day of age to 
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Fig. 3. Weight of engine rete during first 100 days of post-natal 
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Fig. 4, Weight of cerebellum in radiated and control animals in first 
100 days of postnatal life 
—, Control; --—-, single dose; —-—-, fractionated dose 


0-16 at 20 days and 0-24 at 100 days. In animals which 
received multiple exposures the value at 1 day was very 
close to that of the control but at 20 days increased to 
0-25 and at 100 days to 0-30. In the group which received 
a single exposure the value at 1 day was again very close 
to that of the other two groups but at 20 days increased 
to 0-33 and at 100 days to 0-46. Thus, the mean values 
for the control group were lower than those for either 
irradiated group after 1 day of age. Furthermore, the 
values for the group which received the fractionated dose 
were lower than those which received the single exposure 
after the first post-natal day. 

The average weight of pons and medulla (combined) in 
animals of ten days or older was greater in controls than 
in radiated animals, and values in the single exposure 
series were greater than in the fractionated group. How- 
ever, at 100 days, at a mean value of 180 mg in controls, 
170 mg in the single exposure group, and 146 mg in the 
animals which received the fractionated exposure none of 
the differences was significant. 

The parameter most commonly studied in investiga- 
tions of effects of dose fractionation is that of lethality. 
Other parameters which have been actively investigated 
with reference to dose fractionation include cell-survival, 
shortening of life-span, hematological effects, metabolic 
changes, incidence of tumours, erythema, incidence of 
malformations, mitotic effects and chromosomal aberra- 
tions, and organ effects. 

As noted by Kereiakes eż al.*, a single exposure to a given 
dose usually results in a higher mortality than do several 
exposures producing the same cumulative dose. With 
most other parameters, a similar tendency toward more 
severe effects with single than with fractionated doses is 
noted. However, certain variables, especially number of 
fractions, intervals between fractions, total exposure time, 
and dose-rate, may determine the severity of effect in 
fractionated or single exposures in any given experimentul 
situation. Wilson‘ has shown that a loss in radiation 
efficiency occurs in dose fractionation, and Sambrook® 
argues against giving larger total doses with fractionation 
in cases where a smaller dose given in larger fractions 
would be equally effective. Nevertheless, fractionation is 
a standard procedure in clinical radiology where X-ray 
treatment is involved—probably due to the repeated 
demonstrations of enhancement of the desired clinical 
effects with relatively smaller reactions in normal tissues*-* 
than would be produced by single exposures at the same 
total dose. 

Studying effects of fractionation of pre-natal X- 
irradiation doses on production of central nervous system 
malformations in mouse embryos, Auerbach! concluded 
that the incidence of malformations of spinal cord or eye 
was not affected by fractionation, but the severity of 
embryonic defect is greater in response to a fractionated 


r 


dose than a single dose. The dose used was 300 r. admini- 
stered as a single exposure or 3 exposures of 100 r. at 30 
min intervals. 

Rugh™ found that 50-r. single exposures, and 50 r. 
given in two equal exposures at least 24 h but no more than 
7-5 days apart, produced similar results with regard to 
absorptions or total percentage which appeared to be 
normal. However, there were fewer exencephalies and 
fewer foetal deaths with fractionated doses than with single 
exposures as the same total dose-level. With single 
exposures of 50 r. on day 0-5 after fertilization, but before 
the initial cleavage, there were 42 per cent deaths and 


‘re-absorptions. When the initial exposure to 25 r. was 


made at that time, however, the figure was 23 per cent. 
When the fractionation interval between the 25-r. 
exposures was reduced from days to less than 4 h, there 
was no marked difference between 50-r. single or 50-r. 
fractionated at 2 x 25 r. When tho intervals were of 
5-6 h, there appeared slightly less over-all damage to the 
embryos, with fewer exencephalies, deaths and stuntings. 

In the work recorded here, we have shown that fraction- 
ation within a 12-h period at intervals of 3 h resulted in 
marked alterations in the growth of the various major 
subdivisions of the brain. However, the severity of these 
changes was about equal to those seen in animals subjected 
to a single exposure at the same total dose-level. Further 
investigations are needed to determine effects of longer 
intervals between exposures at the same total dose-level 
and to determine whether fractions of the total dose 
administered at intervals of less than 3 h over a 12-h 
period may result in more severe effects than fractions at 
3-h intervals or a single exposure of the same total dose. 

The ratio of brain-weight to body-weight in these 
investigations was greater in controls than in irradiated 
animals, which would seem to indicate a greater relative 
effect on brain-weight than on body-weight from irradia- 
tion. Also, the curve for ratio of prosencephalon to 
body-weight was nearly parallel to that of the brain- 
weight/body-weight curve, and the ratio of cerebellar 
weight to weight of prosencephalon was lower in controls 
than irradiated animals. From these observations, it 
appears that the greatest effect of the pre-natal irradiation 
in this investigation (irradiation on gestation day 15) 
was exerted on prosencephalon, probably mainly cerebral 
cortex. These findings are in agreement with the report 
of Hicks"? that cerebral cortex is particularly susceptible 
to X-irradiation on day 16 (corresponding to our day 15) 
of gestation. 

The smaller Size of cerebellum in fractionated as com- 
pared with the single exposure group, even though not 
statistically significant, is consistent through the entire 
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range. As might be expected from the observed differ- 
ences in cerebellar weight, the ratio of the latter to weight ` 
of prosencephalon was lower in the fractionated animals 
than in the single exposure group. However, this was 
due in part to the fact that weight of prosencephalon was 
slightly greater in animals of the fractionated dose group 
than in those which received a single exposure. In the 
control group the ratio-was lower than in either of the 
radiated groups due to the fact that following the radia- 
tion exposure there is a relatively greater effect on cere- 
brum than cerebellum. Since the mean weight of the 
combined pons and medulla was greater in control than 
radiated groups and greater in single dose than fraction- 
ated dose animals, it appears that the effects of the irradia- 
tion on the pons and medulla closely parallel those on 
cerebellum in this investigation. 

In the normal course of development of the cerebral 
hemisphere, the width exceeds the length in early stages, 
while length equals or exceeds width in the adult?. The 
finding that the developmental changes in the ratio of 
cerebral width to length were nearly parallel in irradiated 
and control groups suggests that effects on cerebral 
hemispheres were fairly evenly distributed with no marked 
selective effect on any one area of the cortex. More 
detailed studies on various areas of the cortex and 
hemispheres are needed, however, to determine whether 
any selective effect may occur from various doses, rates and 
fractionation patterns. 

I thank Mr. Ahmed Mohuiddin, clinical radiation physi- 
cist, for his assistance in dose and rate calibrations and 
Dr. Paul St. Aubin, chairman of the Department of Radio- 
logy, for the use of the radiation equipment and facilities. 
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WORK AND POWER CAPACITY OF NORMAL MICE AND THOSE 
SUFFERING FROM MUSCULAR DYSTROPHY, MEASURED 
DURING STATIONARY SWIMMING 


By G. O. GEY, sun.,* and Dr. D. W. KENNARD{ 
Medical Psychology Laboratory, University of Cambridge 


Toa essential disability of muscular diseases is the 
loss of capacity to develop power and perform work. 
We have examined the disease process in dystrophic 
mice. For this purpose we have developed a method of 
determing the work and power capacity of mice to measure 
such loss under standard conditions. The mice were 


* required to perform stationary swimming. 


* Present address: St. Bartholomew's Hospital, London, E.C.1. 


+ Present address : Department of Internal Medicine, School of Medicine, 
Yale University, New Haven, Connecticut. 


The apparatus used consists of a circular water-bath 
which was kept at a constant temperature between 25° C 
and 30° C. A nylon filament was attached to the tail of 
the mouse by means of adhesive tape. The nylon filament 
passed up through a small glass tube which was held 
vertically, just touching the surface of the water in the 
centre of the bath, and was lubricated by the water, thus 
minimizing friction with the glass. The other end of the 
filament was attached to a transducer? directly over the 
glass tube. The degree of isometricity was determined by 
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1e lever (Fig. 1). With this arrangement 
away from the glass tube, pull on the 
opposed by the tension developing in the 
hese conditions mice swim at near maxi- 
der to escape from the water to a point at 
ose within reach. The actual movement a 
scute in this system was not more then 
© exerted by the mouse against the spring 
id was also integrated electronically by 
ator. Both these measurements were 
aneously on ultra-violet sensitive paper, 
‘ed of 1 cm/sec. 

was calibrated by hanging graduated 
> spring and transducer, and the responses 
ar the range used in the experiments. 
made before and after each test. 

acity of the mice was determined from the 
tegration every 0-5 min for a total period 
us period was the maximum duration of 
the dystrophic mice were capable under 
3. Examples of the records of the normal 
mice can be seen in Fig. 2. The work 
stroke and the rate of strokes can be seen 
> dystrophic record. 

pacity was expressed in work units/g of 
1 consecutive interval. This unit was a 
te which is proportional to the actual work 
7 equal to l erg. The power is the average 
z of mouse over the whole period. The 
3s l and 2 are the average of two tests for 
Ct was found that the performance of the 
ted by exposure and they were kept in a 
ween tests and allowed to recover. 
nal dystrophic mice were at various stages 
process, and this may be reflected by the 
of variation in the results from this group. 
ig to note that the males of both groups 
ce work/g body-weight than the females. 





matic representation of apparatus for measuring the force 
mouse in stationary swimming. Electrical output of 
transducer is amplified and integrated 


Force 


NT TTY E 


Integral Force 
aa SE FL ki 


iL 


Fig. 2. 
The force 
mouse d 


This app 
swim fa: 
not quot 
males we 
phie sho: 
Fatigue 

appeare 
difference 


NATURE April 18, 19 


> cent and 
t and 54:5 
vere able to 
roximately 

Sandow 
fourth is a 
this same 
2n as loco- 


tion of the 


tain other 
hods based 


“WEEN 


principally on recorded movements of ar 
of the mouse itself. We have found the 
the most satisfactory. It would be inte 
the actual developmental course of th» 
also offers the opportunity of study 
therapeutic measures. 
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FEET AND GROUND 
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the ground has no essential bearing on tk 
F. (2) Since no animal can exert a fo 
opposite and equal to K which is greater 
exerted by the feet agairist the ground, K 
of smaller magnitude than F. When K is 

the hind-feet will slide along the track and! 
impulse would be lost. (3) The magnitu: 
portional to the weight of the animal, whe 
tude of K depends on the area of the eros 
retractor muscles of the leg. 
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Fig. 1 


All investigations on the propulsive for 
locomotion point to the fact that this impul 
the hind legs, whereas the forelimbs act ma 
absorbers. When retracting and stretching 
a forward and upward impulse is given t 
This retraction originates from the contre 
hamstring muscles, M. biceps femoris, M. £ 
and M. semimembranaceus, effectively sup} 
Mm. glutaei; the straightening by the a 
M. rectus femoris (m. quadriceps), M. fle 
superficialis and profundis and the M. gast 

Manter* analysed the exact magnitude ¢ 
exerted by these muscles in the walking cat, 1 
a light platform, supported by springs and 
corrugated paper with a rough top surface. 

The reaction of each foot was resolved 1 
zontal and vertical component, the magnit» 
was measured exactly during the consecuti 
the gait. When discussing the horizontal 
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Fig. 2 


Manter points briefly to the frictional resistance, but does 
not work out this idea. 

In practice, the coefficient of friction (f) may be determ- 
ined by placing a solid body on a rough incline. When 
attaining the maximal angle of inclination (6 in Fig. 2), 
the body will slide downward and at this moment F = =f.N. 

The vector diagram shows that F = G sin a, but since 
F = f.N, it appears that f:N = Q sin a. Furthermore, 
N = G cosa, thus: 


fQ cosa = Gsina 
or: 





Since the angle of friction a = angle of inclination b, 
it appears that: 
f = tanb 


In order to calculate f, I carried out the following 
experiment. Four fresh metacarpal pads of a dog and four 
fresh pieces of the basal border on the hoof of a horse were 
pegged at the corners of two rectangular pieces of board, 
measuring 5em x 18cm. The weight of both pieces of 
board, inclusive of that of pads and pieces of hoof, was 80 g 
each. Both were placed on an incline with a corrugated 
rough surface, so as to be able to compare the results 
with Manter’s experimental data. The angles of inclina- 
tion were as follows: 


Board with pads Board with hoofs 
30° 19° 


b (mean of 50 experiments) 
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Since tan 30° = 0-58 and tan 19° = 0-34, the value of 
F for pads is 0:58 x 80 = 46-4 g and for hoofs 0-34x 
80 = 26-4 g. This implies that an animal with pads can 
exert a greater forward impulse than one with hoofs, 
provided that both are equal in weight and standing on 
the same type of ground. It is interesting to compare 
these results with those obtained by Manter. As stated 
before, he carried out his experiments with a cat, weighing 
3,342 g. About two-fifths of the total weight is carried 
by the hind-limbs, that is, about 668 g/ft. We may 
suppose, therefore, that F = 0:58 x 668 = 387-4 g/ft. 
Actually, Manter found a positive horizontal force of 370 g 
for the left hind-foot, when the animal walked slowly on 
the platform. Since the frictional resistance will not have 
reached its limit in this case, the outcome of the afore- 
mentioned experiments coincides very well with Manter’s 
results, namely, a difference of 17 g only (= 4:6 per cent). 
I have not been able to find results on similar experiments 
with unguligrades in the literature, but since the body- 
weights are fairly well known, we can approach the value 
of F in these cases. 

Koch’ mentions a mean weight of 600 kg for horses. 
Assuming that two-fifths of the total weight is carried 
again by the hind-limbs (Kriiger? mentions 43-9 per cent 
for thoroughbreds), the frictional resistance is 40-8 kg/leg. 

I wish to emphasize that these results form only a first 
approach to the natural circumstances. It is, for example, 
impossible to reproduce the enormous variety in composi- 
tion and resistance of the natural ground in any experi- 
ment. This resistance of the ground and the pressure 
exerted on it by the pads and hoofs determine the depth 
to which the feet will sink into the ground. This is not 
reproducible and left out of consideration in both Manter’s 
and my experiments. 

The experimental situation may possibly reflect the 
conditions to be found when the animals are moving ona 
consistently solid type of ground. 
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VARIATION OF COLLISION FREQUENCY IN THE LOWEST 
IONOSPHERE WITH SOLAR ACTIVITY 


By J. S. BELROSE and L. W. HEWITT 


Defence Research Telecommunications Establishment, Radio Physics Laboratory, Ottawa 


OLLISIONS between electrons and neutral molecules 

‘A are of great importance to some aspects of ionospheric 
physics, particularly in the lowest ionosphere, for the part 
they play in the attenuation of radio waves propagating 
within the D-region. While the importance of collision 
frequency has long been realized, because of experimental 
difficulties very few investigations of this parameter have 
been made, and these observations refer to only a few 
‘places and times. 

The uncertainties in the values of collision frequency are 
illustrated in Fig. 1, where some of the most reliable data 
are summarized. The radio data employed in these 
investigations have taken into account recent revisions 
in the theoretical analysis of radio propagation, The 
results obtained by Kane? have been measured by a 
rocket propagation experiment at Fort Churchill during 


polar cap absorption events. The results obtained by 
Schlapp‘ have been measured at Cambridge by the 
#-region group retardation method’. The solid curve 
labelled Curve 1 has been calculated by us using a 
formula given by Phelps? based on laboratory measure- 
ments by Phelps and Pack?, and van Lint et al”, and 
the COSPAR International Reference Atmosphere (CIRA 
1961) (ref. 8). The single value at 61 km reported by 


- Aikin et al.? has been determined from a rocket experi- 


ment at Wallops Island where a Faraday rotation experi- 
ment at 3 Mc/s was used to examine the quiet D-region. 
The value obtained corresponds to a critical propagation 
condition at a height where there was a reversal in the 
sense of rotation of the plane of polarization. The results 
of Jespersen et al.° have been measured by a rocket- 
borne multi-frequency experiment which measured differ- 
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Fig. 1. Collision frequency of electrons vm (collision ‘fre uency of 
mono-snergetic electrons) plotted against height for the best theoretical 
and experimental data available 2 - 


ential absorption, differential phase, and ionospheric 
attenuation during auroral absorption. These latter 
observations do not, however, necessarily represent quasi- 
equilibrium conditions. 

From an examination of the different amplitudes of the 
ordinary and extraordinary waves weakly scattered from 
D-region ionization irregularities (at 2-66 Mo/s at Ottawa) 
information is obtained about electron collision frequency 
and electron density. The experiment measures the 
amplitude ratio Ax/Ao averaged in 2-km height intervals 
for heights of 50-90 km. (The notation used here is 
different from that of reference 11. Originally, following 
the earlier work of Gardner and Pawsey?*, Re,o was used 
for received echo amplitudes of extraordinary and ordin- 
ary waves, and Ae,o for the effective reflexion coefficients 
of the scatterers. In this article we use Aw,o for amplitude 
of received echoes, and Rz,o for effective reflexion co- 
efficients.) At low heights, below 60 km, the differential 
absorption is small and the observations give a measure 
of the collision frequency; at greater heights the curve 
departs from the value it would have in the absence of 
differential absorption, and this departure provides a 
measure of electron density. 

The collision frequency results in Fig. 1 obtained by 
Belrose have been measured by the partial reflexion 
technique, and are for a day in November 1961, and 
average data for 5 magnetically quiet days in each month 
for November 1961—August 1962. 

The scale height seems to be fairly well established 
by the results in Fig. 1, but the variability throws some 
doubt as to whether it is real, or whether it reflects experi- 
mental uncertainty. Since the November results of 
Belrose and Kane lie below Curve 1, Curve 2 has been 
drawn through these data parallel to Curve 1. It was at 
first believed that this might represent a seasonal change, 
since Curve 1 agrees with the July results of Kane. 
Subsequent investigations have, however, not detected a 
seasonal change. Curves 1 and 3 illustrate the spread of 
5-day monthly mean results for the period for which 
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partial reflexion observations were availablé at Ottawa, 
namely, November 1961—-February 1963. This péint is 
discussed in the following paragraph. 

Fig. 2 shows Az/Ao(h) curves for winter (November 
and December 1961, and January 1962), summer (June, 
July and August 1962), and equinoxes (March and 
September 1962). The dashed curves labelled Curves 1 
and 3 are the ratios that would be measured in the absence 
of differential absorption for the corresponding collision- 
frequency curves in Fig. 1. The winter and summer 
curves are almost identical below 62 km, and suggest that 
there is no seasonal variation in collision-frequency. The 
curves for the equinox months differ by an amount which 
represents a change by a factor of two in the collision 
frequency. The apparent variability of collision-frequency 
values deduced from the partial reflexion data was a 
puzzling feature of our observations. That is, the scatter 


25 SEASONAL VARIATION OF AMPLITUDE RATIOS 
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frequency, deduced from the partial reflexion data (like 


that in Fig. 2) for a height of 59-5 km, for November 


1961—February 1963. Except for the initial increase 
between November 1961 and January 1962, the collision 
frequency values decrease in a fairly regular way during 
1962. This regular behaviour suggested a possible correla- 
tion with solar activity, since 1961-63 are years of 
declining solar activity. Fig. 3 shows also (by the open 
circles) the same 5-day monthly mean values of solar 
decimetre (10-7 cm) radiation flux units (Wm-~*(¢e/s)-*) 
measured at Ottawat®. It is well known that 10-cm solar 
emission provides a good index of solar activity, and the 
strong correlation between the two sets of data is clearly 
evident. The sensitivity of the dependence of collision 
frequency on solar activity is unexpectedly high, in that 
collision-frequency values decrease by & factor of two for 
a decrease of solar flux units of 100-75. Since monthly 
mean solar decimotre emission changes from 70 to 250 
flux units over the epoch of the solar cycle", it is reason- 
able to infer that collision frequency also changes rather 
markedly. The strong correlation between collision 
frequency and solar flux units might not hold over the 
epoch of the solar cycle, since if it did collision frequency 
would change by a factor of six. That is, a ‘saturation’ 
effect might set in for activity above some threshold, as is 
the case for radio wave absorption data’. 

A dependence of collision frequency on solar activity 
was unexpected for the D-region, although a change with 
solar activity was suggested by the H-region work of 


that electron temperatures under quiet conditions might 
be higher than neutral gas temperatures. If this were 
the explanation, this is a new and unexpected result. 
There is a need for theoretical work to examine energy 
inputs necessary to maintain a temperature differonce. 
There is also a need for further experimental work, 
which measures collision frequency at night, when solar 
energy is absent. 

We thank Mrs. J. Thibault, who scaled the partial 
reflexion data used in this work. 
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MAPS OF M3! AND SURROUNDINGS AT 600 AND 1,415 MEGACYCLES 


PER SECOND 
By Pror. JOHN D. KRAUS 


Radio Observatory, Ohio State University, Columbus 


N 1962 observations of the Andromeda nebula (M31) 
were made at 1,400 Mc/s with the new Ohio State 
University 260-ft. radio telescope! and a map covering 
about 15 square degrees was published?. The telescope 
provided a resolution of 10 beam areas per square degree 
so that the map revealed considerable detail. However, to 
examine the nebula properly in relation to its environs a 
much larger area should be mapped and, if possible, more 
than: one frequency should be used. Accordingly, late in 
1963, an observing programme was started with the Ohio 
telescope to map a larger area at two frequencies: 600 
and 1,415 Mc/s. These observations, which began early 
in October 1963 and continued daily for four months, 
have resulted in a map at each frequency covering 300 
square degrees or 20 times the area of the earlier map. 
Furthermore, the quality of the 1,415 Me/s map is much 
better than the earlier 1,400 Mc/s map. This improvement 
was made possible by the installation of a new low-noise 
liquid-nitrogen-cooled parametric amplifier a week or two 
before the start of the observations. This amplifier was 
developed, designed and built by Dr. M. Uenohara’ and 
his group at the Bell Telephone Laboratories, Murray 
Hill, New Jersey, and results in a system temperature at 
1,415 Me/s of about 120° K. Less than half this tem- 
perature is due to the amplifier and receiver. With a 
5 Mc/s band-width and 12 sec integration time the 
resulting root mean square noise E en is 0-025° K 
for a single record. 
The area of the two maps lies between declinations of 
36° and 46° (north) and right ascensions of 23h 40m and 


2h 10m. The 600 Mc/s mép was made by drift profiles at 
40’ intervals in declination. At least two such profiles 
were averaged for each declination in preparing the map. 
The 1,415 Mo/s map was made with drift profiles at 20’ 
intervals in declination. Atleast two and as many as seven 
such profiles were averaged for each declination on this map 
with the exception of two profiles near the edges of the map 
for which a single drift record was used. The average num- 
ber of 1,415 Mc/s profiles per declination was about three. 

The telescope is a meridian transit type, so that only 
one profile was obtained per day. A total of more than 
30 profiles was used in the 600 Mc/s map and about 90 
in the 1,415 Mc/s map. Observations were conducted 
simultaneously on 600 and 1,415 Me/s, but a considerable 
number of profiles were not usable because of interference 
or heavy snow or rain at the time of the observations. 
The 1,415 Mc/s map represents more than 350 h of 
observing time and the 600 Mc/s more than 150 h. The 
600 Mo/s receiver is of the crystal-mixer input type with 
a system temperature of about 650° K. The antenna 
beam-widths at half-power are about 23’ x 85’ at 600 
Me/s and 11’ x 36’ at 1,415 Mc/s. There are about 600 
beam areas in the 600 Mc/s map and 3,000 beam areas in 
the 1,415 Mc/s map. The antenna aperture efficiency is 
approximately 60 per cent at 600 Mc/s and 40 per cent 
at 1,415 Mc/s. The main beam efficiencies at both fre- 
quencies are somewhat higher. At 600 Mojs the telescope 
tends to be resolution limited. On the other hand, in 
spite of the excellent low-noise pre-amplifier, the telescope 
tends to be sensitivity limited at 1,415 Me/s. 
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Maps of the region surrounding the Andromeda, nebula (3131) made with the Ohio State University 260-ft. radio telescope at 600 Mc/s (top) 


Fig 
and i 415 Me/s (middie). The bottom map is n composite showing 
1,416 “Mojs and open contours for 600 Mejs. 


the features of principal significance on tho other two maps by solid areas for 
The contour interval of the 600 Mc/s map is 0:3° K and of the 1,415 Mo/s map is 0-05° K antenna 


temperature 


The results of the observations are presented by the 
upper two maps of Fig. 1. The top map is for 600 Me/s 
and the one below it for 1,415 Mc/s. The shaded area on 
each map delineates the position and form of 131 as it 
appears on most photographs, and the major axis is 
indicated. The positions of the M31 optical nucleus and of 
M32 and NG@C205 are also depicted. In the 600 Mc/s 
map contour 4 is shown heavy, while in the 1,415 Mejs 
map contour 3 is heavy. The bottom map is a composite 
for comparing the positions of the most significant features 
of the two contour maps. 
1,415 Mc/s sources are shown solid and the 600 Mc/s 
sources by open contours. All three maps are to the 
same scale and are for epoch 1950.0. 


In this composite map the, 


The maps indicate the outlines of M31, five sources 
listed in the revised third Cambridge catalogue (3C 
sources), and many others. Although Cygnus 4 was used 
as the prime position reference, the positions of these 30 
sources as given by Bennett‘ were used to check the map 
co-ordinates, while the flux densities of 3046, 65, 66, 84, 
438 and 452 and Cygnus 4, as given by Conway, Keller- 
man and Long® and by Kellerman‘, were used for the 
sensitivity calibration. 

The smooth background change, due largely to our 
Galaxy, was for the most part removed from all records 
by use of a small reference horn directed at the same sky 
region as was being observed. Residual drift was also sub- 
tracted so that the levels are above an arbitrary zero. 
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The contour interval of the 600 Mc/s map is 0:3° K and 
of the*1,415 Mc/s map is 0-05° K antenna temperature. 
Although these values are several times the root mean 
square noise temperature of the averaged profiles used in 
preparing the maps, not too much significance should be 
attached to individual sources rising only one or even two 
contour intervals above the background. Also, because of 
the arbitrariness of the background subtraction the position 
and extent of the low areas on the maps may not be too 
significant. Furthermore, due to interference and other 
causes, some of the sources on the maps may be spurious. 
Although the maps are a giant step forward as compared 
with the earlier map’, they present a picture close enough 
to the limits of the telescope performance that they 
should not necessarily be regarded as precise or accurate 
in all details. 

Most of the features on the earlier 1,400 Mc/s map? 
appear on the new 1,415 Mc/s map. Of the ten objects 
on the earlier map, eight appear on the new one. As in 
the earlier map, no evidence is found for sources corre- 
sponding to M32 or NGC205. The new map, however, 
appears to show the outlines of M31 more clearly. In 
particular, two spurs stand out in the direction of the 
minor axis of M31. The one on the following side is also 


Table 1. SOURCES on OHIO STATE UNIVERSITY 600 Mojs AND 1,415 Mo/s 
Mars 
Position * (1950.0) Flux eae 
Source R.A. +dec. 600 Mo/s 1,415 Mejs Remarks 
m 8B deg. min 
OA-2 28 42 06 38 56 
QA-4 23 44 00 42 19 
04-6 23 49 34 45 O1 1:2 
04-8 23 61 32 38 57 3-6 14 On 8.R.E. list§ 
OA-10 23 55 55 45 46 26 
80-470 28 56 04 43 50 5-4 26 
QOA-12 28 56 15 39 11i 
O4-14 23 58 45 40 41 3-6 16 
OA-16 23 59 10 41 33 On §.R.H. list 
0A-18 00 10 48 40 34 3-6 26 On 8.R.H. list 
QA-20 00 12 55 38 41 
OA-22 00 17 80 45 0l 
04-24 00 19 20 43 15 2-7 12 On 8.R.H. list 
04-28 00 22 35 39 05 
QA- 00 29 30 40 0l 
30-13 00 31 35 89 03 81 23 
OA-30 00 34 58 88 39 14 
OA-32 00 35 32 89 18 
OA-33 00 36 00 41 23 0-7 
QA-34 00 39 00 39 17 
OA-35 00 39 28 37 19 12 On map of Large 
et al. (ref. 7) 
04-36 00 39 35 40 06 1-2 
M31 00 40 00 41 00 14:0 7-5 See footnotet 
OA-387 00 45 82 89 58 54 1-2 On S.R.H. list 
04-38 00 51 40 40 3-6 10 On 8.R.H. list 
OA-40 00 54 05 43 26 1-2 On 8.B.H. list 
OA-42 01 00 3835 42 23 
04—44 0l 03 15 43 26 
QA-45 Ol 04 00 42 17 12 On S.R.H. list 
OA-46 01 07 25 40 19 
04—48 O1 08 45 43 22 
. OA-50 01 09 27 41 33 2-7 16 On 8.R.H, list 
O4-62 0l 10 25 40 19 
QA-54 01 18 40 89 53 2-7 07 On S.R.H. list 
04-56 O01 14 00 41 40 
80-36 0l 15 14 45 23 54 1:0 
OA-58 061 18 80 42 39 
04-59 Ol 20 42 40 18 10 On 8.B.H. list 
QA-60 O01 21 20 48 16 
OA-62 01 30 25 43 21 
30-48 Ol 32 38 37 41 4:5 17 
OA-64 01 37 865 89 41 
04—86 Ol 40 06 44 20 
04-67 0l 50 43 16 1-2 On 8.R.H. list 
QOA-68 Ol 44 55 44 40 
QA-69 01 46 40 36 18 
OA-70 0l 47 05 39 53 1-2 
30-54 01 52 28 43 33 7:2 2:3 
OA-72 01 53 08 41 43 1-2 On S.R.H. list 
QA-74 Ol 54 20 45 09 
OA-76 Ol 57 05 40 33 45 1:7 On S.R.H, list 
OA-78 01 57 30 44 11 19 


QOA-82 02 00 00 89 54 
OA-84 02 01 15 41 56 27 1:0 
OA-86 02 01l 38 36 16 
QA- 02 Ol 58 43 46 


* Probable errors for OA sources: +128 in R.A., +12’ in dec. 

t In flux units of 10-* W m- (¢/s)~1; probable error +25 per cent on 
the larger fluxes and +50 per cent on the weaker ones. Minimum flux 
density 2 and 0-5 units on 600 and 1,415 Me/s respectively. 

t Flux density for 600 Mejs within contour 4 and for 1,415 Mc/s within 
contour 2. Maximum brightness temperatures 4-0° and 0°5° for 600 Mc/s 
and 1,415 Me/s, respectively. 

§S.R.H.: Scott, Ryle and Hewish (ref. 9). 
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prominent on the 600 Mc/s map and was present on the 
earlier 1,400 Mc/s map. Furthermore, there is a distinct 
spur to the north on both 600 and 1,415 Me/s maps. This 
also appeared in the earlier 1,400 Mc/s map. The 408 
Mc/s map of Large, Mathewson and Haslam? shows all 
three spurs. 

If a contour at 6-5 were included on the 1,415 Me/s 
map it would show an apparent source coinciding with 
the nucleus of M31. However, it is too weak to be con- 
sidered significant. 
` The maps do not indicate a halo around M31 in the 
usual sense. The optical extent of M31 is actually at least 
three times as great in the direction of the major axis as 
indicated by the shaded areas in the top two maps of 
Fig. 1. Williams and Hiltner! have mapped isophotes of 
M31 indicating an optical extent of at least 6-5°. 

The composite map provides a key for all the sources. 
The sources on this map, except for the 3C sources, have 
been given Ohio numbers (0.4-6, OA~18, ete.) signifying 
‘Ohio list A’ and these are summarized in Table 1. Some 
odd numbers were not used to allow for possible later 
additions. The positions correspond to the 1,415 Me/0 
values. These appear to be more accurate than the 60s 
Mc/s positions, although the positions for the 30 sources 
on the 600 Mejs observations agreed closely with the 
catalogue values. The criterion for including a source on 
the composite map was that it appeared at approximately 
the same position on the maps at both frequencies. In 
some cases, other sources are included which rise at least 
two contour intervals above the surroundings on their 
maps. 

Many of the sources on the 600 Mc/s map are resolved 
into two or more sources on the 1,415 Mc/s map. But 
some of these sources are still not resolved at 1,415 Mejs. 
If the contours for a source in the 1,415 Mc/s map are 
regular, it may be inferred that the source is small in 
extent compared with the antenna beam area. Such 
sources are indicated by small solid circles. The sources 
that appear to be complex or extended are indicated by 
the solid areas of other shape. 

After completing the maps and tabulating positions, a 
comparison was then made with the list of Scott, Ryle 
and Hewish’. They surveyed for discrete sources in a strip 
overlapping 120 square degrees of our map area. In this 
overlap region (between dec. 40 and 44 N.) they list 20 
sources. All are accounted for on our maps. Two are 3C 
objects, 14 are listed in Table 1 with OA numbers, 3 
appear as weak objects on one or the other of the maps, 
and | is confused with an M31 spur. The 14 OA sources 
corresponding to ones in the list of Scott, Ryle and 
Hewish are OA-8, 16, 18, 24, 37, 38, 40, 45, 50, 54, 59, 67, 
72 and 76. For 11 of these the position difference between 
lists is within + 12s in R.A. and + 12’ in dec. Systematic 
differences are small, less than 5s in R.A. and 2’ in dec. 
For the. other three sources the difference is less than 
either 12s in R.A. or 12’ in dee., but not both. However, 
at least one of these sources is probably complex. From 
the agreement between lists, the probable errors of + 12s 
in R.A. and + 12’ in dec., as quoted for Table 1, might 
appear to be too large. However, these values appear 
appropriate for some of the other OA sources, especially 
the weaker ones. Most of the position error probably was 
introduced by the data reduction method used for the 
present maps. The telescope is inherently capable of 
considerably better position accuracy. 

The maps show an interesting clustering of sources into 
two regions, one about 30m before and one about 30m 
after M31. The sources in the preceding group are OA-8, 
12, 14, 16, 18, 20, 22 and 24, The sources in the following 
group are OA-42, 44, 45, 46, 48, 50, 52, 54, 56, 58 and 59. 
Sources OA-18 and OA-50 are the strongest and most 
central members of their respective clusters. They also 
have very similar spectra (see penultimate paragraph). 
Curiously, the nucleus of M31 is situated almost midway 
between the two. Source OA~18 is 26’ south and 29m 17s 
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before 1431, while source OA—50 is 33’ north and 29m 27s 
after M31. Their symmetrical positions with respect to 
M31 raise the question whether they might be in any 
way related to M31. 

The Palomar Sky Survey prints show a peculiar object 
within. a few minutes of arc of the position of both OA-18 
and OA-50. Both appear to be faint galaxies. If this is 
the case and they are also found to be responsible for the 
radio emission their relation to M31 would be coincidental 
since they must lie at much greater distances than M31. 
Even if they are not the radio emitters but are distant 
galaxies, they indicate high transparency in the regions, 
and this reduces the likelihood of the radio sources being 
more nearby objects. i 

The two groups of sources clustering 30m before and 
after M31 lie in directions roughly parallel to the minor 
axis of M31 and in the same direction as the preceding 
and following spurs of M31 proper. Although a single 
contour interval may be of uncertain significance, there 
are two ridges rising one interval above the background 
on the 1,415 Me/s map which extend in the direction of 
the spurs between 1431 and the clusters. These ridges 
and the plateaux around the clusters are outlined by the 
dashed lines in the composite map. The position and 
symmetry of this configuration of sources, spurs and 
ridges again raise the question of a relation with M31. 
Thus, might some of the sources in the clusters be material 
ejected in opposite directions from the nucleus of M31 at 
some earlier epoch? Further examination of these 
sources is needed to support or rule out this possibility. 
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Owing to the uncertainty in the flux densities of Table 1, 
conclusions regarding spectral indices cannot be too 
definite. With this in mind, however, and using the 
fluxes listed by Scott, Ryle and Hewish®, it appears that 
OA-18 and OA-50 have relatively straight spectra with 
indices of approximately 0-3 and 0'4, respectively, while 
OA-8, 24, 37, 38, 54 and 76 and possibly 14 and 84 have 
bent spectra. 

Dr. R. T. Nash, Dr. M. Tiurri, A. Tsuchiya and S. R. 
O’Donnell engineered much of the instrumentation. R. 
Townsend, R. Shanklin, G. Mikesell and W. Truss were 
responsible for the telescope operation, and S. Y. Meng 
and R. S. Dixon assisted-in the reduction of the data. I 
thank Dr. H. ©. Ko for useful discussions. D. Meisel, of 
the Perkins Observatory, assisted in comparing the radio 
with optical data. The work was supported in part by 
the U.S. National Science Foundation, the Air Force 
Cambridge Research Laboratories, and the Mershon and 
Development Funds-of the Ohio State University. 
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KINK-BANDS AND RELATED GEOLOGICAL STRUCTURES 


By Dr. T. B. ANDERSON 
Department of Geology, The Queen’s University of Belfast 


INK-BANDS! are essentially small monoclinal or 
sigmoidal folds of a distinctive morphology. They 

are a common. form of deformation in solids with a well- 
developed and mechanically effective planar foliation. 
A right cross-section of a typical example is illustrated in 
Fig. 1. In a band between two parallel or sub-parallel 
confining planes the original foliation has an attitude 
significantly different from the norm. The confining 
planes, which were termed kink planes by Hills’, are the 
axial surfaces, as defined by Willis’, of a pair of sharply 


\ 


Fig. 1 


Geological examples commonly occur in rocks with a 
strong planar anisotropy, in shales, slates and schists, and, 
on a microscopie scale, in mica crystals. Such examples 
have been described, usually briefly, from many different 
areas under a great variety of names (for example, joint- 
drags, knick-zones, conjugate folds, monoolinal conjugate 
folds, flexural folds, etc.). They have also been success- 
fully imitated in the laboratory by Wilis’, by Kienow‘, 
and by Paterson and Weiss®. It seems generally agreed 
that kink-bands effect a shortening parallel to the original 
foliation. They may therefore be interpreted as a response 


to a major principal stress acting in a direction contained 
in, or close to, the original foliation. At least they are 
“the expression of a movement which can have a compon- 
ent parallel to the strike of the S-surface’’*. This con- 
clusion is supported by the experimental evidence. 

The relative displacement effected across the double 
fold can be described, in terms more usually applied to 
faults, as normal, reverse, dextral, sinistral or oblique. 
In any one area the kink-bands may all be roughly 
parallel and ail may have the same sense of displacement. 
However, conjugate sets, composed of kink-bands in two | 
different orientations with complementary displacements 
(Fig. 2), are not uncommon. So they appear analogous to 
small faults and it has even been suggested that dextral 
kink-bands may be complementary to contemporary 
sinistral wrench faults’. Ramsay® described and figured 
the axial surfaces of conjugate folds as conjugate shear 
planes. Like faults, kink-bands are usually described as 
part of an essentially brittle deformation® occurring late 
in the tectonic history of an area. 

















Fig. 2 a 
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I have nyself recently studied several hundred kink- 
bands in the Silurian slates of the southern part of the 
Ards Peninsula, Northern Ireland. In this area a pro- 
nounced vertical cleavage, predating the kink-bands, was 
mechanically important during their formation and so 
provided a typical structural environment. In a majority 


of the observed examples the re-orientation of cleavage ` 


within the kink-band has been accomplished without any 
displacement along the two confining planes, though 
these are commonly marked by joints. The folia defined 
by the cleavage are continuous across the band as in 
Fig. 1. In some examples shearing has occurred along the 
kink plane, but it is not an essential feature and probably 
post-dates the folding, while unsheared kink planes 
passing into faults along their length are not common. 
Many kink-bands may be seen to terminate in either 
direction through the convergence of the kink planes 
(Fig. 3), which therefore define a very flat lens, rather than 
a band, in which the cleavage is re-oriented. 


- 


Fig. 3 


The folds which constitute a kink-band are rarely 
symmetrical about their respective kink planes. In 97 
out of 115 examples where exact measurements were taken 
the angle between the kink plane and the cleavage outside 
the band is less than the angle between the kink plane 
and the re-oriented cleavage within the band (that is, in 
Fig. 4 angle « is less than angle @ in 97 examples out of 
115). The kink planes may therefore be considered as 
axial surfaces but not as axial planes, again using both 
terms as defined by Willis®. 


E G 





Fig. 4 


If the individual folia defined by the cleavage planes 
are continuous across @ kink-band and angle « is less than 
angle B, a relative expansion of the rock within the band 
in the direction normal to the re-oriented cleavage is 
essential. Consider Fig. 4, which shows a section through 
such a kink-band taken normal to cleavage. HEF is the 
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true thickness of four continuous folia measured outside 
the band. IJ is their true thickness measured within the 
band. 


EF = GHsin« IJ = GHsing 


As B is greater than-« it follows that sin B must be greater 
than sin æ and consequently that length IJ must be 
greater than length HF. The total thickness of the con- 
tinuous folia is greater within the band. 

This expansion is commonly measurable in roal 
examples. The cleavage planes tend to have opened 
within the kink-bands and the resulting partings may be 
filled with small segregation veins of quartz or calcite 
which terminate at the kink planes (Fig. 5). The arrange- 
ment of segregation veins within the kink-band is exactly 
the same as in the rows of en echelon lenticular veins and 
joints so often observed in massive rocks (Fig. 5), including 
thick beds of sandstone in the Ards Peninsula where the 
rows of veins are parallel to the kink-bands of the shales. 
Rows of en echelon veins are usually interpreted as shear 
phenomena, but their geometry does not appear to have 
been completely explained. The very parallelism of such 
veins suggests an original weak foliation within the 
massive rock. If a weak foliation is present the mode of 
formation of rows of lenticular gashes may be identical 
with that of kink-bands. 
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Fig. 5 


The mechanical difficulties of a relative contraction of 
the rock within a kink-band in a direction normal to the 
cleavage under the conditions of brittle deformation 
almost certainly explain why angle ß is so rarely smaller 
than angle «, at least in kink-bands across which the folia 
are continuous. It seems that there are three possible 
explanations of the geometry of the exceptional kink- 
bands where angle B is smaller than angle a. First, there 
may have been a real contraction of the rock between the 
kink planes in the direction perpendicular to the folia. 
This seems to involve rock flow to a degree unlikely in 
brittle deformation. Secondly, the rock outside the kink 
planes may have expanded, possibly by the opening of 
foliation planes, for some distance on either side of the 
kink-band. This also seems rather unlikely, less likely 
perhaps than the formation of another parallel kink-band, 
and no clear examples have been observed by the author. 
Thirdly, shearing may have occurred along the kink 
planes so that the continuity of folia across the kink-band 
is destroyed. In this event there is no essential relation- 
ship between the « and 8 angles and the thickness of the 
folia. Of the three mechanisms the last seems most 
likely, and in fact shearing on the kink planes appears to 
be a feature of the few kink-bands where the angle 
« is greater than the angle 6. 

Nearly all the kink-bands in the Ards Peninsula are 
approximately vertical and consequently displace the 
vertical cleavage horizontally. Kink-bands of dextral 
sense are about twice as numerous as sinistrals. In the 
same area sinistral wrench faults outnumber dextral by 
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Fig. 6 


about 2-1. A majority of sinistral wrench faults and a 
majority of dextral kink-bands are apparently features of 
many structurally complicated areas in the British Isles. 
However, in the Ards Peninsula there is no obvious 
association between wrench faults and kink-bands. 

The vertical dextral kink-bands have a strongly pre- 
ferred orientation, striking N. 15° E., while most sinistral 
kink-bands strike at about E. 40° 8. The modal cleavage 
plane strikes at about N. 70° E. so that dextral and sinis- 
tral kink-bands form a conjugate set approximately sym- 
metrical about the cleavage and explicable in terms of a 
major principal pressure acting horizontally along the 
strike of the cleavage. Both dextral and sinistral kink- 
bands make an angle of 55°-60° with this major principal 
stress. The conjugate relationship is readily seen in 
outcrops where dextral and sinistral bands occur together 
(Fig. 2). Such individual outcrops demonstrate the samo 
angular relationship as the modal planes. In every case 
the ingoing wedge outlined by a sinistral and dextral 
kink-band is obtuse-angled. This is not the usual geom- 
etry of wedges outlined by shear planes. However, if the 
mechanics of kink-band formation are considered it is 
readily understandable. 

A. kink-band must be developed by shearing on the 
cleavage or foliation planes in the zone between the kink 
planes (Fig. 6). In a sinistral kink-band there is dextral 
shearing on the foliation planes and in a dextral kink-band 
sinistral shearing. The foliation planes are rotating as 
they shear so that the attitude of the shear planes is 
changing as shearing proceeds. A mean attitude for the 
shear planes during shearing is approximately perpendicu- 
lar to the-kink-band they produce. The orientation of the 
kink-band itself does not change. A sinistral kink-band 
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in the process of formation may therefore be eonsidered 
as an assemblage of small dextral shear planes aligned 
approximately perpendicular to the band itself. In the 
same way a dextral kink-band consists of small sinistral 
shears. In a conjugate set of kink-bands the small shear 
planes make an acute angle about the same major principal 
stress which bisects the obtuse angle formed by the kink- 
bands. The geometrical arrangement of the shear planes 
follows the now familiar pattern outlined by Anderson’. 
ue 5 ki degrees 
with the major principal stress, where 9 is the angle of 
internal friction’, kink-bands might be expected to make 


9 


In effect, while shears make an anglo of 








90 
an angle of about z degrees with the same major 


principal stress. In fact, this is the case, at least in the 
Ards Peninsula, where later wrench faults in the same rocks 
follow Anderson’s theory closely and suggest a value of 
25° for ọ (that is, the conjugate wrench faults make an 
angle of 65° with one another about the direction in which 
the major principal stress must have been oriented during 
their formation while the earlier conjugate kink-bands 
make an angle of about 115° with one another about the 
direction in which the major principal stress was oriented 
during their formation). 

Since the kink planes, presumably because they are 
planes of weakness to sustained or rejuvenated stresses, 
eventually become shear planes in some examples, the 
mechanism just otitlined offers a solution to a very old 
problem in structural geology, namely, why shear planes, 
in their initial stages of formation, may make an angle of 
more than 45° with the major principal stress?+. 

In several outcrops in the Ards Peninsula kink-bands 
are so numerous that the distance between bands is little 
more than the thickness of the bands themselves. These 
closely spaced kink-bands are commonly sheared along 
the kink planes and strongly resemble strain-slip or 
crenulation cleavage. It is suggested that there is a 
complete transition possible from closely spaced kink- 
bands to typical strain-slip cleavage and in many cases the 
mechanism of formation may be identical. This argument, 
that kink-bands constitute incipient strain-slip cleavage, 
is in accord with the common supposition that such 
cleavage developed at an angle greater than 45° to the 
direction of the major principal stress. 

Examination of kink-bands in other areas, including 
examples in Dalradian schists in north Donegal, Devonian 
slates in south-west Ireland, Lower Paleozoic slates in 
North Wales and Ordovician slates in the central Pyrenees, 
and examination of many diagrams and photographs in 
the geological literature on kink-bands, of which I am 
now preparing a review, suggest that some of the con- 
clusions outlined here on their angular relationships 
may be generally valid. Nearly all examples make an 
angle of more than 45° with the regional foliation, yet all 
are explicable in terms of a major principal stress in the 
direction of the foliation and in nearly every example 
angle « (Fig. 4) is less than angle B. The field work has 
emphasized the close relationship between kink-bands 
and strain-slip cleavage, and has afforded further examples 
of the parallelism of kink-bands and rows of lenticular en 
echelon tension joints. 
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MATHEMATICS 


Gravitational Collapse 


In recent discussions! of the problem of gravitational 
collapse reference has repeatedly been made to the ‘nuc- 
leonic mass’ of a body as an integral involving the density 
and pressure of the material. In this, modern work has 
followed earlier results by Eddington? and Tolman on 
the supposed particle number integral for a spherically 
symmetrical configuration, according to general relativity. 

It is the purpose of this communication to point out not 
just that the integral used is wrong, but also that no such 
integral can possibly exist. The distribution of density 
and pressure through a static configuration cannot 
describe the amount of energy released during condensa- 
tion without full knowledge of the dependence of the 
internal energy of the material on the state variables. The 
original misunderstanding is probably due to the dan- 
gerous notion that, although general relativity is a con- 
tinuum theory, an invariant integral related to mass must 
concern the invariant particle number. 

Pre-relativistically it is well known that if any configur- 
ation is attained by homologous contraction from infinity 
with materials in which adiabatically the pressure varies 
like the 4/3rds power of the density, then no energy is 
released or taken up. With stronger dependence of 
pressure on density, energy is released and vice versa. Note 
that there is no requirement, relativistically or classically, 
for the sphere to be made up of uniform material; each 
spherical layer may have its own equation of state. 
Relativistically it is clear that before contraction the 
Schwarzschild m describes the rest-mass and hence the 
particle number, and will diminish during contraction if 
radiation is emitted. 

We can now envisage two statie condensations in which 
density and pressure are the same functions of a suitably 
defined radius. We can envisage one being made up out 
of layers of such materials that in the condensation no 
radiation was emitted, the other of materials releasing a 
great deal of energy during the process. Accordingly the 
initial m will have been the same as the final m for the 
first sphere but very much greater for the second. Thus, 
although in the final state any integral is the same for both 
spheres (because statically they are indistinguishable) the 
first sphere will be composed of fewer particles than the 
second one. Accordingly any attempt to deduce particle 
number from a relativistic integral over a static configura- 
tion is doomed to failure. 

H. Bownpr 

Department of Mathematics, 

King’s College, 
University of London, 
London, W.C.2. 
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RADIO ASTRONOMY 


The Inverse Compton Effect as a Possible 
Cause of the X-ray Radiation of Solar Flares 
THE X-ray radiation of the Sun in the spectral range 

60 A < à < 0-1 A has been investigated since 1948. A 
wealth of data has been obtained on the radiation of both 
the quiet Sun (60 > 4 > 5 A) and of solar flares (down to 
à ~ 0-01 A) (refs. 2-4). Theoretical calculations are based 
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on the assumption that the X-ray radiation of the Sun is of 
thermal origin and may be caused by the recombination 
radiation, bremsstrahlung, and radiation in selected lines 
of a very hot and optically thin plasma. The most com- 
plete calculations have been made by Elwert*., 

However, the application of this theory to an analysis of 
the X-ray radietion of flares runs into major difficulties 
which may be stated as follows: 

(a) For X-ray radiation of flares to be attributable to a 
thermal mechanism, there must be temperatures of the 
order of about 107 (ref. 4) or even 10® (ref. 6) and an 
electron density ne~ 1019-10" cem, which appears 
unacceptable for many reasons. 

(b) The spectrum of the X-ray radiation of flares in the 
energy range > 20 keV [1] cannot apparently be identified 
with a thermal spectrum. Ifthe radiations of one and the 
same flare are treated in the framework of a thermal 
mechanism, different temperatures will have to be ascribed 
to different regions of the spectrum from 107 °K (à > 2 A) 
to 10®°K (ìà < 0-5 A). A more convenient expression 
for the spectrum of flares will be a power lew: F(v) a v7, 
where, according to ref. 1, œ = 2-5 and 4 (for two records, 
respectively). 

(e) The origin of flat maximum in the spectral distribu- 
tion of the X-ray radiation due to flares is not easily 
explicable*:+. 

(d) Nor can rapid variations in the fluxes of the X-ray 
radiation of flare with time be readily understood. In 
addition to this, the spectrum of this radiation changes 
appreciably during a flare’. 

Many more difficulties could be listed. In the circum- 
stances described it is my belief that the X-ray radiation of 
solar flares ought to be explained by non-equilibrium 
processes. Most pronounced of them is the inverse Comp- 
ton effect. 

In collisions between the relativistic electrons with the 
energy E < (mé*)?/e’, and photons, the still harder photons, 
the average energy of which ¢ œ « (H#/mc*)*=-AH are 
produced, here > is the average energy of ‘thermal’ 
photons, AF is the average loss of energy by relativistic 
electrons during & single collision. Hence. if z7 aw 2:5 eV 
ands ~ 103-105 eV, then Æ must be 107-108 eV. Due to 
the inverse Compton effect, the energy loss per second by 
relativistic electrons will be: — (dE/dt)e = o, eW(H/mc*)® 
= 2x 10-4 x W x (£/mc*)*, where W is the density of 
energy of radiation on the solar surface. The lifetime of a 
relativistic electron due to this energy loss at W ~ 4 ergs/ 
cm, « = 25 eV and E = 10 eV, will be approximately 
2 x 105 sec. 

From the foregoing it follows that the total energy of 
relativistic electrons inside the region of a flare must be 
about 10° ergs. Itis not at all unlikely that the La quanta 
closed in the region of a flare have extremely high density 
which may be by one or two orders of magnitude greater 
than the density of all other photons. If so, the total 
energy of relativistic electrons may be several ten times 
lower. 

The lifetime of the relativistic electrons closed in the 
region of a flare is determined by losses for ionization, and 
at ne = 104% cm~, it will be about 300 sec. These losses 
cut off the energy spectrum of relativistic electrons from 
the low-energy side. This feature of the spectrum of 
telativistic electrons makes it possible to explain the 
observed flat maximum in the X-ray radiation of flares, 
if we take into account that there is a peak in energy 
distribution in the spectrum of thermal photons (Planck’s 
function). The production of a fairly large number of 
relativistic particles during flares has been reliably estab- 
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lished by several independent investigators. Apparently, 
the energy liberated in the area of a flare in the form of 
relativistic particles accounts for a considerable, if not 
the main, portion of total energy output. Therefore, the 
‘energy of relativistic electrons in the area of a flare equal 
to about 10% ergs seems moderate. 

It may be expected that the area of a flare will be a 
powerful source of synchrotron emission in the sub- 
millimetre and far infra-red regions, for at H ~ 10-10% 
cersteds electrons with the energy of about 107-10° eV 
will emit by the synchrotron mechanism exactly in this 
region. It would be desirable to carry out special obser- 
vations during the forthcoming maximum of solar 
activity. 

In conclusion, it should be noted that the inverse 
Compton effect may be a very efficient mechanism for the 
hard photon emission of some types of stars. 


, JOSEPH .SHEKLOVSKY 
Department of Radio Astronomy, 
Sternberg Stato Astronomical Institute, 
University of Moscow, 
U.S.S.R. 
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PHYSICS 


Light emitted from Shocked Granular 
Sodium Chloride in a Vacuum 


Aw experiment was reported in Nature! which showed 
that the light intensity emitted by shocked pressings of 
granular sodium chloride when the interstitial gas was 
methane was almost the same as the light intensity 
emitted when. the gas was air. From that experiment it 
was concluded that most of the light must have been 
emitted by hot sodium chloride. However, this conclusion 
has not met with universal acceptance. To be reported 
here is a vacuum experiment the result of which, we 
believe, shows definitely that the light is not emitted by 
the interstitial gas, but instead by hot sodium chloride. 

In this experiment we compare the light emitted from 
an evacuated salt pressing with the light from a pressing 
containing air (at about 580 torr). Similar pressings of 
sodium chloride were placed side by side and viewed end-on 
simultaneously by a sweeping image camera when shocked 
by means of a high-explosive plane-wave system. 
Ordinary table salt, hand ground and passed through a 
100-mesh sieve, was pressed 0-3 in. thick at 75 per cent 
crystal density into two wells which were machined‘in a 
brass plate 1 in. thick. A thick brass floor 0-050 in. thick 
at the bottom of the wells separated the salt charges from 
the explosive driver. Both wells were closed off by a glass 
face-plate glued with an epoxy cement to the brass plate. 
The arrangement is shown in the diagram in Fig. 1. 

The shock generator consisted of a 2-in. plane-wave 
lens and a 2-in. diameter by }-in. thick disk of Composi- 
tion B-8. (Composition B-3 is a cast mixture of approx- 
imately 60 per cent cyclotrimethylenetrinitramine and 
40 per cent TNT with less than 0-5 per cent additional 
organic materials.) No quantitative estimates of the 
shock strength in the sodium chloride has been made 
because the brass was seriously mismatched with the 
Composition B-3 and with tho salt pressing, and an 
undetermined number of reverberations took place in 
the brass during the transit of the shock front through 
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Fig. 1. hotograph of a shook wave emerging from 


Sweeping image 
pressings of sodiam chloride; on the left filled with air, on the right 


evacuated to less than 3 x 10“ torr. A, The pressings; B, channel 
to pumping lead and ion gauge; C, brass plate; D, glass face-place 


the pressing: The pressure at the front of the wave in 
the brass was 450 kilobars. 

A mechanical fore-pump with a small oil diffusion pump 
evacuated one side of the experimental assembly through 
a glass tube 0-75 in. in diameter and 9 ft. long. A liquid 
nitrogen trap near the charge assembly was left on the 
system through firing. An ion gauge and the pumping 
lead were connected to a common chamber which led to the 
‘space above the Salt through a channel 0-25 in. in diameter 
and 0-25 in. long. Before the valve to the pump was 
turned off the vacuum read on the ion gauge was about 
10-5 torr. When the valve at the pump end of the glass 
tubing was closed in several trials before firing, the 
pressure at the gauge was observed to double in about 
60 sec. The actual time required between the closing of 
the valve and the firing of the explosive was about 10 sec. 
It is, therefore, asserted that the pressure in the region of 
interest was certainly below 3 x 10-5 torr. 

The sweeping image photograph resulting from the 
experiment is shown in Fig. 1. Light from the shock in 
the salt agglomerate is first seen scattered through the 
grains not yet traversed, the intensity increasing as the 
shock approaches the surface of the salt bed. The scat- 
tered light ends in an uneven line of very intense light 
which corresponds in time roughly to the arrival of the 
shock at the surface of the salt pressing. Experiments 
with coarser sodium chloride have shown that this light is 
composed of a large number of flashes associated with the 
granularity of the charge. For extremely fine material 
the flashes are not resolvable and form a smooth, bright 
line of very short duration. 

The main point to be noted from this experiment is that 
the intensity of the light arising from the shock in the 
pressing of salt is essentially the same for the evacuated 
interstices as for the interstices filled with-air. In the 
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vacuum chtmber 99-999995 per cent of the 
air Has been removed; the molecular mean M 
free path has increased to the order of 1 m. l 
Under these conditions it is impossible 
for the residual gas to give rise to the ob- 
served light intensity. Thus it is maintained 
. that the shock light arises not from compres- 
sion. of the interstitial gas but from stagna- 
tion of the shock-accelerated sodium chlor- 
ide. As stated in our previous communica- 
tion’ this heating process is important in 
initiation of granular explosives. 

Fig. 1 is quite typical of the appearance 
of shock-light records from vacuum experi- 
ments with sodium chloride. The details of 
the light (how far into the charge it can be 
seen, the distinctness of the individual flashes, and how 
fast the light is quenched when the shock reaches the 
surface of the pressing) vary depending on the particle 
size of the salt and the strength of the shock. Trans- 
parent granules of sugar, ground glass and ammonium 
sulphate behave similarly. . 

We thank J. O. Johnson for help with these experiments. 
This work was carried out under tho auspices of the U.S. 
Atomic Energy Commission. 
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Active Imaging 

Two general requirements for an optical maser system 
are the presence of an active medium for producing optical 
gain and also an optical cavity for the build-up of radiation 
energy density such that stimulated emission in the active 
medium ean result in sustained oscillation. With the 
conventional Fabry-Perot, concentric, or confocal cavities 
the major concentration has been on the attainment of 
maximum, energy into a single optical mode of the multi- 
mode cavity in the interests of maximum efficiency. In 
the work recorded here the mode degeneracy of the optical 
cavity of Fig. 1 has been used in image formation in the 
sense that opaque objects placed before mirror M, control 
the resultant field distributions in maser oscillation; in 
turn, the light generated within the cavity and partially 
transmitted through one mirror can be used to re-image 
the object. Specific attention is directed to the fact that 
such images may have a contrast or resolution an order 
of magnitude greater than would be obtained by conven- 
tional diffraction-limited image formation. 

In Fig. 1 the active medium was a helium-neon gas 
laser operated in the visible transition at 6328 A, and 
mirrors M,, M,, and M, were of equal radius of curvature, 
190 om, coated for high reflectivity, 99-95 per cent, at 
6328 A. The gas discharge tube was excited over a length 
of 70 cm and had an inner diameter of 0-7 cm. An object 
consisting of two parallel wires each 25u in diameter and 
separated on their centres by 75u was placed within the 
optical cavity near the surface of mirror M, and was 
te-imaged through the partially transmitting mirror M, by 
lens L on the screen. Mirror M, acts as an objective for 
repeated imaging of the surface of M, into M, and the 
re-imaging of M, back to M, to provide the multiple 
reflexions necessary for maser oscillation. The useful 
aperture for the imaging of the object in mirror M, is 
determined by the extent of the field distribution at M@,— 
an iris diaphragm was inserted as shown in Fig. 1 to ensure 
this aperture, and had no effect until it was closed to the 
point that it obstructed some of the output maser light. 

A photograph of the projected image of the parallel 
wire object obtained by these techniques is shown in Fig. 2. 
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Fig. 1. Component arrangement in active image formation 


The wires are clearly resolved although the iris diaphragm 
was closed to 1:2 cm. In contrast, Fig. 3 indicates the 
image that was obtained with the same spacing of the 
object and lens L, but;with the optical maser apparatus 
removed. The wires were, however, illuminated by & 
separate maser at 6328 A. The iris diaphragm was 
opened to 2-0 cm for Fig. 3; when it was closed to 1-2 cm 
the resolution of the wires was completely lost. This lack 
of resolution in the passively formed image of Fig. 3 is 
expected in terms of conventional image formation. The 
Airy disk diameter, taken as a measure of the scale of 
diffraction and defined with respect to the object as 
24 2 R/d (ù^ the wave-length, R the object to lens L 
distance, and d the diaphragm aperture), is 144u for the 
2-em aperture and 240u for the 1-2-cm aperture. The 
resolution of the edge detail of the wires in Fig. 2 represents 
an order of magnitude improvement with respect to Fig. 3 
and similar effects were noted for fine wire or small disk 
objects. In this imaging, the background illumination is 
mottled and uncontrolled beyond the object edges, corre- 
sponding to that normally projected from the maser beam; 
however, while the image is steady in the image plane the 
background is very sensitive to adjustments of the mirrors, 
the alignment of the maser tube, and the discharge con- 
ditions. 

The special requirements of the long and narrow dis- 
charge tubes required to obtain sufficient gain for oscilla- 
tion with gas masers severely limits the aperture available 
for imaging in the present experiments. It is believed that 
the larger apertures available with solid-state masers 
should permit similar and technically significant increases 
‘In resolution in image formation for large aperture and 
hence high-resolution optical instruments, and it is hoped 





Fig. 2. 


Enlarged image of parallel wires obtained in active image 
formation. N.A. = 0-003 





Fig. 3. Diffraction-limited image of the parallel wires obtained by a 
conventional optical system, N A = 0-005 

to demonstrate these taking advantage of the optical 

homogeneity of neodymium glass. 

The capability of an optical system for the formation of 
the diffraction fields necessary for the superior resolution 
demonstrated in Fig. 2 was predicted a decade ago by 
Toraldo di Francia as representing the coherent super- 
position of a number of modes that were allowed within 
the image-forming field of an optical instrument!. While 
he sought to control the fields by the use of masks 
that would require extreme precision for’ their econ- 
struction, the present experiments demonstrate that 
the active imaging represents the generation of a wave 
field with similar properties. It is reasonable, and may be 
shown theoretically, that low diffraction loss functions 
(with diffraction loss comparable to the gain of the maser) 
that form a base set of eigenmodes for the optical field 
expansion of the cavity of Fig. 1 would necessarily have a 
spatial field extension of at least two Airy disk diameters 
at the mirror surface M,. Super-positions of these, how- 
ever, can be formed which, at least for small portions of the 
total aperture at M,, achieve nearly complete cancellation 
of the total diffraction field at local areas—in turn, this 
minimizes the losses due to absorption or scattering by 
objects even though the physical size of these is consider- 
ably less than an Airy disk diameter. A further conse- 
quence of the superposition, consistent with the experi- 
mental observations, is the fact that the high resolution of 
the image is maintained in subsequent passive imaging 
external to the maser cavity even when the available 
numerical aperture of such elements is that of the maser 
cavity itself. 

It was predicted by Wolf that the spatial coherence of 
the radiation from an optical maser originates in the 
formation of a stationary state due to a multiple diffrac- 
tion transformation®. The optical cavity of Fig. 1 belongs 
to a special class of such transformations, those of the 
diffraction-limited object/image transformations, and 
this work on image formation in the system of Fig. 1 
supports Wolf’s conclusions. Additional analysis, which 
cannot be included in this communication, includes the 
description `of the eigenmodes of the optical cavity and 
their coupling to the maser active medium. 

I thank Prof. E. Wolf for directing my attention to 
ref. 2; I also thank Dr. N. Braslau for help in the experi- 
mental realization of active imaging. 

Wiron A. Harpy 

International Business Machines, 

Watson Research Center, 
Yorktown Heights, New York. 
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Colour associated with Scotopic Vision 


Ir is usually asserted that scotopic vision, that which is 
associated with the rods, gives no sensation of colour. 
Nevertheless it has also been suggested that under pho- 
topic conditions the rods may function as the blue-sensitive 
receptors. In support of this idea it is cited that: (1) the 
fovea which is rod-free also lacks blue-sensitive receptors; 
(2) rhodopsin admixed with a large proportion of its own 
product of bleaching, visual yellow, could have a resultant 
activity — wave-length relationship similar to that expec- 
ted for the blue-sensitive receptor; (3) moonlit scenes 
seem somewhat bluish although an analysis of the light 
shows it to have a lower colour temperature than sun- 
light. 

However, some fairly recent work by Kellershohn! 
using a binocular photometric technique has indicated 
that scotopic vision is colourless with a colour temperature 
of 5,200° K. 

A simple experiment carried out in this laboratory has 
shown that the scotopic sensation may be neither colour- 
less nor blue but possibly green. An observer, dark- 
adapted for 25 min, faced a translucent screen on to which 
a patch of coloured light could be projected from a ‘Variac’- 
controlled lamp-filter combination. The intensity of the 
light was increased until the observer reported that it 
could just be seen; it was then increased a little more so 
that, while still very dim, the patch of light could be seen 
without strain. The observer was then invited to say in 
his own words what colour, if any, he could see in the 
pateh of light. 

Care was taken that the observers should not be 
influenced in their colour assessments; three of them had 
no scientific training but the form of descriptive terms was 
not prescribed—consequently eyan would be called blue- 
green, green-blue or turquoise. A neutral filter of density 
3 was used with the lamp which was, therefore, run at a 
fairly high temperature and the light from it had no 
strong chromatic component. : 

A. summary of the results is shown in Table 1. The most 
consistent interpretation which can be made of these 
results is that, for the average observer, the colour seen is 
that of a mixture of the true colour, as seen under photopic 
conditions, with a proportion of unsaturated green of 
wave-length about 5100 A. These shifts of colour are 
shown schematically on a chromaticity diagram in Fig. 1. 
In fact, the coloured lights used were not saturated nor can 
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Fig. 1. Schematic representation of colour-shift at very low intensities 
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ry Table 1. REPORTED COLOUR 
ey oe 5 cA Sas E 

Colour of 

light patch P. W. E. Y. S.M. J.B. MW. 
Red yellow-orange colourless Ted orange pale red dull orange 
Yellow grey-green colourless green-blue very pale green grey-green pale-green blue 
Green pale green very pale green pale green grey pale turquoise pale-green blue 
Cyan pale green pale green-blue green pale green-blue pale sky-blue very pale green-blue 
Blue grey-green colourless blue-green greenish green very pale green 
Magenta yellow side of orange colourless pale red yellow-orange pale orange-red dull orange-red 

ite grey-green bluish very pale blue grey-green colourless pale blue 








the diroction of shift of the apparent colour be accurately 
assessed, but, nevertheless, the indicated direction of shift 
will not be wildly inaccurate. The most revealing test 
colour was magenta; the tendency for this to be seen as 
orange indicates that the shift is towards a point on the 
long-wave side of the white-point, W. 

There are several possible interpretations of these 
results. From the variation of colour seen by a single 
observer it is clear that, at the intensities which were 
used, there is a proportion of cone response contributing 
to the visual sensation. Thus if the rods and cones are 
making about an equal contribution and if the rod con- 
tribution has a colour equivalent to the point R in Fig. 1, 
then the observed colour is explained quite well. An 
alternative explanation is that rod vision is indeed colour- 
less, but that the three types of cone receptor have 
different relative sensitivities at low intensities. 

At this time no preference can be given for either of 
these or for any other possible explanation. The rather 
crude qualitative experiment described here is a pilot 
experiment for more refined work to be carried out when 
suitable apparatus, now under construction, is completed. 
However, the preliminary work does indicate that there 
may be an effect different from that which has been 
hitherto postulated. 


M. M. Woorrson 


Department of Physics, 
Manchester College of Science and Technology. 
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GEOPHYSICS 


A Re-cycled Hydrosphere ? 


A THEORY of orogeny and continental accretion can be 
formulated as an implication of Dietz’s spreading sea- 
floor theory! if a hydration cycle is invoked. Such a 
cycle could constitute the fundamental mechanism of 
geochemical differentiation alluded to by Bernal’. 

Dietz ‘believes that convexion currents flow in the 
substance of the Earth’s mantle due to the heating 
effect of radioactive decay. He differs from his pre- 
decessors, who held this belief by suggesting that the cur- 
rents reach the Earth’s surface in the ocean basins. The 
assumed sites of upflow and downflow are the mid- 
ocean ridges and the ocean trenches, respectively. 

Thus the material which descends has had contact with 
water as it crept across the ocean-floor. If such is the 
case it may be assumed that a certain amount of chemical 
reaction takes place such as in the alteration of olivine 
to serpentine. Combined water will, therefore, be dragged 
down into the mantle. 

It is the contention of this communication that when 
the appropriate temperatures and pressures are encoun- 
tered this water is surrendered and, ascending, it rejoins 
the hydrosphere. Its rise is accompanied by the evolution 
of the voleanic and plutonic rocks which account for 
island arcs, orogeny and continental growth. 

That water can fill such a role is indicated by the work 
of Tuttle*, Ascending solutions were suggested by Jacobs 
et al.4 as the cause of island ares, but their nature was not 


made clear. It is difficult to explain why juvenile water 
should rise in such a localized manner. The operation of 
the cycle outlined here would account for this localization. 
Lyustikh and Saltykovskii® have calculated that the mass 
of the hydrosphere if emitted as juvenile steam is insuffi- 
cient to bring to the surface enough SiO, and AlO, to 
account for the mass of the continental rocks. If the 
hydrosphere is re-cycled this objection is removed. 

The process postulated accords well with views of 
Jacobs et al.4 on the process of development of the Earth’s 
surface features. | Their contention is that the main 
emphasis should no longer be placed on the geosyncline 
concept. Of prime importance they believe to be the 
andesite voleanoes. The erosion of their friable lavas 
provides the source of an enormous volume of greywacke 
sediments, and Jacobs et al. assert that the granitization 
of these sediments by metamorphism gives rise to the 
granodiorite and granite bathyliths which are so important 
in mountain and continent formation. 

The sequence of events to be expected if sialic material 
is evolved at some depth might be as follows. Initially the 
sialic matter of a density about 2-8 would burst to the 
surface because of its buoyancy relative to the gabbroic 
mantle rocks of density about 3-3. Steam would evolve 
explosively. This corresponds to the volcanic activity of 
the island arcs. In later stages the way to the surface 
would to an increasing extent be barred by the accumu- 
lated volcanic rocks and the sediments derived therefrom. 
Newly ascending sial would then tend to come to rest 
peacefully under the existing rocks of densities similar to 
its own. Isostatic adjustment would result in orogenic 
uplift. Fluids would in many cases continue to rise by 
diffusion and bring about metamorphism and the mobi- 
lization of granitic bodies described by Read’ and 
others. 

Such a sequence is in accordance with the view of 
Beloussov’ that to account for orogeny no tangential com- 
pressive force need be sought for, and that folds and 
thrusts can be ascribed to forms of slumping following 
radial uplift. 

The pattern of distribution of ultrabasic rocks can be 
explained by assuming that they constitute the residue 
of a gabbro from which granitic matter has been removed. 
Concordant emplacement is to be expected if such bodies 
become entangled with uprising sialic masses. This type 
of accidental emplacement is more likely in the early 
stages of mountain building. In later stages, with the 
accumulation of sial taking place in deeper, hotter regions, 
solidification is slower and permits the ultrabasics to 
settle out. 

Dietz in his original paper pointed out that sediments 
which carpet the ocean-floor would, according to his 
theory, be carried back by the moving ocean floor and 
would be reincorporated with the continents. No such 
process of reworking a pre-existing body of continental 
rock would, however, account fully for the growth of 
continents such as is indicated by the progressive increase 
in age of rocks towards the continental nuclei. A con- 
tinuing access of new sial appears to be necessary. Layer 
I may owe a large part of its volume to the exceptional 
conditions of the Pleistocene. The properties of layer 2 
may prove to be the result of the hydration reactions 
on which my proposals depend. 
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I thank R. St. J. Lambert for his encouragement. 
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I AGREE with much of Mr. Halfacree’s views but wish 
to emphasize those points with which I differ, especially 
since Halfacree’s point of departure is my concept of sea- 
floor spreading’. Some of the implications I envisage are 
quite at variance with his scheme. 

Some re-cycling of sea-water is, indeed, suggested by the 
sea-floor spreading concept. Hydration of sea-floor rocks 
would be transferred to beneath continental margins to 
arise as volcanic and hot-spring water. Recent attempts 
to detect juvenile water have given negative results or 
have indicated very low levels. Isotopic methods are 
apparently good enough to detect such new water if 
‘present in amounts larger than a few per cent?. The 
tentative conclusion to be drawn is, in my opinion, that 
some juvenile water is contributed to modern seas but its 
amount is small as compared to re-cycled water. The most 
promising site to search for juvenile water, if the mantle 
convexion current hypothesis applies, would be along the 
mid-ocean ridges, as this must mark divergences, rather 
than along island arcs and continental margins which 
seem related to convergences. Sampling water rising from 
the mid-ocean sites, of course, imposes great technological 
difficulties. 

I am inclined to accept the secondary generation of the 
atmosphere, the sialic crust and the hydrosphere. By this 
model the Earth would have been a cold-accreted and 
originally chondritic and undifferentiated body, along the 
lines suggested by Urey’. Rubey‘ has given cogent reasons 
for believing that the hydrosphere is secondary, having 
been slowly squeezed. out of the mantle. If the hydro- 
sphere is squeezed out at a constant rate, the ocean basins 
would deepen by about 1 m/million years. This would 
seem to represent the maximum possible deepening rate 
for modern times. Based on the relative volumes of the 
ocean and continents to-day, sial must have been squeezed 
out at a volume ratio of about five parts of sial to one 
part of water, for that is the proportion we see to-day. 
Continents, apparently acting under the dual process of 
isostasy and peneplanation, have the ability of adjusting 
themselves to sea-level, and maintaining a slight free- 
board so the sial-water ratio can vary considerably without 
continental drowning. 

Hess® has given reasons for considering Layer 3 (the 
Oceanic Layer immediately above the M-discontinuity) 
to be partially serpentinized mantle ultramafics rather 
than being a basalt layer, as previously supposed. By 
my view the abundant serpentine bodies found in eugeo- 
syncline prisms adds credence to this interpretation. The 
mantle is probably too dry for its dewatering to provide 
the hydration needed for serpentinization of the Oceanic 
Layer. More likely much of this water is introduced from 
the ocean itself (perhaps in the mid-ocean rift zones). This 
would be the first step in the re-cycling of a small part of 
the hydrosphere. 

Layer 2 (underlying Layer 1, the unconsolidated pelagic 
sediments) most likely is not serpentine, as Halfacree 
suggests, but the lithified equivalents of Layer 1 plus 
hydrated, weathered and metasomatized olivine basalt 
flows or, more exactly, spilite. As such, its seismic velocity 
would be like that found in Layer 2. 

I agree with Halfacree that continents cannot grow in 
area if the only source for new material is accreted sedi- 
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ments which were earlier lost to the sea-floer by conti- 
nental erosion. Such ‘cannibalism’ can provide some 
sustenance; but the generation of some of the new sial 
is needed to explain continuing continental accretion. One 
would have to assume the unlikely postulate that the 
continents have grown thinner with time, so that thick- 
ness would be sacrificed for an increase in aree. This would 
in turn require the hydrosphere to have grown shallower 
with time, owing to an expanding Earth or some other 
mechanism. This seems most unlikely. 

The generation of new sial may be a two-step process. 
Olivine basalts may first be derived by the partial melting 
of mantle ultramafies along the mid-ocean ridges. Such 
basalt is already semi-continental rock, intermediate in 
composition and density between the mantle ultramafics 
and continental sial; and it also contains a small amount of 
granphyric material. By sea-floor spreading this extrusive 
rock plus overlying sediments may then be translated to a 
trench zone of convergence. On sinking into the mantle, a 
second partial melting may occur with the hyperfusibles 
coming off, aided by fluxes, espocially the de-watering of 
serpentine. Serpentines would be de-watered and revert 
to peridodite’ above an ambient temperature of 500° C. 
Andesitic volcanics and the grandioritic plutons may be 
generated at such convergences, creating island arcs if the 
convergent zone is in the open ocean, or an Andean 
mountain chain if the convergence occurs along a continent 
margin. Much water would be carried down only to be 
released through hot springs and vuleanism. This abund- 
ance of re-cycled water would account for the high 
explosiveness of andesitic volcanoes. ; 

I agree with Halfacree that the Quaternary has been a 
time of greatly increased deep-sea sedimentation. Very 
likely the entire Neogene has likewise been a time of 
increased sedimentation. In contrast ultra-peneplanation. 
may have characterized much of early geological history. 
Sea-floor Layers 1 and 2 must in general contain the 
sedimentary record of the entire Cenozoic and much of the 
Mesozoic. I doubt, however, that there is any extensive 
preservation of the Paleozoic record, if sea-floor spreading 
has operated. <? 

I question the views of Beloussov® et al., who ascribe 
orogenic folding to gravity tectonics caused by the 
vertical oscillation of crustal mosaic blocks. Orogenic 
folding in the Basement Complex ‘mountain roots’ seems 
to be mostly isoclinal plication suggestive of compression 
rather than recumbent and slide-jumbled folding expected 
from gravity tectonics. A spreading sea-floor would 
provide the horizontal force capable of folding the conti- 
nental rises (the aprons of detritus at the base of the 
continental slope). Following their collapse they. would 
buoyantly rise and accrete against the continental blocks 
as orogenic belts. 

Beloussov’s model is one of fixed continents or so-called 
permanence, Sea-floor spreading is consistent with conti- 
nental drift, but not by Wegener’s model of active contin- 
ents and passive ocean basins. The reverse would be true 
with active ocean basins and passive continents. The 
ocean basins would in turn be synonymous with sima and 
the Earth’s mantle. In short, thermal convexion of the 
mantle would be the fundamental tectonic force. Accord- 
ingly, continents would be decoupled from the mantle 
both horizontally and vertically. Evidence so far gleaned 
from marine geology is not inconsistent with this interpre- 
tation. The en bloc shift of a portion of California with 
respect to the rest of North America along San Andreas 
Fault is a de facto case of continental drift on a small scale. 
If the iceberg analogy for continents is appropriate, and 
indeed it seems to be, then a large block can drift as 
readily as a small one. Thus there is no physical objection 
to continental drift. - 

- I suggest that the so-called mobile belts generally have 
been mobile only once and have not been repeatedly 
deformed by orogeny. This would provide the simplest 
explanation of the many unexpected results obtained by 
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and buoyant element in the continental crust, but it 
ever tends toward cratonic stability. 

T am aware that all geosynclines are usually said to be 
laid down on sialic basement., Circularity, however, 
creeps into this reasoning if a basement must be sialic to 
be defined as basement. A reasonable case can be made 
for eugeosynclines being laid down on oceanic sima with 
the ultramafics found within them being fragments of this 
basement?:1°, The sheared, fragmented and pod-shaped 
nature of this-simatic basement, as comprred with the 
relatively intact configuration of sialic basement, is 
understandable if sima is tectonically active, while sial 
is not, 

It seems to me that the eugeosyncline is the fundamental 
element in continental accretion. I would classify all 
geosynclines into two categories: (1) the eugeosyncline 
which is laid down on the ocean floor and is plutonized; 
(2) all others which are laid down on the continents and 
are amagmatic. The collapse of continental rises into 
eugeosynclines causes continental growth; other geo- 
synclines have no. effect on growth. The mountain. roots 
and orogenic belts of the Archean Basement Complex are 
simply ancient and stabilized eugeosynclinal prisms. 
These must be as thick as the continental plate and 
continents must have an ‘accordian’ structure. The 
Ep-Archean unconformity, separating the Basement 
Complex from the Proterozoic, must be a facies boundary 
rather than a synchronous time boundary. The Archean 
probably ‘constitutes the accreted eugeosynclinal facies, 
and the Proterozoic pertains to strata which have been 
laid down supra-continentally. 

Accordingly I would differ with Jacobs eż al.4, who 
believe that andesitic volcanic activity may be the source 
of all juvenile sial required for continental growth. I 
suppose that it provides a partial source only. Their 
mechanism need to be invoked only if the Earth were 
rigid and only if all geosynclines were continental. How- 
ever, with a mobile Earth we can avoid this difficulty: 
with supra-sima eugeosynclines being laid down at the 
base of the continental slopes??. 

I thank John Holden and William Vest for their 
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Chondritic Earth Model 


GrocHEemists have frequently used the abundances of 
elements in meteorites as a guide to the overall composition 
of the Earth. The abundances in the chondritic meteorites 
have been commonly used on the assumption that they 
represent the closest approach to the. composition, for the 
non-volatile elements, of the primitive unfractionated 
material in the solar system. . Recent work on trace 
element abundances in chondrites has shown many 
complications in this picture, and fractionation of the 
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phile elements such as lead, thallium : 
compared with the carbonaceous chondri 
accordingly thought to be more primitive. 
use the composition of the carbonaceous 
hampered by a lack of data for some trace 
the overall similarity in composition of 
elements with that of the high iron grouy 
enables use to be made of the larger quantit 
data existing for that group. The ab 
general geochemistry of the chalcophile ek 
imperfectly known to enable useful calc 
made at present. In this communicatio 
directed to some problems and consequence 
ritic Earth model. A fuller discussion, 
forty-four elements, will be presented, else 

A number of elements the abundances c 
critical importance in a study of the chondrit 
are listed in Table 1, with their abundance: 
oceanie, and continental crust. The perc 
oceanic and continental crust are given on t 
that the Earth has the composition given 
ritic abundances. These values are calc 
assumption of vertical migration, without 
ment of the elements between the sub-oce 
continental mantle. The differences in con 
oceanic and continental crust demand se 
tions. The mass of an oceanic crustal segr 
0-13 per cent; and that of a continental seg 
cent of the mass of the underlying portion 
made for a fully oxidized core’. Detail 
will be given elsewhere’. An examinatic 
centration of the several elements in 
and continental crust raises a number 
points. 

(1) The most noteworthy conclusion 
upward concentration of elements which di 
valency from the abundant elements in th: 
composition of the deep mantle has beer 
Ringwood!. The elements in the deep 
900 km, are most probably close packed + 
the dominant species. Iron, magnesiur 
aluminium are the abundant cations. TI 
structures, favouring cations capable of 
ordination with oxygen, will exclude io. 
valency of which precludes this. It is sugg 
unable to enter these structures will 
removed from the deeper mantle and .st 
trated in the upper mantle or crust®. Thus, 
listed in Table 1 differ in ionic radius anc 
magnesium (selected as a typical mantl 
they are progressively concentrated in th 
ganese, 20 per cent larger than magnesium, 
in the crust by a factor of two. The triv: 
scandium, lutetium and lanthanum, s} 
enrichment with increasing ionic radiw 
more strongly concentrated upward tha 
strontium. As the valency increases, th- 
centration also increases. Thus pentavi 
is heavily concentrated in the crust alt} 
radius is close to that of divalent magnesi 

The alkali elements will be discussed 
later, but attention is directed to two point 
less concentrated as a group in the crust 
expected from the previous discussion. > 
rently less strongly concentrated than the 
elements, strontium and barium®. (b) Cæ: 
enriched relative to potassium and rubidir 
basis of the chondritie model, it is concent 
the same extent.. 

The simplest interpretation is that the 
less of the alkali elements than the chont 














Element abundances Percentage in: 
nop Oceanic Continental Oceanic Continental 
Element Chondrite* erust?!* crust** crust t 
Mg?+ 140 45 2:33 0-04 
Mnt 2,6000 1,500-0 950-0 0:075 
8c a 9-0 38-0 22-0 0-55 
i Lust 0-082 0-21 0-50 0-88 
Tari 0-32 10:0 80:0 4-1 
Sr a 11-0 465-0 375-0 55 
Balt 40 250:0 425-0 8&1 
Ta 0-023 05 2-0 38 
y 5 0-014 0-6 127 55 
Th 0-04 2-2 96 ri 
K 0-086 0:83 2-09 13 
Rb 3-6 30-0 90-0 1:3 
Cst 0-12 1-0 3-0 11 

















ive to rubidium and potassium. Gast®, 
data, concluded that the chondrite model 
nuch rubidium to account for the observed 
the strontium isotopes. 
parent from Table 1 that the chondritic 
t provide enough uranium and thorium by a 
t two to account for the abundances in the 
ust. A restriction on the total abundances 
xoducing elements, uranium, thorium and 
provided by the flow of heat from the 
sar equivalence of the flow of heat with that 
a chondritie model’:* is probably a coinci- 
«© Earth contains about twice as much 
thorium as the chondrites, then the abun- 
sium must be only about one-third of the 
andance to balance the heat flow. An 
ission of this point has recently appeared®. 
d abundances for the Earth become: 
p-p.m.; thorium, 0-09 p.p.m.; potassium, 
rubidium, 1-0 p.p.m.; cæsium, less than 
These values were calculated before the 
ce by Wasserburg et al.* became available, 
eneral agreement with their calculations. 
of these figures, about two-thirds of the 
ts are concentrated in the continental 


‘ibility of lateral transport of uranium and 
the sub-oceanic to the sub-continental 
subsequent upward concentration in the 
ast, cannot be considered likely because of 
of oceanic and continental heat flows. 
commonly interpreted to indicate similar 
ations of the heat-producing elements in 
mtinental sectors. If all, or nearly all, the 
horium, and the bulk of the potassium are 
a the continental crust, then they must be 
ntrated in the upper hundred kilometres 
anie mantle. This is in accord with the 
sed on crystal chemical principles. Thus 
hat the heat-producing elements are effec- 
below shallow depths in the mantle and 
zere restrictions on the possibility of con- 
tion in the mantle. 
ı serious difficulties exist for the chondrite 
dblems discussed here do not constitute 
wutright rejection. A useful line for research 
is to explore the possibility that the Earth 
trites are derived from a common parent 
jected to fractionation processes which 
ag amounts of the alkali elements, uranium, 
echalcophile elements. Further abundance 
itly needed. Even our understanding of 
t abundances is still imperfect, and the 
adances are more uncertain. Lovering and 
rt values of 0-024 p.p.m. uranium and 
1orilum in Type 1 carbonaceous chondrites. 
ome closer to satisfying the terrestrial values 


indicated here, and the theoretical predictions of 
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GEOLOGY 


Position of the Callovian Stage of the Jurassic 


Dr. D. V. Aamr has recently reported the views of the 
British Mesozoic Committee on the conclusions of the 
colloquium held at Luxembourg in 1962 on the stages of 
the Mesozoic of the Mediterranean countriss!. This 
present communication is intended to show that not all 
British geologists interested in the subject accept these 
conelusions. 

The Luxembourg Colloquium proposed, and Dr. Ager’s 
committee accepted, that the Callovian should be trans- 
ferred from the Upper to the Middle Jurassic. This is 
contrary to what has been the general usage for more than 
a century, and it is difficult to see what reasons of sufficient 
strength can be adduced for making the change. 

As Oppel? clearly showed in 1858, geological evidence 
in England, France and Germany indicates that the 
Callovian stage (and hence also the zonal and lithological 
units referred to it) should be placed in the Upper Jurassic, 
contrary to the precedent established by von Buch in 
18398. From 1858 until 1956 practically all authors 
(with the exception of Quenstedt, who adhered to his 
pre-1868 usage, and Brauns‘) followed Oppel, including in 
particular Arkell, who more than once claimed principle, 
as woll as custom and practical convenience, in favour 
of this practice. 

In his last major work, however, Arkell’ suddenly 
decided, on alleged grounds of priority and better balance, 
to transfer the Callovian to the Middle Jurassic. Melville® 
showed that the argument from priority had no substance. 
‘Balance’ seems to mean no more than trying to equalize 
the brackets in a table. In reply Arkell? said that the 
question was purely one of conventional classification 
and that geological reasons were not, in his view, relevant 
to it. 
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If classification is a purely conventional matter, then 
at leagt it is*desirable that well-established conventional 
usages should not be lightly discarded. 
however, it is more than this, and a classification that 
has strong geological and historical reasons in its favour 
should prevail over one that has not this support. There 
are, in fact, no other guiding principles in stratigraphical 
classification at present, for no rules have ever been 
adopted on the objective interpretation of stratigraphical 
names. 

The reasons for retaining the Callovian in the Upper 
Jurassic appcar to us to be at least the following: (1) the 
argument from usage, following Oppel? in the classic 
Jurassic area of Western Europe; (2) the fact, to which 
Arkell directed attention, that the Bathonian coincides 
with widespread marine regressions and the decline of 
the Middle Jurassic ammonite-families; (3) the fact that 
the Callovian corresponds with widespread marine trans- 
gressions and the first clear separation of Boreal from 
Tethyan ammonite-faunas’. 

Two recent documents®® prove that Soviet geologists 
strongly support the retention of the Callovian in the 
Upper Jurassic. 

In conclusion, we urge that the Callovian be retained in 
the Upper Jurassic until sound theoretical and practical 
reasons have been adduced to the contrary. 

R. V. MELVILLE 
British Embassy, 
Paris, France. 

. M. Mum-Woop 
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THE primary object of my communication! was to give 
other interested specialists an opportunity of reconsider- 
ing the recommendations about the definition of Jurassic 
stages. The British Mesozoic Committee held a special 
general meeting on February 26, 1964, to discuss these 
matters. At this meeting there was disagreement as to 
whether the Callovian Stage should be included in the 
Middle or Upper Jurassic, but a small majority favoured 
the latter and that recommendation will be put forward 
at the next meeting of the international committee. It is 
hoped to communicate all the Committee’s revised 
recommendations to Nature in the near future. 

D. V. AGER 
Seoretary, British Mesozoic Committee, ` 
Department of Geology, 
Imperial College of Scionce and Technology, 
London. S.W.7. 
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Role of Titanium in Orthopyroxenes of the 
Charnockite Series 

THE area (17° 37’ 30’-17° 54’ N and 83° 12’-83° 29’ E) 
which I have mapped! has revealed an important group of 
the charnockite series of rocks. These include charnockite 
(quartz, feldspar, hypersthene, magnetite rock) and 
garnetiferous charnockite in the acid division, and gabbro, 
norite, hornblende norite, biotite norite and amphibolite 
in the basic division. They occur mostly as sills and rarely 
as dykes and stocks in the khondalite (quartz, feldspar. 
garnet, sillimanite gneiss) and leptynite (quartz, feldspar. 
garnet granulite). A detailed study of the orthopyTox- 
enes of the charnockite and the norite has revealed certain 
interesting features, which are reported in the present 
communication. 

The optical data, chemical analyses and structural 
formule of orthopyroxenes are reported in Table 1. 


Table 1 

A B A B 
SiO, 51-00 47-10 zZ { Si 1940 1834 
Al0; 2°83 4:06 Al 0-051 0-166 
Fe,0; 1-54 4:50 Al 0-043 0021 
FeO 27°74 24°34 Y Ti 0-014 0-080 
MgO 15°48 14°44 Fe” 0041 0131 
Cad 1-44 4-08 x Fe” 0:883 0-787 
TiO; 0°45 1-05 2 Mg 0:888 0843 
Na,O — 0-50 E | Ca 0-057 0-188 
K,0 "929 — W Na — 0-037 

100-77 100-02 LK 0-014 oa 
PES indices 7 3000. 200 

+ si ‘1 “i Q- 

a 1-698 1-705 WXY 1940 2-015 

B 1-708 1-716 Alz 2-56 8-30 


y 1713 1-720 
2y —53° to ~62° -—55° to —62° 30’ 
Pleochrofc scheme: 


X, light pink bright pink A = orthopyroxene from 

Y, colourless light yellow charnockite 

Z, green green B= sae asi from 
norite 


It can be seen from Table 1 that the orthopyroxene 
from the norite is more strongly pleochroic than the 
orthopyroxene of the charnockite (sections are of the 
same thickness). Howie?, Turner? and Eskola‘ feel that 
the intensity of pleochroism is independent of its iron 
content in the mineral, while Rama Rao! feels that the 
contrary is the case. It is found that the total iron con- 
tent (Fe,0, + FeO) in both the pyroxenes is practically 
the same, but there is more TiO, in the orthopyroxene of 
the norite than that of the charnockite. Henco, the 
stronger pleochroism observed may not be due to iron, 
but may be due to tho higher content of TiO,. This is in 
conformity with the conclusion of Kuno! from an examina- 
tion of orthopyroxenes from the voleanic rocks. 
Verhoogen’ states that the purple or violet colour of 
titaniferous pyroxene is a strong indication of the presence 
of Ti+, most of which salts are dark violet Tho trivalent 
titanium can be expected as a notable fraction of the total 
titanium present since most of the iron in the pyroxenes 
is in the ferrous state’. 

The orthopyroxene of the norite has higher indices of 
refraction than that of the charnockite. It is often pointed 
out that the refractive index increases with the increase of 
the iron content (both ferrous and ferric). But it is 
observed that the total iron content in both the pyroxenes 
is almost the same. If iron is left out Al,O,. TiO, and/or 
CaO may have some influence on the index of refraction. 
Hess’, and Ramberg and Devore’, respectively, con- 
sidered that calcium and aluminium have no appreciable 
effect on the index of refraction. Hence it can be con- 
sidered, that the higher amounts of TiO, in the pyroxene of 
the norite may be responsible for its higher index valuc. 
Muir and Tilley also observed that titanium in octa- 
hedral co-ordination in orthopyroxenes raises the refrac- 
tive indices. 

From the structural formule, it is clear that consider- 
able amount of aluminium is present in the pyroxencs and 
shared by Z and Y groups. Al, is found to be higher in 
proportion than Al, in both the pyroxenes. The substi- 
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tution of silicon by aluminium in the (SiO,) tetrahedra 
brings out considerable negative charge which is to bo 
compensated by the entrance of titanium, aluminium and 
Fes in the octahedral position. The solubility? of titan- 
ium increases with the amount of aluminium that can 
substitute for silicon in Z sitos, which is, in turn, determ- 
ined by -the entropy of mixing and temperature. 
Thompson", Burger! and Kushiro are of the view that 
aluminium enters into the tetrahedral positions of the 
pyroxenes at higher temperaturos. 

The entrance of aluminium in the tetrahedral position 
and the consequent entrance of titanium in tho octa- 
hedral position of the present pyroxenes led to the con- 
clusion that the pyroxenes were formed in the high-tem- 
perature environment. 

I thank Dr. A. Sriramadas for his advice. 


M. S. Morty 
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METEOROLOGY 


Electrification of Snowstorms 


Tr has often been observed that snowstorms are accom- 
panied by pronounced electrical effects; blown snowflakes 
and the air in their vicinity become highly charged. No 
explanation has been offered for the mechanism involved 
in snowstorm electrification, but analysis‘ shows that, 
despite the erratic and often contradictory results, it is 
possible to.discern a pattern in the electrification which is 
explicable qualitatively in terms of the theory of charge 
transfer associated with temperature gradients in ice*. 
According to the theory, which was verified experimen- 
tally, charge is separated when temperature gradients are 
applied along ice specimens, or when two pieces of ice of 
different temperature are momentarily brought into 
contact; the colder ice acquires positive charge and the 
warmer ice negative charge. 

In order to determine experimentally whether tem- 
perature differences are an important factor in the 
electrification of snowstorms the apparatus shown in 
Fig. 1 was set up inside a refrigerator the temperature of 
which was maintained at —20°C. An air jet the velocity 
of which could be controlled was directed on to the lower 
portion of a pyramid of snow residing on a copper tray: 
The air jet could be varied in temperature over the range 
0°--40° C and was kept free from ice particles. Temperature 
differences of + 20° C between the snow and the air jet 
were thus attainable and were measured by means of 
thermocouples. The duration of the jet was controlled by 
means of a shutter driven by an electrice motor and situated 
between the nozzle and the tray. Blown snow particles 
were collected in a large copper vessel and, in order to 
measure the electrical effects produced, the tray and the 
collector were both connected to vibrating reed electro- 
meters in series with pen recorders. It was possible to 
distinguish from the records between the charges carried 
by tiny snow fragments blown into the collector and the 
charges acquired by the blown particles of much larger 


NATURE 


April 18, 1964 


Vou, 202 






To electrometer 


Shutter 
Thermocouple > Motor 
r Nowe 
' Thermocouple 
Collecting Copper PUp 
vessel tray 


To electrometer 






Fig. 1. Apparatus for measuring the electrification produced when 
snow is disrupted by an air jet. Refrigerator —20° C 


size. The electrification was measured as a function of 
wind velocity and the temperature difference between the 
air jet and the snow. 

Fig. 2 shows that whereas the larger blown snow 
particles always acquired © positive charge, the sign of the 
charge on the blown fragments was dependent on the sign 
of the temperature difference between the air jet and the 
snow surface. When the jet was colder than the snow the 
fragments ‘were negatively charged; when it was warmer 
the fragments were positively charged. The reduction in 
charge transfer close to the melting point is a result of the 
greater adhesion and consequent smaller disruption at 
these temperatures; greater disruption and associated 
charging were found to accompany an increase in the 
velocity of the air jet. 







Q (arbitrary units) 
s 


S 





Fig. 2. Charge Q acquired by: (1) the larger blown particles, (2) the 
blown snow fragments, as a function of the temperature erence 
(Tj— Ta) between the air jet and the snow 


These charging observations are explicable in terms of the 
temperature-gradient theory. The air-stream produces 8 
temperature gradient along the windward surface of the 
snow pyramid. The base acquires the temperature of tho 
jet while the summit remains close to — 20°C. Therefore, 
according to the theory, when the jet is colder than the 
snow the summit will become negatively charged, and 
when fragments are blown from it they will carry away 
some of this charge; when the jet is warmer than the snow 
the fragments will be positively charged. These predictions 
are in agreement with the observations described here 
and the theory, therefore, provides an explanation for the 
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charging of the snow fragments. In the case of the large 
particles, it has been established’ that when small ice 
particles are blown against and slide over @ large ice 
specimen asymmetric rubbing causes it to become cooler 
than the particles and positively charged, in quantitative 
agreement with the theory. In the snowstorm experi- 
ments a multitude of small snow fragments will collide 
with the large blown particles which thereby acquire a 
positive charge, as was observed. This process is indepen- 
dent of the temperature difference between the air stream 
and the snow pyramid. 

Temperature gradients, therefore, appear to be of prime 
importance in producing the charge transfer which 
accompanies the blowing of snow. However, in order to 
determine whether the qualitative agreement between the 
temperature-gradient theory and the electrical observa- 
tions is reinforced quantitatively, it will be necessary to 
make measuroments of the space charge density of the 
air in the vicinity of the blowing snow, and of the charge 
carried by individual snow particles. These experi- 
ments should be performed inside a cold room of much 
larger volume than the refrigerator used in the work 
recorded here. 

J. LATHAM 
©. D. Stow 
Department of Physics, 
College of Science and Technology, 
` Manchester. 
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METALLURGY 


Vibration-enhanced Corrosion of Metals 


Tue influence of mechanical energy on the chemical 
reactivity of solids provides a fruitful area of research 
which touches on many subjects of technological impor- 
tance. Even in such obvious examples as stress and fret- 
ting corrosion little emphasis has been-placed in published 
work on the precise contribution of the mechanical com- 
ponent of the phenomena. On the other hand, in most 
investigations of cavitation damage, where high mech- 
anical stresses are produced momentarily in a solid when 
cavitation bubbles collapse at the surface, the techniques 
that are most suitable for laboratory testing (that is, 
magnetostrictive vibration or transducer ring) lead to a 
gross magnification of the mechanical damage relative to 
any electrochemical effects that may be operative. While 
such methods may be satisfactory for comparing the 
susceptibility or resistance of materials to cavitation 
erosion, they do not readily permit conclusions as to 
environmental effects in vibrating or cavitating con- 
ditions. From recent work of Ozevor!, it is clear that 
ultrasonic vibrations can have profound effects on 
electrochemical reactions, but there is little evidence of 
veo changes for frequencies less than about 
10 ke/s. 

Recently we have started a broad examination of 
mechanical/chemical interactions aimed at providing 
technological advances in such problems as the general 
corrosion inhibition of waters for Diesel engine cooling 
systems. cavitation damage of Diesel cylinder liners and 
increasing the specific output of electrochemical power 
generators. This communication, however. is confined to 
some preliminary findings of the effect of relatively low- 
frequency vibrations (covering the main energy spectrum 
of a vibrating Diesel engine) on the rate of corrosion of 
metals in inhibited and uninhibited aqueous solutions. 

The experiments have been conducted under potentio- 
statie control in a glass cell containing a platinum counter 
electrode and a Luggin capillary leading to a reference 
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Fig. 1. Peak corrosion currents associated with resonance in system 
Cu/50 per cent H,PO, held at potential of + 1,000 mV w.r.t. saturated 
calomel electrode. Curve A, current readings at 5-min intervals with 
oscillator output 2-4 V; curve B, same with readings at 0-5 min; curve 
C, readings at 1-min intervals and oscillator output 0-5 V 


electrode. The metal specimen is encapsulated in an 
insulating thermosetting plastic and one face (1 cm?) 
prepared to a 600-grade ‘Carborundum’ finish. An insu- 
lated stainless steel shaft screwed into the assembly 
provides both electrical contact for the potentiostatic 
control and the connexion rod to an electromagnetic 
vibrator. The latter is governed by an oscillator which 
facilitates frequency control over the range 2 e/s-10 ke/s. 
By suitable mounting on the rod the specimen face can 
be oriented at any angle to direction of motion. For 
various metalfelectrolyte systems the potentiostatic 
polarization curve was first obtained without vibration. 
Then the corrosion current density obtained from speci- 
mens mounted normal to the plane of vibration at selected 
potentials of interest was plotted as a function of vibration 
frequency. | ` 

Examination of mild steel in 10-3 M potassium chromate 
solution by this method revealed a pronounced peak in 
current at around 20 c/s when the specimen was held at 
potentials in either the active or noble regions but not at 
those intermediate potentials corresponding to surface 
passivity. In view of the reported? electropolishing 
character of corrosion pits in passive metal surfaces. the 
effect of vibration on electropolishing currents was then 
checked for copper in 50 per cent phosphoric acid solution. 
Similar peaks in current were, in fact, obtained over the 
entire range of electropolishing potential. 

For both systems the curves can be consistently repro- 
duced in identical conditions; but the magnitude of the 
corrosion current has been’ found to be dependent both 
on the energy output of the vibrating systems and on the 
time period between current measurements at the various 
vibration frequencies (Fig. 1). Subsequent work has 
shown that the peak currents are closely associated with 
peak energy output at the resonant frequency of the 
vibrating system. The polarization curve (Fig. 2) for a 
specimen vibrating at resonant frequency does not show 
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Fig. 2. Polarization curves of copper in 50 per cent H;PO,; potential 
w.r.t. saturated calomel electrode. Curve A, No vibration; curve B, 
resonant frequency (¢. 35 c/s); curve O, vibration at 100 e/s 


an electropolishing plateau such as occurs when the 
specimen is static or is vibrated at a frequency removed 
from resonance. The appearance of the specimen after 
vibrating at resonant frequency is in accord with this, the 
surface being etched rather than polished. 

In view of the marked similarity between the current/ 
frequency curves and the amplitude/frequency curves for 
a natural resonant system, it seems likely that the present 
phenomena are associated with variations in the diffusion- 
controlled mass-transfer at the liquid/metal interface— 
which in turn result from the velocity changes associated 
with the changes in amplitude. Preliminary evidence 
from a study of the separate variables amplitude, velocity 
and acceleration indicate, however, that this is not the 
complete explanation, and work is now directed both to 
the evaluation of ionic mass-transfer effects and to the 
isolation of any additional components that are directly 
related to mechanical damage. 

Acknowledgment is made to the Chief of Research, 
British Railways Board, for permission to publish this 
communication. 
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Determination of lron-Tin Compound by 
X-ray Diffraction 


In the manufacture of electrolytic tinplate, a tin coating 
is electrodeposited on to the surface of a steel strip and the 
tin is then melted: during the melting operation a layer of 
the intermetallic compound FeSn, is formed at the iron-tin 
interface. 

The total quantity of tin can be determined by X-ray 
fluorescence techniques**; but no method is so far 
available whereby the amount of FeSn,, an important 
characteristic of the material, can be determined non- 
destructively. Work in progress here, however, now shows 
that, within the normal range of tin coating thicknesses, 
X-rays will penetrate the free tin layer with sufficient 
intensity to give a measurable diffraction peak from the 
layer of intermetallic compound. This enables the 
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development of a technique for measuring, non- 
destructively, the amount of FeSn, present. ° 

The height of the strongest diffraction peak from the 
layer of intermetallic compound in as-received tinplate 
has been examined in a standard diffractometer using 
copper Kg incident radiation. A series of tinplate samples 
of nominal coating weight 6 g per square metre of surface 
(equivalent to about 30 x 10-6 in. thickness) were examined 
in which the thickness of the intermetallic compound 
layer varied from one sample to another, the thickness of 
un-alloyed tin being fairly constant. The height of the 
diffraction peak varied with the amount of intermetallic 
compound present. . 

After examination by X-ray diffraction, the thickness of 
both the free tin and the intermetallic layers were 
determined destructively using the Kunze and Willey 
method‘. Over the range of alloy weights examined, the 
height of the diffraction peak varied linearly with the 
amount of compound present (Fig. 1). It has also been 
established that, for a given sample, the height of the 
diffraction peak from the intermetallic compound did not 
vary significantly as the specimen was rotated. This 
indicates that difficulties due to possible preferred orienta- 
tion effects in the alloy layer should not be present. 

The height of the diffraction peak for a given thickness 
of compound will, of course, be influenced by the thick- 
ness of the overlay of free tin. To examine the extent 
of this variation, a further series of specimens was exam- 
ined in which the tin coating varied from 1-5 to 17 g/m? 
(8-90 x 10-8 in. average coating thickness). On all these 
samples the weight of the alloy coating was approximately 
1 g/m*. As expected, the height of the diffraction peak 
from the intermetallic compound decreased with increasing 
tin thickness, but the results show that the technique 
should be applicable to the determination of the amount 
of alloy layer in tin coatings up to the maximum thickness 
normal in electrolytic tinplate. 
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Provided the free tin thickness is known it would appear 
that the use-of X-ray diffraction will allow determination 
of the amount of intermetallic compound with an accuracy 
at least as groat as that of the present destructive methods. 
The sensitivity of the technique could be further increased 
by the use of molybdenum radiation, which suffers less 
absorption by tin than does copper radiation and which 
does not excite iron. 

Preliminary experiments to try to determine the 
thickness of the free tin coating by diffraction have not 
been successful due to a high degree of preferred orienta- 
tion in the free tin film. Further work with rotating 
specimens may yet allow determination of the tin coating 
by diffraction, but a moré straightforward procedure is 
the determination of the total tin coating by X-ray 
fluorescence and the determination of the amount of 
intermetallic compound by diffraction. The equipment 
required for the two types of measurement is similar and 
it should prove possible to develop an instrument for the 
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continuous monitoring of both the total tin and the alloy 
thicknesses ch commercial tinplate lines. 
Cc. A. MACKAY 
; 7 D. A. ROBINS 
Tin Research Institute, 
Fraser Road, 
Greenford, Middlesex. 
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CRYSTALLOGRAPHY 


Structure of an Anomalous Heterocyclic 
Intermediate 


In the preparation of the disulphide of 2-(2-mercapto- 
ethylamino)-2-oxazoline from 2-methylthio-2-oxazoline 
and 2-mercaptoethylamine hydrochloride, an intermediate 
with anomalous properties was encountered!. The proper- 
ties of the intermediate, C;,H,,N,OS, were not consistent 
with its formulation as the ancitipated 2-(2-mercapto- 
ethylamino)-2-oxazoline (I), and spectroscopic evidence 
(infra-red and nuclear magnetic resonance spectra) 
suggested the possibility that the novel heterocyclic 
spiran (II) had been obtained. In order to establish the 
structure of this anomalous intermediate unambiguously, 
we undertook an X-ray crystal-structure analysis. 


CENA CH,.NH NH—CH, 
| )C—NHCH,CH,SH 
CH,—O 


E li 
©) a) 


The compound crystallizes in the monoclinic system 
with lattice parameters a = 7:82, b = 10-04, c = 9-20 A, 
B = 90° 9’. There are four molecules of C;H,,N,08 in the 
unit cell (Dmeas = 1:33, Deale = 1340 g cm) and the 
space group is P2,,c. Three-dimensional intensity data 
were recorded on equi-inclination Weissenberg photo- 
graphs and estimated visually; in all, 850 independent 
|¥,| values were derived. 

The co-ordinates of the sulphur atom were obtained 
from the three-dimensional Patterson function, and the 
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remaining atoms, apart from hydrogen, were then located 
by application of the superposition method? to the 
Patterson function. The approximate atomic co-ordinates 
were improved initially by Fourier caleuations and 
latterly by least-squares refinement using the full three- 
dimensional data. The average discrepancy is now 15 per 
cent and refinement is continuing. 

The third three-dimensional electron-density distribu- 
tion is shown in Fig. 1 by means of superimposed contour 
sections covering the region of one molecule. The arrange- 
ment of molecules in the crystal as seen when viewed along 
the c axis is shown in Fig. 2. 


Table 1. BOND-LENGTHS AND VALENCY-ANGLES 


C1) — N(1) 1°27 Å Ci) — N(2) 137A 
N(2) — ci 1-45 


C(2) —- O(8) 1-54 C(4) — C(6) 1-53 
a — 5S 1°79 CS) — 0O 148 
ca) — 8 177 E 


C(1) WA 116° 


S 
N(1) Sia c(3) 103 N(1) C(1) N(2) 127 


c(2) 0(3) S$ C(1) N(2) C(4) 120 
ca) 8S C1) 88 N(2) C(4) C(5) 1 
8 œ) N(1) 117 ae GS) ct) ie 


Our results unambiguously establish the molecule as a 
substituted thiazoline, 2-(2-hydroxyethylamino)-2-thiazo- 
line, with constitution (III); the position of the double 
bond was determined by consideration of the bond-lengths 
and valency-angles (see Table 1). 


CH,-N CH,—-OH 
ba, |, 
N F a 
(III) 


The molecules are held together in the crystal by normal 
van der Waals forces and by a system of NH... O and 
OH . . . N hydrogen bonds of lengths 2-82 and 2-73 A, 
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respectively (Fig. 2). These distances are comparable 
with the NH ... O distances in, for example, L-serine 
phosphate? (2-79, 2-83, 2-96 A) and biuret hydratet 
(2-76, 2-84, 2-94 A), and the OH . . . N distance in theo- 
phylline monohydrate! (2:89 A). 

The valency-angle of 88° at the sulphur atom is similar 
to the values found in other sulphur-containing hetero- 
cyclic molecules, for example, 91° in thiophene! and 
thiophthen’, but is distinctly smaller than the valency 
angles exhibited by oxygen in heterocyclic molecules, for 
example, 106-5° in furan’. It is not clear whether the 
smaller valency angles associated with sulphur are to be 
attributed to the use of pure p orbitals or to hybrid 
orbitals involving some d contribution’. The average 
valency angle in the thiazoline ring is 105:5°, in good 
agreement with values reported for other non-planar five- 
membered rings?. 

The ep?-carbon-sulphur bend, is 0-02 A longer than the 
sp*-carbon-sulphur bond, in excellent agreement with the 
accepted difference of 0-02-0-03 A between the radii of sp? 
and sp? hybridized carbon atoms. The sp?-carbon—nitrogen 
single bond distance of 1-37 A, the sp%-carbon-oxygen 
distance of 1-43 A and the sp*-carbon—nitrogen distances 
of 1-45 and 1-48 A do not differ significantly from accepted 
values. The carbon-nitrogen double bond length of 
1-27 A is identical with Pauling’s standard value for such 
a bond}2, 

We thank the U.S. Army and European Research Office 
for supporting this work and for permission to publish it. 
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CHEMISTRY 


Increase in Viscosity in Polystyrene Melt at 
High Rates of Shear 


Exrensive results have been published showing the 
existence of an upper (high shear rate) Newtonian region 
for dilute polymer solutions!. This has been shown to be 
of considerable value in characterizing molecular weight 
distribution. However, because of experimental difficul- 
ties, there is little information of this kind which has been 
obtained on bulk polymer melts of high molecular weight. 
Master curves of viscosity versus shear rate for a number 
of these polymers show no evidence of such an effect for at 
least six shear rate decades of non-Newtonian. behaviour®. 

In an attempt to reach the upper Newtonian region, it 
was decided to extend the master curve by obtaining 
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viscosity measurements at lower temperatpres, that is, 
approaching the glass temperature of the polymer, This 
was done using an Instron rheometer. Atactic poly- 
styrene having an My of 231,000 and an Mn of 124,000 
was examined over a temperature range of 136°-260° © at 
shear rates of 0-3 to 7,600 sec. 

Flow curves obtained at 177° C and above appear quite 
normal over this range of shear. However, at the two 
lowest temperatures used, 149° C and 136° C, anomalous 
flow behaviour begins. This is shown in Fig. 1 where it 
will be noted that the onset of curvature occurs first with 
the highest L/D capillary. The shortest capillary (L/D 
= ~ 1) does not show this effect over the range of shears 
examined. : 
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Fig. 1. Apparent viscosity of polystyrene melt (149° C) 
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It is also of interest to note that the energy loss at the 
capillary entrance also does not show this effect, as shown 
in Fig. 2. As indicated, some of the results in Fig. 2 were 
obtained using a rheometer barrel of 0-562 in. diameter 
instead of the customary 0-375-in. diameter barrel. There 
was no detectable difference in the capillary entrance 
pressure loss between barrels. This is not surprising in 
view of the much greater difference between the capillary 
and barrel diameters than that between barrels. 
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10+ 10° 10! 104 10° los 
$w (sec) g 

A a OSE, Ba a a 
The foregoing results and also other results obtained at 
136° C, 177° ©. 204° C, 232° ©, and 260° C were plotted on a 
Bueche—Harding master curve? as shown in Fig. 3. The 
new results branch out from the curve into what appears 
to be the beginning of a dilatant region. This phenomenon 
has rather dramatic practical importance in. attempting 
to pump polymeric melts through tubes at low tem- 
peratures. Its onset is signalled by much greater pressure 
requirements to cause an increase in flow rate than one 

would, expect by extrapolating lower flow rate readings. 
The cause of the rise in viscosity with increasing shear 
at low temperatures does not appear to be associated with 
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flow in the capillary entrance region but rather with flow 
in the vapillary itself. Fig. 2, which is a crude assessment 
of the polymer viscosity in the entrance, does not show 
much, if any, curvature. On the other hand, the long 
capillary showed the most pronounced effect (Fig. 1). 
This is shown another way in Fig. 4 by plotting total 
pressure versus capillary L/D at constant rate of shear. 
It is apparent that the long tube shows a drop in pressure 
within the tube greater than expected. 
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Electron Spin Resonance Investigations of 
Ultra-violet and X-irradiated Methionine 


We have already reported! that both ultra-violet and 
X-rays produce the same electron spin resonance signal 
in cysteine but that in certain other sulphur-contaming 
compounds? the two types of radiation produce olectron 
spin resonance signals which are not identical. On ex- 
posing bovine serum albumin, homocysteine and methio- 
nine to ultra-violet following irradia- 
tion with X-rays the X-ray signal was 
transformed. This change might have 
occurred because the site of the radical 
was shifted by additional energy, in 
which case the intensity of the signal 
after the delocalization was increased 
on further ultra-violet irradiation of 
the sample. Alternatively, ultra- 





£ violet absorption by the X-ray-in- 
i mor saes duced radicals may have caused 
a a quenching. Examination of the change 
10" in radical concentrations should help 
to elucidate the mechanism, and initial 
results are now reported. 
‘ Polycrystalline d,l-methionine (“De- 
T=177%0,204"0,232°0, h : R 3 
zsore gussa’, Frankfurt/Main) with a bulk 
10" ~ aleet a d volume of 187 cm?/100 g was evacuated 
1077 2 AO 108 10° 10° 10° - 10° (< 10 torr) in quartz-tubes and 
MaoplpRT) X-irradiated (180 kV, 20 m.amp, 
Fig. 3. Apparent viscosity master curve of a polydisperse polystyrene melt half-value layer: 0-90 mm copper, 
l 7 dose-rate: 450 r/min, dose: 100 kr.). 
10,000 Nearly 5 min later, after the electron spin resonance 
measurement of the X-irradiated sample was carried out, 
6,000 the same sample was irradiated with ultra-violet light 
. from a mercury low-pressure lamp (NN 15/44, Quarz- 
HTS sec”! lampengesellschaft-Hanau / Western Germany). This 
3,000 lamp emits mainly the resonance line 254 my. The 
distance between the sample tube and the mercury 
7,000 lamp was about 6 cm and the measured total intensity 
amounted to 9 x 10° ergs cm sect. The quartz tubes 
6,000 were rotated within the ultra-violet irradiation time. 
3 Both the irradiations and the electron spin resonance 
> Y,=3 sec"! measurements were carried out at room temperature. 
£ sas i Mer The Varian spectrometer, which has previously bcen 
> woy %5 seo} 
ong YzO7s secon! 
7 = “1 
[ Ñ% #03 sec 
2,000 F 
1,000 
0 | Se ae! SS Hoe 1 on co oo oe on oo 
0 10 20 30 40 50 80 
Capillary L/D 
Fig. 4, Effect of capillary length on total drop in pressure (149° ©) 


One ‘explanation for this phenomenon consists of 
postulating an inability of the flowing volume element to 
respond to the shear field in the same manner as it does at 
higher temperatures and/or lower rates of shear. Possibly 
this could mean a failure to rotate in the same way as has 
been suggested for flexible chains in shear. It also seems 
likely that hydrostatic pressure compounds this effect by 
further reducing the free volume. 

RIOHARD L., BALLIMAN 

Monsanto Chemical Co., 

Plastics Division, 
Springfield, Mass. 
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Fig. 1. Electron spin resonance spectra of X-irradiated (solid spectrum) 
and ultra-violet irradiated methionine (dotted spectrum). The curves 
represent the first derivatives of the actual absorption curves. The 
ultra-violet-produced signal is recorded after 7 h ultra-violet irradiation 
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Fig. 2. Change in the relative radical concentration in X-irradiated 
methionine after exposure to ultra-violet 


described!?, operates in the X-band and with a TE yy. 
rectangular mode. The d.c. magnetic field is modulated at 
a frequency of 100 kejs. To avoid saturation effects in 
the irradiated sample the microwave energy of the 
klystron was sufficiently attenuated. Synthetic ruby was 
used as a secondary standard*. The resonance occurs far 
from g = 2, permitting simultaneous observation of both 
standard and sample. The ruby was calibrated by com- 
parison. with a 5 x 10-5 mol solution of diphenyl picryl- 
hydraxyl (DPPH) in oxygenated carbon tetrachloride. 
The number of electron spin resonance centres in the 
irradiated sample was obtained by integration®®. 

After irradiation of the methionine a very characteristic 
pattern of the electron spin resonance spectrum was 
obtained (Fig. 1, solid line), which does not show the 
typical cysteine-cystine spectrum of the so-called sulphur 
localized radical‘, and no change was observed in keeping 
the samples at room tempersture. Before the ultra-violet 
irradiation the radical concentration of the X-irradiated 
methionine was 1:5 x 10%? spins/g. It must be mentioned 
that the error of the absolute measurements of the radical 
concentration is at least 50 per cent’. For technical 
reasons, the X-irradiated samples could only be measured 
some hours after irradiation and the samples were stored 
at — 17° ©. Irradiation of the X-irradiated methionine 
with ultra-violet leads to rapid decay of the radical con- 
centration, which reaches a minimum after 30 min and 
then increases again (Fig. 2). The increase of the radical 
concentration is produced by a new radical. The new signal 
lies in the region of lower magnetic field strength (Fig. 1, 
dotted line). Besides the formation of the ultra-violet- 
induced signal the formation of sulphuretted hydrogen was 
detected and the sample turned brown. The ultra-violet 
rays of longer wave-lengths (A > 285 mu) quenched the 
X-ray signals of methionine without forming new signals 
which could be detected in our spectrometer. Whether 
the quenching of the X-ray-induced electron spin reson- 
ance centres is produced by photolytically produced 
sulphuretted hydrogen, by other radical fragments or by 
some semiconduction processes is now being investigated. 
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N--C=O Bending Vibration in Complexes of 
Dimethylformamide with Metal Haliđles 


Suurrs to lower frequencies of the C=O stretching 
vibration on complex formation between metals and 
ligands containing the carbonyl group have been the 
subject of several investigations, following the work of 
Bellamy and Branch}. A similar examination of the 
C=O bending vibration, to the best of our knowledge, 
has not been previously reported: so we invostigated this 
vibration in complexes of amides. 

An electron diffraction study of dimethylformamide? has 
indicated a planar CNCO skeleton with the carbon atom 


` cis to the carbonyl group only slightly out of the plane. 


The N—CO bond distance is 1-34 A, indicating, as expected, 
appreciable double bond character. A normal co-ordinate 
analysis has not been reported for this compound. 

We have found only one absorption band in the 840-440 
cm- region of the spectrum of liquid dimethylformamide. 
This absorption, at 657 cm-, is about as strong as that 
associated with the CH stretching vibrations and can be 
attributed essentially to the N—C=O bending vibra- 
tion, 
been designated the amide IV band; in the spectrum of 
N-methylformamide this band is at 771 cm~ (ref. 3). 


Corresponding absorptions by other amides have , 


This absorption has been observed to shift to higher . 
frequencies in complexes of dimethylformamide with | 


metal halides. The frequencies of the absorption maxima 
are listed in Table 1. Some of the complexes react with 
potassium halides; maxima for these compounds are 
listed in Nujol mulls. The shift in the N—-C=O bending 


frequency is expected to increase with increasing strength . 


of the CO—M bond. The data of Table 1 reveal that the 
shifts are in the order Zn > Mn > Cd > Pb. Two peaks 
were observed in the spectra of the iron, nickel and cobalt 
complexes; taking the mean of these two maxima, the 
shifts are in the order Fe > Zn=Ni > Co > Mn. With 
the possible exceptions of nickel and cobalt, these shifts 
appear to be related to the O—-M bond, strengths. 


Table 1, ABSORPTION MAXIMA (0M) IN NUJOL MULLS (N) AND POTASSIUM 
BROMIDE DISKS 


Compound Maxima Compound Maxima 
657 

¥FeCl,-2DMF 697 681 Coly 2DMF 689 678 
ZnCly2DMF 688 MnCl, 2DM¥ 876 
ZoBry2DMF 688 MaBry2 DMF 678 
Znuly2DMF 688 Mniy4DME 674 
NiBry:2DMF-3H,0 696 684 CdCl, 2DME 471 (N) 
Nil, 2DMF 693 682 CdBry DMF 677 
CoCle2DMF 687 679 Cals 2 DMF 877 (N) 
CoBrr2 DMF 689 678 PbEry DMF 667 (N) 


Spectra of other amides are more complicated in this 
region. A normal co-ordinate analysis of N-methyl- 
acetamide has indicated? a C=O out-of-plane bending 
vibration at 600 cm- and a combination N-—-C=0O 
bending and H,C—C stretching frequency of 627 cm~, 
We have observed maxima (cm~) at 473, 589 and 733(w) 
in the spectrum of liquid dimethylacetamide; values of 
478, 596 and 742 for PbBr,-DMA; 481, 598 and 744 for 
CdBr,,DMA; and 484, 623 (and 601(w)) and 746 for 
ZnBr,-2DMA. The shifts are in the order Zn > Cd > Pb. 
The 733 cm~? peak in the spectrum of the amide is greatly 
enhanced in the spectra of the complexes. The spectra of 
complexes of other amides are being investigated. 

This work was supported by the U.S. Atomic Energy 
Commission. : 
M. Ann JUDE JUNGBAUER 
COLUMBA CURRAN 
Chemistry Department and Radiation Laboratory, 

University of Notre Dame, 
Notre Dame, Indiana. 


1 Bellamy, Lu J., and Branch, R. F., J. Chem. Soc., 4491 (1064). 

3 oy tee P. å., and Presnyakova, V, M., J. Structural Chem., 

2 Miyazawa, T., Shimanouchi, T., and Mizushima, S., J. Chem. Phys., 24, 
408 (1956). 

t Miyazawa, T., Shimanouchi, T., and Mizushima, S., J. Chem. Phys., 29, 
611 (1958). 


__ saccharides. 


No. 4929 April 18, 1964 
. BIOCHEMISTRY 


Formation of Aryl £-p-Fructofuranoside by 
Enzymatic Transglycosylation 


Ix the enzymatic transglycosylation reactions catalysed 
by ordinary glycosidases, the transfer of glycosyl group 
from aryl glycosides to simple alcohols and sugars was 
known to proceed easily!, whereas the reverse reaction, 
namely, with alkyl glycosides and oligo- and poly-sac- 
charides as donor and phenols as acceptor, has not been 
realized. These facts suggest that the bond-energy of aryl 
glycosides may be higher than that of alkyl glycosides or 
oligosaccharides, so the failure of aryl glycoside formation 
from alkyl glycosides or oligosaccharides might be due to 
the insufficiency of the bond energy of the latter. For 
the biosynthesis of aryl glycoside the intervention of 
uridine diphosphate sugars has been shown to be needed?. 
In view of the comparatively high bond energy of sucrose 
it appeared not unlikely to carry out enzymatic transfer 
of fructosyl residue of sucrose to phenols leading to the 
formation of aryl fructoside. The present report describes 
the enzymatic formation of p-hydroxyphenyl 8-p-fructo- 
furanoside from sucrose and hydroquinone and its 
characterization. 

The purification procedure of yeast invertase was based 
mainly on acetone precipitation and chromatography on 
‘Duolite C-10%. The purified invertase solution was free 
of most other carbohydrases including «-glucosidase. 
Fructose and fructoside were estimated colorimetrically 
by the method of Roe et al.‘ after separation by paper 
chromatography. 

A solution containing sucrose (7 per cent) and hydro- 
quinone (8 per cent) was incubated with purified yeast 
invertase preparation at pH 6-0 for 90 min and the 
products were separated by paper chromatography with 
a solvent mixture of n-butanol/ethanol/water (100: 15: 
30). On the chromatogram a new spot with Rp 0-57 was 
recognized besides the spots corresponding respectively 
to hydroquinone, sucrose, glucose, fructose and oligo- 
2 By the colour reaction of the new spot 
the product was shown to be composed of fructose and 
hydroquinone. In control experiments, where either 
sucrose was replaced by equimolar solution of glucose 
and fructose or boiled enzyme was used, no such spot 
was detected. This new substance made its appearance 
at an early stage of sucrose hydrolysis, gradually increas- 
ing in amount, but it disappeared completely before all 
the sucrose was hydrolysed. These findings would indicate 
that the substance may be a fructoside of hydroquinone 
formed by the enzymatic transfer of 6-fructofuranosyl 
group from sucrose to hydroquinone. Several lines of 
experiments such as fractionation and partial inactivation 
of the enzyme preparation as well as inhibition study 
suggest that the invertase itself would be responsible for 
the formation of the fructoside. 

With the invertase preparations from taka-diastase and 
wheat ear the formation of similar fructoside was also 
observed. 

The isolation of the transfer product was carried out by 
the use of column chromatography with charcoal—‘Celite’ 
and paper chromatography. From 10 1. of the reaction 
mixture 541 mg of crude crystal of the product was 
obtained. Repeated recrystallization from water gave 
235 mg of pure colourless platelet crystal. 

The substance, which had been dried at 26°-28° and 
0-1 mm Hg showed m.p. 119° and [a]p —119-8° 
(water, c. 2) and gave following values of elementary 
analysis: found, C 51-10, H 5-89, calculated for C,,H,,O,° 

1/2H,0, C, 51:23; H, 6-08. It was considerably stable 
in alkali, but very unstable in acid. Treatment with 
0-1 N sulphuric acid at 30° for 5 h or with 0-5 per cent 
-oxalic acid at 100° for 20 min completely hydrolysed the 
substance into fructose and hydroquinone in equimolar 
proportion. The substance was easily hydrolysed by every 
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Table 1. HYDROLYSIS OF §-D-FRUCTOFURANOSIDES BY SEVERAL INVERTASH 
PREPARATIONS 


Reaction mixture contained 6-25 swmoles substrate, 50 molea acetate 
buffer, pH 4-7, and enzyme solution in a total of 0-5 ml. Incubated at 30°. 
Reaults are expressed as relative ease of hydrolysis with the activity for 
sucrose taken as 100. 


fe Substrate } 











~ Sucrose Hydroquinone Methyl — 
Source ~~ fructofuranoside | fructofuranoside ' 
of enzyme Rises ee f 
Brewers’ yeast 100 350 9 
Taka-diastase | 100 370 12 
Wheat ear i 100 190 15 





invertase preparation from different sources as shown in 
Table 1. 

An infra-red spectrum of the substance showed absorp- 
tion peaks at 928 em“, 875 cm, 857 cm1, 820 cm”, 
and 986 cm-', characteristic of the furanose ring struc- 
ture’, in addition to several peaks corresponding to 
p-hydroxyphenyl derivatives, but no absorption was 
observed indicative of the existence of pyranose ring 
structure®. All these findings agree well with the postulated 
structure of the compound, p-hydroxyphenyl §-p-fructo- 
furanoside. 

The achievement in the isolation of this compound is 
significant in that this is the first aryl glycoside syn- 
thesized by the transglycosylative activity of the hydro- 
lytic glycosidase and that this is the only aryl 6-p-fructo- 
furanoside so far obtained. 
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Molecular Weight of Sheep Pituitary 
Interstitial! Cell-stimulating Hormone 


Two new procedures for the isolation of interstitial 
cell-stimulating hormone (ICSH) from sheep pituitary 
glands have been described in recent yoars!*. Sedimen- 
tation coefficients (829°,~) of the hormone were reported 
to be 2-47 in phosphate buffer! of pH 6-8 and 2-32 S in 
glycine buffer? of pH 6-0. From these values, together 
with values for the diffusion coefficient’ and partial 
specific volume, these authors!:* computed the molecular 
weight of ICSH ‘to be 28,000-30,000. We have recently 
re-examined the sedimentation behaviour of ovine TCSH 
and found that the molecular weight of the hormone 
changes with the pH of the buffer. Results also indicate 
that the ICSH molecule forms reversible aggregates. We 
wish to report herein the molecular weight of the ICSH 
monomer. 

Sedimentation experiments were performed in u 
Spinco model # analytical ultracentrifuge, equipped with 
Rayleigh optics. Analysis of sedimentation equilibrium 
data is based on the equation of Svedberg and Pedersen? 
as previously described‘. The hormone was dissolved in 
potassium chloride—~hydrochloric acid buffer of pH 1-3 and 
ionic strength 0-1. When the logarithm of the concen- 
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tration in terms of Rayleigh fringes is plotted as a function 
of the square of radial distance, a straight line is obtained. 
From the slope of this plot and an assumed value for 
partial specific volume (v) of 0-75, the molecular weight of 
ICSH was calculated to be 16,000. Under the same con- 
ditions (pH 1:3 buffer, 0-5 per cent solution), the sedimen- 
tation coefficient of the ovine hormone had a value of 
1-64 9, which is considerably lower than the value 
reported}? for the hormone in buffers of pH 6-7. 


Table 1. MOLEOVLAR WEIGHT oF OVINE INTERSTITIAL CELL-STIMULATING 
HORMONE 


Protein concentration (%)* Ma Ms My 
0-498 15,946 16,664 16,350 
0-478 15,316 16,704 16,206 


*pH 1:3 KCI-HCl buffer of 0:1 ionic strength. 


Results of two sedimentation equilibrium experiments 
are recorded in Table 1. The agreement between the 
weight average molecular weights (Mw) and molecular 
weights obtained from the meniscus (Ma) and the bottom 
(Mo) of the cell is an indication that the hormone protein 
is homogeneous. Thus, the mean value of the weight 
average molecular weights (16,300) is taken as our best 
estimate of the molecular weight of the ovine ICSH mono- 
mer. Detailed accounts of these and other experiments 
will be published elsewhere. 

This work was supported in part by a grant from the 
U.S. Public Health Service (4-6097). 

Caos Hao Lr 
$ BARBRA STARMAN 
Hormone Research Laboratory, 
University of California, 
Berkeley 4, California. 
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Phospholipid Composition of Epididymal 
Spermatozoa prepared by Density Gradient 
Centrifugation 


Tam phospholipids of ejaculated ram spermatozoa con- 
tain approximately equal amounts of choline plasmalogen 
and lecithin!, whereas rat spermatozoa from the vas 
deferens and ejaculated rabbit spermatozoa have much 
more lecithin than choline plasmalogen?. In ram sperma- 
tozoa the fatty acids from this choline plasmalogen are 
probably oxidized as an endogenous substrate in the 
absence of the naturally occurring hexose, that is, fruc- 
tose’. In a previous investigation it was shown that in 
crude preparations of rat spermatozoa obtained from 
different parts of the epididymis there wero significant 
differences in the concentrations of phospholipids’. Thus 
the amount of choline plasmalogen per 108 spermatozoa 
was three to four times greater in ‘spermatozoa’ obtained 
from the tail of the epididymis than from the head, and it 
was concluded that rat spermatozoa acquire this phospho- 
lipid during their passage through the much convoluted 
ductus epididymis. In contrast, the concentrations of 
lecithin and phosphatidylethanolamine were two to three 
times higher in ‘spermatozoa’ obtained from tho head of 
the epididymis than from the tail. However, in these invest- 
igations the spermatozoal preparations, particularly from 
the head region, were contaminated with epididymal tissue 
debris and it could not be decided with certainty whether 
the differences in lecithin and phosphatidylethanolamine 
were due to phospholipids from the epididymal tissue 
contaminating the spermatozoal preparations. 

In the work recorded here substantially purified sperma- 
tozoa from both the rat and ram epididymis were prepared 
by centrifuging the crude exudates of epididymal fluid 
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obtained from the tissue in a density gradiept. The crude 
exudates were obtained as previously described* and sus- 
pended in 5 ml. 0-9 per cent sodium chloride containing 
1 mg/ml. fructose. Alternatively, the epididymal tissue 
was sliced with a razor blade and the slices lightly shaken 
with the same saline: the suspension of spermatozoa was 
then decanted away from the slices of tissue, The suspen- 
sion of spermatozoa prepared by either method was 
centrifuged at a speed (700g av. 3 min) just sufficient to 
sediment the spermatozoa and the turbid supernatant dis- 
carded. The spermatozoa were again suspended in the fore- 
going saline diluent and the process repeated. The twice- 
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Fig. i. a, Crude rat spermatozoal suspension obtained from the head 

of the epididymis; b, purified preparation of rat spermatozoa from 

the head of the epididymis; e, crude ram spermatozoal suspension 

obtained from the head of the epididymis; d, Lor Saga pre aration of 

ram spermatozoa from the head of the epididymis. 1 photographs 
x 200 under phase contrast 
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_ centrifuged spermatozoa were resuspended in 6 ml. saline, 
mixed*thoroughly and layered over the sucrose gradient 
consisting of two layers, namely, 10 ml. of d 1-25 (670 g 
sucroso/l.) and 15 ml. of D 1-33 (895 g sucrose/l.). The 
tubes were centrifuged for 30 min in an SW 25:1 Spinco 
head at 20,000 r.p.m. (48,000g av.) or alternatively for 
60 min in a Servall (SS 1 head) at 10,000 r.p.m. (12,100g 
av.). After centrifugation three well-defined bands were 
apparent : an upper layer containing red blood cells and 
light tissue particles; an intermediate layer (between the 
two sucrose layers) consisting of mainly spermatozoa. but 
having a few spermatozoa adhering to tissue particles, and 
finally a precipitate (essentially spermatozoa) at the 
bottom of the sucrose gradient. The relative numbers of 
spermatozoa in the intermediate and lower layers varied 
considerably from preparation to preparation, but the 
cause of this variation was not apparent. Fresh and 
stained preparations of all fractions were examined by 
phase contrast microscopy. In occasional preparations, 
particularly from the head region of the ram epididymis, 
the tails of some of the spermatozoa became detached, but 
in general very pure samples of epididymal spermatozoa 
were obtained (Fig. 1). : 


Table 1, CONCENTRATIONS OF PHOSPHOLIPIDS IN Rat EPIDIDYMAL 
SPERMATOZOA 

Phospholipid Mead ofepdidymis tall of epidiaymis 

ospho! ead of epididymis a ep 8 
Lecithin z, $B 112 
Phosphatidylethanolamine 66 67 

- Choline plasmalogen 13 55 X 
Ethanolamine plasmalogen 11 14 


(Values are pg lipid/10° spermatozoa.) 


The phospholipids were extracted from the purified 
spermatozoa and analysed by methods described earlier*5. 
The results (Table 1) support the conclusion reported 
earlier? that the concentration of choline plasmalogen in 
rat spermatozoa increases as they move through the 
epididymis. There was, however, negligible change in the 
concentration, of lecithin and phosphatidylethanolamine in 


__the-pure-spermatozoa (Table 1), in contrast to the results 


obtained with the crude preparations’. This supports the 
tentative conclusion reached from other experiments? using 
phosphorus-32, namely, that the crude spermatozoa 
exudates, particularly from the head of the epididymis, are 
grossly contaminated with the phospholipids of tissue 
debris. - 

Similar investigations were undertaken with ram epididy- 
mal spermatozoa. In three animals the spermatozoal choline 
plasmalogen was higher in spermatozoa obtained from the 
head region than the tail, but the increase was very small 
(mean: head region 44 ug choline plasmalogen/10*® sperma- 
tozoa; tail region 54) compared with that which occurs in 
the rat. In addition, with ram spermatozoa the decrease in 
lecithin and phosphatidyl ethanolamine content between 
head and tail epididymal regions persisted on purification 
of the spermatozoa. (Mean values yg lipid/108 spermato- 
zo% from three analyses of epididymal head and tail 
spermatozoa were 72 and 30, respectively, for lecithin and 
35 and 17 for phosphatidylethanolamine.) Unfortunately, 
individual variations in phospholipid content were large 
and the results are not statistically significant. If the 
observed trend is indeed true, it might reflect on the 
utilization of these phospholipids by spermatozoa during 
their passage through the epididymis; as yet the question 
of substrate for ram spermatozoa during their period of 
maturation in the epididymis remains very much in 
doubt. 

_ As a further check on the purity of epididymal sperma- 
tozoa obtained by centrifuging in a density gradient, a 
ram was injected intravenously with 25 me. of phosphorus- 
32 (inorganic phosphorus) and killed 4 h later. - The 
epididymides were quickly removed and the spermatozoa, 
prepared as outlined. No radioactivity could be detected 
in the individual spermatozoal phospholipids examined 
(that is, lecithin, phosphatidylethanolamine, choline 
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plasmalogen and ethanolamine plasmalogen) whereas in 
the whole epididymal tissue these phospholipids were 
appreciably labelled. These results confirm the histo- 
logical evidence that a substantial purification of opididy- 
mal spermatozoa can be obtained using a simple density 
gradient technique. Furthermore, the failure to detect 
radioactivity in the epididymal spermatozoa phospho- 
lipids agrees with the earlier data of Dawson‘ that there 
was no significant incorporation of injected phosphorus-32 
into spermatozoa phospholipids after the spermatozoa 
had left the testes. 

We thank Dr. T. Gillman and Mr. L. J. Wright, who 
examined, stained and photographed many preparations 
using phase-contrast microscopy. 

R. M. C. Dawson 
T. W. Scorr* 


Biochemistry Department, 
Agricultural Research Council, 
Institute of Animal Physiology, 
Babraham, 
Cambridge. 
* Present address: Thorndike Memorlal Laboratory, Harvard Medical 
Unit, Boston City Hospital, Boston, Mass. 
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Hydroxyproline Biosynthesis : Loss of Hydrogen 
during the Hydroxylation of Proline 


In plants and animals hydroxyproline hydroxyl oxygen 
is derived from the direct fixation of molecular oxygen!-*. 
It was therefore reasonable to propose that the mechanism 
of this oxygen fixation was analogous to those steroid 
hydroxylations which involve displacement of a single 
proton with retention of configuration®-*. One way of 
testing this proposal appeared to be opened by the avail- 
ability of 3-4 tritiated proline. Determination of the 
tritium lost during hydroxylation should indicate the 
number of protons displaced. Two groups of workers 
have recently published the results of their experiments 
with 3—4 °H proline®-”. 

Ebert and Prockop” exposed chick embryo to an inter- 
molecular mixture of carbon-14 and 3-4 tritiated proline, 
isolated proline and hydroxyproline from the acid hydro- 
lysed collagen, and determined *H/*C ratios in these two 
imino-acids. Their results indicated that proline lost 25 
per cent of its tritium during hydroxylation, so they 
concluded that only one hydrogen was lost from proline 
during the conversion. Meister’s group, however, used a 
different method, obtained different results and arrived 
at a different conclusion. Stone and Meister? exposed 
minced guinea pig granulomas to 3-4 tritiated proline, 
and showed an approximately 1:1 relation between 
tritium appearing in hydroxyproline and water. ‘This 
result indicated that proline lost 50 per cent of its tritium 
during conversion to hydroxyproline, so they concluded 
that two hydrogens were lost from proline during tho 
conversion. Recently! I briefly reported the results of 
using 3—4 tritiated proline in three different hydroxylation 
systems, namely, sycamore cell suspension cultures, mouse 
skin, and a ferrous iron, ascorbate, hydrogen peroxide, 
model system*5, Like Ebert and Prockop, I used the 
intermolecular labelling method, but the results of the 
in vivo experiments were similar to those of Meister’s 
group, that is, proline lost approximately 50 per cent of 
its tritium during hydroxylation. 

Proline hydroxylation in a model system. In view of these 
results it was worth while checking the identity of 3-4 
*H-proline, especially the assumption that the catalytic 
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addition of °H, to 3-4 dehydroproline led to a random 
tritium distribution on C3-C4. The model proline hydroxyl- 
ation system provided one approach. An intermolecular 
mixture of carbon-14 and 3-4 *H-proline reacted in the 
model hydroxylation system to give a complex mixture 
of products, (The 3-4 %H-proline used in the model system 
was lot No. 64/191/16 purchased from New England 
Nuclear Corporation. For the in vivo experiments, lot 
No. 46/283/25 gave similar results to those obtained with 
lot No. 64/191/16.) From this mixture 4 trans, 3 trans, 
4 cis, and 3 cis isomers of hydroxyproline were separated 
by a combination of ion exchange chromatography and 
high-voltage papor electrophoresis (details to be published). 
The “C/*H ratio in each isomer isolated is a measure of 
the tritium lost from proline during hydroxylation, and 
it seems reasonable to suppose that the “C/*H ratio also 
indicates the amount of tritium displaced by a hydroxyl 
group. Therefore, if, as seems likely, this reaction involved 
an electrophilic substitution and consequently displace- 
ment with retention of configuration’, then the tritium 
loss for the formation of a given isomer should indicate 
the precise amount of tritium previously present in the 
position now occupied by a hydroxyl] group. 

Preliminary results of this approach (Fig. 1) gave results 
which cannot be interpreted completely at the moment ; 
the total amount of tritium lost from C3-C4 cis and trans 
apparently accounted for only 55 per cent of the tritium 
originally present. Nevertheless the results do allow one 
to question the assumption of a random distribution of 
tritium at C3-C4. If all the tritium of 3-4 *H-proline 
were indeed distributed in the 3—4 trans positions the 50 
per cent 9A loss found for the in vivo hydroxylation 
systems would now be explicable on the basis of a one 
hydrogen loss. 


(4) H (B) H 
a ie 
Pa Se or 
< >| | 
25 25 50 50 
| | Z COOH b | COOH 
25 25 
but found 
Cc H 
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x | 
2 2 Y| 
N | COOH 
3 6 
Fig. 1. Top, theoretical representations of the percentage distribution 


of tritium in 3—4 H proline ; (A) assuming random tritium distribution 

at C8-C4; (8) assuming 2, completely asymmetric distribution of tritium. 

(0) the tritium distribution found by using the model hydro- 
xylation system of Chvapil and Hurych (ref. 14) 


Casting around for other experimental approaches led 
me to consider two possibilities; first, the use of an 
unequivocally labelled proline, and second, the use of 
deuterium oxide. 

Experiments with deuterated glutamic acid. The use of 
unequivocally labelled proline seemed feasible because 
glutamic acid can be prepared labelled with deuterium 
at C4 (ref. 16). This 4 *H-proline glutamic acid could be 
expected to give rise to 4*H-proline (cis and trans labelled), 
and a comparison of deuterium contained in proline and 
hydroxyproline isolated from a suitable system would help 
to decide between a one or two proton loss at C4. 

Sycamore cells grew in the presence of a modified 
White’s medium further supplemented with 4 mg/ml. 
4 *H-glutamic acid (13-9 atom per cent excess deuterium). 
After 14 days the cells were collected by filtration, washed 
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thoroughly with ethanol, and pure proline and hydroxy- 
proline were isolated from the hydrolysates as previously 
described‘ and analysed for deuterium (analyses per- 
formed by the Analytica Corp.). The results (Table 1) 
show that the conversion of proline to hydroxyproline 
involved the loss of 44 per cent of the deuterium. Thus 
proline lost only one hydrogen from O4 during hydroxyl- 
ation. 


Table 1. CONVERSION OF 4 *H-GLUTAMATE TO PROLINE AND HYDROKYPKO- 
LINE BY SYCAMORE CELLS 


Deuterium atom % 


excess 
Found Expected* 
Glutamic acid 13-9 — 
Proline 3°56 — 
Hydroxyproline 2-00 1-78 


* Calculated on the basis of a 50% deuterium loss from proline during 
hydroxylation. 


Experiments with deuterium oxide. If proline hydroxyl- 
ation involves the loss of 2 hydrogens it is likely, but 
not necessary, that one of these would be replaced by 
deuterium if the reaction occurred in the presence of 
deuterium oxide. Therefore, sycamore cells were grown 
in a closed system‘ containing 10 or 20 per cent deuterium 
oxide, and the usual medium with proline added to swamp 
endogenous proline production. The first two experiments 
(Table 2) show extensive incorporation of deuterium into 
both proline and hydroxyproline isolated from acid hydro- 
lysates of ethanol-washed cells. But when the cells grew 
in a medium containing a relatively large amount of 
proline (8 mg/ml.) (Table 2) deuterium incorporation into 
proline and hydroxyproline was negligible. This result is 
consistent with the conclusion that only one hydrogen is 
lost during hydroxylation. 


Table 2. PROLINE HYDROXYLATION BY SYOAMORE CELLS GROWN IN 


DEUTERIUM OXIDE 
Exp. 1 Exp. 2 Exp. 3 

Deuterium oxide concentration 20% 20% 10% 
Proline ‘swamp’ concentration (mg/ml.) 0:28 0-28 8 
Atom % excess deuterium in isolated 

proline 75 8-32 0-185 
Atom % excess deuterium in isolated 

hydroxyproline 6-9 738 D172 
Theoretical atom % excess deuterium 

be expected for one deuteron 
taken up/mole hydroxyproline 
synthesized 2-2 2-2 LL 


It may be concluded that the fixation of oxygen in- 
volved in proline hydroxylation leads to the loss of only 
one hydrogen from proline; and this single proton dis- 
placement probably occurs by a reaction mechanism which 
leads to a retention of configuration. 

I thank Dr. Joseph Varner for his advice. This work 
was supported in part by U.S. National Institutes of 
Health grant A-5708 and U.S. Atomic Energy Com- 
mission contract A'(30-1)-3150. 


DEREK. T. A. Lamporr 
RIAS, Baltimore 12, Maryland. 
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Effects of 4-Benzyloxy-3,5-diiodo-benzoic 
Atid on the Oxidative Phosphorylation 
of Isolated Mitochondria 


We have investigated the influence of 4-benzyloxy-3,5- 
diiodo-benzoic acid (BIBA) on the oxidative phosphoryl- 
ation of isolated rat liver mitochondria. The work con- 
tinues previous investigations from our laboratory 
regarding the effects of chlorpromazine’, librium’, 1-3,5,3’- 
triiodo-thyronine®* on the oxidative phosphorylation of 
liver and tumour mitochondria. BIBA is known as a 
competitive antagonist to thyroxine and structurally 
related compounds’. Brody* suggests that this substance 
uncouples the oxidative phosphorylation in a similar way 
to 2,4-dinitrophenol (DNP) or barbiturates. Studying 
the mode of action on mitochondria BIBA was compared 
with amytal, which is a specific inhibitor at the flavo- 
protein site of the mitochondrial DPNH-cytochrome c~ 
reductase system’. Evidence is given here that BIBA 
uncouples phosphorylation from respiration in isolated 
liver mitochondria, and we have tried to find the site of 
action of this uncoupling agent. 

BIBA was synthesized according to the method de- 
scribed by Frieden and Winzler’. Since the compound is 
almost insoluble in water, it could be used only in declared 
concentrations. The substance was dissolved in glycerol/ 
water (1 : 1), adjusting the pH to 7-4 by the dropwise 
addition of 10 M potassium hydroxide. The 
experiments were performed with liver 
mitochondria prepared from Sprague— j 
Dawley rats according to the method de- 10 
scribed by Ernster and Léw*®. Consump- Ds 
tion of oxygen was measured in a conven- 
tional Warburg apparatus; orthophosphate 
was determined by the colorimetric method 
adapted from Fiske and Subbarow?®. 

For determining the swelling effect, liver 
mitochondria were isolated in 0-30 M 
sucrose’ (by the method of Lehninger! 
mitochondria were isolated in 0-25 M 
sucrose without addition), washed twice 
and incubated at 21 + 1° C in 2-3 mi. of 
0-30 M sucrose containing 0-02 M tris-buffer 
(pH. 7-4) so that the O.D.,.. of the fresh 
suspension amounted to at least 0-500- 
1:000. The stock suspension was used 
within 2 h after preparation. The decrease 
in the optical density of such a suspension 
was taken as a ratio of swelling. 8 

Our experiments showed that BIBA 5 x 
10-5 M could induce swelling in a moderate 
degree (Fig. la). Swelling could be pre- 
vented completely by 2 x 10- M ethylene- 
diaminetetraacetic acid (EDTA)? (Fig. 1b). 
Lehninger!! has shown that mitochondrial 
swelling produced by various agents in 
potassium chloride/tris-buffer medium, but 
not in 0-3 M sucrose, could be reversed by 
adenosine triphosphate and magnesium. 
In buffered potassium chloride medium 
swelling induced by BIBA was reversed 
partially by adenosine triphosphate and 
magnesium ions (Fig. 1d). We measured a 
slight reversal by addition of adenosine 
triphosphate and magnesium ions in a 
medium containing 0-3 M sucrose/0-:02 M 
tris-buffer. Only a slight increase of extinc- 
tion by adenosine triphosphate and mag- 
nesium was observed. At H = 0-558 the 
curve had a maximum and sloped then 
slightly to E = 0-516 (Fig. le). 0 

Table 1 shows the effect of varying con- 
centrations of BIBA on uptake of oxygen, 
respiratory control and phosphorus/oxygen 
ratio supported by succinate, «-keto- 
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Table 1. EFFEOT OF BIBA ON UPTAKE OF OXYGEN, RESPIRATORY CONTROL 
AND PHOSPHORUS/OXYGEN RATIO OF LIVER MITOCHONDRIA 


Uptake of Respiratory 
Substrate BIBA oxygen control Po 

Qf) (u atoms) (u atoms O) 
Succinate 0 4:27 3-15 1:88 
Succinate id 3-90 4°24 1:37 
Succinate 10 4°28 3°69 1-10 
Succinate 5 x 10° 3-60 2-51 0-87 

Succinate 104 3-59 2°37 9 

a-Ketoglutarate 0 7-27 1:72 259 
a-Ketoglutarate 10+ 5°65 0-67 254 
a-Ketogiutarato 10 555 1-23 2:18 
a-Ketoglutarate 5 x 104 5-50 071 0-77 
a-Ketoglutarato 107+ 4°86 0°52 O13 
Glutamate 0 9-25 141 2-44 
Glutamate 10+ 6°38 1:23 1-78 
Glutamate 10° 7:83 117 1-90 
Glutamate 5 x 10¢ 781 0-16 135 
Glutamate 10+ 3°50 0-25 0-81 


The medium of Warburg vessels consisted of tris-buffer 0°02 M, pH 7:4: 
orthophosphate 0°02 M, pH 7:4; potassium chloride 0-020 M; esium 
chloride 0-008 M; glucose 0'025 M; substrate 0-01 M; adenosine tri- 
phosphate 0'001 M; hexokinase 200 M.K.E. and sucrose 0-050 M. Each 
vessel contained mitochondria from 200 mg wet-weight tissue. Respiratory” 
control without adenosine triphosphate and hexokinase. Final volume 1 ml.; 
centre well 0-1 ml. potassium hydroxide 4 M; gas phase air; temperuture 
30°C; duration of experiments 15 min. 


glutarate and glutamate as substrates. BIBA causes an 
almost complete inhibition of phosphorylation at a con- 
centration of about 10-4 M, and simultaneously e slight 
inhibition of respiration. The decrease of phosphorus/ 
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Fig. la-d. Effect of BIBA 5 x 10 M on swelling of liver mitochondria. a, Swelling 
induced by BIBA; b, prevention of swelling by EDTA; ¢ and d, reversal of swelling. 
Swelling medium 1a-~c contained 0:30 M sucrose; 0:02 M tris-buffer pH 7:4, or d 0-125 M 
potassium chloride; 


0-02 M éris-buffer pH 7-4. Swelling was measured in cuvettes 
d = 1 om at 520 mu at room temperature 
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Tablo 2. Errscr of BIBA ON THE DNP-sTIXULATHD ADENOSINE 
TRIPHOSPHATASE 
- pmoles 
Additions BIBA inorganic phosphate 
(M) liberated 
0 1:86 
: 10-8 -84 
5 x 10% 1-35 
10-+ 0-34 
Amytal 107 M 1-66 
Amytal 10 Mf 10" 1:32 
Amytal 10° M 6 x 10 0-86 
Amytal 107 M 10~ 0 


Each tube contained mitochondria from 100 mg liver, wet-weight tissue; 
adenosine triphosphate 5 x 10° M; tris-buffer 2 x 10 M, Di 74, and 
DNP 104 M in 0-25 M sucrose. Final volumo 1 ml.; temperature 80° C; 
duration of experiments 20 min. 


oxygen ratio and the partial inhibition of respiration are 
found with diphosphopyridine nucleotide (DPN)-linked 
substrates as glutamate and «-ketoglutarate and with 
DPN-independent succinate. Adding BIBA in higher 
concentrations (5 x 10- and 10-* M), the decrease of 
oxygen consumption and of the values for the respiratory 
control is—as expected—more marked with the DPN- 
linked substrates than with the DPN-independent suc- 
cinate. An indication that BIBA acts primarily as an 
uncoupling agent emerges from the fact, as shown in 
Table 1, that like dinitrophenol it is able to induce a high 
rate of respiration in mitochondria that have been 
incubated in the absence of hexokinase and of a phosphate 
acceptor}, 

Table 2 shows the activities of the DNP-stimulated 
adenosine triphosphatase with various concentrations of 
BIBA. BIBA caused a marked inhibition of the DNP- 
stimulated adenosine triphosphatase. Previously it had 
been found that amytel exerted an inhibition on the 
DNP-stimulated adenosine triphosphatase. In the 
presence of amytal and of high concentrations of BIBA 
an almost complete depression of DNP-stimulated 
adenosine triphosphatase was observed (Table 2). BIBA 
seems to inhibit the redox reactions at the flavoprotein in a 
similar manner to amytal. 

From our results it is likely that BIBA reduces the 
synthesis of high-energy phosphates which accompany the 
transfer of hydrogen ions from DPNH to flavoprotein as 
well as the succinate-linked phosphorylation steps between 
cytochrome b and cytochrome oxidase. 

Further biochemical and biological effects of BIBA, for 
example, its influence on the oxidative phosphorylation of 
tumour mitochondria and on tumour growth, are being 
investigated. 

We thank Dr. H.-J. Altenbrunn, Dr. E. Heise and Dr. 
G. Krause and others, Berlin-Buch, for their advice. 
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Selenium Content of Fresh Eggs 


` . 

In a recent communication, Taussky et al. reported o» 
the selenium content of fresh eggs from normal ane 
dystrophic chickens!. A finding of considerable interes 
in their work was that yolk, although comprising onl» 
about one-third of the weight of the whole egg, containet 
most of the selenium in comparison with the white. 

Evidence from a number of investigations conductec 
by us and others in the past ten years or so, summarize 
elsewhere*3, has indicated that the trace element selenium 
appears to be a factor responsible for increasing the 
susceptibility to dental caries. In one of these investiga- 
tions, we reported on the selenium content of eggs, milk, 
and water collected from different farms located in the 
counties of Jackson and Josephine in the state of Oregon‘. 
This was done in order to explain the high urinary 
selenium concentration and high prevalence of dental 
caries observed among the children in these two counties 
of Oregon’. 

Selenium was determined by a method previously 
described’. It was found that whole eggs contained 
appreciable amounts of selenium. Furthermore, we 
reported that determinations of selenium were made 
separately for the yolk and the white’. The results of 9 
samples of eggs revealed the following mean concentration 
of selenium, in p.p.m. and standard error of the mean: 
yolk, 0-324 + 0-039, and white, 0-051 + 0-029. This is a 
ratio of 6-3 and shows that most of the selenium in the egg 
is concentrated in the yolk. Thus the work of Taussky 
and associates! corroborates our previous findings. 
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PHYSIOLOGY 


Habituation of the Response to Sensory 
Stimuli of Neurones in the Brain Stem of 
Rabbits 


In the course of an analysis of the activity of neurones 
in the brain stem of rabbits we have recorded the discharge 
of a number of units which respond in an interesting way 
to sensory stimulation. 

Each animal was anesthetized with a 20 per cent 
solution of urethane (7-5 c.c./kg) administered intraven- 
ously. To this solution was added 1 c.c. (60 mg) of 
pentobarbital sodium. Additional doses of urethane were 
administered when necessary by the intraperitoneal route. 
Tho animal was mounted in a stereotaxic instrument- and 
a hole drilled in the skull over the left superior colliculus. 
The hole was plugged with a 4 per cent solution of agar to 
reduce pulsation of the brain. The upper lid of the right 
eye was retracted, the pupil dilated with a few drops of 
10 per cent solution of phenylephrine hydrochloride and a 
contact lens fitted to prevent clouding of the cornea. The 
eye was refracted and the appropriate correcting lens 
placed in front of the eye. The brain stem in the region of 
the superior colliculus was then explored with stainless steel 
microelectrodes. During the course of at least one penetra- 
tion a current was passed through the electrode and iron 
particles thereby deposited in the tissue surrounding the 
electrode tip. At the end of the experiment, the animal 
was perfused with normal saline and then with a solution 
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Fig. 1. 
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Unit recorded from brain stem, deep to superior colliculus, of an 
anesthetized rabbit. Tones in a series presented approximately once every 
1-5 sec. Record 15 shows fifteenth response to a series of 1,000-c/s tones. 


297 


approximately 0-5 sec was used as stimulus in all 
records shown in Fig. 1 except the bottom right- 
hand record. Prior to record 1 no acoustic 
stimulus had been presented for 5 min. There- 
after a series of tone pips was delivered at the 
rate of approximately one pip every 1+5 sec. The 
response to the first pip (record 1) was brisk; but 
the response gradually became less vigorous 
with successive presentations of the stimulus. 
The responses to stimuli numbers 3, 5, 8, 12 and 
28 of the tonal series are shown in the corres- 
pondingly numbered records of Fig. 1. 
This attenuation of the response to a brief 
stimulus, as a result of repeated presentation of 
_the stimulus, is unlikely to result from adapta- 
‘tion of the sense receptors, since adaptation is 
manifest as a decline in the frequency of dis- 
charge to a maintained sensory stimulus’. An 
appropriate term, though a descriptive one, 
is habituation, which refers to the waning of a 
response as a result of repeated stimulation®. 
Such behaviour probably represents, at the level 
of a single cell, a simple form of learning. , 
If, after the response has weakened in this 
way, the stimulus is withdrawn for some time 
and then re-presented, a response may usually 
be elicited once again. Such recovery by time 
: lapse is illustrated in Fig. 1. Prior to the 5 min 
g pause which preceded the series of stimuli of 
which record 1 was the first, the unit had beon 
exposed to a series of 1,000-c/s tone pips similar 


Between records 15 and 1 there was a pause of 5 min during which no 
stimulus was presented. When 1,000-c/s tone was delivered after this 
pause, there was a marked recovery of response, which gradually attenuated 
with successive presentations of the stimulus. Records 1, 3, 5, 8, 12 and 28 
show responses to correspondingly numbered tones in series, After the 
twenty-eighth presentation of the 1,000-c/s tone a 1,500-c/s tone was 
substituted without interrupting the temporal rhythm of the presentations. 
Unit responded vigorously to the novel stimulus (record 29). Scale, 0-5 sec 


r 


to that described here. By the fifteenth presen- 
tation, which is illustrated in Fig. 1, record 15, 
the unit appeared no longer to be driven by the 
stimulus. Following a 5-min pause the stimulus 
was re-presented and the unit gave a brisk 
discharge when the tone was sounded (Fig. 1, 


of potassium ferrocyanide in formol saline which produced 
@ prussian blue reaction with the ferrous compounds 
present in the region where the electrode tip had been 
_-when the current was passed. The brains were then 
sectioned and the lesion easily identified histologically. 
All experiments were conducted under photopic conditions. 

In the course of a penetration, units were detected 
either by the presence of ‘spontaneous’ activity, or because 
they responded to the beam of light from a hand torch 
which was waved across the field of vision at irregular 
intervals. Once a unit had been detected, a variety of 
stimuli (visual, auditory and tactile) were used to test its 
responsiveness. Acoustic stimuli were generated by an 
audio-frequency generator, a klaxon horn, plastic pea 
whistle, and by coins shaken in a glass container. In 
addition, it was often found necessary to present clicks, 
to clap hands and to imitate sounds of various animals in 
order to demonstrate responsiveness to acoustic stimuli. 
The tactile stimulus consisted of air blown over the surface 
of the body. 

Forty units were examined. Of these, 25 responded to 
at least one of the three classes of stimuli. A unit was 
considered to have respended to a stimulus if it was 
provoked into activity by the stimulus, or if the stimulus 
led to a change in its ‘spontaneous’ rate of firing, detected 
by watching the unit on the oscilloscope screen or listening 
to its discharge on a loudspeaker. 

When a stimulus had been found which activated the 
unit, repetitive presentation of the stimulus at the rate of 
approximately 1 every 2 sec was frequently associated with 
@ gradual attenuation of the response. The behaviour of 
such a unit is illustrated in Fig. 1 (the larger of the two 
units present on the records). In the experiment from 
which these records were taken, a tone with a frequency of 
1,000 cjs, an intensity at the ear of approximately 
84 db. (reference 0-0002 dyne em-*) and duration of 


record 1). 

As a general rule the magnitude of the response to the 
first stimulus following a pause, and the number of stimuli 
required before the cell ceased to respond, were dependent 
on the duration of the period during which no stimulus was 
presented. A pause of 20 sec or more was sufficient in most 
units to allow a moderately brisk recovery of response. 

When, as a result of repeated presentation of a givon 
stimulus, the response had failed, a cell could be made to 
respond to another stimulus to which it was sensitive. Tho 
unit illustrated in Fig. 1 shows this property. By the 
twenty-eighth stimulus the unit responded barely, if at 
all, to the 1,000-c/s tone (record 28). A 1,500-c/s tone 
was then substituted without interrupting the rhythm 
of stimulus presentation (to avoid the risk of recovery of 
responsiveness by time lapse). The unit gave its maximum 
response (record, 29) to the novel stimulus (though the 
response to the 1,500-c/s tone could also be attenuated by 
repeated presentation). Thus, failure to respond to the 
1,000-c/s tone cannot be attributed to inhibition or to 
‘fatigue’ of the recorded unit; the pathway to this unit for 
one stimulus was closed, that for the other open. 

If a stimulus was presented many times we were often 
unable to make the unit respond even after a rest from 
stimulation of many minutes. Furthermore, during the 
course of one experiment, fewer cells responded to stimuli 
which had been used repeatedly during the day. For these 
reasons we were forced to enlarge our repertoire of stimuli 
and include such unconventional ones as are described in 
the third paragraph here. 

We would like to emphasize that the behaviour which 
we have described was not uncommon and occurred in 
23 of the 25 units which responded to a sensory stimulus. 
In addition, it is of some interest that all the animals wero 
anzsthetized. 

Of those units which responded to stimuli presented to 
more than one sensory modality, it was sometimes possible 
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to demonstrate selective habituation; that is, habituation 
of the response of a unit toʻa stimulus delivered through 
one sensory modality and persistence of the response to a 
stimulus delivered through another sensory modality. 

Whether the behaviour of these cells is similar to the 
behaviour of the ‘attention’ units described by Hubel 
et al.3, and Huttenlocher‘ in the conscious cat, is not clear. 

This work was supported by a grant from the Medical 
Research Council to G. H. and a U.S. National Institutes 
of Health grant B3843 to R. M. H. 
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Action of Aldosterone on the Bladder and 
Skin of the Toad 


ALDOSTERONE stimulates the active transport of sodium 
across the isolated urinary bladder and ventral skin of the 
toad (Bufo marinus), after treatment of tho animal with 
the hormone and incubation of these membranes in its 
presence!-?, With the toad bladder an interval of 1 h 
approximately elapses at room temperature between 
addition of aldosterone to the incubation fluid and the 
first noticeable increase in sodium transport, regardless of 
the concentration of the steroid. Yet, the amounts of 
aldosterone fixed on the bladder tissue exceeded medium 
concentrations after 15 min incubation®. It was, there- 
fore, proposed that aldosterone exerts its influence on the 
process under study via the stimulation of synthesis of a 
substance involved in the active transport of sodium. In 
view of the growing body of information pointing at a close 
relationship between protein synthesis and hormonal 
steroid action? * it was thought that aldosterone might 
exert its action on this metabolic pathway. Investigations 
were, therefore, made with antibiotics characterized by 
their inhibiting properties on definite steps of protein 
synthesis. ‘Puromycin’ is at present considered as block- 
ing ribosomal elaboration of proteins®, while actinomycin D 
presumably acts in the cell nucleus on the DNA-dependent 
synthesis of RNA”8, 

In the first series of experiments, 18 toads maintained in 
water for a few days were given aldosterone, as dl-21- 
acetate dissolved in 0-05 ml. ethanol diluted to 0-25 ml. 
with frog Ringer solution, in one subcutaneous dose of 
50 pg administered 4 h before death. One-third of the 
animals received in addition 20 mg puromycin dihydro- 
chloride in 2 injections given 4 and 2 h before death; in 
another 6 toads 50 ug actinomycin D were injected instead, 
5 and again’ 2-5 h before death. Both substances were 
administered dissolved in 0-5 ml. frog Ringer. After 
pithing, both bladder halves of cach toad as well as 2 
symmetrical fragments of the ventral skin were quickly 
dissected and mounted between conical ‘Lucite’ chambers 
(inner diam., 20 mm) with both surfaces immersed in 
aerated frog Ringer fluid. Short-circuit current, taken as a 
reflexion of active sodium transport, was measured 
according to Ussing and Zerahn® at 15~30-min intervals, 


Table 1. EFFECTS OF INJECTIONS OF ALDOSTERONE, WITH OR WITHOUT 
‘PUROMYCIN’ AND ACTINOMYCIN D, ON SODIUM TRANSPORT (uAMP + S.E.) 
AOROSS TOAD BLADDER AND SKIN 


Treatment of the animals Urinary bladder Ventral skin 
None* 66:0 + 2-0 1251 + 4 
Aldosterone 98-6 + 6:0 187:3 + 86 
Aldosterone + ‘Puromycin’ 34:9 + 1:8 70:0 + 12-1 
Aldosterone + actinomycin D T1447 119-8 + 8&4 


* Results obtained on 80 hemibladders and 20 fragments of skin. 
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for 3 h in the case of the bladders, for 1 h with the skins. 
The results are summarized in Table 1, where they are 
compared with results obtained with membranes from 
untreated animals. 

The injection of aldosterone into the toad 4 h prior to 
incubation brought about a 50 per cent increase in the 
activity of bladder and skin. When the animal was 
treated concomitantly with ‘Puromycin’ or actinomycin D, 
the hormonal effect was abolished. With the former 
antibiotic there actually was a sizeable depression of the, 
activity of the membranes, whereas actinomycin D 
merely blocked the influence of aldosterone. From com- 
plementary investigations with actinomycin D injected 
alone into 6 additional toads, it appears that bladder and 
skin activities (58-7 + 3-7 and 113-3 + 6-0 uamp, respec- 
tively) were scarcely different from those of membranes 
from untreated animals. 

In a subsequent series of experiments, the in vitro effect 
of aldosterone on active sodium transport was studied in 
the presence of these antibiotics. Thirty animals, main- 
tained in water, were used. One membrane of each pair 
of bladder and skin halves only was exposed to 10-5 M 
d-aldosterone. 

Ten paired incubations were carricd out in the presence 
of x 10- M ‘Puromycin’; as many incubations were 
conducted in the presence of 10-§ M actinomycin D. All 
substances were added to the incubation fluid on the 
serosal, or inner, side of the membranes at the beginning 
of the experiments, which lasted 3-5 h in the case of the 
bladders, 14-18 h for the skins. Short-circuit current 
values during the first and the last hours of incubations 
were averaged for each group of membranes (Table 2). In 
the absence of the antibiotics, the effect of aldosterone 
amounted to a 50 per cent increase in activity of treated 
bladders and skins at the end of incubation; stimulation 
was supprossed by ‘Puromycin’ and actinomycin D; as 
was the case here, the latter substance seemed devoid of 
toxicity. On the other hand, the activity of membranes 
exposed to ‘Puromycin’ was reduced; furthermore, their 
responsiveness to Vasopressin was decreased, by 25 per 
cent on the average. 

Table 2. EFFECTS OF ALDOSTERONE ON SODIUM TRANSPORT (vA + S.E.) 


BY ToaD BLADDER AND SKIN INCUBATED IN THE PRESENOE OP ‘PURO- 
MYOIN’ AND AOTINOMYOIN D 


Treatment of Urinary bladder Ventral skin 

the membranes First hour Last hour First hour Last hour 
None TLS + 7-2 63-7 + 56 107-4 + O1 594 + 4:8 
+ aldosterone 75:5 + 8-2 101-4 + 11-7 118-9 + 87 84:0 + 7-5 
‘Puromycin’ 42:8 + 6-3 86-9 + 64 17-3 + 11 
+ aldosterone 44-0 + 60 31-6 + 2:3 20-2 + 3-1 
Actinomycin D 65°6 + 8-2 852+ 80 125-6 + 71 41:6 + 57 
+ aldosterone 59-1 + 9-2 81-4 + 10-0 126-1 + 7-9 43-4 + 5-9 


There is evidence that in rat cortisol acts on the 
liver cells with an increased synthesis of nuclear RNA. 
ensuing!*,11, That the mechanism of action of aldosterone 
on the epithelial cells of toad bladder and skin might woll 
be analogous is suggested by the clear-cut influence of 
actinomycin D, which completely suppressed the aldo- 
sterone influence on active sodium transport without 
altering the baseline activity of these preparations. The 
inhibition observed with ‘Puromycin’ is less demonstrative 
because of the depression of baseline activity resulting 
from its use. This, incidentally, might mean that the 
protein turnover rate in these membranes is far from 
negligible. 

The results presented here are in keeping with some of 
the conclusions recently formulated by Edelman et al.?*. 
It has been established, however, that aldosterone in- 
creases the permeability of the mucosal border of the 
epithelial cells of the toad bladder for sodium?*; more 
recent experiments indicate that the stimulation of active 
sodium transport by aldosterone in this tissue is accounted 
for entirely by the increased availability of sodium reach- 
ing the ‘pump’ located at the serosal border of these cells. 
Aldosterone could thus be conceived as stimulating the 
synthesis of some fraction of nuclear RNA, which after 
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migration inté the cytoplasm would induce the ribosomes 
of the epithelial cells of toad urinary bladder and ventral 
skin to synthesize more of that ‘carrier’ on which admis- 
sion of sodium to the ‘pump’, through the outer border 
of the cell, depends. _ 

This work was supported by the Fonds de la Recherche 
Scientifique Médicale Belge (grant 344). Aldosterone 
was kindly provided by Ciba, Basle, Switzerland, and 
actinomycin D by Mr. H. D. Brown, Merck, Sharp and 
Dohme, Rahway, N.J. Bufo marinus was made available 
thanks to the generous assistance of Mr. D. R. Fischer, 
Warner Lab., Rio de Janeiro, Brazil, and of the Ministry 
of Foreign Affairs of Belgium. 
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—Abolition of Post-tetanic Potentiation 


Post-reTanic potentiation of synaptic potentials is 
usually attributed to a post-tetanic hyperpolarization of 
nerve terminals which causes the presynaptic action 
potentials to be larger in amplitude and more effective in 
transmission!. Primary potentiation can be detected after 
even one impulse and has been attributed to a mobilization 
of transmitter so that more is available for release?. It 
would be predicted, therefore, that abolition of post-tetanic 
hyperpolarization should concomitantly abolish post- 
tetanic potentiation but leave primary potentiation 
untouched. In the present investigation drugs known to 
abolish post-tetanic hyperpolarization in peripheral nerve 
fibres* have been added to the fluid bathing rat-diaphragm 
phrenic nerve preparations in vitro. 

End-plate potentials were intracellularly recorded with 
glass microelectrodes filed with 3 M potassium chloride in 
all experiments. The method of mounting the preparation, 
the bathing solution and the recording technique have 
been previously described‘. Neuromuscular transmission 
was blocked by raising the magnesium concentration of 
the bathing solution to 14 mM. The temperature of the 
solution was 35° C. The experiments followed a standard 
pattern, stimulation being at one-sec intervals before and 
after a tetanus of 1,000 impulses at 100/sec. During the 
tetanus the end-plate potential traces were made faint and 
superimposed so that only the average amplitude reached 
during the tetanus was recorded. Preparations in which 
there was any failure of end-plate potential response 
during the tetanus were discarded. 

Antimycin A (‘Calbiochem’), added to the bathing 
solution in a concentration of only 1-8 x 10-6 M, was a very 
effective means of abolishing the post-tetanic potentiation 
(Fig. 1). In Fig. 1 the black segments show the increase 
in end-plate potential amplitude during the tetanus. After 
the tetanus the end-plate potential amplitudes, were 
averaged over 20-sec periods and are shown in the graph 
as histograms of height proportional to the average 
pre-tetanic end-plate potential amplitude. In the control 
solution (Fig. LA) there was a three-fold increase in end- 
plate potential amplitude during the tetanus, followed by 
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Fig. 1. Abolition of post-tetanic potentiation by 18 x 10* M anti- 
mycin A. End-plate potentials were evoked at 1-sec intervals before 
and after a tetanus of 1,000 impulses at 100/sec. The average end-plate 
potential size in 20-sec periods following the tetanus is compared with 
the average pre-tetanic size (dotted line) derived from 60 consecutive 
observations. Post-tetanic potentiation is shown by the black areas 
above the dotted line while the black blocks on the left show the potentia- 
tion of end-plate potential size during the tetanus. Note the reduction 
during the exhibition of antimycin 4 and subsequent gat recovery 
in control solution. Mgt+ 14 mM, 35° 
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a post-tetanic potentiation of end-plate potential ampli- 
tudes lasting some 100 sec. After exhibition of antimyvein 
A for 12 min (Fig. 1B), there was only a two-fold increasc 
in end-plate potential size during the tetanus and there was 
a post-tetanic depression of end-plate potential ampli- 
tudes. After washing for 40 min with the control solution 
(Fig. 10) some recovery had occurred in both the 
potentiation during the tetanus and the post-tetanic 
potentiation, but the effects of antimycin A were, as 
previously described, never completely reversible. 

Similar abolition. of post-tetanic potentiation, but with 
full recovery on washing out, was found with solutions 
containing sodium azide (5 mM) and ‘Digoxin’ (7-7x 
10-§ M). In these experiments, too, there was some 
reversible reduction in the potentiation of end-plate 
potential amplitudes during the tetanus. 

Testing of motor nerve terminal excitability by the 
method of Hubbard and Schmidt® has confirmed that 
these drugs reduce or abolish post-tetanic hyperpolariza- 
tion in the terminals as in other peripheral nerve tibres’. 
Strong support is thus afforded for the postulated con- 
nexion between post-tetanic hyperpolarization and 
post-tetanic potentiation. 

The reduction of end-plate potential potentiation during 
the tetanus (Fig. 1B) does not invalidate this conclusion 
but rather strengthens it. It is known that this potentia- 
tion has two components, a rapid initial phase attributed 


, to primary potentiation? and a slowly incrementing phase 
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associated with an increased presynaptic spike potential 
amplitude’. Presumably this latter component is abolished 
together with the post-tetanic potentiation. 

JOHN I. HUBBARD 
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PHARMACOLOGY 


Hypotensive Action of Hydrochlorothiazide 
and Clorexolone in the Conscious 
Normotensive Dog 

Dırurerc drugs of the benzothiadiazide type such as 
chlorothiazide and hydrochlorothiazide will cause a fall 
in both systolic and diastolic blood pressure in some 
cases of hypertension’-*. The mechanism by which these 
diuretic agents produce a fall in blood pressure has not, 
however, been elucidated. Tapia, Dustan, Schneckloth, 
Corcoran and Page® and Dustan, Cumming, Corcoran and 
Page* have suggested that this hypotensive activity is due 
to potassium depletion and a reduction of blood volume. 
In contrast, Hollander, Chabanian and Wilkins? state that 
there must be an additional mechanism as well as the 
effects on electrolyte balance. Possibly one of the reasons 
why the mechanism of hypotensive activity of these drugs 
has not been elucidated is that they do not cause a fall in 
arterial pressure in the anesthetized animal*-!°, For 
example, no hypotensive effect was produced by hydro- 
chlorothiazide in the normal dog under pentobarbitone’ or 
in the neurogenic hypertensive dog under chloralose 
anesthesia’®. We feel, therefore, that it may be of interest 
to report that both hydrochlorothiazide and a new non- 
pbenzothiazide diuretic clorexolone? produce a reduc- 
tion of arterial pressure of the conscious normotensive dog. 


Table 1. MEAN CAROTID PRESSURES OF SIX TRAINED UNANESTHETIZED Doas 
(Presumed normotensive) 


Mean 

Breed Name and sex Weight carotid pressure 

(kg) (mm mercury) 
Labrador Princess 9 80 103-4 + 8 
Whippet Star 6 171+ 6 
Whippet Frederick ¢ 13 1033 + 11 
Whippet Powder 9 83 103-0 + 8 

German short-haired 

ointer Arko é 20-2 1088 + 8 
‘ongrel Maud $ 13-0 1106+ 7 


Figures refer to the mean and standard deviations of control readings 
spread over a period of 4-6 months. 
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The experiments were carried out on a group of six dogs 
of mixed breeds and sex, weighing 8-30 kg, and’ with a 
surgically exteriorized carotid artery. Before any record- 
ings of arterial pressure were taken the animals were 
trained over a period of 2-4 weeks to lie still on a table. 
The blood pressure was recorded by a Statham P23G 
pressure transducer connected to heparinized-saline-filled 
polythene tubing leading to a No. 1 hypodermic needle 
inserted into the exteriorized carotid artery. The electro- 
cardiogram was recorded from lead II derivations. 

Hydrochlorothiazide or clorexolone was administered 
orally in gelatin capsules. On the day of the experiment, 
and before the drug administration, control readings of 
blood pressure and heart rate were obtained from the dog 
for some 15-30 min. The drug was then administered and 
recordings were normally taken at 1, 2, 4, 6 and 18 h 
afterwards. 

Preliminary experiments showed that the insertion of 
the needle into the exteriorized carotid artery did not 
itself affect blood pressure or heart rate, thereby indicating 
that it was not necessary to denervate the carotid sinus. 

Table 1 shows the mean carotid pressures of the six 
trained unanesthetized dogs used in these experiments. 
The mean carotid pressure was calculated as diastolic 
pressure plus one-third pulse pressure and these blood pres- 
sure figures are used throughout this communication. The 
average normal mean carotid pressure shown in Table 1 
was obtained from 10 readings spread over a period of 
4-6 months. The standard deviation for the individual 
dogs is small, and in spite of the variation in weight, sex 
and breed, the blood pressure of the individual dogs is 
remarkably uniform. 

The mean carotid pressure of the six dogs was 106 + 3 
mm mercury. Katz, Friedman, Robbard and Weinstein! 
give a figure of 105 mm mercury for the mean arterial 
pressure of 217 trained normotensive dogs. Zapp! 
quotes 104-7 mm mercury for the mean arterial pressure 
of six trained normotensive dogs. These figures agree 
well with the results obtained in our experiments and indi- 
eate that our animals are in all probability normotensive. 

The effect of 2-5 mg/kg of hydrochlorothiazide or of 
0-5, 2:5 and 25 mg/kg (1 dog) of clorexolone on the mean 
carotid pressure of the conscious normotensive dog is 
summarized in Table 2. Both drugs caused a fall in blood 
pressure and the figures in Table 2 are the lowest recorded 
mean blood pressure together with the time after adminis- 
tration at which this fall occurred and the probability 
(P value) of this reducticn occurring by random samp- 
ling from a normal population of control readings from 
the animal. In no case was this fall preceded by a signifi- 
cant rise in blood pressure. 

It will be seen that following an ore. dose of 0-5 mg/kg of 
clorexolone there was a significant (at 5 per cent level) fall 
in the blood pressure in one of two dogs. Following an 


Table 2. EFFECT OF CLOREXOLONE (M & B 8430) OR HYDROCHLOROTHIAZIDE ON THE MEAN CAROTID PRESSURE OF THE CONSCIOUS NORMOTENSIVE DOG 


















































ee a: ? 
| i Mean carotid pressure , i Heart-rate ! 
! | 6 per cent Control Minimum Time after ‘ Control Rate most 
Drug Oral dose Dog ducial B.P. on mean B.P. administra- on day of maximum | 
(mg/kg) Umits of day of recorded tion for P experiment effect 
controls experi- | (mm mercury) minimam (bts./min) (h) 
l (mm mercury) | ment B.P. (h) 
Clorexolone 05 Maud 96-124 126 119 2 0-16 80 2 
05 Star 95-119 113 99 2 0-01 102 2 
2-5 | Maud 96-124 112 92 1-75 0-001 110 55 
2°5 Powder 87-119 103 98 2 0:3 100 8-5 
25 Frederick 83-123 103 85 B.P. at 2h 0-05 72 See 
recorded only s B.P. | 
25 Princess 87-119 112 98 4 005 124 4 
26 Frederick 83-123 120 92 15 0-01 i 108 15 ! 
25-0 Princess 87-119 | 106 102 15 0-3 | 84 76 1-5 
Hydrochioro- 25 | Arko 92124 j 17 97 8 0-01 124 64 24 
thiazide 2-5 Star i 95-119 j 118 90 6 0-001 118 96 6 
2:5 Arko 92-124 | 102 85 6 0-02 72 63 6 | 
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ressure for each determination is taken as diastolic + one-third pulse pressure. Values of P refer to the probability of obtaining the 


observed fall in blood pressure (B.P.) from random sampling from a normal population of control readings (see Table 1). 
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oral dose of 2°5 mg/kg there was a significant fall in 4 out 
of 5 dogs. Surprisingly, following the 25 mg/kg dose there 
was little or no significant effect on blood pressure although 
a lower dose had produced a significant effect in this 
animal. The significance of this result in only one animal 
is uncertain. 

With hydrochlorothiazide, 2-5 mg/kg orally produced a 
significant fall in blood pressure in all three animals 
examined. It is of note that, whereas clorexolone pro- 
duced its optimum hypotensive response roughly 2 h after 
administration, hydrochlorothiazide had little effect on 
blood pressure at this time interval, and the optimum 
effect on blood pressure occurred 6 h after oral adminis- 
tration. 

The effects on the heart rate are also shown in Table 2. 
In general, both drugs produced a slight bradycardia. 
This normally coincided with the fall in blood pressure. 
It is not known to what extent the bradycardia can be 
related to the hypotensive action. - 

Further experiments designed to elucidate the relation- 
ship between effect on ionic excretion and arterial pressure 
in the conscious animal are in progress. That hydrochloro- 
thiazide can produce a clear-cut hypotensive effect in the 
conscious normotensive dog while higher doses are with- 
out hypotensive effect in the anesthetized normotensive 
and hypertensive dog indicates that the study of the 
mechanism of hypotensive action of the benzothiazide 
diuretics may require the ‘use of unanesthetized animals. 
Furthermore, the constancy of the normal arterial pressure 
of a group of trained conscious dogs provides a sensitive 
means of detecting changes in blood pressure produced 
by drugs. k 
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- HÆMATOLOGY 


Autoprothrombin C from a Commercial 
Thrombin Product 


Tue thromboplastic enzyme, autoprothrombin Q, is a 
material of special importance to investigators whose 
interests are concerned with blood coagulation. The term 
‘autoprothrombin O’ was given to this substance by 
Kowarzyk and Marciniak! to account for the property of 
some thrombin preparations to promote prothrombin 
consumption in hemophilia plasma. Later, Marciniak and 
Seegers? were able to obtain autoprothrombin C from 
purified prothrombin preparations, the autoprothrombin 
C generating simultaneously with thrombin in 25 per cent 
sodium citrate solutions. Seegers et al.3 then purified 
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autoprothrombin O and documented some of its physio- 
chemical properties. 

Other thromboplastic intermediates which share a 
common property with autoprothrombin C of requiring 
calcium ions, phosphatides and Factor V for prothrombin 
conversion activity are Product I and active Factor X. 
Spaet and Cintron‘ recently compared the properties of 
autoprothrombin C, Product I and Stypven-activated 
Factor X and believe that they represent similar if not 
identical substances. 

We have found Parke, Davis and Co. “Thrombin Topical’ 
of bovine origin to be a good source of autoprothrombin C. 
Applying the method already used for the purification of 
autoprothrombin C from activated purified prothrombin’, 
we were able to separate autoprothrombin C from com- 
mercial thrombin preparations. The contents of 4 vials 
of ‘Thrombin Topical’ (5,000 N.I.H. u/vial) were com- 
bined and dissolved in 5 ml. 0-05 M sodium phosphate 
buffer, pH 7-0. This was dialysed for 4 h in the cold 
against 4-250 ml. volumes of the same buffer. The 
dialysed sample was then clarified by centrifugation in the 
cold for 10 min at 2,000 rp.m. The supernatant was 
applied to a 5-g DEAE-cellulose column equilibrated 
with 0-05 M sodium phosphate buffer, pH 7:0. The 
column was prepared and developed as previously de- 
scribed’ except the volumes of 0-05 M pH 7-0 and 0-1 pH 
7-8 sodium phosphate buffers were increased by about 
20 per cent to ensure removal of contaminants which are 
present in higher amounts in the commercial thrombin 
products. The autoprothrombin C was then eluted with 
0-4 pH 8-2 sodium phosphate buffer. The thrombin and 
autoprothrombin C peaks were then concontrated as 
described®. The final medium for autoprothrombin C and 
for thrombin was 6 ml. and 8 mi. of 50 per cent glycerol- 
saline, respectively. The autoprothrombin C preparation 
described here was capable of activating purified pro- 
thrombin only in the presence of calcium ions, phosphat- 
ides, and a source of Factor V. 

Three separate lots of ‘Thrombin Topical’ have been 
chromatographed and assayed using purified bovine 
prothrombin as the substrate’. The specific activity of the 
chromatographed autoprothrombin C products has aver- 
aged 1,360 u/mg tyrosine (range 1,120-1,640) compared 
with the specific activity of the thrombin topical, 187 auto- 
prothrombin u/mg tyrosine (154-220). This can be com- 
pared with the range of specific activities of autoprothrom. 
bin C products obtained from activated preparations 
of purified bovine prothrombin, 2,140-4,300 vu/mg 
tyrosine*. In addition to this information, we have other 
reasons for believing that the autoprothrombin C isolated 
from commercial thrombin products was grossly impure, 
although it was free of thrombin. The thrombin purity 
was increased about 2-fold, from 2,500 Iowa u/mg tyrosine 
to 5,600 Iowa u/mg tyrosine, and the chromatographed 
thrombin was free of autoprothrombin C. 

We assayed one lot of a bovine thrombin preparation 
distributed by the Upjohn Co. and found it to contain 
smaller amounts of autoprothrombin C. A comparison of 
5,000 N.I.H. thrombin unit vials of Parke, Davis and Co. 
‘Thrombin Topical’ and Upjohn Co. thrombin showed. 
that the Parke, Davis and Co. product contained about 
4,200 autoprothrombin C units per vial, while the Upjohn 
Co. thrombin contained only 680 units of autoprothrombin 
C per vial. After chromatography, the autoprothrombin 
C derived from the Upjohn product had a specifie activity 
of only 108 autoprothrombin C units/mg tyrosine. 

It is readily apparent that the use of commercial 
thrombin preparations in blood coagulation investigations 
could result in misleading results due to the inadvertent 
addition. of a powerful procoagulant, autoprothrombin C. 
The results presented here will make it possible to obtain 
both thrombin and autoprothrombin O concentrates which 
are, at least, free of each other. 

This work was supported by the Medical Research and 
Development Board, Office of the Surgeon General, 
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thank Dr. Walter H. Seegers of Wayne State University, 
_ Detroit, Michigan, for the purified bovine prothrombin 
used as substrate in the autoprothrombin C assay. 
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HISTOLOGY 


Activity of D(—)-8-Hydroxybutyric 
Dehydrogenase in Scurvy 


Lirttz is known of the mechanism underlying the 
marked, alterations in the structure and metabolism of 
bones and teeth in scurvy. Various reports indicate that 
protein synthesis (particularly collagen)!, carbohydrate 
metabolism?? and fatty acid metabolism! are impaired. 
Since these processes requiré energy, we have investigated, 
with histochemical methods, the activity of a number of 
dehydrogenases involved. in metabolism. 

- Male Hartley guinea pigs weighing about 200 g were 
fed a -scorbutigenic dietë (purchased from Nutritional 
Biochemicals Corporation, Cleveland, Ohio). Twenty-two 
test animals received the scorbutigenic diet alone and 
nine control animals received the diet and a daily supple- 
ment of 5 mg ascorbic acid. Four separate exporiments 
were done. The animals were killed after 21 days on the 
diet. The test animals were found to be markedly scor- 
butic and resembled the animals described earlier’. A 
right or left side of a mandible and the distal end of a 
femur were removed from each animal and demineralized 
with cold buffered ethylenediamine tetraacetic acid’. The 
specimens were then frozen on a block of carbon dioxide 
ice and sectioned in a cryostat at 12u. Sections were 
placed in appropriate media for the demonstrations of 
succinic, malic, isocitric, ghicose-6-phosphate, 6-phospho- 
gluconate, glutamic, a-glycerophosphate, lactic and 
§-hydroxybutyrate dehydrogenases and DPN- and TPN- 
diaphorases according to methods previously described’. 

Only in sections incubated for the demonstration of 
D(—)-B-hydroxybutyric dehydrogenase was a distinct 
and reproducible effect of scurvy observed. A profound 
depression of »p(—)-6-hydroxybutyric dehydrogenaso 
activity in osteoblasts and odontoblasts was invariably 
seen (Figs. 1 and 2). Levels of p(—)-6-hydroxybutyric 
dehydtogenase activity were assessed by determining the 
minimum, time required for the deposition of a detectable 
quantity of formazan in sections from scorbutic and 
normal animals incubated simultaneously in the same 
media with p(—)-§-hydroxybutyrate, DPN and either 
‘Nitro-BT’ or ‘Tetranitro-BT’ (purchased from Nutritional 
Biochemicals Corporation, Cleveland, Ohio). Whereas 
observable amounts of reduced tetrazolium (formazan) 
were deposited in osteoblasts and odontoblasts within 
15-20 min in sections from control animals, a 2-h incuba- 
tion was required for the deposition of the same amount of 
formazan in these cells in sections from scorbutic animals. 
On the other hand, osteoclasts did not appear to be 
affected by the scorbutic state. Apparently equal quan- 
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Fig. 1. Demineralized section near the apex of a lower molar from a 

normal guinea pig stained for D(—)-6-hydroxybutyric dehydrogenase. 

30 min incubation. Note intense (dark) staining of odontoblasts (0). 
D, Dentin; P, pulp. (x 167) 





Seg TORT 
$ AK To Mami z BA iy 


erie a aa S 
ne aetiee 
sa ars 


Fig. 2. Demineralized section near the apex of a lower molar from a 

guinea pig on a scorbutogenic diet for 21 days stained for D(—)-B- 

hydroxybutyric dehydrogenase. 80 min incubation. Note the de- 

ficiency of enzymatic activity in odontoblasts (0). A comparable de- 

ficiency in osteoblasts, but not in osteoclasts, was also observed. D, 
Dentin; P, pulp. (x 167) 


tities of formazan were deposited in osteoclasts in sections 
from both seorbutic and control animals after 5 min 
incubation. Thus, cells concerned with the formation and 
resorption of mineralized connective tissues are affected 
disparately by vitamin C deficiency. This finding is in 
accord with the progressive bone resorption and lack of 
bone and dentin formation characteristically associated 
with the scorbutic state. Moreover, this appears to be a 
specific result of vitamin C deficiency since only D(—)-B- 
hydroxybutyric dehydrogenase of the several dehydro- 
genases tested was invariably affected. It is possible that 
altered activity of 8-hydroxybutyriec dehydrogenase is an 
important consequence of vitamin C deficiency since 
diminished activity of this enzyme would be expected to 
alter metabolism through various pathways. Further 
experiments are in progress to determine whether or 
not this selective suppression p(—)-B-hydroxybutyrate 
dehydrogenase activity in osteogenic and dentinogenic 
cells is a primary result of vitamin © deficiency. 
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Use of Non-biological Particles in Detecting 
Anti-immune Blood Diseases 


In spite of the many methods for detecting anti-immune 
diseases affecting leucocytes, there is still need for simpler 
and more specific methods. 

From a suspension of leucocytes, prepared by separation 
of the leucocytes in donor blood with saline’, an extract is 
produced. This extract consists mainly of y-globulins. It has 
been proved, by immunoelectrophoretic analysis on serum 
from rabbits, immunized with leucocyte extract, to contain 
antigens specific only to human leucocytes’. Stored in a 
deep-freeze, the leucocyte extracts do not lose their antigen 
strength for months. Acryl particles with a diameter of 
0-5 can be charged with the leucocyte extract by using 
the same technique as when these particles are charged 
with y-globulin for demonstrating RAS factor*4, 

Charging of the particles with leucocyte extract can be 
controlled: by mixing a suspension of particles on a micro- 
scopic slide in room temperature with serum from rabbits 
immunized with leucocyte extract. Then an aggregation 
of the particles takes place within 5 min. The same 
happens in many cases, when the charged particles are 
mixed with inactivated human serum containing anti- 
bodies against leucocytes. It will not happen, however, 
when the serum is free from leucocyte antibodies. When 
aggregation occurs it is always macroscopically visible; 
no intermediate forms of aggregation, visible only under 
microscope, have been seen. The method has so far been 
tested on 43 human sera which contained antibodies 
against leucocytes according to accepted methods’. In 
21 cases the acryl particle test was positive ; in the remain- 
ing it was definitely negative. So the method is not as 
sensitive as the more complicated methods now in use. 
It has been tested, too, against 100 sera from healthy 
blood donors and simultaneously the same particles were 
tested against inactivated serum from rabbits, immunized 
with human leucocyte extract. In all cases the test was 
negative against the blood donor sera and positive against 
the rabbit sera, indicating that the acryl particle method 
gives no false positive results. 

Acryl particles have also been charged with a throm- 
bocyte extract produced in accordance with the leucocyte 
extract. Such particles are aggregating spontaneously. 
This will not happen if the particles are suspended in 
isotonic solution of EDTA when they are charged with 
thrombocyte extract. In three cases aggregation of the 
charged particles was noted when human sera containing 
antibodies against thrombocytes were added. 
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Quantitative Relationships in Viral Oncolysis 
and the Possibility of Artificial Heterogenization 
of Tumours ' 


Sryce the classical papors of Levaditi et af.1? if has 
been shown that most viruses reproduce well in malignant 
tumours although some of them exert rather an oncolytic 
action’, An attempt to use viruses for treatment of 
malignant tumour in human beings has so far proved 
unsuccessful*. However, in this problem the major factors 
are still largely obscure. 


NATURE 


303 


Apart from a certain sensitivity-level of tumour cells to 
viruses at least three factors define viral oncolysis: (1) 
quantitative ratio of viral particles and tumour cells in 
dynamics; (2) production of immunity to viruses: (3) 
selection of tumour colls resistant to the destroying action 
of the virus. : 

The quantitative relationship of viral particles and 
tumour cells in viral oncolysis in vivo was investigated 
under as simplified conditions as possible: different 
quantities of trypsinized cells of mouse tumours (sarcoma 
180, hepatoma C;HA) or rat tumours (sarcoma M-I and 
Walker sarcoma) were mixed in vitro with various dilutions 
of the vaccinia virus or of the virus of lymphogranuloma 
inguinale and exposed for 15 min to 22°. Afterwards 
large amounts of the virus-treated cells (5 x 105-2 x 108) 
were administered to mice and rats respectively while 
control animals received equal numbers of non-treated 
cells. 

With a ratio in the inoculum of 0-5-5 vaccinia pock- 
forming units per tumour cell neither of four tumours 
tested developed as against 100 per cent development in 
the control. 0-2-2 pock-forming units caused oncolysis of 
sarcoma 180 in half of the animals while lesser doses caused 
no oncolysis. Frequently such doses caused stimulation of 
tumour growth (occurrence of the infected tumours in- 
creased, as well as their weight). The virus of the lympho- 
granuloma inguinale previously regarded as non-onco- 
lytic? at a ratio of 0-1-1 brain mouse LD,, or more per one 
tumour cell likewise elicited complete oncolysis of the 
sarcoma 180. B 

Preliminary active or adoptive immunization of animals 
against the virus eliminated the oncolytic effect of even 
very large viral doses (102-10? pock-forming units per l 
tumour cell). Growth-stimulating action of tumours by 
vaccinia virus is frequently apparent under these con- 
ditions!. i 

In the next experiments the lymphatic cells of twice 
intensively vaccinia-immunized mice Cs, were administered 
to a group of mice of the samo strain (10° cells intra- 
peritoneally and 10+ intravenously per mouse). The 
control mice were treated with similar numbers of non- 
immune lymphatic cells. On tho next day mico of both 
groups wero inoculated with 10° sarcoma 180 colls per 
mouse treated at a ratio of 0-2-2 pock-forming units per 
tumour cell. Tumours arose in the group with non- 
immune cells in 8 of 19 animals (average weight of the 
tumours on the ‘tenth day, 1-63 g) and in the group with 
immune cells in 14 out of 17 mice (average weight 4:9 
(P = 0-954)). Moreover, intensive active vaccinia 
immunization of mice (simultaneously in 4 paws) on the 
noxt day after administration of sarcoma 180 cells infected 
with vaccinia, virus in a ratio of 0-05 pock-forming units to 
1 unit per cell prevented oncolysis and enhanced the 
tumour growth-stimulating effect of virus. 

The experiments showed that oncolysis is caused only 
by a fairly high ratio of viral particles to tumour cells at a 
certain phase of tumour growth. These results agreo with 
the recently published results of Durr and Briody*. 
However, the technique used by these workers. namely, 
implantation of piecos of tumour mixed with the vaccinia 
virus, does not indicate the ratio between the number of 
viral particles and tumour cells. The fact that immunity 
to the virus (particularly an active one) inhibits tho 
oncolytic effect even of very large doses of the virus 
demonstrates that even under simplified conditions of the 
experiment when the virus is brought into contact with 
tumour cells prior .to inoculation oncolysis is not 
immediately effected, so that live tumour cells persist in 
the organism after a considerable time. 

Virus immunity is one of the factors interfering with the 
curative use of viruses. To prevent the development of 
immunity in the host we have recently used irradiation of 
the animals with cobalt-60. For example, complete 
oncolysis occurs in 13 out of 15 mice Cs, irradiated (300 r.) 
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24 h before the inoculation of 10° cells of sarcoma 180 
infected with lymphogranuloma inguinale virus (0-01 LD, 
per cell), whereas in non-irradiated controls oncolysis 
occurred in 2 out of 10 mice. Average tumour weight was 
in these. groups correspondingly 0:04 g and 0-272 g 
(P = 0-988). There was no difference in the growth of 
uninfected tumours in the irradiated and non-irradiated 
mice. Irradiation or cortisone treatment increased viral 
oncolysis in our experiments. The use of both treatments 
indicates curative oncolytic treatment by biological agents, 
such as viruses, bacteria or protists. 

In addition to the direct oncolytic offect of the virus on 
the tumour another mode of virus treatment of tumours 
may be mentioned, namely, artificial induction of new 
antigens in tumour cells by moans of viruses or other 
agents and followed by exposure of these antigens to 
actively acquired and passively administered immune 
lymphatic cells or antibodies. It is maintained since the 
time of Philibert? and Rivers? that the primary reaction 
of the cell to the reproduction of the virus consists in 
proliferation or destruction. Svet-Moldavsky* suggested 
that the most general type of the primary cell reaction to 
the virus is heterogenization of the cells with regard to 
other structures of the organism. The recently described 
antigens induced in the cells by viruses of the polyoma, 
SV, and leukosis?! are a mere manifestation of this 
general regularity—a property of viruses not only of 
‘oncogenic’ viruses. If heterogenization of the cells is a 
natural property of the viral processes then viral infection 
of tumours might be used for artificial heterogenization of 
tumour cells. 

Cause of malignancy involves both antigenic simplifica- 
tion and the appearance of new antigens'!. These antigens, 
particularly in cancerogen-induced tumours, proved of low 
activity. This is why the possibility of immunological 
treatment in respect of natural tumour antigens is very 
slight, whereas artificial heterogenization of tumours 
seems possible. 

For artificial heterogenization of the tumour-affected 
organism compounds or biological agents are administered 
which selectively accumulate or multiply in the tumours, 
thereby providing new antigen determinants in tumour 
cells. It is precisely on these determinants the immuno- 
logical effect is produced. 

It is possible, in particular, that the cells may become 
resistant to the course of the direct oncolytic action of the 
virus when. they prove latently infected with the virus and 
heterogenized. 

For this purpose not only ‘infectious’ viruses are 
promising but also ‘oncogenic’ ones as well as bacteria, 
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Quantitative Enzyme Histochemistry using 
Frozen-dried Glomeruli . 


Mernops of obtaining kidney glomeruli for the determ- 
ination of enzyme content are microdissection of cryostat 
sections or differential centrifugation of kidney homo- 
genates in sucrose. We wish to report alkaline phosphatase 
determinations on glomeruli dissected from fragments of 
frozen-dried rat kidneys. This method of preparation has 
the practical advantage of being simple and convenient, 
and may also avoid enzyme destruction by freeze-thawing 
or solution in aqueous media. Preliminary observations 
on. the effect of nephrotoxic serum are also reported. 

Kidneys excised from Wistar rats were sectioned into 
2-3-mm cubes and rapidly frozen by plunging into iso- 
pentane cooled in liquid nitrogen. They were stored in 
liquid nitrogen until needed. Blocks were dried in vacuo 
at —32° C for about 18 h over phosphorus pentoxide. 
The drying tube was brought to room temperature before 
the vacuum was broken, and the blocks were dissected 
with jeweller’s forceps under a dissecting microscope. 
Glomeruli appeared as discrete reddish balls which pro- 
truded from the surface of cleaved tissue fragments, and 
could easily be lifted away without any adhering tubules. 
Several dozen can be obtained in a few minutes. 

The glomeruli were weighed in groups of four using a 
quartz fibre balance’. Alkaline phosphatase activity was 
determined by the method of Dubach*. The substrate 
was nitrophenyl phosphate. Optical density of the re- 
leased nitrophenol was measured in alkaline solution in 
a Beckman spectrophotometer at 4104. The incubation 
period was 1 h at 37° C. 

Six rats were injected with 1 ml. of nephrotoxic serum 
prepared in rabbits. Two rats were killed at intervals of 
24, 48 and 96 h. Urine was collected every 24 h and 
protein determinations made by the method of Lowry?. 
Glomerular localization of rabbit globulin was demon- 
strated in eryostat sections of the injected rat kidneys 
using a fluorescent antirabbit globulin. 


Table 1 
Urine 
No. of hosphatase rotein 
glomeruli a vity * mg %) 
Normal glomeruli 24 4-62 54 
Nephrotoxic serum 24 h 12 3-78 9L- 
B a 48h 12 3-18 105 
96h 12 2-84 104 


» » 


* uM nitrophenol released in 1 h at 37°C per mg dry tissue. 


The results are summarized in Table`l. The average 
weight of frozen-dried normal rat glomeruli was 226 mug. 
This includes Bowman’s capsule. After injection of nephro- 
toxic serum there was no significant change in weight. 
The alkaline phosphatase activity of normal glomeruli is 
somewhat greater than that reported by Dubach and 
Recant, especially when it is considered that the latter 
workers used glomerular tufts only. This difference may 
mean that the freezing and thawing used to prepare 
cryostat sections cause some loss or inactivation of enzyme. 
It is seen that alkaline phosphatase activity progressively 
falls after injection of nephrotoxic serum, which is in 
agreement with the results of Dubach. The nephrotoxic 
serum was of low titre. It did not cause a significant 
proteinuria and no glomerular lesions were seen in 
the light or electron microscope. Nevertheless, y- 
globulin was localized to glomeruli as seen by brilliant 
fluorescence on staining cryostat sections with fluorescein 
labelled rat antirabbit globulin serum. No staining 
occurred in uninjected rat kidneys. It has been proposed 
that changes in glomerular enzyme in Masugi nephritis are 
the result of proteinuria‘. This may not be so. If there 
was an increase of glomerular permeability in these 
experiments, protein leakage did not exceed tubular 
resorption. Normal rats will secrete up to 10 mg of 
protein in their urine per day. The results indicate that 
an. antigen-antibody reaction can occur in the glomerular 
tuft accompanied by a marked fall of alkaline phosphatase _ 
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activity without structural changes or marked increase of 
glomeralar permeability. 
This work was supported by the Medical Research 
Council of Canada. 
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Trends in Carcinogenesis by Urethan 
Administration to New-born Mice of 
Different Strains 


NEW-BORN mice constitute a very sensitive and unique 
biological system for detecting the neoplastic potentialities 
of viruses when they are injected with extracts of tumour 
tissues'*, 

Chemical carcinogens of the family of polycyclic hydro- 
carbons, when injected in single doses, induced also a much 
higher incidence of tumours in new-born mice than did 
equivalent amounts injected into adults*5. One plausible 
explanation for this behaviour is that 9,10-dimethyl-1,2- 
benzanthracene (DMBA) and related substances are cata- 
bolized at a slower rate in the organism of new-born 
animals®, 

Urethan (ethyl carbamate), though it is especially. well 
known for its almost universal capacity to induce lung 
adenomas in mice’, is a multipotential carcinogen in adult 
mice following repeated administration®. The white- 
footed field mouse has been the only mouse reported to 
resist the carcinogenic action on its lung of ethyl 
carbamate®. 

It has been observed that very young mice were more 
responsive than adults to urethan lung tumorigenesis’, 
and a proportional slower catabolic rate of ethyl carbamate 
in 2-week-old Swiss mice could be attributed as a critical 
factor in determining the higher tumour yield". New- 
born mice are even more sensitive than young animals 
to such action, and various recent reports show that this 
sensitivity is especially pronounced. It is expressed in a 
higher rate of leukemia induction®»™, lung adenoma 
formation“, and liver carcinogenesis+!*, Urethan has 
been found to be eliminated from new-born SWR mice 
at about one-tenth of the rate found in adults when 
injected at a dose of 0-5 mg/g body-weight!’. The longer 
time during which urethan remains in the body may 
explain the greater carcinogenic action in new-born mice 
as compared to adults. The foregoing data on the bio- 
logical activity and on the biochemical pattern of urethan 
in new-born justified further experimental analysis of this 
problem. _ 

In the work recorded here mice of the BALB/c, DBAf 
and O3Hf/Ivw strains were used. New-born mice less than 
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24 h old were injected subcutaneously with a single dose 
of 0-05 ml. of a 4 per cent solution of urethan in distilled 
water, which is equivalent to 2 mg per animal. A total 
of 100 mice were -injected. The new-born were kept 
separated from their mothers during the period of anæs- 
thesia, to avoid maternal cannibalism. The immediate 
mortality was small. The animals were observed periodic- 
ally for lymphomas and other detectable tumours. When 
the mice were one year old they were killed and carefully 
autopsied, with the aid of a dissecting microscope. In- 
cidence and types of tumours observed are summarized 
in Table 1. It was of interest to note the total absence 
of leukemia or lymphoma induction in the 95 animals 
autopsied, confirming an earlier finding in this laboratory". 
This is in contrast to previous reports in which single doses 
of urethan induced in Swiss mice an incidence of approx- 
imately 20 per cent malignant lymphomas®»*, The results 
obtained in the different strains would indicate a particular 
biological sensitivity in the Swiss strain to the leukæmo- 
genic action of urethan, since adult Swiss mice have also 
been shown to react with lymphoma formation following 
administration of urethan in their drinking water’ ; 
whereas adults of other strains were rather refractory to 
the same repeated doses?%?!, 

It has been reported that urethan acts as a potent liver 
carcinogen in new-born mice!15, in contrast to adults, 
where it acts as a weak carcinogen for the same organ™. 
The results recorded here would suggest a particular 
sensitivity of the liver in the C3H//Za strain to urethan 
action, since a single injection induced 419 hepatomas in 
29 animals, an average of 14 tumours per animal. On 
the other hand, BALB/c animals were completely refrac- 
tory to the induction of liver tumours. The response of 
the DBAf strain is noteworthy, since 86 per cent of the 
males had an average of 2 hepatomas per animal, whereas 
none were found in the females. The results in this strain 
confirm that males are far more susceptible than females 
to the induction of hepatomas by urethan*’. 

As shown in Table 1, hemangiomas of the liver, which 
are easily induced in adult mice by repeated injections 
of urethan®*, were extremely frequent in DBA females, 
rare in BALB/e, and absent in DBA males and both sexes 
of C3Hf/Lw. This particular pattern of liver response to 
urethan in new-born DBA mice (hepatomas in males, 
hemangiomas in females) is worthy of further investiga- 
tion of this compound in relation to hormonal equilib- 
rum. 

Lung adenomas in new-born, as has previously been 
ascertained in adults”, were the most common type of 
neoplastic response. All the strains used in this experiment 
showed lung tumour formation at the time of autopsy, but 
the quantitative response varied from strain to strain. 
C3Hf/Inw mice produced a very low yield, whereas DBAf 
developed a rather average incidence. On the other hand, 
BALB/e displayed an overwhelming number of lung 
adenomas, most of them of a large size (5 mm or more), 
with some huge tumours of 10 mm at least. This massive 
involvement of lungs in BALB/c explained the poor 
physical condition and dyspnoea of the animals by the 
time of killing. 


Table 1, INOIDENOB OF URETHAN-INDUCED TUMOURS IN NEW-BORN M10E* 


Types of tumours 


Hepatomas Liver hemangiomas Lung adenomas 
No, of No. tumours; % animals No. tumours; % animals No. tumours) % animals 
Strain Sex mice Lymphomas No. mice with No. mice with o., mice with 
tumours tumours » tumours 

Q 20 0 0/20 0 3/20 15 97/20 90 
BALB{e 

3 15 0 0/15 0 1/15 6 50/15 63 

g 16 0 0/16 0 26/18 81 5/16 25 
DBA l l 

g 15 0 30/15 86 0/15 0 11/15 43 

g 14 0 158/14 100 0/14 0 3/14 21 
C3Hf|Iz0 ; ; 

ő 15 0 261/15 190 0/15 0 2/15 13 


* Each animal was injected subcutaneously with a single dose of 2 mg of urethan. 
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A further analysis of this varied organ sensitivity of 
new-born mice to single doses of urethan in relation to 
strain could lead to a more basic explanation of genetic 
determinism in terms of metabolic patterns. 
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Effect of Duration of Exposure on Nickel 
Sulphide Tumorigenesis 


Nicxet and nickel compounds, notably nickel sulphide, 
are potent local acting carcinogens when administered 
parenterally to laboratory rats+*. The tumour arising 
from exposure of muscle tissue to powdered nickel sulphide 
is almost invariably a pleomorphic rhabdomyosarcoma ; 
a fact suggesting a high tissue specificity for this metal?. 
Disks of nickel sulphide implanted in the hip muscles of 
laboratory rats had essentially the same tumorigenic 
effect as did the implantation of chips or powder’. Com- 
parable results were also obtained when 5- particles of 
nickel sulphide were implanted in ‘Millipore’ diffusion 
chambers of 0:45y porosity’. This communication is 
concerned with establishing the approximate exposure 
time necessary for nickel sulphide to bring about malignant 
change in muscle tissue. 

Solid disks of pressed nickel sulphide powder measuring 
8mm x 1 mm and weighing approximately 250 mg were 
utilized for implantation, in order to facilitate the total 
removal of the carcinogen from the implantation site at 
exposure times of 2, 4, 8, 16, 32, 64, 128 and 256 days. 
This geometrical progression of exposure periods was 
chosen so that histological examination, particularly of 
the early, acute stages, of the lesion might be undertaken‘. 
Fischer rats of our own inbred sub-line were used in this 
experiment, and an implant of nickel sulphide was inserted 
into the right gluteal region of each animal. An equal- 
sized disk of ferric oxide—non-carcinogenic under similar 
experimental conditions*—was placed into the opposite 
hip as a control. Groups of 15 rats were assigned to each 
exposure time. At the end of each period, both implants 
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were removed from 10 randomly selected gnimals of the 
particular group of 15; these animals were kepė under 
prolonged observation for tumour development. The re- 
maining 5 animals of each group were killed at the end 
of their period of exposure for histopathological exam- 
ination‘. 

The tumour incidence observed, following the various 
periods of exposure to the nickel sulphide disks, are sum- 
marized in Table 1. No tumours developed at any of the 
ferric oxide implantation sites. 


Table 1. EFFECT OF DURATION OF EXPOSURE TO NICKEL SULPHIDE DISKS 

ON TUMOUR INCIDENCE 

Days to removal of inplenits 

2;4;8;16 32 — 64 128 256 
No. of effective animals* 10-10 9 10 10 10 
Palpable tumours 0 0 4 7 10t 
Average latent periods — — 191 205 230 

171-242 169-265 183-256 


(days) . 
Range of latent periods — — 
(days) 


* Animals surviving longer than the shortest latent period encountered. 
+ Not randomly selected (see text). 


Table 1 shows that no tumour resulted from exposure 
times of less than 64 days. It is evident that in both the 
64- and 128-day groups all tumours arose long after the 
time of removal of their respective implants. However, 
the 256-day exposure period exceeded the average tumour 
latent period for this group and 10 of the 15 animals had 
already developed palpable tumours at the time of implant 
removal. The remaining 5 animals, being without palpable 
tumours, were killed for the histological study. Thus the 
occurrence of 100 per cent tumour-bearing rats, shown in 
Table 1 for the 256-day group, does not represent a random 
incidence sample and the average tumour incidence after 
this length of exposure was actually 66 per cent. 

The results establish the existence of a critical period 
of carcinogenic action necessary to malignant change in 
muscle tissue and occurring some time after 32 days’ ex- 
posure to nickelsulphide. This changehad already occurred 
in 40 per cent of the animais in which the carcinogen was 
removed at 64 days and in 70 per cent by 128 days. 





Fig. 1. Micro-tumour developing in dedifferentiating muscle tissue at 

128-day exposure to nickel sulphide. Normal muscle top right. Necrotic 

zone and implanted nickel disks not shown (below lower hordér) 
{hematoxylin and eosin) 
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Plastic films,have been reported to require a minimum 
of six months in situ after subcutaneous implantation in 
order to produce malignant tumours. Removal of plastic 
implants subsequent to this critical exposure period in no 
way affected the production of sarcomas, the latent periods 
of which ranged between 1 and 2 years’. Hepatic cancer 
produced in rats with a diet containing 2-acetylamino- 
fluorine or 4-dimethylaminoazobenzene is also believed to 
require a specific length of exposure with the critical 
period occurring in a large proportion of animals at 50-75 
days®. 

In addition to the palpable tumours occurring in those 
animals listed in Table 1, histological changes of an early 
cancerous nature were observed in 4 of the 5 animals 
killed for histology at 128 days’ exposure and in one of 
the corresponding 5 animals of the 256-day group. Similar 
lesions were not noted in tissues from the 64-day group. 
Such microscopic lesions occurred in the zones of dediffer- 
entiating muscle surrounding the implant and were con- 
sidered to be actual micro-tumours. A typical trans-section 
of such a micro-tumour observed in the 128-day group is 
illustrated in Fig. 1. The tendency of the myoblasts to 
coarse fibrillation, pleomorphism and syncytial formation 
along with the reappearance of mitoses are prominent 
features characterizing this as an early rhabdomyosarcoma. 
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Evaluation of Aagaard’s Method in the Search for 
Activator Sera for the Sabin — Feldman Test in 
Toxoplasmosis 


ALTHOUGH the cytoplasm-modifying reaction on toxo- 
plasmosis as described by Sabin and Feldman! is a very 
useful and reliable test, giving reproducible results, a great 
disadvantage is the necessity for a so-called activator 
serum of human origin, containing the accessory factor. 
Such a serum must combine the fact that, when it is mixed 
with a negative control, the percentage of modified extra- 
cellular parasites is low with the presence of accessory 
factor. 

However, due to the high sub-clinical infection rate in 
human beings, such activating sera are difficult to find 
and so form a limiting factor for the large-scale use of the 
Sabin~Feldman test. 

Aagaard? directed attention to the fact that certain 
human sera have such a high content of accessory factors 
that it is possible to dilute them without diminishing the 
activating properties. Moreover, by doing so, the positivity 
of the serum can be suppressed, and sera which were not 
suitable if used undiluted may become good activator sera, 
because by dilution the percentage of modified parasites 
decreases below the borderline. 

Although Aagaard mentions that a serum is not suitable 
as an activator if the percentage modified parasites ex- 
ceeds 10 per cent in the negative control, in my experience 
it is still possible to get reliable results if this percentage 
is at least less than 20 per cent. 

To get an impression. as to how far the method described 
by Aagaard is useful: 5 human sera which all showed a 
negative reaction and of which one was suitable as an 
activator in an undiluted state were examined. Three 
different mixtures of antigen and activator dilutions were 
added to both a positive and a negative specimen. 
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As & positive specimen, serum of known high titre was 
used in a dilution which was twice less than the end-point 
dilution. The negative sample consisted of 0-9 per cent 
sodium chloride solution. The activator was used diluted 
with 0-9 por cent sodium chloride solution at a rate of 
1:1 (mixture A), at a rate of 3:1 (mixture B), and 
undiluted (mixture C). Two volumes of these dilutions 
‘were mixed with one volume of antigen and shaken gently 
to ensure satisfactory mixing. 

The test was carried out according to tho mothod of 
Winsser and Maksténicks*, adding six drops of these 
antigen-activator mixtures to two drops of the positive 
and negative specimens, using standardized Pasteur 
pipettes. 

After incubation at 37° C for 1 h in the water bath, 
the methylene blue solution was added and after three to 
four hours the percentage of stained and unstained 
parasites was estimated. 

The results are shown in Table 1. 

Table 1. THE PERCENTAGE OF MODIFIED PARASITES IN THE NEGATIVE AND 


THE POSITIVE SAMPLE, USING DIFFERENT DILUTIONS OF THE ACTIVATOR 
SERUM 


Serum /mixture 7 (diluted 1:1) B (diluted 3 : 1) C (undiluted) 
— + — + —— 

1670 26 15 70 20 72 IL 
1675 72 10 81 9 91 22 
1676 73 46 q7 36 78 35 
1685 63 9 77 16 85 10 
75 T 88 18 92 30 


In Table 1 the percentages of modified parasites in the 
different mixtures are given. From this it can be seen 
that serum 1685 can be used undiluted while serum 1675 
and C can be used in a dilution of 3:1. Serum 1670 and 
1676 cannot be used at all. 

From these results it can be concluded that two sera 
which could not be used undiluted can be used as an 
activator if they are diluted with saline. Therefore this 
method presents the possibility of increasing the source 
of accessory factor. Also the quantity of serum isincreased 
by the dilution with saline. 

C. FOLKERS 
Institute for Tropical and Protozoan Diseases, 
Utrecht. 
1 Sabin, A. B., and Feldman, H. A., Science, 108, 660 (1948). 
2 Aagaard, K., Human Toxoplasmosis, 206 (Munksgaard, 1960). 


* Winsser, J., and Makstenieks, O., Ned. Tidjdschr. voor Geneeskunde, 93, 
3630 (1949). 


IMMUNOLOGY 


~ Serum Protein Changes after Administration 
of Carbon Tetrachloride in the Rat 


Heim and Kerrigan? have demonstrated by starch 
gel electrophoresis a slow-moving «,-globulin in the serum 
of rats after the administration of carbon tetrachloride 
similar to that previously described, using immuno- 
electrophoresis, by D’Arcy?3, in pregnant, noonatal and 
tumour-bearing rats, and by starch gel electrophoresis, by 
Beaton et al.4 and Heimi. 

This communication describes the appearance of an 
immunoglobulin associated with the By immuno globu- 
lins in rats after the injection of carbon tetrachloride. 
The presence of this globulin is indicated by its ability to 
fix complement in the presence of rat liver homogenate*?, 

A pool of serum was prepared from 3 rats (male Wistar) 
injected with carbon tetrachloride (0-03 ml./100 g body- 
weight). The animals were bled on the third and fourth 
days after the injection, at which stage the complement 
fixing activity is at its maximum’. Four ml. of this pool 
(previously checked for complement fixing activity) was 
run on a ‘Pevikon C-870’ electrophoresis block according 
to the method of Muller-Eberhard’ modified for use with a 
smaller quantity of serum, using a compartment 18 x 11 
x 0-7 cm and 0-045 M barbitone buffer pH 8-6. The 
sample was applied in a trough 2-5 cm from the cathode 
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Fig. 1. Cellulose acetate paper electrophoretic pattern of ‘Pevikon’ 
fraction containing complement fixing activity, compared with 
normal rat serum (top) 
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Fig. 2. Cellulose acetate paper electrophoretic pattern of the two 


fractions A and B taken off DEAE column compared with normal rat 
serum (top). All fractions with complement fixing activity were pooled 
and applied to column. A contains the 7 Syrglobulin and was inactive 
in the complement fixation test; B contains the y,A-globulin and the 
yıM macroglobulin and was active in the complement fixation test 


and electrophoresis carried out at 2° C in a Shandon 
Universal electrophoresis box at 300 V and 10 m.amp for 
24 h. One-cm broad bands were taken from the block 
and each was eluted with 0-85 per cent sodium chloride. 
The fractions wero identified by comparison with the 
pattern of normal serum in collulose acetate papor electro- 
phoresis at 150 V and 2 m.amp with L.K.B.-Produkter, 
Stockholm, high resolution buffer pH 8-9 and tested for 
complement fixing activity as previously described’. The 
fraction with the most complement fixing activity against 
rat liver homogenate is shown in Fig. 1 and consists of 
s- and y-globulins. 

Further separation of the B- and y-globulins obtained by 
electrophoresis was achieved using the method of Levy 
and Sober*, in which the 7 S (y.) immunoglobulins and 
some f-globulins are eluted from a DEAE cellulose 
column with 0-0175 M phosphate buffer pH 6-3, leaving 
Pa- and y,-globulins which were eluted with 0-4 M phos- 
phate in 2 M sodium chlorido!’ and are made up of the 
19 S macroglobulin (8,M or y,M) and the 7 S B4 or y,4 
globulins. The dilute fractions obtained were concen- 
trated with carbowax and dialysed against 0-85 per cent 
sodium chloride. Fig. 2 shows the two fractions obtained 
from the DEAE collulose column after the application of 
all the B- and y-globulin which showed complement 
fixing activity. The fraction containing 7 S immuno- 
globulins showed no complement fixing activity, all of 
which had been eluted with the high ionic strength buffer. 
It would therefore appear that the factor responsible for 
comploment fixing activity is present in the B,-7,-immuno- 
globulin fraction. The susceptibility of the factor to the 
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thiol reducing agent mercaptoethanol and to heating at 
65° C for 30 min’ further supports its immunoglobulin 
nature, and the antibody response curve’ has the character 
of that found with y,M or 8,M antibody. 

Sera from 2 pregnant, 1 lactating and 2 neonatal rats 
(likely to contain the «,-globulin) were tested for comple- 
ment fixing activity against rat liver and found to be 
negative. 

A satisfactory explanation to account for these findings 
would be that the «,-globulin described by Heim and 
Kerrigan! after carbon tetrachloride injection into rats is 
associated with the cell regeneration phase following the 
damago, while the complement fixing immunoglobulin 
described hore is the result of an immuno response to 
tissue breakdown products. 

D. M. WER 
Immunology Unit, 
Department of Bacteriology, 
Univorsity of Edinburgh Modical School. 
‘Heim, D. A., and Kerrigan, J. M., Nature, 199, 1100 (1963), 
? D'Arcy, D. A., Brit. J. Cancer, 11, 187 (1957). 
° D'Arcy, D. A., Brit. J. Cancer, 14, 524 (1960). 
t Beaton, G. H., Selby, A. E., Veen, M. J., and Wright, A. M., J. Biol. Okem.. 
236, 2005 (1961). 
*Heim, D. A., Nature, 198, 491 (1962). 
*Weir, D. M., Lancet, i, 1147 (1961). 
? Weir, D. M, Immunology, 6, 581 (1963). 
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* Levy, H. B., and Sober, H. A., Proc. Soc. Eup. Biol. (N.Y.), 108, 250. 
1° Goodman, H. C., Fahey, J. L., and Malmgrem, R. A., J. Clin. Invest., 
39, 1595 (1960). 
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Interference of Information controlling Mutually 
Complementary Synthesis of Protein 


Ler us assume for the sake of argument the following 
most simplified scheme of protein synthesis in the cell; the 
DNA template accounts for the specificity of this syn- 
thesis, and at least, one of the stages of information, trans- 
mission from DNA to the ribosome systems is accomplished 
through the messenger RNA. Suffice it to note that 
specificity of protein synthesis is due to templates replicat- 
ing at different levels, including the hypothetical tem- 
plates controlling the secondary and third structure of 
the protein. 

In a cell completely multiplication might go on of two 
different viruses simultaneously?. This is indicative of 
appreciable ‘excessive’ potentialities of cells with regard 
to the replication conditions of nucleic template and 
protein synthesis. 

The question arises: Is it possible that two nucleic 
templates be replicated in the same cell in especially non- 
partitioned loci each of them controlling synthesis of the 
mutually complementary protein ? Logically, it appears 
quite obvious that both systems should interfere with ono 
another, presumably at the templato-level or elsewhere on 
the way of information transmission and necessarily on 
the level of the forming proteins since these are comple- 
mentary to one another and like an antigen with its 
antibody. Such a process within a coll should block further 
activity of the system. 

The question is still open whether or not cells immuno- 
logically active to the given antigen and particularly 
producing antibodies against it result from transformation 
after the type of indirect template of Burnet and Fenner? 
or from clone selection after Jerne-Burnet—-Talmaget. 
It seems, however, quite certain that in these cells tem- 
plates should reproduce which behave as antipodes to 
those that have formerly secured synthesis of tho given 
antigen. This statement is fundamentally true also for 
antigens with artificially introduced determinant groups. 
Whereas, in non-partitioned loci of cell containing one 
or another set of templates their antipodes cannot 
reproduce. 
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The idea of information and anti-information inter- 
ference can be checked on an experimental model of 
various systems. One of them is infectious virus nucleic 
acid administered, to a cell in which synthesis of antibodies 
to this virus has been induced. 

Intact type I poliomyelitis virus does not penetrate the 
cells of albino rats. On the other hand, its RNA is not 
neutralized, by antibodies to the virus. The experimental 
procedure is as follows. 

Washed cells of rat lymphatic nodes immunized by 
means of injections into many body regions against type I 
poliomyelitis virus are divided soon after revaccination 
into 4 portions. The first of them was brought in vitro into 
contact with a large volume of the infectious RNA from 
the poliomyelitis virus of the same type; the second one 
was treated with intact virus of type I poliomyelitis diluted 
to the titre of the infectious RNA; the third, with RNA 
from a non-infected tissue culture of a monkey kidney; 
the fourth remained untreated. Each of these portions is 
thereafter administered to recipient rats already irradiated 
with cobalt-60. Preliminary experiments showed that in 
the group of rats receiving cells treated with infectious 
RNA a significant decrease of virus-neutralizing anti- 
bodies occurs (1 : 2-1 : 4 versus 1 : 16-1 : 128 in the 
control groups) on the fourth and sixth days after cell 
administration. The result probably indicates interference 
of the virus synthesis information with the information 
responsible for synthesis of the antibody to the virus 
protein. 

It might be assumed that the information-carrier nucleic 
acids extracted from lymphatic cells of animals intensively 
immunized against one or another virus should block 
reproduction of this virus in appropriate cell systems. 
Such nucleic acids when administered to susceptible cells 
(for example, cerebral ones) would exercise a therapeutic 
effect. Nucleic templates from lymphatic nodes immune 
to some hormone and administered, to cells of the respective 
endocrine gland should inhibit its synthesis. Impossi- 
bility of simultaneous function in a cell of two mutually 
opposite information systems presumably accounts for 
such fundamental phenomena as lack of immunological 
reactions to self-compdnents of the organism and develop- 
ment of acquired immunological tolerance. 

Natural tolerance can exist only to those own antigens 
the nucleic templates of which occur in the cells of an im- 
munologically competent system. However, it is by no 
means necessary that the flux of information comprising 
these templates should be realized as synthesis of this anti- 
gen. 

It is quite noteworthy that only the period of high 
susceptibility to viral infection, namely, the embryonic 
and new-born one, is a phase of tolerance development to 
self-components when artificial induction of the classical 
Burnet-Owen—Medawar-HaSek acquired immunological 
tolerance to homologous cells becomes possible. 

Although actual mechanisms of age-conditioned increase 
in resistance to individual viruses are different they are 
generally due to impeded penetration of the viruses into 
definite cells spreading from one cell to another and 
reproduction within it. During the period of high suscepti- 
bility to viral infections transition from one cell to another 
apparently occurs along with spreading of informative 
nucleic templates in the cell systems. It was pointed out 
by Daleq® as far back as 1941 that the mechanisms of 
morphogenetic induction and viral infection are closely 
related phenomena. 

Inter-cellular transmission of information templates is 
widely and intensively accomplished during the embryonic 
period. At advanced stages of ontogenesis it presumably 
persists in such a strictly localized and specialized form 
only in some systems, such as, according to Medawar‘, the 
thymus-lymphatic one, and is effected through lympho- 
cytes. 

Recently it has been shown by Svet-Moldavsky et al.” 
that lymphocytes possess morphogenetic functions. 
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Addition of lymphocytes of adults to a monolayer cultura 
of embryonic cells induced, differentiation. of these cells. 
The effect is very similar to the action on tissue cultures 
of nucleoproteins in the experiments of Benitez et al.®. 

In this respect it seems possible that in transplantation 
immunity antipode templates pass from immune lympho- 
cytes into cells of the homografts, either in the form of 
DNA inducing respective messengers or in the form of 
RNA messengers, or in the form of an active ribosome 
itself. They interfere with the information which controls 
active synthesis of normal proteins of the graft cells which 
undergo a decay. A similar mechanism functions in other 
immunological reactions of the delayed type. 

If, however, this antipode template is transmitted by 
the lymphocyte to self blast cells of the lymphatic node (or 
the immune lymphocyte itself transforms into them) 
summation of information takes place which results in 
maturation. from the blasts of plasma cells, the effect of the 
antipode template being accomplished as synthesis of the 
respective protein, that is to say, of the antibody. 

In other words, in reactions of the delayed type the 
antipode template itself reacts (interferes) with informa- 
tion of the antigen synthesis (but not with the antigen 
itself) and in reactions of the immediate type the function 
of the antipode template leads to the production of tho 
final product which is synthesized under its control, that 
is, of the antibody reacting with the antigen. 


GEORGE J. Svet-MoLtpsavskyY 


Laboratory of Virology, 
Institute of Experimental and Clinical Oncology A.M.S.. 
Moscow, U.S.S.R. 
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Local and Systemic Anaphylaxis in the 
Pertussis-inoculated Mouse 


Ir is now well known that mice injected with Bordetella 
pertussis vaccine plus an antigen will produce more anti- 
bodies to that antigen than mice injected with antigen 
alone’?, Such mice also develop an enhanced suscepti- 
bility to anaphylactic shock’. However, the level of 
circulating antibodies in an animal as measured by 
agglutination, hemagglutination, or precipitin techniques 
appears to be unrelated to the susceptibility of that 
animal to systemic anaphylexist*.4, The following 
experiment indicates that the incidence of active cutaneous 
anaphylaxis in the pertussis-inoculated mouse parallels 
the incidence of systemic anaphylaxis. Mice were sensit- 
ized with 5 billion B. pertussis organisms and 1 mg of 
bovine serum albumin. On the seventh day after sensitiz- 
ation, 10 ug bovine serum albumin in 0-05 ml. of saline 
and 0-05 ml. of saline were injected into separate areas of 
the skin of the back. Fifteen min later, 0-25 ml. of 0-5 per 
cent Evans blue dye was injected into a lateral tail vein, 
Thirty min after the dye, the animals were challenged 
intraperitoneally with 2 mg of bovine serum albumin. 
Of 50 mice challenged in this manner, 32 died of anaphy- 
laxis within 30 min. The survivors were classified as 
having symptoms of anaphylaxis or as having no symp- 
toms and were killed 30 min after challenge. All animals 
were then tested for active cutaneous anaphylexis by 
inspecting the inner side of the skin of the back for 
accumulation of dye at the site of antigen injection. 
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Table 1. LOCAL AND SYSTEMIC ABAPETLAXIS IN B, pertussig SENSITIZED 
CE 


Mice injected with B. pertussis and bovine serum albumin and challenged 
intraperitoneally with bovine serum albumin 7 days later. 


Fatal Enaphylaxig Symptoms of anaphylaxis No symptoms 
32/50* 4/50t 14/50 
*29 of 32 had positive skin tests (active cutaneous anaphylaxis). 


+2 of 4 had positive skin tests (active cutaneous anaphylaxis). 
44 of 14 had positive skin tests (active cutaneous anaphylaxis). 


The results in Table 1 indicate that, of 32 mice which 
succumbed to anaphylaxis after challenge with bovine 
serum albumin, 29 gave positive skin tests to bovine 
serum, albumin just prior to systemic challenge. Of 14 
mice judged as having no symptoms, 4 gave positive skin 
tests. However, the 4 animals with positive skin tests in 
this latter group may actually have had symptoms of 
anaphylaxis which were obscured by the reaction to Evans 
blue. This dye may causo ruffling of the hair, huddling, 
etc. Nevertheless, the incidence of active ‘cutaneous 
anaphylaxis correlated very well with the incidence of 
fatal systemic anaphylaxis not only 7 days after sensitiza- 
tion, as presented in Table 1, but also 5, 20 or 100 days 
post-sensitization (unpublished experiments). It is likely 
that active cutaneous anaphylaxis in the mouse is due to 
the same mast coll lytic antibody which Mota’ has postu- 
lated as being responsible for systemic anaphylaxis in 
pertussis inoculated mice and rats. 
L. S. KIND 
W. W. RICHARDS 
Department of Microbiology, 
University of California, 
School of Medicine, g 
San Francisco. 
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RADIOBIOLOGY 


Transfer of Radio Strontium from Milk to 
Cheese and Whey 


ALTHOUGH much information is available on the amount 
of radio strontium in milk, only a few results have been 
published on the transfer of these isotopes to products 
manufactured from radioactive milk. The ratio of radio 
strontium to calcium in cheese is often assumed to be 
similar to that in the milk from which it is produced!. 
From experiments with strontium-89 and calcium-45 dosed 
to the milk, Demott and Craggle? concluded that Cheddar 
cheese made from this milk showed a slightly larger ratio 
of ®Sr/Ca than did the original milk. The ratio 


39Sr/4Ca in cheese 
“Sr/8Ca in milk appeared to be 1:23 + 0-28. If, how- 


ever, the cheese was made from milk of cows to which 
oral doses of these isotopes were given, this ratio was 
found to be 1:06 + 0:12. The latter value agrees reason- 
ably with that found by Lengemann? for Cheddar cheese 
from milk of cows to which strontium-85 was dosed orally. 
In whey the **Sr/4®Ca ratio compared with that in milk 
was 0-85 + 0-10 and 0-62 + 0:07 for dosed milk and dosed 
cows respectively. From these results it might be con- 
cluded that the way in which the strontium-tracer is 
introduced into the milk influences the transfer of the 
isotope from milk to cheese. So for the study of the 
movement of fission products through the food-chain to 
man, it is botter to measure the fall-out strontium-activity 
in milk and its products. 

We carried out some experiments to obtain more in- 
formation on this subject. In a period of relatively high 
strontium radioactivity weekly samples of raw milk, and 
of the curd, whey and cheese made from it, were taken 
in a cheese factory. The cheese was Gouda cheese with 
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at least 49-5 per cent fat in the dry milk ‘solids and at 
most 44 per cent water. No calcium was added ¢during 
processing. After pressing, the cheese is salted in a brining 
bath, and so the calcium and strontium ions might be 
more or less selectively exchanged for sodium ions result- 
ing in a difference between the strontium/caleium ratio 
in curd and cheese. For that reason curd samples were 
taken and pressed and drained in the same way as the 
cheese without, however, being salted. 

As the salt concentration is not equal in all parts ‘of a 
young cheeset we analysed complete cheeses to avoid 
errors. All samples were ashed, and the strontium-90 and 
strontium-89 were separated by conventional radio- 
chemical procedures and counted by means of low-level 
8-counting equipment. The results of three series of 
experiments are given in Table 1. 


Table 1. °Sr AND Sr AOTIVITIES IN MILK, WHEY, CHEESE AND CURD 
Sample Isotope activity in uue. Sr/g Ca 
ratio 17-68-63 24-86-63 1-7-63 Mean 
milk Sr 18 27 23 
8°Sr 65 89 79 
whey Sr 12 17 18 
esSr 45 58 54 
curd 2oSr 18 31 28 
8%Sr 71 110 95 
cheese 208r 21 31 28 
F Mgr 65 117 96 
cheese /milk soSr 1-17 115 1°22 118 
aSr 1-00 131 122 1-18 
whey/milk Sr 0-67 0°63 0-78 0-69 
i 59Sr 0-69 0-63 0-68 ` 0-67 
eurd/milk aSr 1:00 115 1-22 112 
aSr 1:09 1-24 1:20 118 
cheese/curd sehr 117 1-00 1-00 1:06 
Sr 0-92 1:06 1:01 1-00 


ue Sr/g Cain cheese 
c. Sr/g Ca in milk 
exceeds unity for both strontium elope. whereas the 
uue. Sr/g Ca in whey . The 
uue. Sr/g Ca in milk i 
cheese/milk ratios and the curd/milk ratios do not indicate 
a difference between both, so a selective ion-exchange in 
the brining bath is not likely to occur. Moreover, a decrease 
of the calcium content of the cheese during the salting 
process was not observed. 

Averaging the six values of the cheese/milk ratio 1-18 + 
0-08 is obtained. As the absolute radioactivity of the 
cheese must be equal to the difference between that of the 
milk and the whey, the cheese/milk ratio can be calculated 
independently from the whey /milk ratio using the calcium 
contents of the milk, the cheese and the whey. The 
average whey/milk ratio is 0-48 + 0-04 and the corre- 
sponding value of the cheese/milk ratio appeared to be 1-15 
which is in close agreement with that found above. It is 
remarkable that our results agree with those found by 
Demott and Craggle for Cheddar cheese made of dosed 
milk instead of milk from orally dosed cows. 

Recently, Enda Marah et al.5 reported the *Sr/Ca ratio 
of the German cheese not to differ from that of milk, 
whereas Haken and Hardon! reported that the Dutch 
cheese of the spring of 1962 contained more ®Sr/g Ca, than 
the milk in the corresponding period, although no figures 
were given. Possibly Enda Marah eż al. did not observe 
the difference because of the low strontium-90 activity in 
their investigation period. 

In practice 10 kg of cheese is obtained from 100 kg of 
milk. Using the calcium contents of milk, cheese and 
whey, the absolute strontium activities could be calcu- 
lated. It was found for both isotopes that on the average 
about 80 per cent of the radioactive strontium present in 
the milk is transferred to the cheese and 20 per cent to 
the whey. As these percentages are equal to those found 
for the transfer of the proteins of the milk to the cheese 
and the whey, the ratio between radioactive strontium 
and protein seems to remain constant. 

It should be stressed that the figures for cheese shown 
in Table 1 are found for fresh cheese. Normally the cheese 
is aged for some time varying from 5 weeks to 12 months 
before being distributed for consumption. During that 


These figures show that the ration 








ratio is considerably smaller. 
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time the relatively high radioactivity due to the stron- 
tium-8% isotope is reduced considerably according to its 
half-life of 51 days. 
T. J. Boma 
J. MEERSTRA 
Research Department, 
Co-operative Condensfabriek ‘Friesland,’ 
Leeuwarden, 
Holland. 
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Synthesis of Deoxyribonucleic Acid in 
X-irradiated Bacteria treated with 
Chloramphenicol 


IRRADIATION of bacteria with X-rays causes extensive 
degradation of DNA!*. Chloramphenicol given to bacteria 
after a dose of 16 kr. enhances considerably the degrada- 
tion of DNA. At 1 kr., however, there was no demonstrable 
effect of chloramphenicol on DNA metabolism, nor could 
we detect any action of chloramphenicol beyond that which 
is generally observed in the non-irradiated controls*. In 
this communication we report the action of chlorampheni- 
col on bacteria irradiated with intermediate doses of 
X-rays. : 

Escherichia coli B were grown in mineral medium with 
glucose. They were irradiated at the logarithmic phase of 
growth. Chloramphenicol was added at the final concen- 
tration of 10 ug/ml. DNA was determined by chemical 
fractionation according to Burton’s method‘ and by the 
modified Dische’s diphenylamine reaction’. The synthesis 

` of DNA in irradiated bacteria, and in irradiated bacteria 
treated with chloramphenicol, leads to an extensive 
enhancement of the degradation of DNA, and to a 
prolongation of the degradative process, or possibly to 
a delay of the resynthesis of DNA in bacteria irradiated 
with, doses of 4, 6 and 8 kr. 

Fig. 1 also shows, as we have already demonstrated, 
that a dose of 16 kr. causes @ permanent inhibition of 
synthesis of DNA in the presence of chloramphenicol. 
Since chloramphenicol permanently inhibits synthesis of 
DNA only under this exceptional condition, we conclude 
that this inhibition in the synthesis of DNA is not a result 
of an inhibition of protein synthesis as is the case in 
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Fig. 1. Rate of DNA synthesis of cultures of E. coli B irradiated with 

various doses. Left, untreated; right, treated with chloramphenicol 
(10 ug/ml.) immediately after irradiation i 
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Fig. 2. Rate of synthesis of acid soluble precursors of nucleic acids 
in X-irradiated cultures of E. coli B treated with chloramphenicol 
(0 xgfml.) immediately after irradiation. Ultra-violeé spectra were 
measured in cold 2 per cent PCA extract after washing the bacteria 
and delipidation with ethanol-ether 
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bacteria infected with viruses‘*-8, or bacteria treated 
with nitrogen mustard? or by ultra-violet irradiation!’-™*. 
We suggest that the permanent inhibition in the synthesis 
of DNA after 16 kr. is probably caused by a drastic 
leakage of precursors of nucleic acids, which occurs when 
chloramphenicol is added to irradiated cells. Thus it 
can be seen from Fig. 2 that immediately after irradiation 
there is an accumulation of precursors of nucleic acids 
due to the degradation of a part of the DNA. Cells of 
E. coli B normally leak some precursors of nucleic acid. 
Irradiation with X-rays considerably enhances this 
leakage of precursors, thus leading quickly to a relative 
diminution of the acid-soluble pool in the cells of the 
irradiated culture. It may well be that at later stages some 
of the leaked precursors in the medium can be re-utilized. 
Chloramphenicol, if added immediately after irradiation of 
16 kr., leads at a later stage to a drastic diminution of the 
acid-soluble pool, thus preventing the synthesis of DNA. 
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Fig. 8. Synthesis of DNA of E. colé B irradiated with 10 kr. and treated 
with chloramphenicol. Chloramphenicol (10 ug/ml.) was added 30 min 
after irradiation 
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If chloramphenicol is added 30 min after irradiation, 
there is no particular effect on the synthesis of DNA in 
irradiated bacteria (Fig. 3). 
Wo have as yet no experimental results to suggest why 
chloramphenicol enhances the process of degradation of 
DNA when it is added immediately after X-irradiation, 
and has no effect if it is added later. 
As chloramphenicol does not lead to a permanent 
inhibition of the synthesis of DNA in X-irradiated cells, 
as is the case when chloramphenicol is added after ultra- 
violet irradiation, we can speculate that the action of 
X-rays on the process of replication of DNA is not the 
same as that of ultra-violet rays. Possibly the types of 
the two irradiations have similar effects on DNA, but 
ultra-violet rays have some additional effect by damaging 
some mechanism involving proteins which is of importance 
for the replication of DNA. 
B. MueETIÓ 
Ž. Kuéan 
Ly. ŠašEL 

Laboratory for Cellular Radiobiology, 
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BIOLOGY 


Formation of a Lysergic Acid Derivative 
during the Parasitic Development of a Strain 
of Claviceps paspali Stevens and Hall 


Tue production of a simple derivative of lysergic acid 
in submerged culture by a strain of Claviceps paspali was 
reported by Arcamone et al. and identified as p-lysergic 
acid o-hydroxyethylamide. The behaviour of the strain 
during in vivo development on a host plant has been 
examined to establish whether this fungus produces the 
same lysergic acid derivative as in submerged culture. 

Under natural conditions Claviceps paspali is a specific 
parasite of the ovaries of Paspalum spp. and produces 
a roughly spherical oatmeal-coloured sclerotium up to 
approximately 3 mm in diameter. 

In order to select a suitable host, seeds of more than 
twenty species of Paspalum were obtained from the 
United States, South America and Australia, and grown 
under sub-tropical conditions in a glasshouse with high- 
intensity supplementary illumination provided by 700-W 
MBFR/U lamps, except during the summer, and suto- 
matic watering by the capillary bench method?. 

The various species showed considerable differences in 
habit of growth, size and shape of florets, photoperiodic 
requirements, and the ability to provido a succession of 
inflorescences over a period of a few months. The produc- 
tion strain of the fungus, designated F550, had originally 
been isolated from P. distichum L. and, although the florets 
were very small, first attempts to produce infections were 
made, unsuccessfully, on this species. Strain F550 has 
never been found to produce conidia under any culture 
condition and thus it was not possible to use the usual 
techniques of inoculation by spores. Thus the fungus was 
grown. in submerged culture on a rotary shaker! and a 
hyphal suspension prepared. Before use, each culture was 
tested qualitatively to ensure that the fungus was pro- 
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ducing a significant quantity of alkaloid, aad only cultur. 
actively producing this substance were used fer inoc» 
lation. Selected cultures were then washed to remove tH 
culture filtrate, homogenized in a blender for a few second 
and sieved through fine muslin to select hyphal fragment 
As only a very small volume of inoculum could be intr: 
duced within the host floral cavity the individual hyph 
fragments had to bo in sufficient concentration to ensux 
an adequate deposition, and yet short enough to allo 
froo passage through a 30 standard wire gauge stainle. 
steel hypodermic needle. The inflorescences were inoc 
lated by lateral piercing of the outer glume and lemma < 
individual florets, sufficiently far above the ovary t 
avoid damage, and forcible introduction of the hyph» 
suspension. 

Some of the Paspalum spp. were morphologicall 
promising hosts, but none of these was successfull 
inoculated. The only readily susceptible species wa 
P. dilatatum Poir., which was not an ideal subject becaus 
the flower stems often extended to 6 ft. under glasshous 
conditions. 

Inoculation of this species was successful over a perio: 
of approximately two days between the emergence of th 
inflorescences from the flag leaf sheath and anthesis. Th» 
first sign of infection occurred about 20 days after inocu 
lation in the form of honeydew drops which, althoug) 
being normal in consisting mainly of sucrose, glucose anc 
fructose, did not contain any conidia. A few conidi 
were found adhering to the surface of the infected ovary 
1-2 wecks after tho initial honeydew stage, but these hav: 
never been found dispersed within the sugary exudate 
In the wild state C. paspali produces honeydew quite 
opaque due to the spore load, and spread of the fungu: 
reaches local epidemic proportions from the conidia. Thw 
it proved impossible to obtain infected florets by secondary 
spread from honeydew produced by stain F550, althougt 
the infectivity of a few conidia from an infected ovary 
surface was confirmed by successful inoculation of £ 
P. dilatatum floret. 

The parasitic stage was also abnormal in that there was 
very little increase in size of the fungal mass permeating: 
and surrounding the ovary after the initial appearance of! 
honeydew. Fungal tissue scarcely filled the floral cavity 
and partially enveloped the ovary, stamons, and stigma sa 
that vascular elements of the stamen filaments, and em- 
bedded anthers containing fungal hyphæ between the 
pollen grains, were found within the fungal mass. Under 
natural conditions true sclerotia develop so actively within 
the floral cavity that the palea and lemma are forcibly 
opened wide and the natural concavity of the lemma is 
filled with sclerotial tissue providing a foot attachment. 
Under glasshouse conditions, inoculation of P. dilatatum 
florets with C. paspali conidia collected near Rome from 
field infections of P. distichum var. paspalodes Thell. 
resulted in copious honeydew formation, containing many 
conidia, 8-10 days after inoculation. Within 2-3 weeks 
the palea and lemma of infected florets were forced open 
by the development of small, but typical, sclerotia. 

It is doubtful, therefore, whether the fungal masses 
resulting from ovary infection by strain F550 can be 
regarded as true sclerotia although the structure is fairly 
compact. Attempts to complete the life-cycle of strain 
F550 by germination of the ‘sclerotia’ have consistently 
failed, whereas naturally occurring sclerotia germinate in 
3-4 weeks at room temperature without any cold treat- 
ment. This further emphasizes that strain F550 is 
atypical. 

For analysis of lysergic acid derivatives approximately 
100 infected florets of P. dilatatum, which had been inocu- 
lated at the same time, wero collected after growth for 
five weeks and dissected to separate the fungal tissue, 
enclosed by both palea and lemma, from the outer glumes. 
The selected tissues were divided into three eamples (217, 
142, and 239 mg) each of which was separately analysed 
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by the following procedure. The tissue was ground finely 
in a mogtar and extracted with 20 ml. of 2 por cent tar- 
taric acid solution in 70 per cent acetone for 12 h. The 
suspension was filtered and the acetone removed in vacuo 
at 30° C. The turbid solution was extracted with light 
petroleum ether to remove fats, the pH adjusted to 8-5- 
9-0 with ammonia and the solution re-oxtracted with 
chloroform. The chloroform extract was ovaporated 
in vacuo at room temperature, the dry residue redissolved 
in 0-5 ml. chloroform, and chromatographed. Tho 
lysergic acid derivatives were identified by comparison 
with standards, and by both blue fluorescence in ultra- 
violet light and chromatic reaction with Van Urk reagent. 

The extract of parasitic fungal tissue enclosed by lemma 
and palea contained p-lysergic acid «-hydroxyethylamide 
and p-lysergic acid amide. 

Re-isolates of the fungus derived from parasitic ‘sclero- 
tia’ of strain F550 produced the same alkaloid in sub- 
merged culture as strain F550, but quantitative yields 
varied from 3,500 pg/ml. to 60 ug/ml., both higher and 
lower than the mean yield of the parent straint. 

These results are similar to those of Kobel et al.3 in 
that the same qualitative alkaloid spectrum occurred in 
vivo and in vitro. However, Kobel et al. observed a 
distinct difference between the predominant alkaloids in 
parasitic C. purpurea sclerotia and culture filtrate from 
surface oultures. In the C. paspali strain F550 the pre- 
dominant alkaloid during parasitic growth was identical 
with that accumulating in the filtrate of submerged cul- 
tures. The v-lysergic acid amide in the ‘sclerotial’ 
extract may have arisen during the extraction procedure, 
as occurs during prolonged culture filtrate extraction}. 

P. Branont 
E. B. CHAIN 
P. G. MANTIE 
A. ToNoro 
Department of Biochemistry, 
Imperial College, London. 8.W.7, and 
International Centre for Chemical Microbiology, 
Istituto Superiore di Sanita, Rome. 
J Arcamone, F., Chain, E. B., Ferretti, A., Minghetti, A., Penella, P., Tonolo, 
A., and Vero, L., Proc. Roy. Soc. B, 155, 26 (1961). 
2 Wells, D. A., and Soffe, R., J. Agric. Eng. Res., 7, 42 (1962). 
3 Kobel, H., Brunner, R., and Brack, A., Experientia, 18, 140 (1962). 


Ethylene Production by Pseudomonas 
solanacearum 


ETHYLENE is known to be produced by different tissues 
of many plants and by a few fungi'. So far as we are 
aware, ethylene production by bacteria has not been 
noted. We considered that ethylene might be involved in 
the apparent early ripening of banana fruits that is 
characteristic of infection by P. solanacearum E. F. Sm. 
This type of early ripening consists of a change of peel 
colour from green to yellow with little associated starch 
hydrolysis and sweetening of the pulp. The gas inside 
banana fruits was removed by a vacuwm technique and 
collected in a funnel in a system immersed in water. 
10-20 c.c. of gas were evolved per fruit. Measurement of 
ethylene by a gas chromatographic method? (Cary 
vibrating reed electrometer with a Loenco flame ionization 
detector) revealed that infected banana fruit did indeed 
produce more ethylene than healthy fruit of comparable 
age. This increased ethylene production was as high as 
3 p.p.m. in the internal atmosphere of severely infected 
fruit that had not yet commenced to yellow, and 20 p.p.m. 
in fruit half-yellow. No ethylene was detectable in 
uninfected green fruit. 

Ethylene production was detected from several strains 
of the pathogen when grown in peptone—glucose broth in 
shake culture at 30°C. The strain causing tobacco- 
tomato wilt also produced ethylene, and at levels higher 
than the banana strains, 7 p.p.m. being detected in the 
atmosphere of 50-c.c. flasks above 20 ml. of bacterial 
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Fig. 1. Cumulative ethylene production by P. solanacearum, the strains 
affecting tobacco (T) and banana (B), compared with respiration and 
bacterial populations. Grown i gepione glucose in shake culture at 


suspension following a 5-h incubation. In one series of 
tests, ethylene production, respiration, and bactorial 
populations were all measured. With the tobacco strain 
(T) ethylene production and evolution of carbon dioxide 
were roughly parallel during the log growth phase (Fig. 1). 
Rates of ethylene were as ‘high as 0-1 pL/h per flask 
containing 20 ml. of bacterial suspension. Comparable bac- 
terial populations and respiration rates were obtained with 
one banana strain (B), but ethylene production was much 
less. A second banana strain‘ was comparable in population 
and respiration but produced no detectable ethylene. 

Preliminary experiments were conducted to find possible 
substrates required for ethylene production. Cells of 
strain T were grown in peptone-glucose broth in shake 
culture, centrifuged, washed, and resuspended in a basal 
medium of inorganic salts, 15x 10° cells per flask. 
Various carbon sources were added to the different flasks 
and carbon dioxide and ethylene evolution were measured. 
After 1:5 h. ethylene-levels were significant in all flasks, 
including those not containing an added carbon source, 
indicating endogenous production from a bacterial 
produced compound. Up to 5 p.p.m. were produced in 
some flasks. After 24 h, endogenous ethylene production 
had ceased, but ethylene production continued at a 
decreasing rate in flasks to which peptone, and glucuronic, 
glutamic and fumaric acids, had been added. However, 
no ethylene was produced in flasks containing glucose even 
though respiration was high. 

Identity of ethylene was confirmed by absorption by 
mercuric perchlorate, by bromine water absorption, by 
co-chromatography with known ethylene. and by the 
tomato epinasty response test where a 60° change of 
angle of leaves was recorded after three days. The 
sensitivity of the gas chromatographic method used was 
such that it was found that normal laboratory manipula- 
tions of flaming flasks for aseptic transfer introduced 
sufficient ethylene and other gases to give misleading 
results. It was necessary to avoid flaming and to sample 
laboratory air to avoid false readings. 
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In further tests using the trapping method of Young 
et al.5, and on ‘Aerograph’ flame ionization gas chromato- 
graph, @ strong ethylene peak was obtained from the air 
stream passed over a l-l. culture medium of the tobacco 
strain for 48 h. Small peaks of other unidentified olefins 
were also obtained. When similar air streams were passed 
óver tomato plants or green bananas, epinasty and fruit 
ripening occurred. When Penicillium digitatum was grown 
similarly in peptone-glucose broth as a control organism, 
ethylene was detected also from the air stream. 

Seven other bacteria of various genera were tested for 
ethylene production with negative results. These were 
obtained from soil, as secondary organisms associated 
with banana tissue, and from banana fruits affected by 
tip rot. Banana fruits affected with tip rot, another 
bacterial disease, do not ripen prematurely, unlike those 
affected by P. solanacearum. Thus, premature ripening 
may not be a direct effect of a general injury-induced 
ethylene evolution following bacterial infection, but may 
depend on specific physiological characteristics of the 
bacteria involved. The apparent early ripening consisting 
of changes in colour of peel caused by infection with 
P. solanacearum is due to ethylene production within the 
diseased fruit. Part of this ethylene could be produced by 
the bacteria within the fruit which occur at levels of 
3x 10!°%/g tissue; but the relative degree of participation 
of bacteria and host cells is not known. Since one banana 
strain does not produce ethylene in common media, it 
may be only triggering ethylene production by host cells. 
On the other hand, it also may be producing ethylene on 
undetermined substrates available within the banana 
fruit. The end-result is that ethylene production within 
the banana fruit contributes to the disease syndrome. The 
possible participation of ethylene in the disease syndrome 
in tobacco and tomato wilt is indicated by the greater 
rate of ethylene production on media by the race causing 
bacterial wilt of those plants, and by the known epinasty 
that results from application of ethylene to tomato plants. 

We concluded that P. solanacearum could serve as a 
tool for the investigation of ethylene biosynthesis, since 


it is a bacterium that can be grown on a simple basal . 


medium including inorganic nitrogen, and since it produces 
measurable quantities of ethylene after short. time 
intervals. Various strains are available with different 
fermentative characteristics and which also differ in 
ability to produce ethylene. 


H. T. Freeparn* 
I. W. BUDDENHAGEN 


Plant Physiology and Pathology Departments, 
Division of Tropical Research, 
United Fruit Co., 
La Lima, Honduras. 
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Initial Uptake of Silica by Excised Barley 
Roots 


ALTHOUGH silica occurs widely in plant tissues and there 
are marked, interspecific differences in its accumulation, 
the mechanisms of its entry and translocation have not 
been investigated thoroughly. The physico-chemical 
properties of silica in aqueous solution suggest that its 
behaviour in these processes may contrast with that of the 
nutrient ions; below pH 7 soluble silica appears to consist 
essentially of non-polar monosilicic acid, Si(OH),. and its 
dimer!. It is well established that the initial step in the 
uptake of ions by plants shows the characteristics of 
physical diffusion. The behaviour of soluble silica in this 
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process has been examined as a first step ip a study of its 
accumulation by plants. ; ° 

Solutions of silica were prepared by passing dilute 
aqueous sodium metasilicate through a cation exchange 
column packed with ‘Zeokarb 225’ in the hydrogen form. 
Detached roots of Hordeum vulgare, grown for 6 days in 
10-4 M calcium sulphate solution, were allowed to absorb 
silica from solutions at 25° C, 10° C and 0-2° C for periods 
varying from 15 to 960 min. The concentration (ce) of the 
silica solutions was varied from 0-045 to 0-53 mg SiO,/ml. ; 
some of these solutions were supersaturated but remained 
stable over the experimental period. The roots were then 
separated from the solution phase by centrifugation, 
extracted with distilled water for 15 min, dried at 80° C 
and weighed. No further increase in the quantity of silica. 
removed was observed on extending the extraction period 
to 30 min. The solutions and extracts were analysed for 
silica by the method of Morrison and Wilson’. From the 
results, the amount of water-extractable silica (Q mg/g dry 
weight) was calculated. 

At 25° C, when the period of uptake was raised from 15 
to 960 min there was no apparent increase in Q (Table 1). 
This suggested that the water-extractable silica in the 
roots was virtually at equilibrium with the solution phase 
after uptake for 15 min. Changes in the concentration of 
the uptake solution by a factor of 10 had a concomitant 
effect on the magnitude of Q, so that the ratio Q/e, 
remained essentially constant at 25° C. 

Table 1. QUANTITY OF WATER-EXTRAOTABLE SILICA PRESENT PER G 


Dry WEIGHT oF ROOTS (Q) AFTER VARYING PERIODS OF UPTAKE FROM 
SOLUTIONS OF VARYING CONGENTRATION (ĉe MG SiO,/MD,) AT 25°C, 10°C 


AND 0-2 
Uptake c Q Qleo 
T°C period mg Si0,/ml. mg Si0,/g ml/g S.E. 

dw. dw. 
25 16 0-072 0:23 319 + 0-50 
25 30 0-070 0-28 400 + 0:52 
25 120 0-072 0-25 3°47 + 0-50 
25 960 0-064 0-22 3-44 + 0:57 
25 80 0-045 015 8:33 + 007 
25 30 0-295 0-05 3-22 + 012 
25 30 0-492 181 3-68 +011 
10 30 0-287 0-83 2°89 + 0:19 
10 30 0:535 1-68 814 + 0:20 
0:2 30 0-079 O21 2-66 + 0-09 


Since the silica is present in the uncharged condition, 
fixed electrical charges within the root should not affect 
its entry. Therefore, unless there is non-electrostatic 
interaction of silica with the tissues, the equilibrium 
concentration of the silica, which has diffused into the root 
should be the same as that in the external solution. 
Under these conditions Q/c, should be constant and 
represent the volume of the tissue available for passive 
diffusion of solutes, that is, the volume of the apparent 
free space as defined by Briggs and Robertson’. The 
mean of the seven values of Q/c, at 25° C is 3-48 ml./g dry 
woight. The dry weight was found to be about 5 per cent 
of the fresh weight of excised roots, giving a value of 17-4 
per cent for the free space volume on a fresh-weight basis. 
This may be compared with the value of 23-5-25-1 per 
cent found by Butler* in wheat roots. 

As the temperature was lowered, there appeared to be a 
reduction in Q/c, and the value obtained at 0:2° C was 
significantly lower than those for comparable concentra- 
tions at 25° C. In view of the apparently passive behaviour 
of silica at 25° C it seemed unlikely that this lowering was 
due to a change in the behaviour of silica in metabolic 
processes. An alternative explanation is that the free 
space contracts at low temperatures. The volume of the 
free space might be expected to vary depending on the 
net electrical charge of the system. There is evidence of 
the presence of positive charges associated with the free 
space from comparable experiments on the initial uptake of 
anions; these charges are suppressed when the tempera- 
ture is reduced§. 

Although the initial entry of soluble silica appears to be 
a largely passive process. it cannot be assumed that its 
upward passage in the plant is governed by such simple 
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considerations.* The occurrence of plant opals and ‘silica 
bodies’ fn some leaves? is evidence that polymerization 
occurs at some stage. A preliminary examination of the 
xylem sap of bean“plants growing in silica, solutions has 
indicated that the silica is largely in the monomeric form. 
Nevertheless, the transfer of silica across the root by a 
process of simple diffusion appears incompatible with the 
observation that its concentration in the xylem exudate 
may be several times that in the external solution. Inves- 
tigations on this question are in progress. 


M. G. T, SHONE 


Agricultural Research Council, 
Radiobiological Laboratory, 
Letcombe Regis, 
Wantage, Berkshire. 
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Detection of Fresh and Fossil Pollen with 
Fluorochromes 


In recent years fluorescence microscopy has proved use- 
ful in bacterial identification and other clinical diagnostic 
procedures including the fluorescent antibody technique. 
Various fluorochromes have also been used in identifying 
soil bacteria? or distinguishing them from soil humus’. 
Richards and Miller? and Richards e al.‘ reported that 
staining the tubercle organism with auramine O markedly 
enhanced its visualization, made possible the observation 
of large fields at low magnification, and thus increased 
the possibility of obtaining positive diagnoses. Some of 
these uses and others have been reviewed by Perner'. 
During examination of foliar penetration and movement 
of fluorescent dyes by fluorescence microscopy* we 
observed that pollen grains entangled in the trichomes 
of Prosopis juliflora (mesquite) fluoresced brilliantly. 
The use of acridine orange in enhancing morphological 
detail of fresh pollen grains was afterwards described by 


Ratcliffe et al.. The question at once arose as to whether - 


fossil pollen in soil and sediment samples would respond 
in the same fashion. 

We examined samples of surface soil from the Sonoran 
Desert on Tumamoc Hill near Tucson, Arizona. Among 
the fluorescing types of pollen encountered were Larrea, 
Pinus, Prosopis, and Cactaceae. When moistened and 


placed under a coverslip even unstained soil samples - 


revealed pollen. Evidently certain species of the Com- 
positae as Franseria deltoidea and Encelia farinosa auto- 
fluoresce. Autofluorescence is also characteristic of certain 
fossil Pleistocene pollen. Wet, untreated playa mud from 
Arizona, California, and Nevada revealed Pinus, Picea, 
and Compositae pollen. When stained with acridine orange 
Pinus pollen and Botryococcus colonies in -Pleistocene age 
lake mud from Willcox Playa of south-eastern Arizona 
fluoresced brilliantly. These were the dominant plant 
microfossils found in pollen concentrated by hydrofluoric 
acid extraction of the core sample*. In the untreated 
mud, fossil Pleistocene pollen (older than 20,000 years 
according to radiocarbon dating) fluoresced as readily as 
fresh pollen, a result to be expected in view of the chemical 
stability of the pollen exine. 

The fossil record of Prosopis is of particular interest to 
the first two authors, who are seeking methods to control 
ts spread. While Prosopis pollen was not found in core 
samples from the Willcox Playa, it is known from both 
buried alluvial and xolian deposits near Double Adobe, 
about 80 km south of the Willcox Playa. The oldest 
record is from pollen profile Double Adobe II in a level 
immediately above a radiocarbon date of 8,240 + 960 
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Fig. 1. Sediment from a buried soil collected near Double Adobe, 
south-eastern Arizona, at 58-cem depth. Ultra-violet Humination. 
Brightly fluorescing tricolpate pollen grains are Prosopis ( x 300) 





Fig. 2. 


Same field of view as in Fig. 1, but under incandescent iJumina- 
- tion. Pollen grains not readily apparent 


years before present (A~184c). That Prosopis pollen can 
be detected by fluorescence is shown in Fig. 1, which 
shows an unextracted soil sample from 53-em depth of 
an xolian mound near Double Adobe. 

In preparing soil or sediment for fluorochroming, the 
sample is first mixéd with distilled water to a consistency 
of thick paint. Six parts of the suspension are then well 
mixed with one part of a 0-1 per cent solution of acridine 
orange, containing 1-0 per cent “Tween 20’ or other sur- 
factant to enhance penetration of the fluorochrome. The 
mixture is maintained at 35° © for about 4 h, during which 
it should be swirled every 20-30 min. If desired, the 


` unincorporated stain may be washed free with several 


changes of distilled water. The sample is placed under a 
thin (Nos. 0 or 1) cover glass and illuminated with in- 
cident ultra-violet light from an HBO 200 mercury burner 
equipped with a primary Schott BG—12 filter (transmission 
range 330-500 my). As a barrier filter, the GG—4 (trans- 
mission > 370 my) and OG-5 (transmission > 530 my) are 
satisfactory, particularly when used in combination. 
Pollen grains are easily seen and identified at relatively 
low magnifications (about x 100) against a semi-darkfield 
background. 

Under ordinary tungsten illumination extraneous debris 
(mainly clay particles and colloids) obscures the pollen 
present in soil and sediment samples. For this reason 
chemical extraction or heavy liquid flotation is commonly 
used to concentrate fossil pollen before microscopic exam- 
ination. After fluorochrome treatment the inorganic and 
much extraneous organic debris is invisible and does not 
interfere with observations of the fossil pollen. The same 
field under both types of illumination is shown in Figs. 1 
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and 2. If samples contain insufficient pollen for a routine 
count it should be possible to determine that fact by 
fluorescent examination before routine laboratory extrac- 
tion and thus avoid time-consuming and costly treatment 
of unproductive samples. The fluorochrome technique 
promises to be a useful tool in rapid examination of fresh 
or fossil pollen. 

Note added in proof. Since submission of the manu- 
script, Dr. Donald Larson, of the University of Texas, 
has directed our attention to the recent work of Bhaduri 
and Bhanja*‘, involving use of fluorescence microscopy 
for observation of protoplasmic inclusions in pollen grains 
and pollen tubes. In addition, Wetzel}? has reported the 
method of value in detecting minute amounts of organic 
constituents in petroleum-bearing sediments. 

S. J. SHELLHORN 
H. M. Huru 
Crops Research Division, 
Agricultural Research Service, 
United States Department of Agriculture, 
Box 5735, Tucson, Arizona. 
P. S. MARTIN 
Geochronology Laboratories, 
University of Arizona, Tucson, Arizona. 
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Effect òf Carbon Dioxide on the Development 
of Third-stage Larvæ of Haemonchus 
contortus in vitro 


Srorr! was the first to show that Haemonchus contortus 
can develop to the fourth stage without an exogenous 
source of nutrients. In Ringer and Tyrode solutions, 
about 10 per cent of exsheathed third-stage larve attained 
the fourth stage within 4 days. The process was accelera- 
ted by the addition of aqueous extracts of liver, by the 
use of sealed, rather than unsealed, tubes and by the 
presence of large rather than small numbers of larve. 
Under these conditions up to 50 per cent of exsheathed 
third-stage larvee underwent development to the fourth 
stage within 4 days. Silverman, Poynter and Podger? 
have used a similar method to collect late third-stage and 
early fourth-stage larve of several species for the prepar- 
ation of antigens. 

In experiments at this laboratory, it was found that 
when larve of H. contortus were incubated in a solution of 
salts, greater numbers developed to the fourth stage as the 
proportion of carbon dioxide in the gas mixture was 
increased, to 50 per cent. The percentage of fourth-stage 
larve recovered after incubation for 72 h under different 
mixtures of carbon dioxide and air is shown in Fig. 1. 
When. larve were incubated for 96 h under 25 or 50 per 
cent carbon dioxide in air, 90-100 per cent reached the 
fourth stage. 

When 0-85 per cent sodium chloride alone was substi- 
tuted for the solution, larve did not develop to the fourth 
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stage irrespective of the proportion of carboh dioxide in the 
gas phase. Larve also failed to develop in soltitions of 
sodium bicarbonate gassed with carbon dioxide. 

When mixtures of air and nitrogen were used in the 
same proportions as air and carbon dioxide, fow or no 
fourth-stage larve were found. On the other hand, 
development to the fourth stage occurred in commercial 
mixtures of carbon dioxide and nitrogen, but the results 
were erratic. 

The pH of the solution of salts was 5:8, but as the pro- 
portion of carbon dioxide in the gas phase was increased 
the pH fell until with 100 per cent carbon dioxide it was 
approximately 4:3. The effects of different concentrations 
of carbon dioxide at pH 2 and at pH values between 4:3 
and 5-2 were similar (Fig. 1), although the larve were 
adversely affected at pH 2 and relatively few reached the 
fourth stage. Development was not induced when larve 
were incubated under air in the solution at several pH 
values between 5-8 and 4:3. 
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Fig. 1. Percentage of fourth-stage larve recovered when third-stage, 
larvæ of Haemonchus contortus were incubated for 72 h with different 
concentrations of carbon dioxide in the gas phase. Third-stage larvæ 
were exsheathed in 0°05 per cent sodium hypochlorite, washed in 0-4 per 
cent sodium chloride and suspended with antibiotics in roller tubes 
with 2 ml. of a salt solution which contained the following components 


in g/l.: NaCl, 8-23; KOl, 0-42; CaCl,.6H.0, 0°66; MgSO..7H,O, 0:34. 


Those were gassed, in replicates of three, either with 100 per cent COs, 

with mixtures of air and 5, 25 or 50 per cent of COs, or with air alone. 

Tubes were incubated at 39-5° + 05°C. Results were recorded only 

from culture tubes which gave no evidence of bacterial contamination 
after sterility tests in thioglycollate broth 


After larvee had been incubated for 24 h under 50"per 
cent carbon dioxide in air, none showed evidence of 
developmental changes, although the same larve after- 
wards attained the fourth stage if incubation was con- 
tinued under air alone for a further 48 or 72 h. 

It has been reported that addition of an aqueous 
extract of liver (Difco ‘Bacto-Liver’) to a dilute balanced 
salt solution enhanced the production of fourth-stage 
larvel, and “products of the hydrolysis of liver and 
casein” have been ‘used with similar results (British 
Patent No. 894603 quoted by Silverman et al.*). This 
effect could not be demonstrated with either Difco “Bacto- 
Liver’ or an enzymatic hydrolysate of casein (Nutri- 
tional Biochemicals Corporation) dissolved in the solution 
of salts. Larve developed to the fourth stage only when 
these solutions were gassed with 25 or 60 per cent carbon 
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dioxide in air, and they were no more numerous than in 
the solution alone under air and carbon dioxide. 

These results suggest that development of the third- 
stage larvae to the fourth stage was not a consequence of 
changes in oxygen tension or in pH, but was probably 
related to the concentration of either dissolved, gaseous 
carbon dioxide or carbonic acid, or both. The composi- 
tion of the salt solution in which the larva were suspended 
was important, for carbon dioxide was not effective in 
solutions of either sodium chloride or sodium bicarbonate 
alone. The morphological changes which led to the 
formation of the fourth stage did not themselves require 
high carbon dioxide tensions, but took place in the 
solution of salts under air. These changes are probably 
‘triggered’ by a mechanism which is itself stimulated by 
carbon dioxide or carbonic acid, or both. 

A ‘trigger mechanism’ is also involved when infective 
larvæ of H. contortus exsheath in the sheep*, and again 
the stimulus was found to be carbon dioxide’. It would 
not be surprising, therefore, if carbon dioxide was impor- 
tant in the subsequent development of this species to the 
fourth stage in the host. Evidently carbon dioxide 
could also be important for the culture in vitro of H. 
contortus, and perhaps for the culture of other species 
such as Ascaris lumbricoides, which, like H. contortus, 
require a stimulus from carbon dioxide to initiate the 
process of infection. Indeed, carbon dioxide has already 
been. shown to be important for the maintenance of adult 
A. lumbricoides in vitro’. 

The techniques for sterilization of larvee were developed 
by Dr. Paul P. Weinstein, Laboratory of Parasitic 
Diseases, National Institutes of Health, Bethesda, Md. 
I thank him for his help and advice. 

R. I. SOMMERVILLE 
McMaster Laboratory, 
Division of Animal Health, 
C.S.I.R,O., Glebe, 

New South Wales, Australia. 
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Influence of Immunological * Dissimilarity 
of Mother and Fæœtus on Size of Placenta 
in Mice ` 

THE mammalian fcetus must differ antigenically from 
‘the mother, except in highly inbred strains. Consequently 
the placenta is, in effect, a homograft. The problem of 
how the placenta is maintained in the uterus throughout 
pregnancy without eliciting an apparent homograft re- 
jection reaction has not been solved satisfactorily, as yet. 
It would seem inevitable that immunological factors must 
play some part in placentation. The use of inbred lines 
of mice provides a means of investigating whether anti- 
genic differences between mother and offspring play a part 
in determining placental size. 

Young adult virgin female mice of the C,,BL and AG 
(albino) strains were used. They were mated with males 
of the same or of the other strain at about 90 days of age 
and killed 174 days after finding the vaginal plug. Breed- 
ing was continued until data for 20 litters of each of the 
four crosses had been accumulated. The placente and 
foetuses were removed from the uteri and were weighed 
and counted. Only those which were developing normally 
at 174 days were included in the statistical treatment. 
The analyses of the placental weights are summarized in 
Table 1. 

It will be apparent that the placente of the hybrid 
foetuses are considerably larger than those of the pure- 
bred fostuses in the mothers of both strains. The difference 
in each case is highly significant. Placental size within a 


NATURE 


317 
Table 1 
Mean weight of 
Mother Fatuses No. of No. of Mean size placenta and 
‘ litters conceptuses of litter ct ) error 
mg 
Csr Cs X C57 20 181 6°55 83-8 +079 
Os CrX ALE 20 148 7-40 105:7 0-84 
AG AG XAG 20 99 4:95 110:9 +137 
AG AQ X Coy 20 96 4°80 125-02 2-46 


given strain is inversely related to litter size, so that the 
smaller the litter the larger the individual placente tend 
to be. The mean sizes of hybrid and pure-bred litters in 
A,G mothers differ by a negligible amount, but the pure- 
bred litters are considerably smaller than the hybrid litters 
in the C,, mothers; but correction for litter size would tend 
to increase the significance of the difference in placental 
sizes and is unnecessary. The placents of hybrid foetuses 
in A,G mothers are larger than those in O,, mothers ; but 
the litter sizes in the two groups differ greatly. Linear 
regressions of placental weight on litter size were calcu- 
lated for the two groups. The fitted regression lines 
showed no significant difference in slopes, but a very 
significant difference in position. After correction for litter 
size the means are significantly different at the 1 per cent 
probability level. Clearly maternal, not foetal, factors are 
responsible for this difference. 

The conclusion that hybrid foetuses have larger placentæ 
than pure-bred fcetuses in mothers of both strains could 
be attributed either to inherent qualities of the foetuses 
themselves resulting from their heterozygosity, or to 
maternal/foetal interaction resulting from genetic diver- 
sity ; in short it could be due to the hybrid vigour of the 
foetuses or to antigenic dissimilarity of mothers and 
foetuses or to both these factors. The design of tho experi- 
ment does not permit of distinguishing between these 
factors. 

The effect of heterozygosity can be eliminated by the 
technique of egg transference. Accordingly it was decided 
to transfer A,G eggs to C;, females and, as controls, Osy 
eggs to Os, females. The fertilized eggs were transferred 
at 34 days of age to non-parous females about 90 days 
of age and 24 days pseudo-pregnant. They were killed 
14 days after transference. The results are summarized 
in Table 2. The numbers are relatively small and the 
reciprocal experiment in A,G mothers was not undertaken 
because of the laborious nature of the technique. 


Table 2 
Mean weight of 
No. of No. of Mean size placenta and 
Mother Fotuses litters conceptuses of litter ae oe 
. mg 
Os A:@x As 10 30 3-0 1161-42-50 
Cs: Osr X O52 10 81 3-1 92:441:22 


It is apparent that the A,G fetuses have very signi- 
ficantly larger placentz than the C;, foetuses in C, mothers, 
and this difference cannot be due to litter size, which is 
almost identical. The placentæ of the A,G foetuses are 
larger than those of the hybrid foetuses in Cs, mothers 
{Table 1). Linear regressions of placental weight on litter 
size were calculated for these two groups and there was 
no significant difference in the adjusted means at the 5 per 
cent probability-level. The difference in litter size between 
the two groups is sufficient to account for the whole of the 
difference in placental weight. It would appear, therefore, 
that the large size of the placentz of foetuses genetically 
dissimilar from the mothers is due to antigenic dissimilarity 
and that heterozygosity of the foetuses, as such, has little 
or no effect. ` 

Placental size must depend primarily upon the extent 
of the trophoblastic invasion of the maternal decidua at 
the time of its establishment, for it does not grow appreci- 
ably once it has been established. It follows that tropho- 
blastic invasion is more extensive when it is antigenically 
dissimilar from the decidua than when it is similar. 
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The problem of whether this is due to more active invasive 
properties of the trophoblast itself when it encounters 
antigenically dissimilar decidua or to a reaction of the 
maternal decidua, for example by increased hyperemia, to 
the dissimilar trophoblast, or to both, awaits solution. 
These experiments do not throw light on this problem, 
but they do indicate that immunological dissimilarity of 
mother and foetus favours, rather than hinders, fcetal 
development in the mouse. : 

I thank Prof. F. W. Rogers Brambell for his advice. 
This work was carried out during the tenure of a research 


studentship of the Department of Scientific and Industrial 
Research. 


W. D. Buxaro * 
Department of Zoology, 
University College of North Wales, 
Bangor, 
Caernarvonshire. 
* Present address : Department of Zoology, University Museum, Oxford. 


Occurrence of Atherina boyeri Risso 
in Britain 

Atherina boyeri Risso 1810: (Teleostei : Mugiloidea) has 
. previously been recorded only once in Britain by Couche, 
who identified a few specimens from a large shoal observed 
off the coast of Cornwall in 1846. Unfortunately Couch 
gave only a very brief description of his specimens which 
were afterwards lost’, and, since there are no other con- 
firmatory British records in the literature, the occurrence 
of the species in Britain has usually been doubted, 
Recently, however, atherines agreeing closely with pub- 
‘lished descriptions of Atherina boyeri+® have been found 
abundantly in a dock at Swansea, South Wales. Specimens 
were observed at various times during 1956-63 and 
occasional collections have been made by dropping 
bait into a hand net which was then gently raised from 
the water with the fish inside. 

A sample of 25 arbitrarily chosen fish ranged in total 
length from 33 to 70 mm (standard length 29 to 62 mm) 
and few specimens seemed to be larger than the greatest of 
these lengths. Meristic data for the fish, together with 
data given by some previous authors, are presented in 
Table 1. The specimens are quite distinct from the only 
other British atherine, Atherina presbyter Cuvier and Valen- 
ciennes, which reaches a much larger size, has relatively 
smaller eyes and a less-sloping lower jaw, and has higher 
vertebral counts. Moreover, there is little doubt that dock 
specimens were breeding since, among a few specimens 
which were dissected, all those of more than 55 mm total 
length were sexually mature, and very small specimens 
were occasionally observed and collected in summer. 

Taken by itself the present record does not necessarily 
indicate the ‘natural’ occurrence of the species in Britain, 
since the dock is artificially heated by a power station 
effluent?s®’, and eggs or adult fish may have been intro- 
duced by shipping, as seems to have occurred with some 
other dock species®°, This could be particularly so in 
this case since Atherina boyeri is normally a warm-water 
species which is recorded from the whole of the Mediter- 
ranean Sea and adjoining parts of the Atlantic as far 
as Madeira, The opportunity to examine good pre- 
served material and to observe living specimens “loosely 
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scattered” with “not more than two or three being near 
each other”? exactly as Couch describes does, however, 
persuade us of the accuracy of Couch’s identification. 
Couch identified his specimens from Cuvier and Valen- 
ciennes’, whose description fits our specimens very well, 
and it seems unlikely that a trained observer would have 
confused A. boyeri with A. presbyter. It is perhaps possible 
that A. boyeri is a warm-water form of A. presbyter which, 
in contrast, is predominantly found outside the Mediter- 
ranean from Gibraltar to the southern North Bea”. 
However, the ranges of the two forms appear to overlap 
considerably, and there is no evidence of a change in 
the body-form and habits of A. boyeri at Swansea in the 
time since November 1960 when the dock became cooler®. 
More careful comparisons of the two forms in a variety 
of localities would clearly be valuable, but if, as seems 
likely, the two species are valid then the oceurrence of 
Atherina boyeri at Swansea, whether ‘accidental’ by remote 
dispersal or ‘natural’ by marginal dispersal, suggests that 
the original record from Cornwall in 1846 may well have 
been correct. 

Twelve intact specimens of present material have been 
deposited at the British Museum (Natural History) and 
we thank Mr. A. C. Wheeler for radiographs of this 
material, and Mr. P. Miler for his advice. 


A. B. BOWERS 
Marine Biological Station, 
Port Erin, Isle of Man. 
E. NAYLOR 
Department of Zoology, 
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Effect on Body Composition and Weight of 
Ingesta of the Number of Lambs reared by 
Romney Marsh Ewes y 


THE 39 two-year-old Romney Marsh ewes described by 
Barton and Ulyatt' in an investigation of the effects of 
four pasture types on body composition could also be 
divided into four birth-rank categories. The statistical 
analysis used was that of fitting constants by least squares, 
and birth-rank effects were separated from any associated 
effects of pasture type. The birth-rank categories were as 
follows: Ewes rearing twin lambs; ewes rearing single 
lambs; ewes which bore a lamb but did not rear it (lost 
lamb); and dry ewes. The lambs were weaned on Decem- 
ber 4, 1958, and the ewes were slaughtered approximately 
two weeks later. The procedures used at slaughter and in 
the chemical analysis of the carcasses have already been 
outlined}. 




























= Fin-rays 

Character Tereni 
Authority Ist dorsal | 2nd dorsal Pectoral Pelvio Anal Caudal E 
Risso 1810 7 9 13 1/5 15 16 — 
Cuvier and Valenciennes 1830 7 1/12 14 1/5 1/13-14 17 
Gunther 1861 6-8 1/12 — — 1/13-14 — 47 
Day 1880 7-8 1/11-12 14-15 1/5 1/12-14 17 44~46, 
Ninni 1931 T 13 — 1/5 — 17 mme 
Present material 7-9 12-14 13-14 1/5 - 1/11-14 15-17 43-46 
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Table 1. EFFECT of BODY COMPOSITION AND WEIGHT OF INGESTA OF THE 
ER OF LAMBS REARED BY ROMNEY MARSH EWES 


Birth-rank category 


Item Twin Single Lost lamb Dry 
No. of ewes 4 21 5 9 
Live-weight at slaughter (1b.) 106-6 112-1 125-9 122-0 
Frozen carcass weight (lb.) 54-1 60-1 71-4 707 
Carcass chemical composition: 
Fat weight (lb. 20°20 25-48 35-08 84-67¢ 
Water weight (1b.) 24-93 25-39 26-10 26°69 
Protein weight (ib.) 7:24 7-42 7:99 7-60 
Ash weight (Ib.) 2-05 2-20 2°55 2-36 
Omenta! fat weight (Ib.) S11 3-87 578 5-82 
Stomach Contents weight (Ib.) 7:67 7-41 6:48 5-86 
Intestinal contents weight (1b.) 2°38 1-83 1-79 1:50* 
*P< He eh 
+P <0 


t Sumon. Toticutum, omasum, abomasum. 


The results given in Table 1 show that while thero were 
differences in live-weight and carcass-weight between the 
birth-ranks, these were not significant. Most of these 
differences can, however, be accounted for in terms of 
body-fat. The ewes which reared lambs were significantly 
lower in omental and chemical carcass fat than those 
which failed to rear lambs. These observations confirm 
the work of Pálsson?, who used linear carcass measure- 
ments to show that lactational stress could alter the 
carcass composition of Icelandic ewes. 

All the major internal organs were weighed, but none 
differed significantly in weight between birth-rank 
categories. 

It is of interest to note in Table 1 that the lactating 
ewes at slaughter had significantly heavier amounts of 
ingesta. This finding can be added to reports in the 
literature that size of stomach in the ruminant is related to 
many factors such as body-weight’, pregnancy*, weight 
of internal depot fats®-*, diet?.?-°, food intake’, and degree 
of face cover in ewes, 

M. J. Utyarr 
R. A. Barron 
Sheep Husbandry Department, 
Massey University of Manawatu, 
Palmerston North, New Zealand. 
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ENTOMOLOGY 


Resistance to Organophosphorus Compounds 
in the Two-spotted Spider Mite: Two 
Different Mechanisms of Resistance 


Tr is known that a number of spider mite populations 
can develop a high degreo of resistance against organo- 
phosphorus compounds}. The mechanism of organo- 
phosphorus-resistance has been extensively examined in 
insect species, and enough evidence has accumulated to 
indicate that many strains of resistant insects developed 
abilities to detoxify the organophosphorus compounds by 
which they have been selected. In no case, however, has 
it been shown that troatments with organophosphorus 
compounds resulted in a selection of individuals with a 
modified cholinesterase (ChE), which is known to be the 
actual target of organophosphorus poisoning. 

The first investigations of the properties of ChE in 
Tetranychus urticae Koch (T. telarius) rovealed no signifi- 
cant interstrain difference in ChE activity*, though subse- 
quent investigations? indicated a somewhat lower ChE 
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activity in resistant strains as compared with susceptible 
strains. Recently, Smissaert® reported that a population 
of this mite species, represented by the Leverkusen resistant 
strain, has developed a unique mechanism to counteract 
the ChE attack by organophosphorus compounds by 
decreasing its sensitivity to organophosphorus inhibitors 
of ChE by a factor of 100-1,000. 

Previous experiments? by the Warburg method did not 
indicate any appreciable interstrain differonce in ChE 
activity (37 and 33 mm?/15 mg mites/h for Leverkusen 
normal and resistant strain, respectively). We have now 
expanded this work and extended it to the examination of 
suscoptibility to paraoxon, the actual toxicant involved in 
parathion poisoning. The strains used in our experiments 
and their properties are described in Table 1. The 
American strain BR, and the German strains LR and LER, 
are equally resistant against ‘Parathion’ as compared with 
NN or LN. The homogenates used for enzyme assay were 
made by grinding freshly collected mites in a Potter- 
Elvehjem homogenizer at approximately 0° C at a ratio of 
10 mg of mites per ml. of 6-7 x 10- M phosphate buffer 
at pH 7-4. The homogenate was treated by an ultrasonic 
disintegrator for 1 min, and then subjected to a brief 
centrifugation for 10 min at about 3,000 r.p.m. To a 
2-mil. test tube, 0:27 ml. of the supernatant and 0-03 ml. 
of acetylcholine iodide (ACh) in distilled water—in some 
cases mixed with inhibitors—were added. The system was 
allowed to stand in a water bath at 30° C without shaking 
for 1 h. The ACh remaining was determined by the 
method of Hestrin™'. Corrections were made for endog- 
enous hydrolysis and non-specific colour caused by mite 
homogenates. 

The amount of ACh hydrolysed by the enzyme prepara- 
tion of 2-7 mg of mites in 0-3 ml. of final solution was 0-23] 
(BR), 0-227 (LN), 0-197 (NN), 0-129 (LR) and 0-085 
umole/h/0-3 ml. (LRR) at a final substrate concentration of 
10-3 M (that is, 0-300 umole/0-3 ml.) and 0-230 (BR), 
0-220 (LN), 0-227 (NN), 0-185 (ZR) and 0-146 pmole‘h/ 
0-3 ml. (LER) at 4 x 105M ACh. It can be seen that DR 
and LRR show relatively low ChE activity: but BR, 
which is equally resistant to parathion, shows the highest 
ChE activity. Furthermore, the relative interstrain 
differences in ChE activity in LRR versus LN become 
less pronounced, at a higher substrate concentration. 
Presumably at the high substrate concentrations used in 


Table 1. STRAINS OF T. urticae USED IN THIS WORK AND THEIR PROPERTIES 
LCz. ASSESSED BY SLIDE-DIP METHOD (REF. 9) 


Female 
LCs (24 h) Selected 
Strains ‘Parathion’ with: Remarks 


(%) 
LN, Leverkusen normal, 
susceptible; field popu- 0:02 
lation, Stuttgart, 
Germany 


LCs for ‘Metasystox’ 
(ref. 10); 000193, 


NN, Niagara, suscept- 
ible, Niagara, U.S.A. 0:0075 


LR, Leverkusen, resist- 
ant. Selected from 


High susceptibility 


‘Systox’ and LCs, for ‘Afetasystox’ 
‘Metasystox’ (ref. 10): 0:0194, re- 


LN in Germany 0-2 in the lab- verted from LRR by 
oratory lack of selection 
pressure 


LRR, Leverkusen, re- 
sistant, Germany (see 
ER) 


ar for ‘Metasystox’ 
(ref. 10): about 0-1 
0-2 ‘Systox’ and %. High degree of 
‘Metasystex’ resistance against 
‘Metasystox’ by con- 

tinuous selection 


‘*Parathion’ Stable resistance 


BR, Blauvelt resistant, 
in tho fleld 


Ithaca, U.S.A. 0-2 


Table 2. INHIBITION OF CHE OF SEVERAL STRAINS OF SPIDER MITES BY 
PARAOXON, THE RESULTS ARE bet cnet AS PERCENTAGE INHIBITION 
PER HOUR 


Paraoxon molar concentration 
Strains 5x10 10% 2xi0 > 6x10 10 2x10“ 5x104 


LN 14 (1) 46(8) 62(8) 72(3) 85(1) 85 (2) 96 (1 
NN 84 (2) 49.(2) 6841) 76(1) 88(2 910 
BR 33 (1) 47(1) 54(3) 75 (3) 78(2) 93 (3. 100 (1 
ER 40 (1) 68(1) 801) 70 (2) 75 (2 
LRR 10 (1) 7{2) 36{2) 55(2) 76 (2 


320 


the Warburg experiments® (3 x 10-2 M) the relative 
differences did not become significant. 

The results of the inhibition experiments with purified 
paraoxon at a substrate concentration of 2 x 10-3 M are 
shown in Table 2. Strains LN, NN, and BR do not differ 
Significantly in their sensitivity to this inhibitor, whereas 
LER homogenates had a definite tendency to be insensi- 
tive. Strain DR is, on the other hand, characterized by 
an intermediate inhibition rate between LN and LRR. 
Graphically determined I,.-values were 1-4 x 10-5 M for 
LN and BR, 2 x 10- M for NN, 3-5 x 10-5 M for LR and 
1:7 x 104M for LRR. The I,, differences between LN 
versus DR and LRR are, therefore, characterized by 
factors of 2-5 and 12, respectively. In order to ascertain 
the possible difference in the properties of ChE in LRR, the 
carbamate anticholinesterase, Sevin, was tested in ChE 
inhibition experiments for LN and LRE. The I,o-values 
were 7 x 10-5 M for LN and 4:5 x 10+ M for LRR; the 
I,o-value of LRR-ChE was higher than that of LN by a 
factor of 6-5. 

From the results described, it seems evident that the 
ChE of the two Leverkusen resistant strains is different 
from the ChE of DN, BR and NN. The actual difference 
found in the inhibition rate was, however, much less than 
the difference reported by Smissaert®. This might be 
attributable to the different method used by us; instead of 
acetylthiocholine® we used ACh, which is the actual, 
natural substrate for ChE. Esterases other than cholin- 
esterase can hydrolyse acetylthiocholine!®. Also in our 
experiments the simultaneous inhibition method was 
chosen instead of pre-inhibition in order to avoid unneces- 
sary breakdown of the inhibitor during the pre-inhibition 
period. In order to compare the results of these two sets 
of experiments, an attempt was made to pre-inhibit the 
ChE by paraoxon at 30°C. One series of experiments with 
30 min pre-inhibition of ChE by paraoxon indicated that 
the range of I,, for LDRR-ChE was in the order of 2 x 10-4 
Mand 4 x 10-7 M for LN-ChE. It is surprising that this 
pre-inhibition treatment did not alter the actual I,.-value 
of paraoxon against LRR-ChE as compared with the Izo- 
value in simultaneous inhibition experiments. 

The same treatment for LN-ChẸ resulted in a 35-fold 
inerease of sensitivity. This must mean that the affinity 
of LRR-ChE to the substrate ACh is so low that the 
presence of ACh does not affect the rate of ChE-inhibitor 
binding. Indeed, the Km-value of LRR-ChE to ACh was 
found by calculation to be four times as high as the 
Kn-value for LN. Calculations of bimolecular constants 
(k,) from Izp were not justified in these cases in view of the 
fact that the rate of inhibition versus time of pre-inhibition 
in both ChE’s was not linear. In essence, however, this 
last experiment confirms the report of Smissaert® that the 
ChE of LER is unusually insensitive to paraoxon and that 
the difference becomes much more pronounced by the 
pre-inhibition treatment. In Nature, however, it is not 
likely that this type of pre-inhibition would take place in 
the presence of natural ACh in mites. Therefore, we feel 
that the modest difference obtained in simultaneous 
experiments should be close to the actual fact. The LC, 
of LRE is only ten times as high as that of LN against 
paraoxon. > 

The resistant strain BR, on the other hand, shows a 
completely different pattern of resistance: there were no 
detectable differences in its ChE properties as compared 
with strains LN and NN. Though BR is just as resistant 
as DR and LER against parathion, it does not extend any 
cross-resistance to a carbamate (Union Carbide 21149), to 
which LRR shows a high resistance. Since carbamates 
are known to attack ChE, as already shown by an experi- 
ment with ‘Sevin’, the cross-resistance of LRR to the 
carbamates is not unexpected. Another interesting 
observation is that LR and LRR exhibit an ability to 
recover from anesthesia (for example, ethyl acetate) 
in a relatively shorter period than LN and BR. After 
prolonged treatments with ethyl acetate the individuals 
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of LN and BR often failed to recover at*all. This fact 
seems to indicate that the nervous system of LR and 
LER is more resistant to general drug action. Therefore, 
the conclusion is that BR must have developed another 
effective defence mechanism such as detoxication and/or 
reduced absorption. A preliminary experiment on detoxi- 
cation activities of these mite strains with, tritium-labelled 
parathion, indeed, indicated that BR homogenates could 
break down parathion three times faster than LN homo- 
genates. Further experiments on this problem are now 
under way in order to elucidate the actual mechanism of 
organophosphorus-resistance in these mite strains. 

We thank Dr. J. A. Naegele and Dr. R. D. O’Brien for 
their advice. This work was supported by research grants 
GM 06109 and GM 07804 from the National Institutes of 
Health, U.S. Public Health Service. One of us (G. V.) 
thanks NATO for a research fellowship. 
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Identification of Nerolic and Geranic Acids 
in the Nassanoff Pheromone of the Honey Bee 


In an earlier paper! we reported the identification of 
geraniol as a predominant component of the scent which is 
produced by the Nassanoff organ of the honey bee. Field 
tests by Free? and unpublished observations of our own, 
however, showed that geraniol was much less attractive 
to bees than was the complete scent. Therefore, an 
attempt was made to detect and identify other fractions 
of this scent and test these on bees. 

The Nassanoff pheromone was obtained by wiping the 
exposed scent organ with small bits of Whatman No. 1 
filter paper. Seven hundred wipes were extracted with 
ether. The ether solution was extracted with dilute 
sodium hydroxide solution and this in turn was acidified 
and re-extracted with ether to give, after removal of the 
ether, an acid fraction. This fraction was then methylated 
with diazomethane. The gas chromatogram of this 
methylated acid fraction on a 6 ft. x 0-25 in. ‘Carbowax 
1500’ column is shown in Fig. 14, the retention times of 
the major components being 8-2 and 10-6 min. Retention 
times on two other columns (4:5 ft. x 0-25 in.) are shown 
in Table 1. A Perkin-Elmer 1540 vapour fractometer 
with a hydrogen flame detector was used. The columns 
were packed with 10 per cent liquid phase on 150/160 
‘Anakrom U’. A. portion of the methylated acid fraction 
was hydrogenated over platinum oxide in methanol. The 
product had gas chromatographic retention times identical 
with methyl dimethyloctanoate (Table 1). A second 
portion of the methylated acid fraction was reduced in 
ether solution with lithium aluminium hydride. Gas 
chromatography of the reduction products showed their 
retention times to be identical with authentic samples of 
the two isomers, nero] and geraniol (Table 1). 

These results indicated that the acid fraction consisted 
of nerolic acid along with some of the trans-isomer, geranic 
acid. (It may be that geranic acid is not produced by the 
bee but is formed by isomerization of nerolic acid during 
extraction and methylation.) 
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Fig. 1. Gas chromatograms of the methylated acid fraction of the 


extracted Nassanoff pheromone (4) and the methyl esters of the mix- 

ture of synthetic nerolic and geranic acids (B). Conditions: 10 per cent 

‘Carbowax 1500" on 160/160 mesh ‘Anakrom U’ in a 6 ft. x 0-25 in. 
column at 130° 0 


A synthesis of geranic and nerolic acids was carried out 
by means of a ‘Reformatsky’ condensation of 6-methyl-5- 
hepten-2-one with ethyl bromoacetate in the presence of 
zine, giving ethyl 3-hydroxy-3,7-dimethyl-6-octenoate. 
This was saponified to the free hydroxy-acid which was 
dehydrated with acetic anhydride and sodium acetate to 
geranic and nerolic acids. After methylation with diazo- 
methane this mixture gave, using the 6-ft. ‘Carbowax’ 
column, the gas chromatogram shown in Fig. 1B. The 
retention times were 8-2 and 10-7 min for the nerolic and 
geranic esters, respectively. The proportions of the two 
acids were about 1/3 nerolic and 2/3 geranic. The retention 
times of the methylated acids on the two other columns 
are shown in Table 1. Reduction of the methylated 
synthetic acids with lithium aluminium hydride gave 
nerol and geraniol in a proportion of 1 : 2. 


Table 1, COMPARISON OF FRACTIONS FROM THE NASSANOFF PHEROMONE 
with Known SUBSTANCES BY QAS CHROMATOGRAPHIC RETENTION TOES 
(MIN) ON Two COLUMNS at 180°C 


Columns 
10% ‘Apiezon L’ 10% ‘Carbowax 1600’ 


Materfal 

Aetnyluted acid fraction 

LA.F.) 14-90* 19°22 8-38" 10-96 
Synthetic methyl nerolate- 

geranate 14-90 12-28* - 838 10-98 * 
Hydrogenated M.A.F. 10-56 3-88 
Methyl-3,7-dimethy]- 

octanoate 10°52 3°90 
LiIAlH -reduced M.A.F. 12-18* 18-64 19-78* 24:42 
Nerol 12-22 19-80 
Geraniol 13-68 24-46 

* Main peak. 


Attempts to separate tho nerolic and geranic acids in 
the synthetic mixturə so far have been unsuccessful. 
Therefore, the mixture as synthesized, was used in the tests 
with the bees. 

Tn a series of field experiments the attractiveness of the 
synthetic products in paraffin oil was compared with the 
attractiveness of the secretion from the Nassanoff organ. 

At 60 m from the hives, bees were fed unscented. syrup 
from a feeder dish; 10 m closer to the hives, dishes con- 
taining wipes, extracts or synthetic substances were placed, 
one on each corner of a 1 m? table. At least one control 
dish with only paraffin oil was included in each test. 
The feeder dish was then removed, and the bees that 
afterwards arrived at the test table were counted and 
captured as they landed on a dish. When four bees had 
been observed to land on the dishes the table was rotated 
through 90° in order to minimize positional effects. The 
dishes were watched until 32 bees had been counted or the 
observation period had lasted 20 min. Each test was 
repeated several times. These experiments were conduc- 
ted under conditions of little or no wind at 20° to 30° C. 

The attractiveness of wipes was clearly demonstrated 
(Table 2, Series 1). In a series of separate tests, using 
progressively greater numbers of wipes, up to 200 per dish, 
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No. OF BEES ATTRACTED TO WIPES AND VARIOUS SYNTHI TIC 


Table 2. 
SUBSTANCES 
Test (1) (II) (IIT) (IV) (vo 
series Wipes Blank Geraniol Acids Acids+ Geranlol 
1 310(a) 88(a) — _ -~ 
2 124{b) 31(a) 38 — — 
3 169 32(a) 44 — ~ 
4 — 115(a) 288(a) — =- 
5 — 28(a) 40 54(e) Å- 
6 _ 30(a) 48 2 ~ 
7 _ 52(a) 45 — 167 
8 —_ 57 52 72 12x 
9 158 65 — 89 140 
10 288 84(a) _ ~~ 241 
11 210 60 98 — 161 


(I) Wipes from 10 to 15 bees, R 

0-3 mi. paraffin oil (Say boit vise. 125/135) per dish. 

(IL) 50 wg geraniol in 0:3 ml. paraffin oil per dish. ‘ , 

{ 100 ug synthetic acid mixture in 0'3 ml. parafiin oil per dish, 
Yh 50 ug geraniol and 100 ug synthetic acids in 03 mìl, paratin oil 

per e 


Modifications: 
(a) Average count from two dishes in test. _ 
o Ether extract of wipes from 100 bees per dish. 
c) Acid fraction of ether extract of 200 wipes per dish. 


it was established that between 10 and 20 wipes had 
optimal attractiveness to bees under the experimental 
conditions. The attractant principle was extractable by 
ether (series 2). Wipes and the ether extracts of wipes 
were much more attractive to bees than geraniol (series 2 
and 3) although geraniol was twice as attractive to bees as 
paraffin oil blanks (series 4). A series of separate tests 
indicated that 50 ug geraniol in 0-3 ml. paraffin oil per 
dish had optimal attractiveness. The acid fraction of the 
extract of wipes was slightly more attractive than geraniol 
(series 5). The synthetic mixture of nerolic and geranic 
acids was also more attractive than geraniol (seric~ 6). 
Separate tests showed that 100 ug of the synthetic acid 
mixture in 0-3 ml. paraffin oil per dish had optimal attrac- 
tiveness. The synthetic-acids with geraniol added were 
more attractive than geraniol alone (series 7) or acids 
alone (series 8). This mixture of synthetic avids and 
geraniol was only slightly less attractive than wines 
(series 9, 10 and 11), even though the synthetic acid. were 
not in the same proportion as found in the secretion from 
the Nassanoff organ. 

The results from the field tests indicate that most of the 
components active in the Nassanoff pheromone are now 
accounted for. 

R. Bocu 


Entomology Research Institute. 
D. A. SHEARER 


Analytical Chemistry Research Sorvice, 
Canada Department of Agriculture, 
Ottawa, Canada. 
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Host Size as a Factor in the Attraction of 
Malaria Mosquitoes 


YELLOW fever mosquitoes (Aedes aegypti) can be guided 
with great precision to a small target (such as a cylinder 
2-5 em in diameter by 5 cm long) by warm moist con- 
vection currents»*. When the experiment was repeated 
with malaria mosquitoes (Anopheles quadrimaculatus), no 
alightments could be secured on these small targets, but 
when the observer’s arm was introduced into the observa- 
tion chamber it was attacked heavily. Observations like 
this no doubt account for the common opinion that the 
skin releases a specific chemical attractant. However, 
when the attractiveness of the arm was compared with 
that of a 750-ml. cylindrical glass vessel filled with water 
at about 35° C and wrapped in moist filter paper, there 
appeared to be no substantial difference in the number 
of Anopheles mosquitoes alighting on the two targets. 

Apart from the visual difference (which would he of 
secondary importance to a night-biting species like 
A. quadrimaculatus), the main distinction between a 
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large and a small target is in the size or extent of the 
convention currents emanating from it. 

A 300-ml. round-bottom flask was set neck-downwards 
in the floor of a still-air observation chamber’, containing 
female malaria mosquitoes of demonstrated avidity. 
When the flask was covered with moistened black cloth 
and filled with warm water, and the insects were activated 
by breathing momentarily into the chamber, they flew 
about and congregated just below the roof about 75 cm 
above the bulb; but none of them made its way down 
to it and no alightments were observed on it. When a 
circle of black paper was placed on top of the flask so 
as to break up the narrow column of ascending air, 
several of the insects flew down and alighted on the bulb. 

In a separate experiment, the physical form of the 
convection currents was made visible by moistening the 
surface of the bulb with concentrated hydrochloric acid 
and placing a small dish of ammonia nearby. This 
generated an ammonium chloride smoke which was 
photographed as shown in Fig 1 (left and right). 

The fact that A. aegypti can utilize a current like that 
in Fig. 1 (left) while the anophelines required the pattern 
of Fig. 1 (right) would be explicable even if both species 
had similar sensory apparatus, provided the ‘time con- 
stant’ of the sensor was considerably longer in Anopheles 
than in Aedes. We are attempting to verify this. 





Fig. 1 


The specificity with which certain species of mosquito 
confine their attack to particular hosts has probably been 
exaggerated, and there is good evidence that opportunity 
as determined by life history and habits is more important 
than chemistry in determining the prey‘. At the same 
time, there is considerable evidence for a size effect in 
deciding the choice between alternative hosts when both 
are present®, 

Evidently the actual physical manner in which olfactory 
or other air-borne cues are presented to a flying insect 
cannot be neglected. 

This work was supported by an extra-mural grant from 
the Research Branch of the Canada Department of 
Agriculture. 
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3 Kellogg, F. E., and Wright, R. H., Canad. Entomologist, 94, 486 (1962). 
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Chromosome Numbers in the Genus Glycine L. 


Durie the course of our breeding programme with the 
introduced forage legume Glycine javanica L., a species 
with great potential over large areas of Queensland, it 
was found that certain crosses between some of the most 
promising varieties failed to set seed. A cytological study 
showed that this was due to the presence of both diploid 
and tetraploid forms within the species, with chromosome 
numbers of 2n = 22 and 2n = 44 respectively (Table 1). 
The previously recorded number of 2n = 20 (ref. 3) is 
probably incorrect. 




















Table 1. CHROMOSOME NUMBERS IN SOME SPEOIES LY THE GENUS Glycine L. 
k i g Diploid 
Species Identification Seed source chromosome 
No. * No. 
Sub-genus : Glycine 
G. javanica L. CPI 12600 India 22 
ry CPI 18108 Brazil 22 
x CPI 18419 N. Rhodesia 22 
a CPI 24520 dia 44 
ñ CPI 25422 N. Rhodesia 22 
R CPI 25423 N. Rhodesia 44 
ii CPI 25702 Tanganyika 22 
i CPI 26918 N. Rhodesia 22 
i Q 2056 Kenya 22 
h Q 3278 5. Rhodesia 44 | 
Sub-genus : Lepto- | 
cyamus i 
G. clandestina Wendl. | CQ 528 Queensland 40 
G. falcata Benth. CQ 537 Queensland 40 
G. tabacina (Labill.) 
Benth, SOS 2132 New S. Wales 80 
3 SOS 2139 New 8. Wales 80 
G. tomentella Hayata | SCS 2105 New 8. Wales ` 40 
7 SCS 1708 New S. Wales 40 
G. sp. New S. Wales 40 
Sub-genus : Soja 
G. maz (L.) Merr. CPI 17192 Nigeria 40 








* Voucher specimens have been lodged at the herbarium of the University 
of Queensland. 


Chromosome numbers were checked in G. maz (L.) Merr. 
(soya bean), and some of the indigenous Australian mem- 
bers of the genus. Ali the species examined had chromo- 
some numbers of either 2n = 40 or 2n = 80 (Table 1). 
The chromosomes of these species are much smaller than 
those of G. javanica, even allowing for the possible effects 
of polyploidy on chromosome size. 

In his recent revision, Hermann‘ has recognized three 
sub-genera and ten species in Glycine (sensu stricta). The 
sub-genera Leptocyamus and Soja occur in Australia and 
Eastern Asia and probably have a basic chromosome 
number of « = 10, while the sub-genus Glycine occurs 
mainly in Africa and has a basic chromosome number of 
w = 11. Although these basic numbers agree with Her- 
mann’s division of the genus, the basic numbers within 
most of the other genera of Phaseoleae appear to be 
constant®, and it may therefore be desirable to treat 
Leptocyamus and Soja as a distinct genus. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Monday, April 2) 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (at 
Savoy Place, London, W.C.2), at 5.30 p.m.—Mr. P. A. C. Morris: “The 
Amplification of Oblique Incidence Sounding to Long-Distance Com- 
ntnications Problems”, 


INSTITUTION OF ELECTRICAL ENGINKERS, POWER DIVISION (joint meeting 
vith the ScruNnc); AND) QUNERAL DIVISION, at Savoy Placo, London, W.C.2), 
at 5.80 panu—Dr. J. B. Thompson: ‘Modern Developments in Silicou- 
fron”, 


Socinvy or CumsicaL INDUSTRY, PESTICIDES Grour (at 14 Belgrave 
Square, London, S.\W.1), at 5.30 pan—-Dr. Hubert Martin: “Ihe Role of 
Chemistry in Pest Control”. 


ROYAL GEOGRAPIUCAL Socrery (at 1 Kensington Gore, London, 8.W.7), 
at 6 pan—“Lhe Darwin Range and the Beagle Channel” (colour films 
«vith commentary by Mr. Erie Shipton, C.B.B.). 


PLASTICS INSTITUTE, LONDON SECTION—ENGINEERING SUB-GROUP (at 
“The Ling’, Blackfriars Road, London, S.5.1), at 6.30 p.m.—aAnnual 
General Meeting, followed by Mr. G. R. S. Wilson: “Plastics Foam Making 
Machinery”, 


Tuesday, April 2 


INSTITUTION OF ELEOTRIOAL ENGINEMns, BLECTRONIOS Division (joint 
meeting with the DRITISH INSTITUTION OF RADIO ENGINEXRS COMPUTER 
GROUP, at tho Institution of Electrical Engineers, Savoy Place, London, 
W.C.2), at 2.30 p.1n.—Colloquium on “Simulators for ‘fraining Purposes’’. 


INSTITUTION OF ELECTRICAL ENGINEERS (joint meeting with the ROYAL 
AERONAUTICAL SOCIETY, at the Institution of Electrical Engineers, Savoy 
Place, London, W.C.2), at 5.80 p.m.—Discussion on ‘Adaptive Control 
in Aircraft” opened by Mr. W. H. McKinlay. 


? Wednesday, April 22 


GEOLOGICAL SOCIETY of LONDON (at Burlington House, Piccadilly, 
London, W.1), at 3 p.m.—Annual General Meeting. 


ROYAL Society OF MEDICINE, ENDOCRINOLOGY SECTION (at 1 Wimpole 
Strect, London, W.1), at 5 p.m.—Meeting on “Calcium Metabolism”. 


UNIVERSITY OF LONDON (at Queen Mary College, Mile End Road, London, 
E.1), at 5 p.m.—Prof. J. Tits (University of Brussels): “Root Structures 
in Groups and Complexes”. (Further lectures on Apri] 23 and 24.)* 


INSTITUTION OF ELECTRICAL ENGINEERS, POWER DIVISION (joint mecting 
with the INSTITUTION OF LOCOMOTIVE ENGINEERS, at the Institution of 
Electrical Engineers, Savoy Place, London, W.C.2), at 5.30 p.m.—Mr. 
H. D. Awasty: “Railway Electrification in India’. 


INSTITUTION OF MECHANICAL ENGINEERS (at 1 Birdcage Walk, West- 
‘minster, London, S.W.1), at 6 p.m.— Annual Meeting. 


ROYAL INSTITUTE OF CHEMISTRY, LONDON SECTION—LEA VALLEY 
SUB-SEOTION (joint meeting with the SOCIETY FOR. ANALYTICAL CHEMISTRY, 
at Luton College of Technology, Park Street, Luton), at 6.80 p.m.—Mr. 
ie Si oense; “Analytical Chemistry, Chemical Analysis and the 

nalyst”. 


Wednesday, April 22—Friday, April 24 


BRITISH INSTITUTE OF RADIOLOGY (at Central Hall and Church House, 
postninstor, London, S.W.1)—Iwenty-fifth Annual Congress and Bx- 
‘hibition. 3 


Thursday, April 23 


VETERINARY History Society (in the Wellcome Historical Medical 
Library, Euston Road, London, N.W.1), at 3 p.m.—Mr. R. E. Walker: 
“Veterinary Medicine in Ancient Egypt”. 


MINERALOGICAL SOCIETY (joint meeting with the INSTITUTION OF MINING 
AND METALLURGY, at the Geological Society, Burlington House, Piccadilly, 
London, W.1), at 4 p.m.—Scientific Papers. 


ROYAL Society {at Burlington House, Piccadilly, London, W.1), at 
4.80 p.m.—Mecting for the Election of Foreign Members, followed by Prof. 
-A. G. Gaydon, F.R.S.: *Shock-Tube Studies of High-Temperature Chemical 
Reactions’ (Review Lecture). 


SOCIETY or APOTMECARIES OF LONDON, FACULTY OF THE HISTORY OF 
MEDICINE AND PHARMACY (at Apothecaries’ Hall, Blackfriars Lane, London, 
%.C.4), at 5 p.m—Dr. F. N. L. Poynter: ‘Gideon Delaune and some 
Contemporaries” (Gideon Delaune Lecture). : 


SOCIETY OF CHEMICAL INDUSTRY, OILS AND Fats GROUP (in the Donnan 
Laboratories, University of Liverpool), at 6.15 p.m.—Thirtcenth Annual 
General Meeting, followed by Dr. A. N. Howard and Mr. G. A. Gresham: 
“Dictary Fats and Coronary Heart Disease”. 


SOCIETY OF CHEMICAL INDUSTRY (at the University, Birmingham), at 
7 pm—Dr, W. Blakey: “The History of Aminoplastics’” (Sixth Chance 
Memorial Lecture). 


Ou AND COLOUR Cummists’ Assocation (at The Criterion, 222 Picca- 
dilly, London, W.1), at 8 p.m.—Twenty-sixith Annual General Meeting, 
followed by Mr. O. M. Ji. Jackson: “Public Relations—Does it Exist ?” 


Friday, April 24 


INSTITUTE OF NAVIGATION (at the Royal Tastitwion of Naval Archi- 
tects, 16 Upper Belgrave Street, London, S.W.1), at 6.30 pau—Br. B. J. 
iwertowski: ‘Ships’ Inertial Navigation Systems”. 


Socisty ov Cipinean Ixpusrry, Foxe CremicaLs GROUP (at 14 Bel- 
grave Sauare, London, S.W.1), at 6 p.m—Annual General Meeting and 
Chairman’s Address. 


Occam Society (at the Northampton College of Advanced Technology, 
St. John Sircet, London, F.C.1), at 6.156 psm.—Alr. Harry Ward: ‘Lhe 
Science of Management’. 
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ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 9 p.m—-- 
Sir Roger Ormrod: “Some Contributions of Seicnce to the Law’. 


Monday, Apri! 27 


INSTITUTION OF ELECTRICAL ENGINEERS, SCIENCE AND GHNERAL DIVision 
(in collaboration with the BRITISI COMPUTER SOCIETY AND THE SOCIETY 
OF INSTRUMENT TECHNOLOGY, at the Institution of Jélectrical Engincers, 
Savoy Place, London, W.C.2), at 5.30 p.m.—Discussion on ‘rhe Choice 
between Analogue- and Digital-Computing Techniques in Engineering 
Analysis and Design”. 


UNIVERSITY CoLLNGE (in the Chemistry Theatre, Gower Street, London, 
W.C.1), at 5.30 p.m.—Prof. Stuart A. Rice (University of Chicago): “Uxeiton- 
Exciton Interactions and Electronic States of Molecular Crystals", * 


INSTITUTION OF ENGINEERING INSPECTION; the MATERIALS AND TESTING 
GROUP of the INSTITUTE or Pirysics AND TIS PHYSICAL SocteTy: the 
SOCIETY or NON-DESTRUCTIVE EXAMINATION; and the NON-DESTRUCTIVE 
TESTING SOCIETY or GREAT BRITAIN (at the Institufion of Mechanical 
Engiucers, 1 Birdeage Walk, Westminster, London, S.W.1), at 7.15 p.m.—- 
Dr. D. W. Saunders: ‘Lhe Relation Between the Structure and Properties 
of Non-Nctals”. 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, S.W.7), 
at 8.15 p.in.—Capltaine de Frégate J. Y. Cousteau: ‘The Living Sen”. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before 
the dates mentioned: . i 

VICE-PRINCIPAL (with good academic qualifications and teaching cx- 
penionte, and preferably industrial and administrative experience)—The 

rincipal, Coventry Technical College, Butts, Coventry, marking cnvelupe 
“VP” (April 24). 

CHAR OF MECHANICAL ENGINEERING—The Registrar, University College 
of Swansea, Singleton Park, Swansea (April 25). 

Head (with high academic qualifications and a substantial combination 
of teaching, research‘and industrial experience) OF THE CHEMISTRY DEPART- 
MEN — The Academic Registrar, Brunel College, Woodlands Avenue, Acton, 
London, W.3 (April 25). 

JUNIOR FELLOW (preferably with research interests in transition meta} 
chemistry, or in boron hydride chemistry) IN THE DEPARTMENT oF 
INORGANIC CHEMISTRY—The Registrar, University of Bristol, Senate louse, 
Bristol 2 (April 25). 

SENIOR LECTURERS (3) and a LECTURER (graduate electrical engincers) 
IN THE DEPARTMENT OF ELECTRICAL ENGINEERING—The Director of Educa- 
tion, The Polytechnic, 309 Regent Street, London, W.1 (April 25). 

SENIOR LECTURER or LECTURER (preferably with special competcuce 
in physiological psychology) IN EXPERIMENTAL PsycHoLoay—The Regis- 
traf, The University, Hull (April 27). 

LECTURER (graduate with an honours degree in philosophy or with 
Philosophy in a first degree and a higher degree in education) iX THE 

HILOSOPHY OF EDUCATION within the Institute and Department of Educa- 
tion—The Registrar, Senate House, The University, Bristol 2 (April 30). 

LECTURER, IN NUMERICAL SIATHEMATICS at the University of Otago, 
New Zealand—The Secretary, Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, S8.W.1 (New Zealand 
and London, April 30). . 

LECTURER (interested primarily in numerical analysis) In THY CON- 
PUTING MACHINE LABORATORY IN THE DEPARTMENT OF ELECTRICAL 
ENGINEFRING—-The Registrar, The University, Manchester 13 (April 30), 

LECTURER (non-medical, with a higher degree in biochemistry, chemistry 
or biophysics) IN THE DEPARTMENT OF PHYSIOLOGICAL CHEMISTRY - The 
een Registrar, The Medical School, The University, Birminghan 15 

pri a 

LECTURER or ASSISTANT LECTURER IN BIOCHEMISTRY—The Seeretary. 
Queen Elizabeth College (University of London), Campden Til Road, 
London, W.8 (April 30). 

LECTURER (with an honours degree, preferably in chemical engineering, 
with research and/or industrial experience) IN CHEMICAL EXGINEERING 
at the University of Melbourne, Australia—The Secretary, Association of 
Commonwealth Universitics (Branch Office), Marlborough House, Pall Mall, 
London, §.W.1 (Australia and London, April 30). 

RESEARCH FELLOW IN GEOPHYSICS IN THE DEPARTMENT OF GEOLOGY, 
to work with a research group investigating in the field of marine geophysics-— 
The Assistant Registrar (Science), The University, Birmingham 15 (April 30). 

LECTURERS or ASSISTANT LECTURERS (2) IN PSYCHOLOGY—The Secre- 


‘tary, The Queen’s University, Belfast, Northern Ireland (May 1). 


LECTURER or ASSISTANT LECTURER IN PHILOSOPHY—'The Secretary and 
Registrar, The University, Southampton (May 2). 

LECTURER (preferably with special qualifications or interests in statistical 
theory) IX StaTistios—The Secretary, The Queen’s University, Belfast, 
Northern Ireland (May 4). Í 

RESEARCH ASSISTANT (graduate in botany, biochemistry or chemistry) 
IN THE DEPARTMENT OF BOTANY, for work on problems of amino-acid 
metabolism in plants, being conducted by Dr. L. Fowden—The Seerctary, 
University College, Gower Strect, London, W.C.1 (lay 4). 

LECTURER (qualified in the sociology of education and with experience 
in school werk) IN THE DEPARTMENT OF EpucatTIoN—the Secretary, The 
University, Edinburgh May 7). Ei 

SEROLOGICAL GENETICIST (with training and research experience in the 
field of serological genctics, specializing in cither blood groups or serum 
protein groups), to join`a group working on a research project in human 
gencties under the direction of Dr. R. L. Kirk of the Department of Zoology 
Pr ae University of Western Australia, Perth, Western Australia 
(May 8). 

LECTURER or ASSISTANT LECTURER (Probationary) (man or woman 
graduate) IN APPLIED MATHEMATICS——The Secretary, Bedford College 
(University of Loudon), Regent’s Park, London, N.W.1 (May 18), 

LECTURER or ASSISTANT LECTURER (Probationary) (man or woman 
graduate preferably with a broad interest in experimental human psycho- 
logy) IN PsycHoLOGy—-The Sceretary, Bedford College (University of 
London), Regent’s Park, London, N.W.1 (May 13). 

LECTURER or ASSISTANT LECTURER (Probationary) (man or woman 
graduate) IN STATISTICS IN THE DEPARTMENT OF MaTurMaTIcs—The 
Seerctary, Bedford College (University of London), Regent’s Park, London, 
N.W.1 (May 13). 

READER IN ZooLoGy at Westfield College—The Academic Registrar, 
University of London, Senate House, London, W.C.1 (May 14). 
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LECTURER IN THE CHATTERTON ASTRONOMY DEPARTMENT OF THE SCHOOL 
oF Puystos, University of Sydney, to work with Prof. R. Hanbury Brown, 
either using the new stellar intensity interferometer at Narrabri, New South 
Wales, or in some branch of radio astronomy—The Secretary, Association 
of Commonwealth Universities (Branch Office), Marlborough House, Pall 
Mall, London, 8.W.1 (Australia and London, May 15). ‘ 

LECTURER (preferably with interests in one of the ollowing fields: plant 
anatomy, experimental morphology, ecology or taxonomy) IN THE DEPART- 
MENT OF BoTaNy—The Secretary, The Queen’s University, Belfast, Northern 
Treland (May 15). 

STAFF TUTOR (with a good honours degree in one of the biological sciences, 
preferably zoology or botany, and preferably some experience of adult 
education) IN SCIENOH IN THE DEPARTMENT OF EXTRA-MURAL EDUCATION 
—The Secretary of University Court, The University, Glasgow (May 15). 

FOURTH CHAIR OF MATHEMATIOS (applicants should have interests in 
the fleld of pure mathematics)—The Secretary and Registrar (Room 9), 
The University, Konthaimpton (May 16). : 

MUSEUM ASSISTANT at the Chelmsford and Essex Museum—The Borough 
Tiprarlan and Curator, Public Library, Civic Centre, Chelmsford, Essex 

y 16). : 
_ SENIOR LECTURERS, LECTURERS Or ASSISTANT LECTURERS (2) (preferably 
interested in a field related to either numerical analysis, computing methods 
and mathematical programming or functional analysis, the constructive 
theory of functions and approximation theory) IN MATHEMATIOS—The 
Secretary, University of Lancaster, Bailrigg House, Lancaster (May 16). 

SENIOR LECTURERS (with adequate research experience and prepared 
to supervise graduate work in their flelds of speciality in addition to teaching 
responsibilities) IN THE DEPARTMENT OF BOTANY, University of Ibadan, 
Nigeria—The Secretary, Inter-University Council for Higher Education 
Overseas, 33 Bedford Place, London, W.C.1 (May 21). G 

LECTURER (with special interests in the geography of Africa) IN GEO- 
GRAPHY at the University College, Dar es Salaam, University of East Africa 
—The Secretary, Inter-University Council for Higher Education Overseas, 
33 Bedford Place, London, W.C.1 (May 22). 

CHAIR OF MATHEMATICS at the Royal University of Malta—The Secre- 
tary, Inter-University Council for Higher Education Overseas, 33 Bedford 
Place, London, W.C.1 (May 24). 

CHAIR OF SURGERY af King’s College Hospital Medical School—The 
remlo Registrar, University of London, Senate House, London, W.C.1 

ay 25). 

LECTURER IN Borany at Victoria University of Wellington, New Zealand 
The Secretary, Association of Commonwealth Universities (Branch Office), 
fartborough ouse, Pall Mall, London, 8.W.1 (New Zealand and London, 

ay 25). 

CHAIR OF MATERIALS SCIENCE WITHIN THE DEPARTMENT OF CHEMICAL 
ENGINEERING, University of Adelaide—The Secretary, Association of 
Commonwealth Universities (Branch Office), Marlborough House, Pali Mall, 
London, 8.W.1; or The Registrar, University of Adelaide, South Australia 
(Australla, May $1). 

LECTURER IN EDUCATION in the Institute of Education—The Registrar, 
The University, Leeds, 2 (May 31). 

RESEARCH STUDENTS (with the degree of Bachelor or Master of a British 
University other than Manchester) IN SclencE—The Registrar, The Univer- 
sity, Manchester 13 (June 1). 

ASSISTANT LECTURER or LECTURER (or in special cases, Senior Lecturer) 
IN MATHEMATICAL Statistics or StTaristi¢s—The Registrar, University 
of Sussex, Stanmer House, Stanmer, Brighton, Sussex, marking envelope 
“Confidential”. 

LABORATORY SUPERINTENDENT (with considerable experience of staff 
Management) IN THE DEPARTMENT OF PHYstos—Department of Physics, The 

niversity, Manchester 13. 

MATHEMATICS MASTER, to assist in the teaching of mathematics through- 
out the school, and to share in the teaching of a strong mathematics side 
to advanced and special levels; and HEAD OF THE PHYSICS DEPARTMENT, 
to organize and teach the subject to advanced and special levels and for 
university scholarship examinations—The Headmaster, Newcastle High 
School, Newcastle, Staffs. 

PRINCIPAL LECTURER (with a degree or equivalent qualifications) IN 
MECHANIOAL OR PRODUCTION ENGINEERING; & NOIPAL LECTURER (with 
a degree or equivalent qualifications) IN PHYSIOs OR METALLURGY ; and a 

CIPAL LECTURER (with a degree or equivalent qualifications, and 
qualifications in either psychology or sociology) IN EDUOATION—The 
Director, Huddersfield Training College for Technical Teachers, Holly Bank 
Road, Lindley, Huddersfield. 

PRINCIPAL LECTURER (with an honours degree or equivalent qualification, 
considerable industrial and/or research experience, and preferably some 
teaching experience) IN AERONAUTICAL ENGINEERING—The Secretary and 
Registrar, Bristol College of Science and Technology, Ashley Down, Bristol 7, 
quoting Ref. OST.64/33. Sek Ay > 

RESEARCH ASSISTANT (honours graduate in science or engineering, prefer- 
ably mathematics) IN THE COMPUTER UNIt—The Registrar, University of 
Bristol, Senate House, Bristol 2, 


REPORTS and other PUBLICATIONS 


(not tncluded in the monthly Books Supplement) 


Great Britain and Ireland 


Government of Northern Ireland: Ministry of Agriculture. Leaflet 
No, 91: Parasitic Worm Diseases of Farm Livestock. Pp. 4. (Belfast: 
Ministry of Agriculture, 1968.) 122 


Forestry Commission. Leaflet No. 21: Leaf Cast of Larch: Meria laricis. 
BY Dr. D. H. Phillips. Pp. 4. 6g. net. Leaflet No, 45: Keithia Disease of 
Thuja plicata, Pp. 6. 1s. 3d. net. Forest Records. No. 39: Collection of 
Cones from Standing Trees. By D. T., Seal, J. D. Matthews and R. T. Wheeler. 
Pp. 45. 43. net. No. 48: The Dropmore Pinetum. By A. F. Mitchell. 
Pp. 40412 plates. 5s. 8. net. No. 51: The Use of Flags to Estimate the 
Relative Exposure of Trial Plantations. By Roger Lines and R. S. Howell. 
Pp. 32+4 plates. 3s. net. (London: H.M. Stationery Office, 1963.) [122 

Teaching Practice in the 60’s: a Statement by the National Union of 
Teachers. Pp. 4. (London: National Union of Teachers, 1964.) [122 

International Tin Research Council. Annual Report 1963. Pp. 39. 
(Publication No. $48.) (Greenford, Mddx.: Tin Research ame 
1964. 


The International Nickel Company (Mond), Limited. Ruthenium. Pp. 16. 
(London: The International Nickel Company (Mond), Limited, 1964.) [122 
Building Research Station Digest, (Second Series). No. 43: Safety in 
Pomestio Buildings—l. Pp. 4. (London: H.M. Stationery Office, a 
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British Museum (Natural History). British Antarctic ae tg Nova 
Expedition, 1910—Natural History Report. Geology, . 2, No. i 
Voleanic Rocks of Gaps Adare and Erratics from Terra Nova Bay Regic 
etc. By W. Campbell Smith. Pp. 151-206+1 plate. (London: Briti 
Museum (Natural History), 1964.) 278. 6d. 1: 

General Register Office. Census 1961: England and Wales, Coun 
Report—Derbyshire, Pp. xxlii+106. 22s. net. County Report—Lancashir 
Pp. xxvi+432, 776. net. County Report—Nottinghamshire. Pp. xxiii-+10: 


22s, net. (London: H.M. Stationery Office, 1963 and 1964.) {ls 
The Year Book of the Royal Society of London, 1964, (No, 68). Pp. 33 
(London: The Royal Society, 1964.) 21s.; 3.16 dollars, {1s 


Political and Economic Planning. Index to Planning, Nos. 1-477. Pp. 2 

(London: Political and Economic Planning, 1964.) 2s. 6d. [16 
General Register Office. Census 1961: England and Wales. Count 

Report—East Sussex. Pp. xxiii+110. (London: H.M. Stationery Offic 

1984.) 23s. net, 12 
British Broadcasting Corporation. Experiment: a Series of S8cientif 

Case Histories first broadcast in the BBC Third Programme. Edited b 

David Edge. Pp. 72. (London: British Broadcasting Corporation, 1005 
8. 


Other Countries 


Indian Science Congress Association. Fifty Years of Science in Indis 
Progress of Medical Science. By V. R. Kbanolkar. Pp, 60. Rs.1.60. Progres 
of Geology. By S. Ray. Pp. iv+104. Rs. 3.75. (Calcutta-17 : Indian 
Science Congress Association, 1968.) 12! 

Annals of the New York Academy of Sclences, Vol. 113, Article 1: Som 
Biochemical and Immunological Aspects of Host-Parasite Relationships 
By Thomas C. Cheng and 44 other authors. Pp. 1-510. (New York: Nev 
York Academy of Sciences, 1963.) 7 dollars. ~ uè 

International Atomic Energy Agency. Technical Reports Series, No. 22 
Radiation Control of Salmonellae in Food and Feed Products. (Report of t 
Panel on Irradiation Control of Harmful Organisms Transmitted by Food an¢ 
Feed Products, with particular reference to Salmonellae, held in Vienna 
12-14 December 1962.) Pp. 148. (Vienna: International Atomic Energy 
Agency; London: H.M. Stationery Office, 1963.) 64 schillings; 18s.: 
3 dollars. [122° 

Bulletin of the Museum of Comparative Zoology at Harvard College 
Vol. 180, No. 1, (September 27, 1963): Notes on the Chamaeleo bitaeniatus 
Complex. By A. S. Rand. Pp. 1-30. Vol. 180, No. 2, (November 15, 1963): 
Morphology, Paleoecology, and Phylogeny of the Permo-Pennsylvaniap 
Amphibian Diploceraspis. By James R. Beerbower. Pp. 81-108. Vol. 130, 
No. 3, (December 20, 1963): A Review of the North American Tertiary 
Sciuridae. By Craig C. Black. Pp. 109-248+22 plates, Vol. 130, No. 4, 
(December 20, 1963): A Revision of the Genus Apenesia in the Americas 
(Hymenoptera, Bethylidae). By Howard E. Evans. Pp, 249-359 4-10 plates. 
(Gambridge, Mass.: Museum of Comparative Zoology at Harvard mans 


Museum of Comparative Zoology at Harvard College. Breviora. Wo. 190, 
(September 30, 1963): Characters and Synonymies Among the Genera of 
Ants. Part 3: Some Members of the Tribe Ponerini (Ponerinae, Formicidae). 
By William L. Brown, Jr. Pp. 10. No. 191, (December 5, 1963) : ee New 
Species of Mangora (Araneae, Argiopidac) from Central America. By Arthur 
M, Chickering. Pp. 11. No. 192, (December 5, 1963): A Description of 
Dinopis longipes F.P.—Cambridge, 1902. By Arthur M. Chickering. Pp. 6. 
No. 193, (December 5,1963) : A Miocene Toad from Colombia, South America. 
By Richard Estes and Richard Wassersug. Pp. 13. No. 194, (December 31, 
1963): A New Subspecies of Tropidophis greenwayi from the Caicos Bank. 
By Albert Schwartz. Pp. 6. No. 195, (December 31, 1963): Cayman Islands 
Tropidophis (Reptilia, Serpentes). By Richard Thomas. Pp. 8. No. 196, 
(December 81,1963): A New Genus and Species of the Bathypelagic Ophidois 
Fish from the Western North Atlantic. By Daniel M. Cohen. Pp. 8. No. 197, 
(December 31, 1963): Anolis whitemant, New Species from Hispaniola, 
(Sauria, Iguanidae). By Ernest E. Williams. Pp. 8. (Cambridge, Mass. : 
Museum of Comparative Zoology at Harvard College, 1963.) 122 

Canada. Annual Report of the Department of Mines and Technical Surveys 
for the calendar year 1962. Pp, vii+82+4-22 photographs. (Ottawa: Queen’s 
Printer, 1963.) 1.50 dollars. (122 

Organization for Economic Co-operation and Development, Paris. Labour 
Market Policy in Sweden. (OECD Reviews of Manpower and Social Policies.) 
Pp. 72. (Paris: Organization for Economic Co-operation and Development ; 
London : H.M. Stationery Office, 1963.) 4 franca; 6s.; 1 dollar. {122 

XIVe Internationaal Symposium over Fytofarmacie en Fytiatrie, 8 mei 
1962. (XIVth International Symposium on Crop Protection, 8 May, 1962.) 
Pp. xv+192. (Gent: Rijkslandbouwhogeschool, 1963.) _ {122 

Institut Royal Météorologique de Belgique. Observations Tonospheriques— 
Station de Dourbes. Decembre 1963. Pp. 26. (Bruxelles: Institut Royal 
Météorologique de Belgique, 1963.) [122 

Annals of the South African Museum, Yol. 47, Part 2: Contributions to 
the Knowledge of South African Marine Mollusca. Part IV: Gastropoda : 
Prosobranchiata : Rhipidoglossa, Docoglossa. Tectibranchiata. Polyplaco- 
phore. Solenogastres. Scaphopoda., By K. H. Barnard. Pp. 201-360. 
(Cape Town: South African Museum, 1963.) R, 2.30. 122 

South African Council for Scientific and Industrial Research: National 
Building Research Institute. Researeh Report 202: The Determination of 
the Four Major Mineral Phases in Portland Cement by a Direct Quantitative 
X-ray Diffraction-Absorption Method. By K.H.I.Sehike. Pp.11. Complete 
List of NBRI Publications. Pp. 28. (Pretoria: Council for Scientific and 
Industrial Research, 1963.) 122 

Transactions of the American Philosophical Society. New Serfes—Vol. 53, 
Part 9: Leitourgia Papyri: Documents on Compulsory Public Service in 
Egypt Under Roman Rule, Edited by Prof. Naphtali Lewis. Pp. 39. (Phila- 
delphia ; American Philosophical Society, 1963.) 1.50 dollars. [122 
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TOGETHER! WITH THE NF MICROSCOPE FROM CARL ZEISS JENA 
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The new NF microscope is now equipped for :—* Observations in Phase Contrast or Fluorescent Ilumination— 
or both together. - xAbsorption Photometry using a photo-multiplier. XTV display using zoom projection. Plus 
standard attachments for :—1. Fully automatic or manual exposure control. 2. Bright Field and Dark Field Illumina- 
tion. 3. Incident light observation. 4. Micro-hardness testing. 5. Studies in Polarised 
light. The NF also has a Pancratic condenser system and a complete range of Objectives 


< 


and Eye-pieces. 


JENA -THE HOME OF ZEISS 

for further details of this and other C.Z. Scientific Instruments write or ’phone 

C.Z. SCIENTIFIC INSTRUMENTS LIMITED 12a Golden Square, London, W.|I- 
Telephone: GERrard 448816529 








PENNING GONTROL 
. UNIT MODEL 7 


(a) Range 102 to 1076 torr in two 
"ranges. 





) For use with Penning gauge head 
Type PG.1. É 


} i (c) Facility for external meter or 
recorder. 


THERMOGOUPLE CONTROL = THERMO-PEN CONTROL 
UNIT MODELS 1-2 and 1-6 UNIT MODEL 1 


(a) For use with Thermocouple gauge Type TC.1 (a) For dec rA Sir TE z È : 
3 : Le 
(b) Range 10 t0107 tarr an Ceca: (b) Covers the ranges 10 to 10° torr and 10°? 
(C) Model 1-2 supplies 2 heads. to 10° torr 
(d) Model 1-6 supplies 6 heads. (c) Mains mS = 
(e) Heads interchangeable without re-setting the d EA 
control unit, ( ) Each circuit incorporates all the features of 


(£) Battery operated and completely portable, the above instruments. 


(g) Mains operated units available on request. 
THERMO- | THERMO- F GAUGE HEAD: 
|__| Penns | cota coUi HERMO-PEN res 
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enone eneo0 | 22500 | zsr100] E7107 | 
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£21-0-0 | £33-10-0| 252-100 | 
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are charged at 12s, for the first line and 
6s, per line thereafter. Lines in capitals or 
containing words in capitals 12s. per fine, 
Semi-displayed £4 16s. per single column 
inch, Colour (orange) £15 extra. 1s, is 


charged for the re-direction of replics to 
advertisements with a box number. 


ADVERTISEMENTS SHOULD BE 
- ADDRESSED TO: T. G. Scott and Son, 
Limited, 1 Ciement’s Inn, Strand, London, 
W.C.2. Telephone: HOLborn 4743. Tele- 
grams: Textualist, Estrand, London. 


APPOINTMENTS VACANT 


AUSTRALIAN NATIONAL 


UNIVERSITY 


INSTITUTE OF ADVANCED STUDIES 
THE JOHN CURTIN SCHOOL OF MEDICAL 
RESEARCH 
DEPARTMENT OF PHYSICAL 
BIOCHEMISTRY 
SENIOR FELLOWSHIP OR FELLOWSHIP 
Applications are invited for a Senior Fellow- 
ship or Fellowship in the Department of Physical 
Biochemistry. Applicants should have had sub- 
stantial experience of research. They should have 
an interest in, and preferably experience of, the 
application of physicochemical methods to bio- 
chemical or biological problems, though there is 
no requirement for experience in any particular 
technique. The appointee will be allowed free 
choice in the subject matter of his own research 
and will be expected to help with the direction 
of research in the Department. The salary of a 
Senior Fellow is determined within the range 
£A3,300 to £A3,850 per annum. The range for a 
Fellow is £A2,400 to £A3,300 per annum. Ap- 
pointment to age 65 with the option of retiring 
after age 60 is normally confirmed before expiry 
of the initial appointment, which is for five years. 
A Senior Fellow is entitled to twelve months’ 
study leave on full pay, plus a grant of up to 
£A1,300 towards travel and other expenses after 
five years’ service. A Fellow is entitled to simi- 
lar study leave after six years’ service, with a 
maximum grant of £A1,080. Superannuation is 
on the F.S.S.U, pattern. Reasonable travel ex- 
penses are paid and assistance with housing is 

provided. 

Further information about the post and instruc- 
tions for applicants may be obtained from the 
Secretary, Association of Commonwealth Univer- 
sities (Branch Office), Marlborough House, Pall 
Mall, London S.W.1, Details of research pro- 
grammes may be obtained from the Head of the 
Department, Professor A. G. Ogston, F.R.S., 
Box 4, G.P.O., Canberra, A.C.T., Australia. 


‘AUSTRALIAN NATIONAL 


UNIVERSITY 
INSTITUTE OF ADVANCED STUDIES 
THE JOHN CURTIN SCHOOL OF MEDICAL 
RESEARCH 
DEPARTMENT’ OF PHYSICAL . 
BIOCHEMISTRY 
RESEARCH FELLOWSHIP 

Applications are invited for a Research Fellow- 
ship in the Department of Physical Biochemistry 
(Head of Department: Professor A, G. Ogston, 
F.R.S.) Applicants should have had experience 
of research in the fields of biochemistry or chem- 
istry, some training in physical chemistry, and an 
interest in the application of physicochemical 
‘methods to biological problems. The present 
work of the Department is mainly in the fields of 
macromolecules, including polysaccharides, pro- 
teins and enzymes. The salary range for Research 
Fellows is £41,980 to £A2,680 per annum ; initial 
salary depends on qualifications and experience, 
The appointment is for three years in the first 
instance with a possible extension to five years. 
Superannuation is on the F.S.S.U. pattern, A 
grant sufficient for travel both ways by the Re- 
search Fellow and his dependants is payable. 
Assistance with housing is provided. 

Further particulars may be obtained from the 
Secretary, Association of Commonwealth Univer- 
sities (Branch Office), Marlborough House, Pall 
Mail, London, S.W.1, or by writing direct to 
Professor A. G. Ogston, F.R.S., Box 4, G.P.O., 
Canberra, A.C.T., Australia. 


TECHNICIAN REQUIRED IN PHARMA- 
cology Department. Applicants should hold the 
A.LS.T. or equivalent qualification ; experience 
in histological work, while not essential, would 
be an advantage. Salary in range £720 to £885 
per annum plus London weighting, with supcr- 
annuation.—Apply, stating age and giving details 
of experience, to the Secretary, Guy’s Hospital 
Medical School, London Bridge, S.E,1 











entific Civil Servic 


DS.LR. 


(1) WARREN SPRING LABORATORY, 
Stevenage, Herts, - 


HEAD OF THE MINERAL PROCESSING 
DIVISION 


Applications are invited for the above pen- 
sionable post, graded Senior Principal 
Scientific Officer. The person appointed 
will plan and’ organize the work of the 
Division, and inspire and guide the research 
effort (basic and applied research in physi- 
cal processing techniques, hydrometalluray, 
certain aspects of pyrometallurgy, mineral- 
ogy, instrumentation and control). Good 
relevant academic status and considerable 
experience of leading a research team in at 
feast one of these fields is essential. 
Applicants must also have a working know- 
ledge of batch testing procedures and pilot 
scale equipment ; should be aware of recent 
developments in mineral engineering; and 
be familiar with problems associated with 
the operation and control of industrial 
plant. 

The salary scale is £3,050 to £3,475; start- 
ing salary may be above minimum. 
WRITE (preferably by postcard) to Civil 
Service Commission, Savile Row, London, 
W.1, for APPLICATION Form quoting S/ 
5882/64 

Closing date May 8, 1964. 


@) NATIONAL PHYSICAL 
LABORATORY, Teddington, Middlesex. 
(a) RESEARCH FELLOWSHIPS 
Applications are invited for research in the 
following field in METALLURGY DIVI- 
SION. 

(1) MAGNETIC PROPERTIES of transi- 
tion metals, their alloys and of super 
conductors down to liquid helium tem- 
peratures, 

(2) High melting point metals and alloys 

7 subjected to AERODYNAMIC HEAT- 
ING. 

(3) Yield strength, ductility and brittle frac- 
ture in HIGH STRENGTH ALLOYS. 

(4) METAL AND INORGANIC CRYS- 
TALS, ic., @ effect of growth para- 
meters on perfection of single crystals ; 
Gi) correlation of techniques for -direct 
determination of crystal defects; or (iii) 
contribution of defects to crystal appli- 
cations in lasers and super conductors. 

SALARY fixed within the following ranges: 
Junior (2 years’ post-graduate experience 
required): £975 to £1,310. 
Senior (3 years’ post-graduate experience 
required): £1,420 to £1,775. (Reference: 
E/AA/ 103.) 
(b) SENIOR SCIENTIFIC OFFICER to 
work in Metallurgy Division on the effects 
of impurities and defects on the puysical 
properties of crystals for laser and super- 
conductivity applications. A training in 
chemistry or physical chemistry and experi- 
ence in one or more of the following are 
desirabie: 

G) Growth of inorganic crystals and their 
examination for defect stru-tures. 

Gi) Electron bombardment heating 
niques. 

qii) Physical methods of analysis for trace 

impurities. 

(Reference: E/AA/022.) 

(c) COMPUTER PROGRAMMER (graded 

ASSISTANT EXPERIMENTAL OFFICER 

JEXPERIMENTAL OFFICER) required in 

mathematician/engineer team on Adaptive 

Control of Industrial processes in Auto- 

nomics Division. To programme Ferranti 

‘Hermes ” in new on-line applications to 


tech- 


A free booklet entitled ‘‘ The Scientific Civil Service 





control a pilot scale process; and Algol 
programming for English Electric KDF9 
machine. 


Degree, Dip.Tech. (or equivalent qualifica- 
tion) in mathematics and some program- 
ming experience required. (Reference: 
E/AA/081). 


(3) FOREST PRODUCTS RESEARCH 
ro ete Princes Risborough, 
ucks. 


SCIENTIFIC OFFICER/SENIOR SCIEN- 
TIFIC OFFICER required for MYCO- 
LOGY SECTION in a combined (Chemical/ 
Biological) programme on organisms in- 
habiting wood. Studies of physiology and 
growth of Lignicolous Fungi, their effects 
and growth prevention. Post-graduate 
mycological or microbiological experience is 
desirable. `(Reference: E/AK/018,) 
APPLICATION Forms for posts (2) and (3) 
from Directors at above addresses, quoting 
appropriate reference. Closing date April 
28, 1964, in each case. 








MINISTRY OF AGRICULTURE, 
FISHERIES AND FOOD 


ROYAL BOTANIC GARDENS, Kew 
PRINCIPAL SCIENTIFIC OFFICER 


Research post (permanent and pensionable, 
for man or woman) in PLANT PHYSIO- 
LOGY, inathe new Jodrell Laboratory, 
based on the living plant collection at Kew. 
Studies to include: viability of seeds, piant 
propagation and grafting, environmental 
control, photoperiodism, etc. 
QUALIFICATIONS: normally first- or 
second-class honours degree in botany, or 
equivalent, and considerable experience in 
the physiological investigation of plants. 
SALARY scale (Outer London), £1,959 to 
£2,711. Starting salary may be above mini- 
mum. Promotion prospects. 


WRITE (preferably by postcard) to Civil 
Service Commission, Savile Row, London, 
W.1, for APPLICATION Form quoting S/ 
5859/64.. 

Closing date May 8, 1964. 





SCIENTIFIC OFFICER/SENIOR 
SCIENTIFIC OFFICER 
SALARIES: $.O. £79}-€1309 

{Increments and specia) £95 award for 


approved post-grad. experience), 
§.8.0. £1438-£1772 


(Starting salary may be above minimum). 
Salaries are supplemented in the London Area. 


QUALIFICATIONS: s 


S.O.: Ist or 2nd Class Hons. Degree or 
Dip.Tech. in appropriate subject, 
Age under 29. “ 

$.5.0.: As above plus at least 3 years post- 


graduate research. Age 26 to 3]. 





ASST. EXPERIMENTAL 

OFFICER/EXPERIMENTAL 

OFFICER . 

SALARIES: A.E.O, £490 (age 18) - £69! 
(age 22) - £858 (age 26) ~ £1053. 
E.O. £1164-€1431, 

Salaries are supplemented in the London Area. 

QUALIFICATIONS: 

Degree, Dip. Tech., H.N.C. or equivalent 
in appropriate subject. Under age 22, 
minimum qualification is 2 G.C.E. ‘A’ levels 
in Scientific subjects, A.E.O.: age 18-27, 
E.O. 26-30. 


oan 


is available 


on request from Civil Service Commission, Savile Row, W.L 
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BRITISH TECHNICAL ASSISTANCE TO DEVELOPING COUNTRIES 


DEBATE on overseas aid in the House of Commons 

on February 21 stemmed from a motion of Sir 
Charles Mott-Radclyffe welcoming the increase in Britain’s 
aid to developing countries recorded in the White Paper 
published last autumn (see Nature, 200, 1053; 1963). Sir 
Charles urged special regard to the recruitment of British 
men. and women to serve overseas, to the training in Britain 
of students from overseas, and to the support of educa- 
tional institutions in the developing countries. He was 
greatly concerned with the widening gap, in terms of world 
affluence and standard of living, between the richer and 
the poorer nations. To close or narrow this gap he 
regarded both as a moral and as a political obligation, in 
the sense that such poverty made for political instability. 
After commenting on the fact that the industrialized 
nations were already supplying some £3,000 million a 
year in aid, of which a third was from private investment, 
and that 19,000 British men and women were serving in 
these countries, he welcomed the growth of the Voluntary 
Service Overseas movement and the co-ordination of these 
organizations under the Lockwood Committee. Like 
other speakers in the debate, he noted the difference 
between this movement and the Peace Corps of the 
United States, both in scale and organization; a feature 
of the debate was the informed discussion of any such 
comparison, which is only reasonable within limits. 
This was particularly clear in what Mr. A. Royle said of 
the work of both organizations in Peru, where he emphas- 
ized the critical importance of experienced organizers: 
the strength of the British volunteers lay in their attitude 
and approach to the people with whom they lived and 
worked. 

Mr. M. Foley suggested that there was a place here for 
the contribution of older people, at retiring age, who 
might be able to contribute a year or two of their skill 
and experience. Earlier, Sir Charles Mott-Radelyffe had 
paid a just tribute to the work of men in the Overseas 
Civil Service and the Indian Civil Service in the past 
century or more, and stressed the continuing need fér men 
of honesty, integrity and skill. He recognized also that 
the teaching of English was all-important and paid tribute 
to the work of the British Council here and in recruiting 
an overseas education service. He also referred to the 
importance of the conditions of service in the developing 
countries being reasonably attractive: this was a factor 
which depended on those countries themselves, and the 
point was reiterated by Mr. F. M. Bennett. The debate 
included no more specific reference to research than 
Mr. ©. Longbottom’s comment that there should be a 
continuous flow of graduates for research and postgraduate 
work between universities in Britain and in Africa and the 
suggestion of special training courses in British univer- 
sities for people from developing countries to study the 
special problems of their own country. However, the 
level of the debate indicates that two subsequent White 
Papers, which are specifically concerned with overseas 
research, should be sure of sympathetic consideration in 
Parliament. 

Tt might be added that in the debate a Ministry of Over- 
seas Development was again suggested, and the Secretary 
for Technical Co-operation, Mr. R. Carr, claimed that he 


was not so helpless as had been suggested. Replying 
in the debate Mr. Carr welcomed much that had been 
said. He pointed out that Britain’s financial aid had 
doubled in the past five years and her technical assistance 
had increased six-fold: in every country in Asia which 
he had visited recently he had found a great appreciation 
of the flexibility and lack of strings which marked British 
aid. Although an increasing proportion was now going to 
countries outside the Commonwealth, including Latin 
America, about 90 per cent was still in the Common- 
wealth. Since 1961, the number of appointments mado 
‘by this Department had increased by more than 60 per 
cent; for all appointments by the British Government, 
the figures had risen from 1,550 in 1961 to 2,000 in 1962 
and 2,700 in 1963; 23 per cent of fresh appointments were 
officers with previous experience overseas. Steps had 
been taken within the Government service to meke 
secondment easier, and this was also being dealt with in 
local government service, in teaching and in university 
secondments. 

Mr. Carr informed the House that additional staff had 
been appointed to some home-based institutions and the 
Government was also seeking to mobilize the resources 
of the various professions and industry. The Porritt 
Report (Nature, 198, 719; 1963) in the medical field had 
been followed by that of the Bawden Committee (discussed 
later) which he hoped to publish shortly, and before long 
he expected to publish one on the geological surveys of the 
Brundrett Committee. Mr. Carr also gave the figure of 
51,000 students from the developing countries studying 
in further education institutions in Britain, but more 
information was desired as to the numbor of trainees in 
industry, of whom he knew of some 5,000-6,000. In 
1963, about 1,700 British teachers were recruited for 
developing countries and Mr. Carr gave tho specific 
assurance that ‘Aid to Commonwealth English’ would 
continue after 1964-65. 

The first of the two further reports already mentioned 
is that of the Committee appointed in November 1961 
under the chairmanship of Mr. F. C. Bawden, director of 
Rothamsted Experimental Station, to advise on methods 
of providing technical assistance from the United King- 
dom in agriculture, animal health, forestry and fisheries *. 
This Committee was to consider the supply of staff from 
Britain for research and development, the provision of 
training in Britain and the assistance of overseas countries 
in developing training facilities and the provision of 
technical advice as well as the maintenance of British 
links with overseas research. The Committee reported 
in May 1962, but it is being continued, and four con- 
sultation panels have now been formed to advise the 
Department of Technical Co-operation on agriculture, 
animal health, forestry and fisheries respectively. 

The Bawden Committee was provided with papers which 
described in detail the organization of research in inde- 
pendent countries and it also studied the report of the 
Frazer Commission on the most suitable structure for the 
management, direction and financing of research on an 
ae do, w EE te, Lm 
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East African basis. It endorses the opinion expressed in 
this report that the whole structure of research in East 
Africa may collapse unless money and staff are provided, 
and believes that this is also probably true in the West 
Indies. Governments of some of the newly independent 
countries are likely to find greater difficulty in meeting 
the full costs of running research organizations concerned 
with long-term research than those working on immedi- 
ately practical problems. Thus, with the scarcity of 
nationals adequately trained for undertaking research, 
the whole structure of research in such regions as East 
Africa and the West Indies, patiently built up with 
considerable assistance from Colonial Welfare and 
Development Funds, may collapse. This grave concern 
underwrites Dr. S. Dedijer’s argument for scientific policy 
in such countries—an argument which has been further 
elaborated by Dr. M. J. Moravesik. 

Tho Bawden Committee quotes further paragraphs from 
the Frazer Report and endorses the views expressed in 
them. “A research organization cannot thrive for long in 
isolation. Continual interchange of ideas with other 
research organizations, colleges and universities is essen- 
tial. This cannot be achieved merely by circulation of 
scientific publications, though good library facilities are 
especially important to isolated institutes. Contact 
with other scientists at a personal level is necessary.” 
From that quotation the Committee endorses the more 
detailed remarks of the Frazer Report on links with 
universities, with the United Nations and other inter- 
national bodies, on personal links and visiting workers, 
and on the necessity for grant-giving bodies within the 
territory of each developing country. 

In the face of this threat and these needs the blindness 
of the Trend Committee in recommending the dissolution 
of the Overseas Research Council is as startling as it is 
inexplicable. The Bawden Committee considers indeed 
that the Department of Technical Co-operation should 
be able to finance both recurrent and capital costs of 
research in such areas. It recommends that the Depart- 
ment’s Overseas Research Fellowship Scheme should be 
expanded and the permissible salary raised to at least 
£2,000 per annum. Studentships for training research 
workers should be freed from contractual obligations and 
from the limitations of the Colonial Welfare and Develop- 
ment Act. Such measures, however, do not meet the 
continuing need for the guidance and stimulus which a 
research council can give or, more especially, in avoiding 
waste of resources through duplication of effort on similar 
problems in different countries. 

While the Committee did not consider in detail the 
conservation of natural resources, it fully recognized the 
importance of maintaining the natural flora and fauna of 
countries. It therefore recommended also that the Depart- 
ment of Technical Co-operation should be provided with 
funds to offer help to developing countries in the con- 
servation of Nature in the form of advisory units, training 
and the promotion of an informed public opinion. The 
Nature Conservancy should be encouraged to second 
people for visits and for extended periods of work in 
overseas countries. However, while Mr. Carr indicated 
in his statement Technical Assistance for the Development 
of Natural Resources Overseas} that action had already 
been taken on these recommendations relating to research, 
ho had reservations about a further recommendation 
urging the appointment of agricultural liaison officers to 

t Department of Technical Co-operation. Technical Assistance for the 


Development of Natural Resources Overseas. Pp. 11. (Cmnd. 2287.) (London: 
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British High Commission Offices and Embatsies in regions 
where technical assistance was needed in developing 
natural resources. ` 

Commenting on the Bawden Committee’s report in the 
statement just mentioned, Mr. Carr indicated that, on 
the basis of the Frazer Report, an East African Natural 
Resources Research Council, including British scientists, 
had been set up for the oversight of the inter-territorial 
establishments for research in agriculture, forestry, 
animal health, marine and freshwater fisheries, pest, 
control and meteorological aspects of land use; towards 
this his Department was contributing about half the 
present cost of £270,000 a year. As a measure of technical 
assistance to tropical agriculture at large, the British 
Government was meeting the extra cost to the University 
of the West Indies of maintaining the postgraduate school, 
initially for the present university quinquennium. It 
was also offering up to twenty postgraduate studentships 
a year to British agricultural graduates most of whom 
would be trained at Trinidad for a diploma in tropical 
agriculture. Under her regular regional programmes of 
technical assistance, Britain could also help other countries 
wishing to send postgraduate students to this University. 
Moreover, arrangements had been made with the West 
Indian Governments for Britain to assist in financing and 
staffing the associated Regional Research Centre in Trini- 
dad and a British Principal of the School of Agriculture 
and Director of Research had been appointed. 

Mr. Carr also noted in his statement the parallel con- 
tribution made by the Empire Cotton Growing Corpora- 
tion, a research organization which maintains and staffs 
experimental stations in many countries. The Corporation 
not only makes possible multiple inereases in the produc- 
tion of a crop fundamental to the economic progress of 
large areas of the developing world, but also co-operates 
in making its skilled staff available for assignments 
sponsored by the Department of Technical Co-operation. 
The staff of the Tropical Fish Culture Research Institute 
at Malacca had been brought up to strength and a revised 
arrangement for co-operation in its support reached with 
the Government of Malaysia. Mr. Carr instanced also, 
as an example of Britain’s support to overseas research, 
the agreement that had been made concerning the con- 
struction and operation at the Hydraulics Research Station 
of a model of a section of the Orinoco River to secure data 
needed for planning land-use in Venezuala. 

These passages from the two White Papers sufficiently 
demonstrate that the Department of Technical Co-opera- 
tion has an interest in, as well as a responsibility for, 
overseas research much greater than many scientists have 
probably appreciated. Mr. Carr’s statement contains the 
welcome indication that a future statement dealing with 
the research problem as a whole is intended. This state- 
ment will be awaited with great interest; it is to be hoped 
that it will be on a scale sufficient for a sound judgment 
to be formed as to the magnitude and distribution of 
Britain’s effort in this field. There is @ considerable gap 
to be filled since the last report from the Colonial Research 
Council was published: the publication of the Brundrett 
Report, which Mr. Carr promised in the debate on 
February 21, will help to fill a part only of that gap. 

Both the present White Papers, however, are con- 
cerned with factors ancillary to the prosecution of over- 
seas research, notably the provision of British professional 
staff, training arrangements and facilities and visits 
overseas. The Committee attempted to estimate the 
extent and nature of the demand for such staff. There 


No. 4930 April 25, 1964 


wore in 1959 some 800 agricultural officers and 600 
specialigts in the countries for which the Colonial Office 
was recruiting, almost all from Britain. On the most 
optimistic estimate, it is unlikely that over the next 
5~10 years sufficient trained nationals will be available to 
fill two-thirds of the former and one-third of the latter 
posts, apart from normal wastage of 5 per cent per annum. 
Even so, 12-15 agricultural officers and 20 specialists will 
be required each year to maintain existing staffs. The 
situation with regard to veterinarians is particularly 
acute. The Committee, recognizing the vital importance 
of education in agriculture and the natural sciences to the 
developing countries, believes that there will be a long- 
continuing demand for both advisory specialists and 
advisory officers in all branches of the sciences with which 
its Report is concerned. Moreover, unless the flow of 
new recruits is maintained, Britain will lose her position 
as a leader in aiding the development of tropical countries. 

It believes, however, that to this end immediate and 
radical changes are required on the basis of recruitment 
and that the main solution of the problem lies in a service 
which offers spells of service overseas- to home-based 
officers, who return to their parent establishments in 
Britain after a period, or periods, of secondment overseas. 
It welcomes the proposal that the Agricultural Research 
Council should be authorized to create up to fifty super- 
numerary posts in its laboratories and research stations 
and to guarantee the future employment of selected 
research workers now serving overseas. It also recom- 
mends that universities, research councils and the Develop- 
ment Commission should also be enabled to increase the 
total complements of staff to allow for those on second- 
ment. Here it visualizes an immediate need for about 
forty research workers, and recommends that the various 
‘pools of specialists’ built up in the past twelve years 
should be maintained at strength until better arrange- 

hents are made for a home-based service for specialist 
cers. It also endorses the co-operation proposed 
etween the Ministry of Agriculture, Fisheries and Food 
and the Department of Technical Co-operation for the 
recruitment and seconding of National Agricultural 
Advisory Service staff and urges its extension to forestry 
and fishery officers also. 

On training arrangements and facilities, it considers 
that there is a need for encouraging suitable graduates to 
come to Britain for further training and it welcomes the 
proposal to establish a Unit of Comparative Agriculture 
at the University of Cambridge. Reference is made to the 
importance of maintaining provision for people from the 
developing countries in universities and research institutes 
in all the pressure of expansion. It welcomes the proposed 
enquiry by the Minister of Agriculture, Fisheries and Food 
into the position of veterinary research and the offer of 
the Royal College of Veterinary Surgeons meanwhile to 
raise the quota of places for overseas candidates from 
10 to 15 per cent. Proposals for degree courses in East 
and West Africa deserve urgent support. 

On all this Mr. Carr’s remarks in his statement were 
encouraging. A separate Natural Resources Unit has 
already been created in his Department, andit is accepted 
as a major task of the Department both to maintain the 
number of serving British officers against natural wastage 
and to seek to expand the supply. In December 1962, 
1,900 British officers concerned with natural resources 
development were still serving overseas, as well as 80 in 
field posts under programmes of technical assistance 
arranged by the Food and Agriculture Organization, and, 
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during 1963, 105 new\ 
Department of Technica 
offered by the Food and As 
National Agricultural Advisor, 
release up to twenty-four expe., 
consider further help when this lim. 
Agricultural Research Council had addy, 
‘dormant contracts’ which guaranteed s 
home if the services of agricultural scienti 
seas were no longer required there, and t 
prepared to conclude up to fifty such con 

Mr. Carr indicated that the Departmen aan : 
Co-operation had provided support to the Univesity 
of Edinburgh to enable the Royal (Dick) School of Veter- 
inary Studies to accept increased numbers of British and 
overseas students for the diploma course in Tropical 
Veterinary Medicine, including provision for four addi- 
tional lecturers and for overseas visits; this grant would 
rise from £6,380 in 1963-64 to more than £10,000 in 
1964-65. One lecturer had already been sent, and another 
was expected to follow, to the East African Veterinary 
School in the Royal College, Nairobi, which the Depart- 
ment was assisting in its present expansion. Help in 
research and training for developing countries was also 
provided by the Commonwealth Forestry Institute at 
Oxford, to which the Government was continuing its 
grant of £8,000 a year in the quinquennium beginning 
1964-65. This, with increased contributions from other 
Commonwealth countries, was enabling the Institute to 
expand substantially its activities. 

On the pools of specialists, Mr. Carr pointed out in his 
statement that the stored products experts provided the 
nucleus for creating a Tropical Stored Products Centre 
sited with the Pest Infestation Laboratory of the Agricul- 
tural Research Council. Moreover, he indicated that it 
had been agreed to incorporate the soil scientists within 
an expanded Land-Use Section of the Directorate of 
Overseas Surveys, so as to provide a team of experts able 
to consider comprehensively the best use of agricultural 
resources. A tropical section had been set up in tho 
National Institute of Agricultural Engineering for research 
and development on robust and simple machinory for 
overseas use, and the manufacture and testing of proto- 
types in tropical environments. The Department of 
Technical Co-operation was providing £5,300 a yoar for 
three years to the University of Southampton for a post- 
graduate course on irrigation and land-drainage engineer- 
ing for British and overseas students. The Department 
also fully recognized the value of visits and frequent. 
personal contacts between British agricultural scientists and 
their overseas counterparts and welcomed opportunities 
for such visits and contacts. 

From all this it would appear that the Department of 
Technical Co-operation is already in a position to supply 
in the further statement that Mr. Carr has promised 
much of the conspectus of overseas research that Colonial 
Research formerly provided. Whatever action may be 
taken on the ill-timed and ill-conceived recommondation 
of the Trend Committee regarding the Overseas Research 
Council, the Secretary of Technical Co-operation should at. 
least ensure that his statement includes a full and authori- 
tative report from that Research Council. The importance 
of that Council, moreover, is amply attested by Dr. 
Moravesik’s paper on technical assistance and funda- 
mental science in underdeveloped countries in Minerva 
(2, No. 2, 97; Winter, 1964) to which passing reference has 
already been made. 
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sry clearly the vital impor- 
“damental scientific research in 
y adequate scale and the practical 
Hw in the face of competing interests, 
frees and the shortage of trained, scientists. 
this the effort in applied science is unlikely to be 
yr adequate or sustained. Al this, he insists, must be 
minly based in the developing countries themselves and, 
following very closely the line of Dr. Dedijer’s argument, 
he insists that the need can only be met with an adequate 
and carefully planned programme of the technical assist- 
ance covering buildings, equipment and man-power. 
His article makes a most timely and pertinent cornment 
on the recommendations of the Bawden Committee and 
the Minister’s statement thereon, and it is to be hoped 
that it will be most carefully considered by Mr. Carr and 
his advisers. Even 200 scientists, as Dr. Moravesik 
points out in his final sentence, distributed over 50 under- 
developed countries ready to benefit from such a pro- 
gramme as he outlines—essentially that contemplated 
in the. White Papers—would make a tremendous impact on 
fundamental research all over the world and in the long 
run pay a very large return in the form of the scientific 
results obtained from the institutions and the countries 
to which they go. Is Britain really so blind and improvident 
as to let the Overseas Research Council go ? 








STUDENT OF THE STARS- 


William Herschel and the Construction of the Heavens 
By Dr. Michael A. Hoskin. With Astrophysical Notes 
by Dr. D. W. Dewhirst. (Oldbourne History of Science 
Library.) Pp. 199+8 plates. (London: Oldbourne 
Book Co., 1963.) 35s. 


T is not often that a scientist who regards himself as 
almost entirely a collector of facts can transform the 
structural framework of his science; yet it does happen 
now and again, and William Herschel (1738-1822) is a 
notable example. Herschel, the self-taught telescope 
maker and observational astronomer, spent nearly forty 
years in making sweeps of selected areas of the sky, 
counting, cataloguing and classifying the objects he 
observed, and thereby revolutionized the subject-matter 
of astronomy. Before Herschel’s work, all astronomy not 
devoted to an examination of the solar system was con- 
cerned with ‘mapping’ the constellations, that is to say, 
with identifying, describing and locating the maximum 
number of objects against which cometary and planetary 
motion was observed and judged. Except for Halley’s detec- 
tion of the proper motion of three stars in 1718—and he 
was not certain that thiere had truly been motion in this 
case—sidereal astronomy remained virtually untouched. 
Herschel achieved contemporary fame and a modest 
affluence as the discoverer of a new planet in 1781— 
although, as is well known, he did not at first recognize its 
nature and was not allowed in the subsequent history of 
astronomy to call it after his royal patron—but it is as the 
student of the stars in the decades that followed that he 
has achieved posthumous fame. For he was thus led to 
notice, to investigate and to try to understand individual 
stars, pairs of stars, star systems and anomalous stars and 
to try to speculate on their place and role in the universe. 
Nothing better illustrates the extraordinarily perceptive 
quality of Herschel’s approach to astronomy than his 
transformation of the content of Messier’s catalogue. 
‘Where Messier saw in these objects merely a trap for comet- 
collectors, Herschel saw in them a legitimate sphere for 
telescopic investigation. He could not at first know 
(and was always reluctant to admit) that these ‘nebule’ 
were of various varieties, but sheer persistence in the 
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patient telescopic examination in which he excelled 
ultimately led him to have a pretty good ides of the 
difference between ring nebule, nebulosities, star clusters, 
globular clusters and galaxies. It is no exaggeration to 
insist that he was “the onlie begetter’’ of modern extra- 
galactic astronomy, especially when one considers his 
attempts to classify his nebule on an evolutionary 
scale and to try to use their distribution in defining the 
outline of our Galaxy (his ‘heavens’). 

Taking his title from Herschel’s paper of 1784, in which 
Herschel described how a new and powerful telescope had 
enabled him, by examining the clustering of stars and 
(apparently) resolving all nebule, to pave the way for a 
theory of the shape of the Milky Way, Dr. Hoskin has 
compiled an account of Herschel’s many and varied 
attempts to understand “The Construction of the 
Heavens” based in large part on Herschel’s own writings. 

The important papers of 1784, 1785, 1789, 1811 and 
1815, all originally published in the Philosophical Trans- 
actions, are given substantially in full at the end of the 
appropriate chapters (though in regrettably fine print). 
There are liberal quotations from these and other papers 
in the main body of the text, which is virtually a summary 
of Herschel’s astronomical achievement. Herschel never 
wrote a book, or a synthesis of his major work, or indeed. 
any paper which summed up his many and varied views 
on the composition of the sidereal universe, but Dr. 
Hoskin may be said to have done it for him. Dr. David 
Dewhirst has supplied helpful identifications of Herschel’s 
nebulæ; indeed these are so precise and illuminating that 
one regrets the lack of a pictorial comparison between 
Herschel’s sketches (many reproduced here) and modern 
photographs where his sketches are identifiable. This 
would have aided the modern reader in comprehending 
even more sympathetically than the text permits the 
difficulties Herschel had to overcome in order to discover 
the variety which existed in the superficially similar 
objects which he investigated. 

Astronomers will find this a most fascinating brief 
presentation of the theoretical intuitions of one of the 
greatest observational astronomers. No scientist cea ~ 
fail to be absorbed in the attempt by an empiricist 
solve theoretical problems of pioneering cosmologic, 
significance, an attempt which altered the nature of the-_ 
examination of the stars. Marr Boss HALL 


ABATEMENT OF AIR POLLUTION 


Control of Air Pollution 
By Alan Gilpin. Pp. xiii+514. (London: Butterworth 
and Co. (Publishers), Ltd., 1963.) 120s. 


HIS book is essentially a practical one dealing with 

present practice in the major industrial processes 
which produce air pollution in England. It covers aspects 
of this subject that are of importance to the public health 
inspector and his trainee and which are not adequately dealt 
with elsewhere. As such it will find a place as a reference 
book in most local authority offices and many industrial 
organizations that have an interest in clean air. The 
author, A. Gilpin, is well qualified to write this book, as he 
was formerly a chief public health inspector and is now 
with the Central Electricity Generating Board, where he 
will be able to assess the impact on air pollution of the 
largest single consumer of fuel in Britain. 

The book is divided into four main sections. The first 
of these defines the major pollutants, mentions briefly 
their effects and describes the various methods by which 
they are measured. The second part is headed ‘Furnaces, 
Fuels and Firing Methods” and covers some 200 pages. 
Although this section is doubtless necessary to make the 
book complete for its purpose, most of the information it 
contains has already been well covered in- other publica- 
tions. 
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The third gection of the book deals with the practical 
application of the Clean Air Act, and the reader quickly 
realizes that much of it is based on Mr. Gilpin’s personal 
experience. It is this section that the student public 
health inspector will find invaluable. 

The final section deals with other major problems such 
as pollution from the iron and steel works, the ceramic 
industry and power stations. It also includes a section on 
motor vehicle pollution—a subject which cannot be 
ignored by anyone concerned with clean air in the future. 
The final chapter is a short one on odour control, and this 
could have merited somo extension, as problems of odours 
can be among the most intractable of any found in the air 
pollution field, if the solution is to be both acceptable and 
economic. 

The book is well written, clearly presented and the 
references are both recent and adequate. Although the 
intention was to quote temperatures in both Fahrenheit 
and centigrade units, in several places the centigrade 
figures have been omitted. 

The production of this book must have involved Mr. 
Gilpin in a tremendous amount of work, and one of his 
rewards will be that his book will be quoted as a reference 
book on air pollution for many years to come. 

L. E. REED 


BACTERIAL LIPIDS 


Les Lipides Bactériens 

Isolement — Composition — Propriétés. By Jean 
Asselineau. (Actualités Scientifiques et Industrielles No. 
1297.) Pp. xvi+350. (Paris: Hermann, 1962.) 36 N.F. 


[78 Lipides Bactériens is a member of a series of mono- 
graphs on the chemistry of selected groups of natural 
products under the general editorship of Edgar Lederer. 
This volume is particularly to be welcomed as it gathers 
together the confused and seattered literature of a subject 
that has not previously been adequately dealt with in the 
form of a monograph, and it will serve as a starting-point 
br anyone wishing to gain a clear idea of what has already 
een achieved in a notably difficult experimental field. 
he author, a former colleague of Lederer, has presented 
a clearly written and well-ordered account which conveys 
in numerous ways his own shrewd assessments of methods 
and results. At the outset the author gives the impression 
that he will regard as lipids substances containing in their 
molecules an aliphatic chain of at least ten carbon atoms 
irrespective of substituents on the chain, but this classifi- 
cation is not adhered to rigidly. 
The first section deals with methods for the cultivation 
of bacteria, the extraction and fractionation of their 
lipids, physicochemical methods of analysis, degradative 


„and. synthetic methods. The second section gives a 


systematic description of specific constituents of bacterial 
lipids, and the third similarly treats the more complex 
components, such as the waxes, phosphatides, glycolipids, 
peptidolipids, peptido-glycolipids, and lipopolysaccharides, 
and their localization within the bacterial cell. A fourth 
section considers the lipids of various species of bacteria, 
but, apart from the much-studied acid-fast organisms, the 
available knowledge concerning the lipids of many widely 
distributed and important pathogens is as yeb very 
fragmentary indeed. A final short section describes the 
biological properties of bacterial lipids under the headings 
of the effects they produce. 

In the preface to Les Lipides Bactériens, Lederer pays 
tribute to the impressive work of R. J. Anderson, of Yale 
University, carried out before the availability of the 
modern methods which are taken so much for granted. 
The French workers are now themselves making frequent 
and important advances in this difficult field, and 
Asselineau’s book can best be regarded as a comprehensive 
interim progress report, which is rounded off with a 
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generous bibliography reflecting a refreshingly catholic 
outlook on many diverse facets of the subject. 
J. WALKER 


FORMATION OF PUBLIC POLICY 


Power, Politics and People 

The Collected Essays of C. Wright Mills. Edited and 
with an Introduction by Irving Louis Horowitz. Pp. 
xi+657. (London and New York: Oxford University 
Press, 1963.) 52s. 6d. net. 


“HE thirty essays and four reviews, one of the essays 
being virtually a review of James Burnham’s The 
Managerial Revolution, collected in this volume were 
written over the years 1939-60. They are arranged in 


four parts, of which the successive themes are the 


concept of power; politics, in the sense of the long-term 
implications of liberalism and conservatism, and liberalism 
and Marxism in the modern world; people, embracing 
the individual problems of living in modern society and 
communities; knowledge, more particularly the sociology 
of knowledge. In his introduction, the editor, I. L. 
Horowitz, claims that these essays embody all the most 
important statements about modern culture and society 
of one whom he describes as the greatest sociologist that 
the United States has produced. If that claim seems 
premature, the comparative freedom from jargon of tho 
book may well predispose the reader to concede that 
Mr. Mills is one of the best American writers on that 
theme. The essays are well provided with bibliographical 
references, and for its comments on Tawney, Durkheim, 
Mannheim, Weber and others the book is often rewarding. 

Nevertheless, the title of the book could well lead some 
readers to expect too much. On some central problems 
of to-day, of the relations between power and knowledgo, 
as exemplified in the problem of science and Government 
and of the place of the expert adviser, the book throws 
little light and the subtler nuances of the relation between 
power and influence are not discussed. Something 
indeed is said of pressure groups and, at least by implica- 
tion, of the opportunities and responsibilities of the 
professional association, but on politics generally it is less 
satisfying than J. D. B. Miller’s The Nature of Politics 
(Nature, 196, 301; 1962). 

For all that, there is much that is stimulating and 
much to ponder in a British context, even when, as in the 
essay on “The Structure of Power in American Society”, 
Mills writes in an American setting. Consider, for example, 
his criteria for political structure of a modern democratic 
state: the existence of a public constituting a forum within 
which the politics of real issues is enacted; a civil service 
firmly linked with the world of knowledge and sensibility, 
and consisting of men truly independent, in careers and 
aspirations, of any private or sectional interest; rationally 
responsible parties debating the issues openly and clearly ; 
an intelligentsia, inside as well as outside the universities, 
carrying on the debate, and whose work is relevant to 
and influential among parties and movements; free 
associations or groups. Mr. Mills did not find all these 
formations ascendant in the United States, but their 
presence or absence largely determines the extent to 
which the public interest is truly served. Could one be 
sure that they are in the ascendant in Britain in the 
present debates on education, or the structure of Govern- 
ment and in the organization of science and technology ? 

Again, writing on the social role of the intellectual, 
after stressing the vital importance of effective means of 
communication, of a material basis for initiative and 
intellectual freedom, Mills stresses the dependence, in 
modern society, of both freedom and security on organ- 
ized responsibility. He writes refreshingly on the unity 
of work and leisure, arguing that the problem of leisure 
is that, of so heightening the qualities of experience in all 
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areas of life that the problem disappears. Writing on 
mass society and liberal education, he discerns four 
major trends of which due account has to be taken in 
any attempt to secure the wise use of mass media of 
communication: it might be added that they have equally 
to be assessed in any rational and imaginative recon- 
struction of urban communications or conurbations such 
as Sir Geoffrey Crowther’s steering group sought to 
stimulate in the Buchanan Report. Above all, the 
book is a convincing plea for the wide and informed 
discussion of public issues as a precondition of the forma- 
tion of public policy in which due and sensitive con- 
sideration is given to the needs and outlook of the 
individual. R. BRIGHTMAN 


GUIDES TO STATISTICAL 
LITERATURE 


Bibliography of Basic Texts and Monographs on Statisti- 
cal Methods, 1945-1960 

By Wiliam R. Buckland and Ronald A. Fox. Pp. 

vii+297. (Edinburgh and London: Oliver and Boyd 

Ltd., 1963. Published for the International Statistical 

Institute.) 35s. 


The Annals of Mathematical Statistics 

Indexes to Volumes 1-31, 1930-1960. Compiled under 
the editorship of J. Arthur Greenwood, Ingram Olkin, 
and I. Richard Savage. ` Pp. xiii+658. (St. Paul, Minne- 
sota: North Central Publishing Co., 1962. Published for 
the Institute of Mathematical Statistics.) 80s. 


F these two guides to statistical literature, one is 
conventional while the other provides one of the first 
published examples of a major new contribution to the art 
of bibliography—the so-called citation index. Doubtless, 
its lead will be followed in other fields of learning, and 
eventually what it achieves will become standard practice 
in the automated libraries of the future. 

Buckland and Fox’s Bibliography of Basic Texts and 
Monographs on Statistical Methods is in the conventional 
mode. Under ten broad headings, covering both theore- 
tical and applied statistics, it lists the principal books in 
the literature, their chapter headings, and extracts from 
published reviews on them. Thus it eaters mainly for the 
student who requires a survey of the subject-matter in 
book form and who wants some help in choosing between 
alternative texts. The books mentioned in this biblio- 
graphy will normally contain references to earlier pub- 
lications, which in turn will themselves contain further 
references, and so on: by following such a chain of 
references, the student who seeks to delve deeper pene- 
trates through the jungle of the literature ‘backwards’ 
in time. 

Against this, the indexes to the Annals of Mathematical 
Statistics cater for the research worker who wishes to 
search ‘forwards’ through the literature and thereby come 
on the latest developments in the subject. It contains 
six different indexes, of which three are citation indexes. 
The following extract from the primary citation index 
shows its structure and purpose: 


“KAPLANSEY, Irvine 
16 : 200-203. The asymptotic distribution of runs 
of consecutive elements. 
MR 7(1946) 208 W.B. 
18 : 574 Kullback 
23 : 271 Katz 
Canad. J. Math. 8(1956) 234 Mendelsohn 
J. Res. Nat. Bur. Standards 64B(1960) 175 Deming 
Mitteilungsbl. Math. Statist. 8(1956) 49 Ludwig.” 


This shows that Kaplansky published a paper entitled 
“The asymptotic. .. .”? on pp. 200-203 of Volume 16 of 
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the Annals of Mathematical Statistics. (Thoabove extract 
does not show the date of publication, but it wasein fact 
1945 as another part of the index shows.) Later, Kaplan- 
sky’s paper was reviewed on p. 208 of Volume 7 of Mathe- 
matical Reviews in 1946 by a reviewer with initials W.B. 
Later Kullback, Katz, Mendelsohn, Deming, and Ludwig 
each wrote a paper citing a reference to Kaplansky’s 
paper. Kullback’s paper appeared on p. 574 of Volume 18 
of the Annals of Mathematical Statistics in 1947; Mendel- 
sohn’s, on p. 234 of Volume 8 of the Canadian Journal of 
Mathematics in 1956, etc. The links that a citation index 
automatically affords are those provided by the authors 
themselves: who better could assess the relevance of one 
paper to another? 

In this manner, the main citation index lists (alpha- 
betically under authors of the cited paper) all citations 
(in about 40 selected journals containing material on 
mathematical statistics) to all papers published in the 
first 31 volumes of the Annals of Mathematical Statistics. 
The secondary citation index does the converse job of 
listing (alphabetically under the cited author) all citations 
in the Annals of Mathematical Statistics to previous 
papers in about 300 journals (omitting for brevity cited 
papers which receive only one citation before 1956 and 
no subsequent citation), The main and secondary citation 
indexes cover 234 and 78 pages respectively. The tertiary 
citation index (covering 26 pages) lists (alphabetically 
under about 300 journals) all authors who have been cited 
in the Annals of Mathematical Statistics, and thereby 
provides an alternative method of entering the secondary 
citation index. The tertiary citation index also allows 
editors of (and prospective authors in) the 300 journals 
to appraise how much notice is taken of papers on mathe- 
matical statistics published therein. 

The three other indexes in the volume—a subject index, 
an index of tables, and an index of news items—are of 
conventional type, though of more than ordinary thorough- 
ness. The subject index, covering 302 pages, gives (for 
the first 31 volumes of the Annals) one or more entries 
for the general theme of each published paper as well as 
entries for the specific contents of individual pages in 
each paper. The index of tables (10 pages) lists by subjec 
matter all numerical tables of mathematical functions i 
the first 31 volumes. 

This volume must be one of the most comprehensive 
works of indexing ever undertaken in scientific work, and, 
in particular, the citation indexes are new and most valu- 
able developments. The only possible regret is that similar 
citation indexes are not yet available for other journals, 
for their absence limits a search forwards through the 
literature when that literature passes outside the imme- 
diate field of the Annals of Mathematical Statistics. Of 
course, the labour involved in compiling a citation index 
is tremendous, and in the present case was only made 
possible by grants from the National Science Foundation. 
To pursue similar independent projects for individual 
areas of science would lead to a wasteful overlapping of 
effort. What is surely needed—and needed all the more 
as the literature grows and interpenetrates—is a single 
central indexing facility considered as part and parcel 
of the functions of a library. How long will it be—for 
that time must surely come some day—before one is able 
to communicate direct from one’s own desk with the 
central computing store of a national (or even an inter- 
national) library, into which all incoming material is 
indexed on arrival and provided with the appropriate 
coding and addressing to keep the relevant citation 
indexes up to date? The University of Chicago has 
recently appointed a physicist to be dean of its Library 
Sciences Division. Librarianship in the future will 
become a task less for the bibliophile and more for the 
electronic engineer. With the publication of these indexes 
for tho Annals of Mathematical Statistics. the writing is 
already on the library wall. J. M. HAMMERSLEY 
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SCIENCE AS AN INSTRUMENT OF CULTURE* 


By Dr. CYRIL BIBBY 
Principal, Kingston upon Hull Training College 


VER since ©. P. Snow’s 1959 Rede lecture at Cam- 
bridge on The Two Cultures and the Scientific Revolu- 
tion, a great deal has been heard about the cultural role 
of the natural sciences. Why there was this sudden 
outbreak of discussion is a little difficult to understand; 
because, although everything that Snow said was relevant, 
none of it was very novel. At times, indeed, one is tempted 
to think that, if educators to-day would cease confusing 
contemporaneity with novelty, and if they would have 
the humility to spend twelve months carefully studying 
what was said and written on this subject in the nine- 
teenth century, a great many man-hours of repetitive 
discussion would be saved and a fair number of incon- 
clusive conferences seen to be superfluous. 

Where I differ from Snow, however, is in his dichotomy 
between. “the scientist’ and “the non-scientist”. This 
distinction exists; but it is not the most fundamental 
distinction. Increasingly I feel that, if we must identify 
two cultural camps, they are those of the scientists and 
the creative artists on one hand, and of the purely verbal 
scholars on the other. 

The scientist and the artist day by day explore the 
properties of the stuff of the universe; both manipulate 
the materials of the world and discover what happens 
when they are subjected to various forces; both seek for 
and create significant patterns in Nature; for each the 
thing is primary and the word secondary; neither can get 
far without the involvement of the whole personality— 
mind and musele, sensuous response to sensual stimuli, 
persistence and experimentation, reason and imagination. 
Of course, they are both ‘base mechanics’: perhaps 
that is why, in our still essentially aristocratic civilization, 
both are sometimes looked down on by those cultural 
mandarins whose special studies need no implement 
dirtier than a sheet of paper and a fountain pen. 

There is another feature of Snow’s dichotomy which is 
perhaps significant. He spoke of “scientists” and ‘“non- 
scientists”. He did not speak of “literati” and ‘non- 
literati” or of “littérateurs” and “non-littérateurs”’. 
Now this is interesting, for the word “literati” has been 
in the language at least since 1621, while the word 
“scientist? was not invented by Whewell until 1840. 
Yot the newcomer has achieved such potency that it, 
rather than one of the much older words, is used as the 
verbal indicator of this cultural distinction. It is not 
merely that scientists are recognized, as sharing a common 
culture, but also that this scientific culture is dimly seen 
to be in some way dominant and that others feel 
par ey deprived because they are largely excluded 

om it. 

The fact is that the attitudes and the temper of science 
have become the attitudes and temper of the best part of 
modern culture; the whole of modern thought has become 
impregnated with science through and through: and, 
when Snow correctly commented that most non-scientists 
cannot describe the second law of thermodynamics, he 
overlooked the much more important fact that they 
probably think habitually in terms of a universe of flux, 
in terms of the transfer of energy, in terms of evolutionary 


* Substance of the First Annual Guinness Award Lecture delivered in 
Goldsmiths’ Hall, London, on March 2. 


processes, in terms of matter of such fantastic complexity 
that we have as yet barely begun to understand it. As 
architecture was the groat imaginative triumph of ono 
age, and music of another, and poetry of anothor, tho 
greatest achievement both of the human intellect and of 
the human imagination during the past hundred years 
has been that of natural science. It is because scionce is a 
triumph of the imagination as well as of the intollect, a 
thing of beauty as well as of utility, that only tho most 
confirmed of academic troglodytes have been ablo to 
escape its all-pervading radiation. 

If this dithyramb to the splendours of scionco scoms 
remarkably remote from the science that onc may have 
learned at school or the science teaching that may bo 
familiar to all in our colleges and universities to-day, I am 
not at all surprised. For as yet we have searcoly begun 
to face the cultural implications of the fact that the 
scientific revolution has taken the world into its control. 
Pedagogues are still puzzling about whether they can 
manage to squeeze one more science period a weok into 
the timetable, instead of asking themselves whethor tho 
whole shape and spirit of the school curriculum aro not a 
century out of date. Professors of sciontifie subjects in 
our universities are demanding more and more knowledgo 
of the content of science, instead of ensuring that their 
students become fired by the spirit of science as an adven- 
ture of enquiry. Professors of literary subjects pay an 
oblique and dubious compliment to science by persuading 
their postgraduate pupils to waste a couple of yoars on 
desiccated little pieces of so-called research in which tho 
techniques appropriate to microscopy or quantitative 
analysis are misapplied to the criticism of poetry. In 
the colleges of education where we are to-day training the 
teachers who will be at work in the schools when wo 
enter the twenty-first century, all sorts of exciting and 
culturally valuable approaches to the pedagogy of science 
are being inhibited by a haunting fear that perhaps the 
professors will not approve, or by the tremulous hope 
that if only we take care to be academically respectable 
for another year or two there may fall on us a little of the 
magic dust which the universities seem specially licensed 
to dispense. 

I have pointed to the similarity in temper and in per- 
sonal commitment of the working scientist and the work- 
ing artist; but there are also important differences which, 
finally, render my dichotomy of the cultural field not 
much more satisfactory than Snow’s. In the first place, 
science is an essentially social activity in which exact 
communication is as important as exact observation. 
It is by providing repeated practice in this verbalized 
statement of what has been done that science teaching can 
most valuably foster in children that clarity and coherence 
of apprehension and expression which are the great distinc- 
tion of the educated, person. Here, incidentally, I must 
register a strong protest at the manner in which scientific 
communications have largely abandoned the “‘close, 
naked, natural” use of language enjoined by the founders 
of the Royal Society, and become clothed in obscure and 
complex ‘gobbledygook’. I do not refer to the necessary 
use of specialized registers of technical terminology, but 
to an apparently compulsive use of the third-person 
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passive, an almost universal phobia of illuminating 
imagery, an endemic tendency to verbal flatulence. This 
sort of pretentious pedantry, unfortunately, has filtered 
down. from the research thesis to the undergraduate essay, 
to the sixth-form examination script, and even down to 
the eleven-year-old’s laboratory notebook. The better 
teachers of science already realize that no scientific teach- 
ing worthy of the name is possible except it be at every 


stage brought to the point of exact expression: and, of 


course, this means that science teaching should not only 
share the sensuous richness of the creative arts, but should 
also share the verbal finesse of the literary studies. We 
need to recapture that vision which Wordsworth had 
when he commented, in the preface to Lyrical Ballads: 
“Poetry is the breath and finer spirit of all knowledge: 
itis the impassioned expression which is in the countenance 
of all Science”. 

Science, however, uses another very special language 
for much of its communication—the language of mathe- 
matics. This close connexion between science and mathe- 
matics means that much of the latter can very well be 
learned as a hand-maiden to the former, and for many 
children this is likely to be the best approach to mathe- 
matics teaching. Equally, of course, one must recognize 
that, for many people, mathematical incompetence closes 
the doors to certain fields of scientific understanding. 
The science teacher, therefore, should repeatedly remind 
himself that mathematics is a language, and that (within 
the limits of all translation processes) it can often be 
translated into English—eand should, whenever possible, 
be so translated for the benefit of those students who are 
not skilled in the language of mathematics. 

One often finds a regrettable tendency to assume that, 
because mathematics becomes more important in each 
science as that science advances, it is somehow superior 
in science teaching to require quantitative rather than 
qualitative observations. ` I would hold, on the contrary, 
that the quantitatively exact measurement of an essenti- 
ally simple parameter presents a slighter challenge and 
provides less opportunity of mental enrichment than the 
qualitatively exact description of a complex process. 
Those of us who train science teachers, therefore, must 
withstand the temptation to acquire academic status by 
subordinating our science teaching to the frequently 
phoney decimal-dominated precision measurements which 
characterize some sixth-form and many university science 
courses. 

Repeatedly I have heard of students, wishing to take 
science as a main study, yet being rejected solely because 
of mathematical deficiency. Have admission tutors, I 
‘wonder, any conception whatsoever of the national need 
for science teachers, of the appalling magnitude of that 
need ? According to the 1962 Statistics of Education, the 
55,000 graduates teaching in the maintained schools of 
England and Wales include but 9,000 scientists—a mere 
16 per cent of the total number of teachers with degree 
qualifications. In the secondary modern schools, a mere 
2 per cent of all teachers have science degrees. Perhaps 
another 3 per cent have good non-graduate qualifications 
in science. To maintain a lowly minimum of science teach- 
ing in our schools—say, a tenth of the total secondary 
school timetable—we need to more than double the 
supply of teachers qualified to take science. To make 
some sort of reality of science in all our secondary schools, 
we shall need nearly to quadruple the supply. To give 
science the place in our schools, at every level from infant 
school to sixth form, which it should have in the second 
half of the twentieth century, we shall need to ensure 
that every teacher, irrespective of main subject special- 
ism, is sciontifically educated. Yet intelligent young 
men and women are being denied admission to science 
courses in our universities and colleges of education be- 
cause, despite what may be a genuine interest in science 
and a real appreciation of its spirit, they are deficient in 
the techniques required for the mathematical manipula- 
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tion of only certain parts of the total scigntific field. 
Various committees seem to be visualizing a solutipn to 
the problem of supply of science teachers by means of 
an increased intake to the science faculties of vastly 
expanded universities. Unless the universities much 
modify their conception of what a scientific culture really 
is, they will neither succeed in recruiting a sufficient 
number of sixth-formers satisfying their admission 
requirements nor make good science teachers of those whom 
they do recruit. Increasingly the training colleges are 
realizing that the future science teacher needs an education 
less paralysed by parrot-memorizing of facts, more in 
touch with the history and philosophy of science, less 
concerned with teaching people about science and more 
with making them into men and women who habitually 
approach matters in a scientific manner. 

If science provides a suitable instrument for the culture 
of the senses and the neuromuscular responses, of both 
the ratiocinative and the imaginative activities of the 
mind, of the skills and discriminations of our English 
tongue, and of the fascinating language of mathematics, 
has it anything to offer in the culture of esthetic sensitivity, 
of social understanding, of ethical excellence? I believe 
that it has. 

Not, of course, where science teaching is still reminiscent 
of that preposterous pedagogue, Mr. M’Choakumchild, 
with his “inclined plane of little vessels . . . arranged in 
order, ready to have imperial gallons of facts poured into 
them until they were full to the brim”. Not where ‘nature 
study’ is merely the unsystematic display of uninteresting 
facets of unimportant objects; not where ‘physics’ is the 
repetitive performance of puerile experiments by pupils 
seeking high marks for the right result; not where “chemis- 
try’ is confused with the jackdaw-accumulation of unre- 
lated pieces of information or where ‘biology’ would be 
better described as necrology; not where ‘general science’ 
is an unscientific omnium gatherum of general gadgetry. 
But a proper science education will bear on many of the . 
living issues of the world to-day—on human evolution 
and the relations of the great ethnic groups of mankind, 
on public health and the great problems of population 
trends, on the productive potential of the great stretches 
of land and sea as yet effectively untapped. It will 
encourage children to exclaim at the breath-taking beauty 
of the scales of the lepidopteran wing under the micro- 
scope; to look long and close at the bubbles intriguingly 
arising from zinc in acid; to experience the force of mag- 
netic attraction by the actual muscular effort of moving 
powerful magnets. It will at every point insist on veracity, 
which has been so well described as the heart of morality. 
It will encourage a healthy scepticism of authority, includ- 
ing the authority of the teacher himself. It will, by its 
own spirit, both encourage an awareness of the difficulty 
of many of the problems with which the world is faced and 
promote an attitude of determination and confidence in 
facing them. 

It will also, if it does its job properly, pose those choices 
between scientific and semi-magical explanations of the 
phenomena of the universe which, in our mealy-mouthed. 
generation, have become blurred by a sort of tacit agree- 
ment between many scientists and most theologians to 
use words in a ‘Humpty-Dumpty’ fashion, with different 
meanings according to what the users happen to find 
convenient. Let no one delude himself that a scientific 
culture can be fostered without a heavy mortality among 
outmoded ideologies: “The cradle of every science”, T. H. 
Huxley remarked, “is surrounded by dead theologians as 
that of Hercules was with strangled serpents’’—and the 
corpses are not exclusively clerical. Among them are 
those of dogmatic turn of mind from every field of human 
activity, not least from the field of science itself. Walter 
de la Mare “saw sweet Poetry turn troubled eyes, On 
shaggy Science nosing in the grass’. Poetry need not be 
troubled by science, for a culture thoroughly impregnated 
by science will give the poet a vastly rich field of experi- 
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ence to trangmute; but there are others who may well be 
troubled. 

This brings us to another aspect of science as an instru- 
ment of culture. In this field of study you cannot, like 
that eminent Erehwonian, Dr. Downie, amass an enormous 
reputation for careful scholarship by resolutely refusing 
ever to express a definite opinion on anything. You may 
even have to admit that, although you held the right 
opinion, you held it for the wrong reason or came to it 
by the wrong processes. “A man may be a heretic in the 
truth”, Milton remarked in Areopagitica, “and if ‘he 
believes things only because his pastor says so, or the 
assembly so determines, without knowing other reason, 
though his belief be true, yet the very truth he holds 
becomes his heresy.” The inevitability, in science, of 
sooner or later knocking your head against stubborn ‘facts 
is, in my view, one of its chief virtues as a centre for the 
culture of to-day. 

Science is a tapestry of almost infinite richness, com- 
posed of innumerable interlacing strands, showing fascin- 
ating detail when examined close and significant patterns 
when seen large, in some lights a thing of high utility 
and in others of incredible beauty and almost of fantasy. 
If one wishes to foster tho sensibility of children, to touch 
their imagination, to promote their esthetic potential, one 
need not study phenomena any different from those 
required to inform their understanding of themselves and 
their fellow-creatures or to provide the knowledge neces- 
sary to any valid philosophical view of man’s place in 
Nature. 

So far, it will be noticed that I have said nothing about 
the national need for so many thousands of professional 
scientists and technologists, and very little about the 
need of the ordinary citizen for scientific and technical 
ability in the conduct of his daily life. This is because I 
believe both these hands to have been somewhat over- 
played. i 

It is sometimes suggested that everyone must learn 
more science in order to operate efficiently in our highly 
technological society. If a person is going to use a com- 
plex machine, the argument runs, he must understand the 
scientific principles and technical modes of its working. 
This argument I find not at all persuasive, for the great 
mass of mankind can use these machines quite satis- 
factorily without understanding them: and this is truer 
to-day than it used to be, for replacement rather than 
repair is rapidly becoming the norm. It is not for the 
efficient operation of complicated gadgets that a scientific 
education is necessary, but for the enrichment of the life 
which those gadgets are designed to serve. 

We need many more working scientists and toch- 
nologists; but that is not the main reason why science 
.should become the cultural centre of our whole system of 
education. As a matter of fact, you can perfectly well 
produce good scientists from intelligent young men and 
women who until the age of eighteen have learned very 
little in this field. To-day, no Newton or Darwin or 
Huxley or Rutherford would ever get into a faculty of 
science in a British university—and even many a training 
college would look dubiously at such candidates. The 


situation has become quite preposterous, and nothing 


that I have said should be taken as giving one scintilla 
of support to those who would force the grammar schools 
to convey an even greater content of science than they do 
to-day. 

On, the contrary, the only way we can teach. science as 
it should be taught, and make it a powerful instrument of 
culture, is to give it twice as much time in our schools 
while throwing half its present content out on to the 
garbage-heaps where it belongs. As Sir Richard Living- 
stone once wrote: “overcrowding, in education as in 
housing, means ill-health, and turns the school into an 
intellectual slum”; the time has come for a great nation- 
wide slum-clearance programme, and those whose special 
function is the training of teachers should be the organizers 
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of the campaign. We must produce science teac 
although they may have learned fewer of the 1 
science than the possession of a traditional degroe 
denote, really and practically understand science a 
mode of activity and a temper of thought, tho under- 
standing of which has given them the confidence to wander 
outside the comforting confines of technical terminology, 
to encourage spontaneity rather than to impose dogmatism, 
to admit ignorance cheerfully and then to set about 
correcting it with confidence. 

The real reason why science must move right into the 
centre of education is that, unless every citizen gains an 
understanding of science, society will become cffectively 
controlled by a scientific hierarchy which could be as 
pernicious as every other all-powerful priesthood. The old 
verbocratic élite is just clinging to its last few moments of 
power, and the new technocratic élite is waiting in the 
wings. What we need is neither one cloistered élite nor 
the other, but a society in which everyone shares a common 


scientific culture and the divisions of power and function 


depend on decisions about ability and social desirability 
rather than on the accidental consequences of failure of 
cultural contact. 

People will ask whether the sort of scientific education 
which I have discussed does not lie far beyond the com- 
prehension of the average child. It is noticeable, however, 
that many of those who seem to have the lowest opinion 
of the child’s mental capacity in this context appear 
to have no qualms about asking it to cope with abstractions 
of the greatest complexity. Why the concept of gravity 
should be more difficult for a young child to comprehend 
than that of God, or the three cellular layers of the verte- 
brates be more puzzling than the three persons of the Holy 
Trinity, I do not profess to understand. In any event, 
I am not asking for the presentation of abstractions— 
children already accept too many abstractions too docilely 
and mouth them too readily, in unconscious imitation of 
their elders. What I am urging is an education solidly 
based on exploration of the physical realities of the 
universe, from which certain abstractions will gradually 
be made. At every point, the important thing is that 
the abstractions be never allowed to achieve primacy 
over that from which they have been abstracted. 

At the earliest ages, children’s exploration of themselves 
and the world. around them will be of such a nature that 
no line can be drawn between manipulating materials for 
purposes of scientific understanding and manipulation 
for purposes of artistic expression. Command of English 
will gradually be developed, as in the home it usually docs 
develop, as a natural outcome of the need to communicate 
experience of the world. Concepts of numeration and of 
spatial relationships will emerge with increasing experience 
of the discreteness and of the continuity of the stuff of the 
world, and will gradually be refined as a means of master- 
ing reality. The vision of greatness will be granted as 
often by reference to great scientists as by referenco to 
politicians and poets. The personal qualities of honesty 
and courage and determination, of imagination and of 
humility, will be fostered not by moral precept but by 
their necessary daily exercise as conditions of scientific 
progress. 

An unlikely vision, one may feel, for a society wedded 
to verbalism, dominated by examinations, apparently 
determined at every educational level to spend more time 
and energy on measuring children’s achievement than on 
fostering it. But there are one group of people who could 
make all this a reality, and they are those who train our 
teachers. Finally, therefore, it is to our colleges of educa- 
tion that I appeal: recognize that the modern world is a 
world of science; and, whatever of traditional content 
and methods may have to go by the board, ensure that 
the schools are supplied with teachers who will make of 
science, not an ogre to be feared, but a fairy godmother 
whose wand will strike sparks of wonder from everything 
it touches. 
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BIO-ENGINEERING — CONCEPTS, TREND AND POTENTIAL* ; 
By Pror, ROBERT M. KENEDI 


Bios Engineering Unit, Department of Mechanical Engineering, 
Royal College of Science and Technology, Glasgow 


IO-ENGINEERING is an interdisciplinary activity. 
In examining such an activity it is worth while to 
take a brief look at the conventional division of the 
scientific field. Since the beginning of human time, man 
aimed at creating an environment which was most suited 
to, and catered for, all his needs. This necessitated an 
increasingly intense enquiry into the features and charac- 
teristics of his uncontrolled surroundings and of himself in 
relation to these surroundings, giving rise to three broad 
scientific areas or disciplines: the physical sciences, dealing 
with inert materials ; the life sciences, dealing with units 
capable of self-repair and reproduction; the social sciences 
which deal with the interaction of the individual and 
groups of individuals. 

It should be appreciated that this separation of the 
sciences is not based on any ‘natural’ foundation—the 
division in fact is now seen to be quite arbitrary. As 
the field of enquiry of each major discipline widened, so 
the field of activity of a given individual trained in these 
disciplines narrowed to the point of the emergence of the 
specialist described somewhat unkindly, but nevertheless 
truly, as ‘knowing more and more about less and less’. 
This in itself is not undesirable; but unfortwiately the 
emergence of specialist groups has also led to the develop- 
ment of specialist jargons, culminating in the specialist 
writing by and large for colleagues of his own speciality. 

In recent years, while this evolution towards mutual 
scientific incomprehensibility was permitted to develop 
unchecked, a parallel movement fortunately oriented in 
the opposite direction of collaborative scientific effort 
` and mutual understanding between some of the major 
disciplines has also become evident. Nowhere has this 
been more apparent than in investigations relating to the 
human body. This without a doubt is the most complex 
living unit in existence and the whole spectrum of all the 
sciences is relevant to its investigation. One of the many 
interdisciplinary activities which have and are developing 
very rapidly indeed is in the fields of medicine and engin- 
eering, called variously biological engineering, bio- 
engineering, biomedical engineering. Using the word 
‘engineering’ in its very broad sense, meaning the applied 
physical sciences (this meaning of the word exists, incident- 
ally, only in English), this new hybrid activity is the 
application of a wide range of specialist aspects of the 
physical sciences and of technology in a synthetized form 
to the study of the human body and its associated 
problems. 

Bio-engineering has many aspects, such as the develop- 
ment of instrumentation, ranging from sophisticated 
electronic equipment, through artificial limbs and metal 
implants to relatively -simple single-purpose surgical 
tools; the investigation of the man-machine relationship, 
for example; investigations of the best ways of utilizing 
human effort in a given industrial process; effects on 
human behaviour and effort of unaccustomed surround- 
ings, such as space flight, etc.; and the study of the 
mechanical and structural characteristics of the body 
itself and its tissues. 

This last forms a major section of bio-engineering and 
is the region in which the College Unit is active. Briefly, 


* Substance of Prof. Kenedi’s inaugural lecture, delivered on February 19. 
See also Nature, 200, 734 (1963), and 199, 1137 (1963). 


the human body and its components aré subject to environ- 
mental forces; they transmit muscle actions and consist of: 
deformable materials. The examination of these forces 
and their effects on human tissue contribute to the basic 
understanding of the pattern of human body behaviour 
as a whole, and it is becoming increasingly evident that 
these ‘engineering’ characteristics of tissue have a signifi- 
cant bearing on treatment, particularly in plastic and 
orthopedic surgery. 

It is possibly of interest to examine at this stage just 
how bio-engineering investigations applied to the human 
body proceed. 

Engineering is a creatively biased activity, in which the 
conventional chain of events proceeds from determination 
of the constructional requirements, the specification, to 
analysis of the relevant strength and deformation prob- 
lems, thence to design and finally to construction.” In all 
this, the engineer aims at creating a construction optimally 
suited to the specified requirements. All through, how- 
ever, the engineer remains aware that as all basic data are 
only partly known, factors of safety allowing for a certain 
rational margin of uncertainty are necessary. 

The analytical techniques available at present are 
woefully inadequate, and it happens not infrequently 
that constructions of an unconventional character are 
designed and erected more as the results of inspired 
engineering intuition than of substantiative analysis. . 
In such cases, the formal analysis follows construction, 
lagging at times years behind ; first, to explain the obvious; 
that is why the structure or mechanism performs its 
function without failure; and secondly, to permit codifica- 
tion of the information so obtained for use in constructions 
of a similar character in the future. 

Obviously the human body comes into this category of 
post-construction analysis as its initial construction date | 
has preceded somewhat engineering attempts at its 
analysis. There are here a number of points that, in 
addition to their relevancy, are also indicative of the 
present trends of bio-engineering activity. 

Live human tissue as a material presents a completely 7 
virgin field for bio-engineering enquiry. A fair amount of 
work has been done in animals and freshly ‘dead’ tissue— 
it is, however, doubtful as to how far such measurements 
may be applicable to live human behaviour. Only recently 
have techniques been developed which permit such 
measurement in the living, which on the whole show 
that the basic components of the body, such as skin, 
muscle, cartilage and bone, are materials remarkably well 
suited to their function. 

Incidentally, this question of measurement has to be 
approached with a certain amount of care. It is one of 
the basic principles of the technique of measurement that 
the instrument always affects the measurement in some 
way, however slight. This is particularly true of living 
tissue, and results obtained from specimens or subjects 
over-enthusiastically festooned with instrumentation are 
more likely to be representative of the influence of the 
instruments as an environmental factor than of the 
particular normal human characteristic the investigation 
was designed to determine. 

The design specification and limits of capability of the 
human body are not known, apart from possibly an estab- 
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lished minitnum represented by the demands made on the 
body by the present mode of life. Barring catastrophic 
happenings, it is very likely that the ultimate capabilities 
of the body will remain unestablished, since all endeavour 
is directed towards so controlling human evironment as to 
keep on reducing the demands made on physical endurance 
and exertion by the pattern of living. 

Environmental control, which is also a bio-engineering 
activity, is directed at catering for the convenience of 
humans as they are now, thus removing those evolutionary 
stimuli which led to the present stage of physical develop- 
ment as if this present stage were the ultimate perfection 
attainable. It can be argued that this stimuli-removing 
control introduces in itself an evolutionary influence 
which, from the physical point of view, is probably 
degenerative. 

The engineering reasons for post-construction analysis 
are, in addition to understanding function, the gathering 
of data for imitative future designs. It is intriguing to 
reflect in this connexion that, as one enquires into the 
detail construction of the human body as it is at present, 
one finds features in direct opposition to the teachings of 
human devised engineering. This teaching was very well 
summed up by Oliver Wendell Holmes in ““The Decon’s 
Masterpiece”’: 


“Have yow heard of the wonderful one hoss shay 
that was built in such a logical way, 

It ran for a hundred years to a day 

and then of a sudden—it went to pieces 

all at once and nothing first 

just like bubbles do when they burst.” 


This expresses the epitome of engineering achievement 
in @ construction, where all parts are of equal strength 
and have the same length of life. One would not suggest 
as desirable that the human. body should be so constructed 
that people would tend to explode into limbo, no matter 
how satisfying this would be from an engineering point 
of view ! Yet one would tend to expect some semblance of 
order and reason in the distribution of safety factors 
against breakdown in the body. This, paradoxically, 
does not appear to be the case. 

A typical instance is the bone and muscle arrangement 
of the hip joint. This joint is essentially a ball-and-socket 
arrangement surrounded. by an embarrassing abundance of 
muscles, twenty-two in number. The simplest movement 
is produced by the co-operation of a number of muscles. 
That the interaction. of such a multiplicity of components 
to produce movement is not strictly necessary is well 
known. A great variety of joint movements can be effected 
by one or other of several muscles, and the failure of a 
musele or muscles may easily be compensated by the 
action of the remaining units. It could possibly be argued 
that this is Nature’s way of providing a safety factor 
against injury. Why then provide only one bone com- 
ponent in the hip, the fracture of which immobilizes the 
individual? The conclusion that we are still in the process 
of development and that the evolutionary process has 
not yet caught up with the change from the four-legged 
to the two-legged stance is inescapable. Fracture of the 
thigh bone in a four-legged creature, while inconvenient, 
is not necessarily immobilizing, such individuals exhibiting 
a safety concept in bone structure more in line with 
that of the muscle construction. The existence of this em- 
barrassment of riches of one kind of component, side by 
side with paucity of another, is the paradoxical situation 
that appears to exist throughout the body and is proving 
and continues to prove a source of challenging intellectual 
discomfort to the bio-engineering analyst. However, 
engineers on the whole are reasonably ingenious indivi- 
duals, and Nubar and Contini, two of the present-day 
pioneers in this field of analysis, have suggested a way 
out of this wood of muscle complexity by offering the 
postulate for guidance in analysis that “a mentally normal 
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individual will, in all likelihood, move (or adjust his 
posture) in such a way as to reduce his total muscular 
effort to a minimum”. . f 

The field in which at present the greatest concentration 
of bio-engineering effort is found is that of artificial limbs. 
The general aim of these efforts is to provide as good a 
limb as possible within the overriding requirement that 
the limb approximates as closely as possible in appearance 
to its natural counterpart. This is an exceedingly severe 
limitation from the point of view of design, since the limb 
layout leaves much to be desired from an engineering 
point of view. Kinematically the lower limbs possess 
just about the minimum number of joints which will 
permit an approximation to an even gait indicated by the 
degree to which the pelvis achieves level progression. 
Structurally the limb layout is questionable as it introduces 
a hinge in a compressive load-carrying member, thus 
permitting a tendency to ‘buckle at the knees’, To control 
this tendency, the analyst is again presented by a sub- 
stantial muscle group which, while having the advantage 
of permitting the knee to be used as a shock-absorbing 
device, again appears from an engineering point of view 
unnecessarily complex in layout and function. The 
natural limb thus works only because of the complex 
flexibility and adaptability of the controlling muscle 
actions. Without these muscle actions, which cannot be 
reproduced. in artificial limbs, a layout imitating that of 
the natural limb is basically unsuitable to the function 
it is to perform and yet this normal layout is still the basis 
of present-day design. A basic design better in perform- 
ance than the natural limb is not outwith the bounds of 
possibility, if deviation from the norm is accepted. This 
deviation from the norm and the consequent removal of an 
engineering-wise severely inhibiting feature in artificial 
limb design is one of the developments that are likely to 
come about. 

In other fields, it seems fairly certain that mechanical 
and structural knowledge of the human body and its 
components will be accumulated adequate to the extent 
of permitting the description of human tissue behaviour 
in precise mathematical terms. This should, in time, per- 
mit the theoretical prediction of tissue behaviour and the 
consequent design of surgical techniques, effective 
artificial substitutes for damaged tissue, ete. Ultimately, 
in the more distant future, once genetic control is under- 
stood it would seem fairly certain that if the specialist 
fashion still obtains, genetic engineers or ‘genengs’ 
will arise who will vie with each other in producing 
functional human body designs most suited for the career 
chosen ! 

Descending from the rather lofty plane of science 
fiction, it is perhaps relevant to touch, in conclusion, on 
the question of the training of bio-engineering hybrids. 
In Great Britain this is virtually non-existent at present, 
while in the United States it is carried on at both under- 
graduate- and postgraduate-levels, although the majority 
of training programmes are in the latter field. These 
programmes are of two kinds—some directed at students 
primarily trained in engineering, others at students 
primarily trained in medicine. . 

The courses for undergraduates—this obtains in engin- 
eering only—contain suggested electives in biology, 
organic chemistry and physiology, in collective time 
equivalent to about one-sixth of the total time in & four- 
year course. At postgraduate-level a typical one-year 
course contains biology, engineering physiology, cellular 
physiology, organic chemistry, biochemistry and a variety 
of subjects dealing with the theories of biological processes, 
in association with research. In Great Britain there is 
only one postgraduate course at present, at the Imperial 
College of Science and Technology, London, designed 
primarily for medical graduates.: 

The demand for bio-engineers in the United States has 
been estimated at 300 a year over the next ten years, 
who could be placed annually in various departments of the 
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universities, medical schools and Government. At the 
present time in the United States some hundred students 
are training at postgraduate-level in seven centres offering 
biomedical engineering facilities. Thereis no doubt that this 
type of training willexpand and extend: At Glasgow, post- 
graduate research facilities exist in this field at the Royal 
College of Science and Technology, and at present three 
full-time researchstudents work on bio-engineering projects. 
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The future in research, one would surmisé, lies with 
collaborative medical engineering teams rather than ‘with 
biologically trained engineers. Yet it is essential to keep 
an open mind on these matters, and there is one thing 
certain—there is no shortage of problems or of opportuni- 
ties to participate in a deeply interesting activity with an 
enormous potential of contributions of basic value to 
come. 


THE ALASKA EARTHQUAKE OF MARCH 28-30, 1964 


UST after 5.36 p.m. on Friday, local time, when many 
of the people of Anchorage, Alaska, were homeward 
bound, thinking no doubt of getting indoors again out 
of the snow and freezing temperatures, suddenly and 
without warning the first seismic shock occurred. Imme- 
diately, buildings in the city centre collapsed, ground 
fissures appeared, down which cars slumped (one fissure 
was almost 100 ft. long with a drop of 10 ft.), and the 
control tower at the airport came toppling down. Imme- 
diately also, more than 1,000 houses were destroyed, water 
pipes, electric power lines and gas mains were severed, 
and communications disrupted. Many people were killed 
and injured. When the impact of the first shock was past, 
the city’s services with all possible assistance drove into 
action. Residents were asked not to use the sewers, 
people queued for typhoid inoculations and hospital 
services were overworked. The State of Alaska was a 
disaster area. On the Gulf of Alaska, the village of 
.Valdez was evacuated, apart from the necessary officials, 
owing to lack of water, sanitation and other services, and 
an emergency evacuation camp was set up at Gulkana, 
about 110 miles away. Seward, also on the Gulf of Alaska, 
was half destroyed and there were numerous fires since 
the earthquake had scattered the house fires as it passed. 
The village of Tuguyak on Kodiak Island was almost 
completely destroyed. The ripples from this earthquake 
focus sped through the solid earth to be recorded at 
seismological observatories throughout the world. The 
tsunami warning system began its calculations. 

At the moment of disaster the tsunami or seismic sea 
wave set out from near the epicentre and, shortly after, 
the tsunami warning system went into action and messages 
were flashed to all parts of the Pacific. The sea waves 
were about 30 ft. high at Kodiak and Cordova in Alaska, 
and 8 ft. high when they arrived at Oahu, Hawaii. At 
Vancouver Island the sea-level rose as the waves passed, 
and at Crescent City in northern California five oil tanks 
were destroyed by the 12-ft.-high waves. The waves 
caused a break in the Commonwealth telephone cable 
connecting Canada with Australia and New Zealand, at 
a point about 74 miles off the Canadian Pacific coast near 
Port Alberni in British Columbia. The waves were 
significant on tide gauges in Japan. 


Preliminary determinations of the epicentre of the shock > 


place this at 61:1° N., 147-8° W. The depth of focus is 
considered shallow, and the Richter logarithmic magnitude 
between §-2 and 8-6, making this one of the world’s greatest 
earthquakes. Tho epicentre is east of Anchorage, Alaska, 
and the origin time was 1964 March 28d 03h 36m 10s 
a.m.t. The complete death-roll and damage are not yet 
known. In Alaska, 65 are known dead as the result of the 
earthquake, and damage is estimated at more than 
250 million dollars. In Crescent City, California, due to 
the tsunami, 12 people are known dead-and there was 
major damage to property. Aftershocks are still con- 
tinuing. Eight above magnitude 6 were experienced on 
the first day, March 28, and there were many smaller ones. 
On March 30, at 02h 18m 05s a.m.t. from the Kodiak 
Asland region, came a shock of magnitude 6-7. ` 


The Aleutian Islands arc from Komandorski Islands to 
Alaska, and Alaska itself must be considered a major 
seismic and volcanic zone of the Earth. For example, in 
the year 1959 there were some 40 earthquakes felt and 
recorded in Alaska. Shocks greater than magnitude 6 
and of shallow depth of focus near to the present epicentre 
also occurred at the following times and places: 1932 
September 14d 08h 43m 23s e.az., 61° N., 148° W. (64); 
1933 January 04d 03h 59m 28s @.m.T., 61° N., 148° W. 
(63); 1934 August 02d 07h 13m 08s amr., 614° N.. 
1474° W. (6); 1934 June 02d 16h 45m 29s @.m.T., 614° N.. 
147° W. (6}): and earthquakes with intermediate depth 
of focus (about 80 km) occurred at: 1912 January 31d 
20h llm 08s @.m.T., 61° N., 1474° W. (73); 1934 May 
04d 04h 36m 07s a.u.z., 614° N., 1473° W. (7-2). 

Perhaps the greatest of the previous Alaskan earth- 
quakes were on September 3 and 10, 1899, at Yakutat 
Bay, the latter being the greater, though from seismo- 
grams both had magnitude between 8} and 84. The area 
was visited shortly before the earthquake by the Harriman 
glacier exploration expedition, who took photographs, and 
about 6 years after the earthquake by a party of the U.S. 
Geological Survey. The shocks were accompanied by 
block faulting, and the largest known displacement by a 
single group of earthquakes then occurred. At maximum 
there was a permanent uplift of 47-5 ft. 

At the time of the shock a small party of prospectors 
was camped near by on a glacier. Above them an ice 
dam holding a glacier lake broke, landslides happened all 
around, and a great wave 30 ft. high in the bay swept 
away their boat. Fortunately, they recovered the boat 
and escaped by sea, since the adjacent land was so cut up 
as to be almost impassable. The region was otherwise 
uninhabited. Outside the bay the sea wave was extremely 
small. Large seismic sea waves, or tsunamis, have been 
sent right across the Pacific Ocean from earthquake 
epicentres at various times, for example, from the Arica 
earthquake of 1868 and from the Iquique earthquake of 


.1877. A great wave destructive at Hilo came from the 


smali Aleutian Islands shock of April 1, 1946, although a 
very small wave had resulted from the strong earthquake 
in the same Aleutian Islands region of November 10, 1938. 
Large tsunamis came from the earthquakes in Chile in 
May 1960 and from the present Alaskan shock. 

In the Aleutian Islands arc shallow-focus seismicity 
follows the northern concave side of the Aleutian trench, 
being less intense near the Komandorski Islands. At the 
eastern end of the are activity is higher near the Kenai 
Peninsula. This seismic activity is only exceeded by that 
of Mexico, Japan and the Solomon Islands. Shallow-focus 
earthquakes with depths from 50 to 70 km are frequent, and 
intermediate-focus earthquakes with depths from 100 to 
170 km occur along the northern side of the Aleutian 
Islands arc and on the Alaska Peninsula from 176° to 
160° W. The shallow shocks in the interior of Alaska 
indicate an interior structure related to the Pacific coastal 
arc, in the same way as the Rocky Mountains are related 
to the Pacific coastal ranges farther south in America. 

ERNEST TILLOTSON 


No. 4930 April 25, 1964 


NATURE 


337 


THE UNIVERSITY OF SKOPJE 


Ta: Editor has receivod the following appeal from 
Dr. Tha Hla, deputy director of the Unesco Depart- 
ment of Natural Sciences, on behalf of the scientists of 
the University of Skopje: 

“The earthquake which destroyed our city last July 26 
also wiped out some of the most modern laboratories in 
Yugoslavia. Our young University, the third largest in 
the country, was levelled in just 15 seconds. 

“Tt is now being rebuilt, and classes have begun again, 
but we are in desperate need of equipment for science 
teaching and research. Together with Unesco staff 
scientists, we have drawn up detailed lists of the items 
required in each department, and we appeal to our 


colleagues around the world to help us with con- 
tributions through Unesco Gift Coupons. We should also 
be grateful for contributions, in kind, of the apparatus we 
need. . 

“For lists of what is needed, please write’: Unesco 
Gift Coupon Office, Place de Fontenoy, Paris 7.” 

Nature is sure that every scientist or scientific institu- 
tion in a position to do so will give assistance to the 
University of Skopje in its present distress. Nature itself 
is unable to give more practical help than present financial 
assistance and free copies of the journal until such time as 
this new University is satisfactorily re-established. This 
is now being done. . 


NEWS and VIEWS 


Engineering Science at the University of Durham: 
Prof. R. D. Hoyle 


Dr. R. D. Hoyzz, who has recently been appointed to 
the newly established chair of engineering science in the 
University of Durham, was educated at Malvern College 
and Clare College, Cambridge, where he read for the 
Mechanical Sciences Tripos. He served an engineering 
apprenticeship at Messrs. Mather and Platt, Ltd., and 
became maintenance engineer at the Scottish Dyes 
factory of the Imperial Chemical Industries, Ltd. In the 
Second World War he served for five years in France and 
India, ultimately as a Major in the Royal Electrical and 
Mechanical Engineers. Since 1944, Dr. Hoyle has been 
on the staff of the Mechanical Engineering Department 
of the Imperial College of Science and Technology, where 
his main interest has been the transfer of heat to the 
rotors of steam turbines and the thermal stresses arising 
from this, in which work he has been supported by the 
Admiralty. He has been a reader in mechanical engineer- 
ing since 1958 and is now assistant director of the Mech- 
anical Engineering Department. Dr. Hoyle has been 
closely associated with the expansion of the Imperial 
College of Science and Technology and the planning and 
building of the new facilities there. He leaves the College 
at the stage when the rebuilding of the Department is 
approaching completion. He takes up his appointment 
at Durham on October 1. 


Soil Science in the University of Reading : 
Prof. E. W. Russell, C.M.G. 


Dr. E. W. RUSSELL has been appointed to the newly 
created chair of soil science in the University of Reading. 
His initial training was in mathematics and physics at 
Cambridge, and after further. study there and at Zurich 
and Leningrad he was appointed to the staff of the 
Physics Department at Rothamsted Experimental Station 
in 1930. Ho was reader in soil science at Oxford from 
1948 until 1955, when he was appointed director of the 
East African Agriculture and Forestry Research Organ- 
ization. His earlier work was on the physical and physico- 
chemical nature of soils, and included investigations of the 
relations between inorganic ions or organic molecules and 
the surfaces of soil particles. His work on the effects of 
deep ploughing and other cultivations on the. growth and 
yield of crops attracted considerable interest. He has 
been responsible for two editions, of which the first was a 
virtually complete revision, of the standard monograph 
Soil Conditions and Plant Growth, originally written by 
his father, Sir (Edward) Jobn Russell. In East Africa, 
he has developed and directed an outstandingly effective 
research organization, which, in collaboration with terri- 


torial departments of agriculture and other research 
institutions, has investigated a large number of important 
problems in agricultural science and forestry. Dr. Russell 
has contributed notably to the work of many official and 
unofficial committees, including the Scientific Council for 
Africa and the Arid Zone Committee of Unesco, and of . 
numerous scientific societies and journals, and was created 
C.M.G. in 1961. He will take to Reading unique experience 
of teaching and research on the nature and uses of soils, 
and will powerfully reinforce Reading’s interest in agri- 
culture and education in tropical countries. 


The Nature Conservancy 


Pror. J. A. KizcHine, professor of biology, University 
of East Anglia, and Prof. O. W. Richards, professor of 
zoology and applied entomology, Imperial College of 
Science and Technology, London, have joined the Nature 
Conservancy’s Scientific Policy Committee on the retire- 
ment of Sir William Taylor, who has served since the 
Conservancy’s inception in 1949. Dr. F. Fraser Darling, 
who retires from the Nature Conservancy on the com- 
pletion of nine years service, remains a member of the 
Scientific Policy Committee. Prof. J. Wreford Watson, 
professor of geography and head of the Department of 
Geography, University of Edinburgh, has joined the 
Scottish Committee until March 31, 1965, and Prof. J. H. 
Burnett, professor of botany, University of Newcastle 
upon Tyne, who serves on this Committee, has also 
become a member of the Committee for England. Mr. 
R. H. Owen, member of Caernarvonshire County Council 
since 1948, chairman of Caernarvonshire Planning Com- 
mittee and vice-chairman of Caernarvonshire National 
Parks Planning Committee, has been appointed a member 
of the Committee for Wales in succession to Mr. R. H. 
Roberts. : 


The John Innes Institute 

‘In reply to a question in the House of Lords on April 8, 
the Joint Parliamentary Under-Secretary of State for 
Education and Science, the Earl of Bessborough, said 
that, following the establishment of formal academic 
relations between the University of East Anglia and the 
trustees of the John Innes Institute, the trustees of the 
Institute had recently decided, with the agreement of the 
Agricultural Research Council, to move the Institute from 
Bayfordbury to Norwich. There were strong arguments 
for closer co-operation between Government-supported 
research establishments and the universities, and the 
Council of the University and the Agricultural Research 
Council had welcomed the trustees’ proposal. Since the 
Institute was established at Bayfordbury in 1949, 
£222,000 had been spent by way of capitel grants from 
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public funds by the Ministry of Agriculture, Fisheries and 
Food and the Agricultural Research Council, of which 
£100,000 was for experimental glasshouses of limited life. 
The cost of establishing the Institute at Norwich was 
expected to be borne mainly by the John Innes Charity; 
expenditure from public funds would be limited largely 
to the provision of equipment. The partnership of the 
School of Biological Sciences of the University and the 
Food Research Institute (Nature, 201, 450; 1964) with 
the John Innes Institute should make possible the 
development of a really outstanding national centre of 
biological training and research. 


The Institution of Professional Civil Servants 


THE annual report of the Institution of Professional 
Civil Servants for the year 1963, issued with State Service 
for April 1964, summarizes the Institution’s comments to 
the Minister for Science on the Trend Report. Theso 
counter-proposals urge that responsibility for civil science 
should be vested in a Minister of Cabinet rank, supported 
by a major scientific department, and responsible for 
co-ordination to ensure civil application of the results of 
defence research, where appropriate, and re-deployment 
in the civil field of scientists and engineers becoming 
redundant in the defenco field. Expansion of the Depart- 
ment of Scientific and Industrial Research in the new 
Ministry is urged, and that commercial exploitation of 
research and development should be the responsibility of 
a Minister who should take over and expand the activities 
of the National Research Development Corporation. The 
Institution also urges that the Cabinet should keep under 
constant review the education and training of scientists 
and technologists, the allocation of resources to both 
defence and civil science, and their co-ordination and 
exploitation. The report notes that in the year the 
Treasury proposed to offer a small number of administra- 
tive principal posts to the scientific officer class, but the 
Institution has maintained its opposition to proposals to 
offer research fellowships at the principal scientific officer 
level. Redundancy within the Atomic Energy Authority 
is the subject of extensive comments, which admit that 
the main contribution of the Minister for Science has been 
to allow the Authority valuable scope for dealing with 
the human problems of the run-down. Membership 
decreased slightly during the year from 57,676 at Decem- 
ber 31, 1962, to 57,520 at December 31, 1963. 


The Durban Museum and Art Gallery 


THE annual report for 1962-63 of the Durban Museum 
and Art Gallery records that the work in tho public 
galleries of the Museum has proceeded apace during the 
year and that plans for the new Geological and Palæonto- 
logical Hall have been drawn up (Pp. 24. Durban: 
Durban Museum and Art Gallery, 1963). This will be the 
last major project in the modernization of the Museum. 
During the year, a local collecting expedition was made 
to Natal and also a major expedition to Swazilend. 
Further collections of birds from the Kilosa and Mahenge 
areas of Tanganyika were acquired by purchase. Active 
research by the staff was again devoted largely to the 
further elucidation of the complex avifauna of South 
Africa. Steady progress and various improvements have 
been made in the Art Gallery, and especially noteworthy 
were the diverse temporary exhibitions arranged during 
the year. At the Old House Museum the congested con- 
dition of the exhibits is again stressed. 


The Manchester Museum 

During the year ended July 31, 1963, the Director 
and staff of the Manchester Museum concentrated on the 
very necessary task of the examination of the reserve 
collections (Report of the Committee for the year ending 
July 31, 1963. Pp. 20. Manchester: The Museum, the 
University, 1964). On the display side, cases of agates 
and ornamental stones, together -with an exhibit of 
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nineteenth-century lapidary work from Derbyshire and 
one concerned with limestone country and the sole of 
water as a geological agent, have beon arranged. In 
zoology, four additional panels in the human anatomy 
series have been completed. An innovation was the cir- 
culation of a questionnaire to interested members of the 
public requesting them to comment on matters relating 
to display in the Museum. Both the weekly loctures and 
the temporary exhibitions have proved more than usually 
popular. The report concludes with an impressive list of 
publications by the staff. 


Eton College Natural History Society 

Fiery years ago boys at Eton who were keen on natural 
history spent their spare time in making observations 
relating to hunting, shooting and fishing and in compiling 
records of flowering plants, birds and Lepidoptera seen in 
certain localities. Since then there has been a gradual 
change in outlook, and the report of the Natural History 
Society for 1962—63, in addition to the usual entries, carries 
a long. list of expeditions, and lectures by distinguished 
visitors, together with a good account of last year’s 
exceptional weather (Pp. 32+2 plates. Eton: Eton 
College Natural History Society, 1963). Then there are 
reports of two ecological surveys involving experimental 
techniques, the first of a pond in the College grounds, the 
second a joint project, with boys from other schools, of 
Southampton Water and the English Channel. But the 
most suggestive investigation recorded was a test carried 
out on the time taken by rats to learn a maze modelled 
on that at Hampton Court, compared with that taken hy 
a group of boy members to learn the original. The boys 
learned the maze about seven times faster than tho best 
rat learned the model. 


Use of Eidophor in Teaching Embryology 

Is 1962, Laboratoires CIBA, Paris, presented the new 
Faculty of Medicine in the University of Paris at the 
Sorbonne with an Hidophor television system. This was 
the first projector to be installed permanently in Europe 
for the purpose of facilitating teaching before a large body 
of students. Since its installation, the system has been 
in steady use in anatomy, histology and embryology 
courses, and as an adjunct to lectures in physiology, 
enabling the transmission of laboratory demonstrations. 
According to the autumn issue of CIBA Journal (27; 
Autumn 1963), “tho installation of a number of pro- 
jectors in different halls is at present considered the best 
way of multiplying the possibilities of simultaneous 
instruction to thousands of students’. Prof. H. Tuch- 
mann-Dupleissis, professor of embryology in the now 
Faculty of Medicine, describes his classroom experience 
with Eidophor during its first months of operation in his 
department. He believes that it is one of the instruments 
best adopted to the teaching of medicine. 


Birds of Thailand 

UNDER the title Checklist of the Birds of Thailand, Dr. 
Herbert G. Deignan presents @ summary of his many 
years of systematic work on the birds of Thailand (Smith- 
sonian Institution: United States National Museum. 
Bulletin No. 226: Checklist of the Birds of Thailand. Pp. 
x+263. Washington, D.C.: Government Printing Office, 
1963. 1.25 dollars). His unit is the subspecies (or mono- 
typic species), and for each he gives the essential nomon- 
clatural information followed by a statement of range 
within the country. When the bird is a seasonal visitor, 
that is mentioned; and thero is sometimes an indication 
of abundance or otherwise. The author lists 1,173 forms, 
which is evidence of a rich avifauna such as one would 
expect in & tropical country extending over some 14° of 
latitude, with coasts on two seas and a wide diversity of 
terrain. The only previous publication purporting to 
cover the same subject appeared in 1920, when the avail- 
able knowledge was relatively slight. An important gap 
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has now been most effectively filled The sources of - 


` information include, notably, the large collection of 
Siamese birds brought to the British Museum (Natural 
History) by the late Sir Walter Williamson. 


The Worshipful Company of Gardeners’ Scholarship 


APPLICATIONS are invited for a scholarship sponsored 
by the Worshipful Company of Gardeners, and open to 
young gardeners who are undergoing or have completed 
training at the Royal Horticultural Society’s Gardens, 
Wisley, or elsewhere, and who will have had at least four 
years practical experience in horticulture by October 1. 
Under present conditions, the scholarship is restricted to 
male candidates who are unmarried and undertake to 
remain so during the tenure of the scholarship. The 
scholarship will bo tenable for two years, beginning 
October 1. The value of the scholarship is £300 per 
annum. During the period of the scholership the holder 
must be employed, at least part time, in a horticultural 
establishment approved by the Gardeners’ Company and 
the Royal Horticultural Society, preferably abroad. 
Applications should be made to the Secretary, the Royal 
Horticultural Society, Vincent Square, London, 8.W.1, 
not later then May 31, and should be accompanied by a 
summary of the applicant’s career and qualifications, 
supporting letters from at least two referees, and a state- 
ment showing what post the applicant hopes to obtain 
and the particular lines of study he would wish to pursue 
during his tenure of the scholarship. 


University News: Belfast 


Dz. J. P. BLAIR has been appointed to a lectureship in 
mechanical engineering. 
Birmingham 
Tux following appointments have been made: Lecturer, 
Dr. L. A. Adorjan (mining and minerals engineering); 
H. S. Bedson (senior lecturer in the Department of 
Virology and. Bacteriology); J. G. Cruickshank (virology 
and bacteriology}; F. J. Fawcett (pathology). Research 
Fellow, A. Allen (electronic and electrical engineering); 
D. Beecham (electronic and electrical engineering). Dr. 
W. I. H. Shedden has been appointed Senior Research 
Fellow in the Department of Virology and Bacteriology. 


East Anglia 


Tax folowing appointments to lectureships in the 
School of Chemical Sciences have been announced: Dr. 
A. J. Boulton, Dr. M. A. A. Clyne, Dr. R. K. Harris, 
Dr. K. J. Packer and Dr. F. Wilkinson. 


London 


Pror. C. P. Wurirrrmyenam, professor of botany at 
Queen Mary College, has been appointed to the chair of 
plant physiology tenable at the Imperial College of 
Science and Technology. Dr. S. J. Goldsack, senior 
lecturer at the Imperial College of Science and Tech- 
nology, has been appointed to the readership in physics 
tenable at that College. Dr. Cyril Long, reader in bio- 
chemistry at the Institute of Basic Medical Sciences, has 
been appoimted to the Cotton chair of biochemistry 
tenable at that Institute. The following titles have been 
conferred: Professor, on Dr. Mary Barber (clinical bac- 
teriology), in respect of her post at the Postgraduate 
Medical School of London; on Dr. Victor Gold (chemistry), 
in respect of his post at King’s College; Reader, on Dr. 
F. W. Chapman (physics), in respect of his post at King’s 
College; on Mr. J. A. Newth (physics), in respect of his 
post at the Imperial College of Science and Technology. 


Valence Defects in Ice 


In the communication entitled “Valence Defects in 
Ice”, which appeared on p. 490 of the February 1 issue 
of Nature, Table 1 should read as follows: 
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Rotated D defect X defect 
r 1:33 A r 15A 
Ex -7 Ey -7 
Er 3 Ey, 8 
Ep; Ey 5 Ey,-2E y 10 
AEp 4 AEX 1 
Ep, 19 ExL 21 


Line 16 from bottom of first column should read: “‘pro- 
grammed for the Ferranti ...”. Line 5 from top of 
second column should read: . the previous values 
for Er and Hy”. The names of the authors are Prof. 
Norah V. Cohan and Mariana Weissman. 


“cc 


Announcements 


Mr. W. A. pe Haas, president of the Nederlands 
Atoomforum, has been elected president of Foratom. 
Foratom was established in Paris in 1960 and incor- 
porates the various national Forums in most of the 
‘West European countries, which were set up with the 
view of promoting the peaceful applications of atomic 
energy by organizing congresses, symposia, exhibitions, 
etc. 


‘Dr. Yves O. Forzrer, chief of the Economic Geology 
Division of the Geological Survey of Canada, has been 
awarded the Royal Canadien Geographical Society's 
Massey Medal for his contribution to the knowledge of 
Canadian geography and geology, especially in Arctic 
regions. 


Tue Latin American Representative Office of the Office 
of Oceanography of Unesco, Paris, is to be contained 
within the Facultad de Administración Publica y Com- 
ercio, 3er. piso Universidad de Panamá, Panamá, R. de 
Panamá. AJl correspondence should be directed to the 
Liaison Officer for Marine Sciences in Latin America, 
Apartado Postal 8164, Estafeta Obarrio, Panamé, R. de 
Panamá. 


Tue fourteenth annual meeting of the Société” de 
Chimie Physique, entitled “Structure of Polyatomic 
Radicals”, will be held in Bordeaux during May 25-29. 
Further information can be obtained from Prof. G. 
Emschwiller, Société de Chimique Physique, 10 rue 
Vauquelin, Paris 5. 


Tue twelfth Canadian High Polymer Forum, spon- 
sored by the National Research Council of Canada in 
co-operation with the Chemical Institute of Canada, will 
be held in Quebec during May 27-29. Further information 
can be obtained from Dr. H. Daoust, c/o Department of 
Chemistry, University of Montreal, P.O. Box 6128, 
Montreal. 


A symposium on “The Inorganic Constituents of Fuel 
(Origin, Influence and Control)”, organized by the 
Institute of Fuel {Australian Membership), will be held 
in the University of Melbourne during May 21-22. 
Further information can be obtained from Dr. K. 8. 
Basden, c/o Department of Fuel and {Combustion En- 
gineering, University of New South Wales, P.O. Box 1, 
Kensington, New South Wales. 


A CONFERENCE on “Thermal Loading and Creep in 
Structures and Components’, arranged by the Council of 
the Institution of Mechanical Engineers on behalf of the 
Joint British Committee for Stress Analysis, will be held 
at the Institution during May 12-14. Topics under dis- 
cussion will include: philosophy of the design of struc- 
tures subject to thermal loading; experimental techniques 
—hoth theoretical and practical considerations; inere-. 
mental collapse and modes of failure arising from com= 
bined creep and applied loads; stresses due to transient 
effects and: to steady thermal states in structures and 
structural elements. Further information can be obtained 
from E. J. Millson, Institution of Mechanicat ene 
1 Birdcage Walk, London, 8.W.1. 
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` EFFECT ON PLANT LIFE OF INDUSTRIAL DEVELOPMENT IN THE 
NORTH-EAST OF ENGLAND 


CONFERENCE on North-East Development and 

the Plant Sciences, organized by the Department of 
Botany, University of Durham, was held at the Science 
Laboratories, Durham, on March 14. The chair at the 
morning session was taken by Mr. T. Pritchard of the 
Nature Conservancy, and at the afternoon session by Mr. 
Charles Grey, Member of Parliament for Durham. 

The conference was opened by the Mayor of Durham, 
Councillor N. Richardson, who welcomed the opportunity 
afforded by tho conference for discussion between the 
University and the many organizations in town and 
country who were concerned with the development of the 
North-East. He referred to his own interest in the impor- 
tance of the tourist industry and to the part that science 
could play in the development of regional resources and 
amenities. 

Prof. D. H. Valentine spoke next about Nature conserva- 
tion. He began by explaining the case for conservation, 
which rested first on amonity and the protection of Nature, 
secondly, on scientific grounds and, thirdly, on educational 
value. A recent survey (Science out of Doors, Longmans, 
1963) had shown that the amount of time devoted to field 
studies in schools by pupils between the ages of 11 and 16 
averaged no more than 2 h a week. Training in the 
field studies, and in the scientific disciplines of ecology and. 
evolution, had great value in contributing towards an 
understanding of human societies, and also in providing 
a means of using leisure time constructively. On the basis 
of the ecological concepts of climax and succession, Prof. 
Valentine outlined. @ broad plan of conservation for the 
North-East. This would involve the establishment of a 
series of nature reserves and protected areas, designed 


to cover a wide variety of habitat types. These would be * 


selected and managed by æ planning authority, working 
in co-operation with the Nature Conservancy, the Natural- 
ists’ Trust and other voluntary bodies. It was important 
to go beyond merely passive protection, carried out piece- 
meal, and to have a comprehensive plan which would be 
_prepared in advance and form a part of a development 
programme for the region as a whole. 

Mr. D. J. Bellamy (Department of Botany, Durham) 
spoke next about moorlands, with special reference to the 
upland areas of Weardale and Teesdale in the west of the 
county. He outlined the quaternary history of these areas, 
and the importance of the peat cover as a water-reservoir 
which controlled the run-off in the rivers. The mainten- 
ance and management of the upland areas gave rise to 
problems on which scientific research at Durham and else- 
where was in progress. Drainage, burning, grazing and 
afforestation of moorland all had ecological effects, both 
short- and long-term, which were complex. 

Mr. B. A. Whitton (Departmont of Botany, Durham) 
then gave a paper on reservoirs, rivers and pollution. He 
mentioned first the recent observations of the Hartlepools 
Water Co. on the stripping of hardness from the water 
flowing into Hurworth Burn Reservoir by a recently 
established ‘meadow’ of Chara: He then described his 
own investigations of the alga Cladophora in the River 
Tees, and emphasized the need for such investigations in 
order to determine minimum river flows in summer. 
He suggested that the Hailsham Report was too compla- 
cent about the extent of pollution in the North-East. The 
role of the biologiat in dealing with pollution problems had 
always been underestimated; and in view of the fact that 
pollution is becoming ever more complex and widespread, 
it was essential that problems should be tackled jointly 
by chemists and biologists. 


Mr. H. Perkins of Durham Schocl took up the school - 
master’s point of view, and discussed in particular the 
need for a new approach to the study of biology during 
the critical years, 11-16. What was needed here was a 
new syllabus, devised so as to be examinable, which 
would direct the pupils’ attention to biology in its widor 
aspects of land use and conservation, and which put man 
into his place in Nature, both biologically and sociologic- 
ally. Such a syllabus, devised by him, had recently boon 
accepted by one of the examining boards. Its basis, after 
a year’s introductory teaching on orthodox lines, was 
mapping, survey and collecting, dono intensively and 
accurately in the field by the boys themselves. This was 
to be followed by an examination of a number of projects 
in different fields, designed to introduce a varicty of 
techniques; the techniques would not be an end in them- 
selves, but would be related to the projects, as would tho 
uso of manuals for identification. Among other topics 
touched on by Mr. Perkins was the need for a now journal 
of field studies for schools, well produced and illustrated. 

Mr. I. C. Laurie (Department of Town and Country 
Planning, University of Manchester) then talked about 
waste lands, with special reference to County Durham. 
He pointed out that, on a countrywide basis, doreliction of 
land showed a net increase, and that a continuous process 
of restoration was needed. In County Durhom there were 
areas of waste heaps from collieries, quarries and chomical ` 
factories, as well as slum-clearance sites and old railway 
areas, which were in need of attention. Over the past ten 
years a good deal had been done in the way of reclamation, 
particularly of pit-heaps. In some cases the heaps had 
been removed entirely and used for building purposes; in 
others, planting programmes had been devised and carried 
through. Tree-planting had been tried on twenty-nine 
sites, covering two hundred aeres, and half a million trees 
had been planted: the most succossful trees were groy 
alder, birch and Corsican and lodgepole pine. Grass 
had also been sown in many places, often after the sites 
had been levelled: hero the most successful species were 
Deschampsia flexuosa, Agrostis tenuis and Dactylis glomer- 
ata. The results were variable, and research needed to bo 
done on the natural suceession in pit heaps, on è detailed 
investigation of the substratum, and on the autecology 
of tho species suitable for planting; and here greater liaison 
was needed between the authorities concerned. such as 
the National Coal Board, and the local authorities and 
University scientists who were competent to do the 
research and give reasoned advice. Many derclict aroas 
could also, with reshaping and planting. be transformed 
into attractive recreational areas. 

Dr. M. E. Bradshaw (Extra-Mural Dopartment. Dur- 
ham) followed with a discussion on road-side vorges. 
hedgerows and quarries. She emphasized tho value to tho 
biologist of the hedgerows and the verges, which. as relics 
of grassland and woodland, contained an immense variety 
of plant and animal species. Though these somi-natural 
habitats were extensively used all over the country as 
study-areas by groups of school children, few detailed 
ecological investigations of them had been made. They 
formed a buffer between the road and the agricultural land 
beyond, which pleyed its part in the protection of erops 
from damage and wind-erosion ; and they also contributed 
greatly to the beauty and variety of the English country- 
side, a fact not without its importance for the tourist 
industry. Qld quarries, too, were valuable to the natural- 
ist, as providing open habitats in which uncommon plants 
and animals could survive. Unrestricted quarrying and 
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refuse tipping “could destroy such habitats, with adverse 
effects on ecological research. 

Another threat to wild-life was described by Mr. N. H. 
Cleminson (Department of Zoology, Durham) in his talk 
on “Herbicides—Use or Abuse”. He pointed out that 
herbicides were here to stay, and that although some of 
their long-term effects had yet to be discovered, many 
of the harmful effects so far reported were due to mistakes 
in application, which could be eliminated by education. 
The effects of new herbicides such as paraquat, which 
killed all vegetation without apparently damaging the 
soil, were also described. These were likely to have a 
profound effect on hill-farming, as they would allow the 
re-seeding of areas of moorland and bog hitherto inacces- 
sible to orthodox farming techniques, and a consequent 
major increase in yield and stock-earrying capacity. 
Conservation policies in the moorlands of Britain, at least 
up to the 1,500-ft. line, would probably have to be re- 
shaped in the light of this revolutionary new technique. 

The two remaining papers were given by Dr. J. L. 
Crosby and Mr. G. H. Banbury (both of the Department 
of Botany, Durham), and they dealt not with conservation 
but with recent technica] advances in the plant sciences, 
with special reference to work going on at Durham. Dr. 
Crosby spoke on computers. He described applications 
of computer techniques to taxonomic and ecological 
problems, and then went on to describe his own work on 
genetic simulation and evolution. The computer provides 
an excellent way of constructing genetic models, and of 
demonstrating, for example, the action of natural selection 
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in evolution. It also allows the exploration, on quite a 
new scale, of the evolutionary changes in hybridizing 
populations under varying conditions of population size, 
hybrid sterility and so on. 

Mr. Banbury spoke about the advances which had 
recently been made in molecular biology, and the ways in 
which new techniques, such as electron microscopy and 
the use of radioactive tracers, were leading to exciting 
new developments in the plant sciences. Many of these 
at present were in tho realm of pure research, but, as so 
often in the past, their application to practical problems, 
though not at present always foreseen, was bound to come. 

The sessions were summed up by Mr. Grey. While 
recognizing the educational value of the conference, he 
emphasized the need to follow up the policies for conserva- 
tion which had been outlined. For such policies to succeed, 
strong pressure from public opinion was needed—“a 
push from the bottom”, and plans would have to be drawn 
up and put into effect. Here the University, the County 
Council and the Naturalists’ Trust might all play a part. 
As an ex-miner, he particularly regretted that pit-heaps 
had ever come into being; this waste should have been 
kept underground. He concluded by appealing for a 
planned study of County Durham which would cover not 
only Nature but also all other resources. 

Some three hundred people, from schools, colleges, 
societies and local authorities, attended the conference; 
many of these also saw the demonstrations of work in 
progress which were on show in the Department of 
Botany. D. H. VALENTINE 


BOTRYTIS DISEASES OF PLANTS 


r welcoming the forty participants at a conference, 
arranged by the East Malling Research Station with 
the support of the Agricultural Research Council during 
February 27-28, the director, Dr. F. R. Tubbs, spoke of 
the extensive losses caused by the polyphagous plant 
parasitic fungus Botrytis cinerea, in particular on soft 
fruits, tomatoes and lettuce. Dr. Tubbs thanked the 
Council for facilitating the attendance of specialist workers 
from Belgium, West Germany and Sweden. 

The proceedings on the first day, under the chairman- 
ship of Dr. Rudd Jones (Agricultural Research Council), 
dealt with the incidence of Botrytis infections and their 
relation to environmental factors. The second day, with 
Dr. A. F. Posnette (Hast Malling) as chairman, was devoted 
to the principles and practice of control measures. 

Dr. R. K. S. Wood (Imperial College of Science and 
Technology, London) described work being done at the 
College by R. P. Purkayastha and Dr. B. J. Deverall on 
the infection of broad bean plants by the virulent species 
Botrytis fabae and the much less aggressive species B. 
cinerea. The differences in the behaviour of these two 
parasites seem to be explained by the fact that, although 
tho lesions caused by B. cinerea are much smaller than are 
those caused by B. fabae, they contain greater amounts of 
substances which retard the growth of both parasites. 
Whether or not these substances aro phytoalexin in nature 
remains to be determined. Dr. A. R. Wilson (Scottish 
Horticultural Research Institute, Mylnefield) showed that 
Botrytis infections of tomato stems after de-leafing entered 
through the vessels of the cut petiole, especially in older 
plants and at upper nodes. Latent infections resulted 
from the intake of dry spores into vessels where they 
remained temporarily ungerminated. 

The threo following papers were concerned with 
Botrytis attacks on raspberry and strawberry. Dr. W. R. 
Jarvis (also from Mylnefield) stressed the importance of 
flower infection. Rainfall and high humidity during 
blossoming were correlated with Botrytis rotting of straw- 
berry fruits. In raspberry the weather during picking 


was the most important factor: long intervals between 
picks enhanced infection. D. W. Way (Hast Malling), 
reporting joint work with Dr. W. 8. Rogers, related the 
habit of strawberry varieties to their infectibility. In 
the resistant Redgauntlet the fruit was well exposed: in 
the susceptible Merton Princess the leaves formed a close 
canopy concealing the berries. Wide spacing of the plants 
reduced rots but also diminished yield per acre; irrigation 
increased yield more than it increased wastage; nitrogen 
had little offect. Raspberry breeding work for the 
avoidance of Botrytis attack on the canes was discussed - 
by Dr. R. L. Knight (East Malling). Only 4 per cent of 
hairy canes showed this disease compared with 34 per cent - 
of glabrous canes: hairiness is controlled by a single 
dominant gene and hairy segregates in crosses were 
resistant. However, another source of resistance had been 
found in one glabrous variety (86/70) and this resistance 
was transmitted in crosses. Other lines of work being 
pursued aimed at the production of raspberry varieties 
with firm, well-spaced and exposed fruit. ` 

Dr. R. G. Tomkins (Ditton Laboratory), dealing with 
tomato storage, noted that storage at 35° F retards rotting 
but increases skin susceptibility. Thus, when these 
tomatoes are transferred to a temperature of 50° F, rots 
arise over their whole surface. When, however, tomatoes 
aro kept at 50° F throughout, rotting arises at the calyx 
endonly. Attack can be checked by the use of paper wraps 
impregnated with the acetate of o-phenyl phenol. 

The discussion ranged chiefly around the factors 
affecting strawberry resistance and the frequency of 
Botrytis spores on and around the plants. Dr. Posnetie 
stressed the seasonal variations in apparent resistance or 
susceptibility arising from weather and duration of gather- 
ing, while Ir. G. L. Gilles (Gorsem, Belgium) recorded that 
strawberries could not be infected by Botrytis spores 
unless they remained wet for 12 h. Dr. M. H. Moore 
(East Malling) reported that moistened over-wintered 
strawberry leafstalks produced great numbers of spores: 
Dr. Jarvis stated that peak spore loads occurred in the 
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air at 11 a.m. and 7 p.m. when the relative humidity 
showed abrupt changes; he had found 20,000 Botrytis 
spores per cubic metre in the air of raspberry plantations, 
but not more than 10/m* over strawberry plants. No 
correlation could be shown between spore load and infec- 
tion. Dr. H. B. S. Montgomery (East Malling) made the 
point that the effective spore load is not in the ambient 
air but within the plant canopy. T. F. Preece (Plant 
Pathology Laboratory, Harpenden) suggested that spores 
were disseminated with pollen grains. Rotted fruits left in 
the plantation were noted by Dr. Rogers (Hast Malling) 
as an important source of infection: he also directed 
attention to the effect of herbicides in reducing weediness 
and thus checking rotting by improving ventilation. 

In the second session, Ir. G. L. Gilles advocated 
& spraying programme for strawberries aimed at halt- 
ing Botrytis attack at flowering time. He found that 
applications at and shortly after the blossoming period 
reduced fruit infection to 3 per cent, compared with 
28 per cent in the controls. No advantage was gained by 
also applying a spray at ripening time, unless the picking 
period was exceptionally wet. Dr. H. W. K. Miller 
(Hamburg, Germany) referred to the difficulty of wetting 
strawberry flowers and emphasized the necessity for 
using a coarse drenching spray (280 gal./acre) applied at 
26 atm. pressure using a boom carrying three-nozzle 
assemblies directing the spray on to the plants from 
each side and above. He reviewed the performance of a 
new fungicide (Bayer 5114), which, in experimental trials 
on strawberries, had controlled both Botrytis and powdery 
mildew without tainting the fruit. The superiority of 
Bayer 5114 over the thiram and captan sprays now 
commonly used was confirmed by U. Haegermark (Kal- 
mar, Sweden), who recorded that Bayer 5114 was approxi- 
mately as effective at 0-25 per cent as at 0-5 per cent. 

R. W. Marsh (Long Ashton) gave figures of captan 
residues on strawberries, demonstrating the substantial 
increase resulting from applications nearing the gathering 
period. He surveyed the results of tasting trials, in which 
no taints had been found in jams or fresh fruit, but signifi- 
cant tainting of thiram-sprayed canned strawberries had 
occasionally occurred. Tainting of captan-sprayed canned 
fruit had been infrequent. Dr. H. E. Croxail (National 
Agricultural Advisory Service, Wolverhampton) directed 
attention to the reduction in strawberry yields resulting 
from Botrytis-induced abortion of young fruits. He 
showed that the efficacy of thiram in controlling Botrytis 
could be increased by added wetter. Doubling the 
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strength or the number of thiram applications increased 
total crop, but had little effect on percentage * Botrytis 
infection of mature fruits. Thiram gave better control 
than captan in all the experiments recorded. Dr. Moore. 
describing joint experiments with Dr. A. H. M. Kirby and 
Miss M. Bennett, showed the effect of using thiram at 
three or four times the normal concentration when spray- 
ing at the flowering period. Such heavy concentrations 
in the early sprays might obviate the need for later applica- 
tions and so reduced the risk of tainting. Dichloran and 
DDCB of lower active-ingredient concentration were less 
effective than thiram. Dr. Moore’s paper was supple- 
mented by Miss J. M. Sillibourne (East Malling), who 
reported that the quadruple-strength thiram spray applied 
at early bloom on May 30, 1962, gave a mean residue of 
6 p.p.m. thiram in fruit picked on July 2; in 1963 the 
corresponding figure was 2-6 p.p.m. Such residue-levels 
were much affected by fruit age and position at spraying, 
as shown by deposits on floral organs and fruitlets. 

The main topics of the ensuing discussion wero the 
possibility of eradicating the over-wintering stage of 
Botrytis and the treatments of post-harvest rots. T. 
Lafin (Luddington Experimental Horticulture Station) 
and Dr. W. G. Keyworth (National Vegetable Research 
Station) directed attention to soil treatment with penta- 
chloronitrobenzene to protect lettuce from Botrytis attack. 
but Gilles commented that pentachloronitrobenzene was 
phytotoxic to strawberries. Dr. R. T. Burchill (East Mall- 
ing), noting that Botrytis increased with age in strawberry 
plants, suggested the search for an anti-sporulant against 
the overwintered stage. Dr. Jarvis observed that mowing 
off strawberry foliage did not remove all the infected 
plant debris; copper quinolinolate reduced infection on the 
straw used on strawberry beds. Dr. Moore reported that 
thiram checked sporing on dead Jeafstalks for at least 10 
days: phenyl mercury chloride was a highly effective 
eradicant, but was too hazardous to be recommended. 
Dr. Rogers suggested airblast drying of strawberry beds 
after rain. 

Post-harvest rotting was observed by Dr. Jarvis to be 
much aggravated by unsatisfactory storage, transport and 
marketing of soft fruit. F. A. Roach (National Agricul- 
tural Advisory Servite, East Malling) noted that pre-cool- 
ing in an atmosphere of 23 por cent carbon dioxide chocked 
rots in picked fruit. K. L. Edney (Ditton Laboratory) 
referred to the effects of damage during picking and the 
importance of other rotting fungi, such as species of 
Rhizopus and Mucor. R. W. MARSH 


NEW AGRICULTURAL PESTS IN AFRICA 
By Dr. N. O. CROSSLAND * 


Tropical Pesticides Research Institute, Arusha, Tanganyika 


aa Colonial Development Corporation’s Irrigation 
Scheme in Swaziland is a typical example of the recent 
introduction of modern agricultural techniques into Africa. 
20,000 acres of land, which was formerly unproductive 
bush country, has been put under irrigation and now 
supports large plantations of sugar cane, citrus and rice. 
Unfortunetely the new plantations are now beginning to 
suffer from the depredations of animals hitherto unsus- 
pected of being agricultural pests. During the past few 
years there has been considerable damage in rice paddies 
due to two animal pests, neither of which has been reported 
previously. These are: Triops granarius, a branchiopod 
crustacean of the order Notostraca and Lanisies ovum, an 
operculate snail of the family Ampullariidae. 

The genus Triops has a world-wide distribution, 
occurring in temporary fresh and brackish waters. Long- 


* Present address: World Health Organization, Regional Office for the 
Eastern Mediterranean, Alexandria, Egypt. 


hurst?, in a review of the Notostraca, recognizes four 
species, namely, T. cancriformis, T. longicaudatus, T. 
australiensis and T. granarius. T. cancriformis has been 
reported as a pest of rice in Europe and T. longicaudatus 
in California and Japan. T. granarius has not previously 
been reported as occurring in rice fields although its range 
extends from South Africa througb the Middle East. 
India, Central and Eastern Asia to the north Chinese 
coast. In Swaziland this animal is not only present in 
rice fields but also is a very important rice pest. 

T. granarius, commonly called the tadpole shrimp 
because of its superficial resemblance in size and colour 
to the tadpole, is first seen in rice paddies from about 
five to eight days after the initial flooding. It is olive- 
grey in colour with a dorsal, shield-shaped carapace from 
which extends a segmented, nearly cylindrical abdomen 
terminating in two cercopods. The appendages, which are 
serially arranged, consist of two pairs of antenne. a pair 
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of strong, toothed mandibles, two pairs of maxille and 
numerots thoracic and abdominal phyllopods. The dorsal 
surface of the head, which is largely covered by the 
carapace, bears a pair of compound eyes, an ocellus and a 
dorsal organ. 

Within two or three days of their first appearance in 
the paddies many mature females with reddish orange 
egg-sacs can be seen. Reproduction is probably always 
bisexual. The eggs are very resistant to desiccation and to 
temperature changes, and are thus able to remain viable 
in the soil during the winter when the paddies lie 
fallow. 

T. granarius causes damage to rice in the seedling 
stage by nipping off the young plumules and radicles with 
its strong mandibular teeth. In paddies suffering from 
severe infestation complete destruction of the seed has 
been observed. Where tho infestation is less severe the 
damage may be less extensive, but patches of the field are 
sometimes bare of rice where the pest has aggregated. 
After about 12 days of growth the rice is resistant to 
further damage. i 

The snail Lanistes ovum is distributed widely through 
central and southern Africa. Large adults may achieve a 
shell height of up to 3 in. although the average size of the 
adult is generally less. When the body is retracted the 
aperture is tightly closed by the calcareous operculum. 
The sexes are separate and the snail is oviparous, eggs 
being laid in masses coated with a transparent, gelatinous 
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material which besides affording protection serves to 
anchor them to small twigs and stems of plants. 

When. the paddy fields are drained the snails burrow 
into the mud and retract into their shells. In this quies- 
cent state they are capable of survival until the following 
planting season. 

Snail damage in rice paddies has not previously been 
reported in Africa although De Wit? has reported very 
similar damage by Pomacea snails on the Wageningen 
Rice Project in Surinam. When feeding, L. ovum uses 
its radula, an elongate file-like tongue provided with 
many rows of teeth, to rasp and tear at the growing points 
of the rice seedling. Small numbers of snails are incapable 
of inflicting much damage, but there are always many 
more snails present than are revealed by cursory inspec- 
tion. In one heavily infested field the snail density was 
estimated as 75,000 per acre. At such high snail densities 
the rice may be completely destroyed. The young seedling 
rice is by far the most susceptible stage, but even older, 
established rice is not immune to snail damage. 

. Since both of the pests reported here have a widespread 
distribution it may be expected that similar agricultural 
developments in the future will lead to similar problems. 

I thank members of the staff of the Colonial Develop- 
ment Corporation in Swaziland for their help. 


1 Longhurst, A. R., Bull, Brit. Mus. (Nat. Hist.) Zool., 3 (1), 1 (1955). 
2 De Wit, Th. P, M., Stichting Voor de Qutwikkeling van Machinale Land- 
bouw in Suriname (Koninginnegracht, The Hague, Holland). 


OXIDATION STATES OF MANGANESE METHYL PHÆOPHORBIDE a 
IN AQUEOUS SOLUTION 


By Dr. PAUL A. LOACH* and Pror. MELVIN CALVIN, For.Mem.R.S. 


Department of Chemistry and Lawrence Radiation Laboratory, University of California, Berkeley 


LTHOUGH manganese is known to play an essential 
part in photosynthesis‘, there is very little evidence to 
indicate its function or molecular environment. Regarding 
its molecular environment, it is known that the manganese 
must be complexed with ligands of its biological surround- 
ings since the characteristic six-line electron paramagnetic 
resonance spectra cannot be obtained unless the biological 
material is digested’, nor is the manganese readily ex- 
tracted?. As one approach to determining the role of 
manganese, a number of model metalchelate complexes 
have been prepared using biologically important ligands. 
Properties and oxidation states of a manganese porphyrin 
derivative have been described* >. This article is concerned 
with the absorption spectra and oxidation states of a 
manganese phzophorbide ae complex (see structure). 

A number of metal-chlorophyll-like complexes have been 
prepared for photochemical and spectrophotometric exam- 

. ination®-*), In most of this work the chelating molecule 
was pheophytin or phzophorbide, and the metals have 
included Fe?+, Fe®+, Cutt, Zn*+, Agt, Ort, Co®+, Hg?t, 
Mg?+, Al+, Sn2+, Batt, Catt, Bett, Cd?+, Bit+, Pht, Sr?+, 
and Be*+, Although the manganese derivative is easily 
prepared, studies of such a complex have not been reported. 
There is little definitive information about the reversible 
oxidation or reduction the other metallopheophytin 
derivatives may display°. 

Methyl phæophorbide a (krist. puriss.) was a product 
obtained from Fluka AG Chemische Fabrik Buchs/SG, 
Switzerland. Analysis-of this material gave C, 71-4; H, 6-3; 
cale. for PhæoaMe, C, 71:2; H, 6-3; N, 9-2. (Analyses 
were performed by the Microanalytical Laboratory of the 
Department ‘of Chemistry, University of California, 
Berkeley.) Methyl and benzyl viologen were obtained 


* Present address : 


Department of Chemistry, Northwestern University, 
Evanston, Mlinois. 


from K and K Laboratories, Jamaica, New York. Sodium 
hydrosulphite, potassium ferricyanide and the potassium 
salts of the phosphate and borate buffers employed were 
obtained from Mallinckrodt (St. Louis, Mo.) and used 
without further purification. The absolute ethanol used 
was benzene-free. 

That manganese and methyl phxophorbide a readily 
form a complex is shown in Fig. 1. For the reaction, an 
excess of manganese diacetate was added to approximately 
10-5 M methyl pheophorbide a in glacial acetic acid, at 
room temperature and open to air. From the set of 
isosbestic points which the system exhibited during the 
first day’s reaction, it seems reasonable to conclude that 
only two species are involved in the absorption spectra 
change, that of free methyl pheophorbide a and that of 
its manganese complex. 

Since more concentrated solutions (of the order of 
10-8 M) of methyl phzophorbide a could not be prepared 
in glacial acetic acid, the preparation of MnPhzoaMe was 
carried out in a 2:3 mixture (by volume) of acetone and 
acetic acid. (PhxeoaMe and MnPhxogMe are used for 
methyl pheophorbide a and its manganese complex when 
the oxidation state of the manganese is unknown. When 
the oxidation state of the manganese is known, it is 
indicated as, for example, Mn™PhzogMe.) 200 mg methyl 
pheophorbide a was dissolved in 160 ml. of this solvent, 
an excess of manganese diacetate added, and the mixture 
stirred in air and in the dark at 22°. At this high con- 
centration of methyl pheophorbide a the reaction took 
place rapidly (within a few hours); however, a total of 20h 
was allowed for complete reaction. The complex formed 
was obtained by evaporation of the reaction mixture 
solvent. The residue, containing the reaction products, 
excess manganese diacetate and any unreacted methyl 
phzophorbide a, was extracted with chloroform a number 
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Fig. 1. Absorption spectra of methyl pheophorbide a and its manganese 
complex in acetic acid containing approximately 0:5 per cent acetone. 
Initial concentration of methyl phwophorbide a, 2 x 10-5 M; 1 em 
cuvettes ; ¢ = 22°, Curves shown are (1) for the system before the 
addition of manganese and (2), (3), (4) and (5) are 2°33, 4-5, 11°33 and 
20-5 h, respectively, after the addition of excess Mn(C,H;0,), 


of times to remove the pigments from the inorganic salt. 
After evaporating the chloroform solvent, the manganese 

-methyl phrophorbide a complex was dissolved in glass 
distilled water to remove it from any unreacted methyl 
phzophorbide a which is not soluble in water. The water 
solution was filtered and the pH adjusted to 7:5 with 
dipotassium monohydrogen phosphate to ensure that any 
acetic acid present from the original reaction mixture was 
converted to acetate. Enough potassium chloride (to 
approximately 1 M) was then added to the solution to 
cause complete precipitation of the pigment. The precipi- 
tated pigment was collected by filtration and dried in a 
vacuum over phosphorus pentoxide. The MnPhzogMe 
was then dissolved in chloroform and recovered by evapora- 
tion of this solvent. After three days under a vacuum 
of 10-* u, a sample was analysed with the following results : 
C, 60-0; H, 5-2; N, 7-3; Cl-, 3-8; Mn (determined as Mn,0,) 
7-8; cale. for Mn™PheoeMeCl-H,O: C, 60-6; H, 53; 
N, 7:8; Cl-, 5-0; Mn, 7-7. 
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Magnetic susceptibility. From the chloride content some- 
what less than one mole of chloride ion is present per mole 
of complex. This could be the result of binding of some 
phosphate ion which was present at lower concentration 
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(approximately 10-2? M) in the solution ffom which the 
complex was precipitated, or it could indicate a’mixture 
of manganese 2+ and 3+ oxidation states. In order to 
help determine the oxidation state of manganese in the 
crystalline solid, magnetic susceptibility measurements 
were conducted using a Faraday balance. (We thank 
Dr. T. S. Piper, Department of Chemistry, University of 
Tilinois, Urbana, Illinois, for the use of his Faraday 
balance in making these measurements.) A value of 4:76 
Bohr magnetons (assuming 6 in the Curie-Wiess suscepti- 
bility equation to be zero‘) was obtained at 23°. This 
value is consistent with the presence of 4 unpaired elec- 
trons per mole expected of a Mn?t derivative. From this 
measurement and the good agreement of the experimental 
values for carbon, hydrogen and manganese with cal- 
culated values, it is assumed that the complex is Mnt- 
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Fig. 2. Spectra of Mn™PheogMe and Mn™PhsogMe recorded in the 

course of a reductive titration. MnPhxoa, 1:8 x 1075 M; pH 7°85; 

reducing agent, sodium dithionite, 10-* M ; temperature 22-5° + 1°; 1em 

cuvette. Curves (1), (2), (3), (4) and (5) are for increasing per cent 

reduction, respectively, 0, 16°7, 42°0, 68-7 and 100 per cent. Solvent is 
20 per cent ethanol in water 
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Fig. 3. Reductive and then oxidative titration of Mn™PhmocMe. 
MnPheeocMe, 4-4 x 1075 M ; pH 0-85 ; temperature 22:5° + 1°; reducing 
agent, sodium dithionite, 107? M ; oxidizing agent, oxygen. Solid and 
broken lines represent theoretical curves for Em = —0°180 V and n = 1 
and 2, respectively. ©, experimental points obtained during the 
reductive titration; A, experimental points obtained during the sub- 
seguent oxidative titration ; percentage reduction was calculated on the 
basis of the absorbance change at 480 mu 
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PheeoaMe monachloride monohydrate, with a non-stoichio- 
metric amount of phosphate to replace the missing chloride. 

Reductive titration. Reductive titrations were carried 
out in the absence of air using apparatus and techniques 
patterned after those developed by Harbury. In all 
cases the concentration of MnPhzxogMe was between 
l1 x 10 and 4 x 10-5 M. Attempts to titrate the pig- 
ment in water solution in the absence of added ligands 
were unsuccessful because of the insolubility of the 
reduced form and some irreversible changes with time in 
absorbance. Ethanol was found to be both a good stabiliz- 
ing and solubilizing agent for the MnPhoaMe complexes. 
Consistent results were obtained using 20 per cent ethanol 
in water and the absorbance change for a typical reductive 
titration at pH 10-0 and 22° is shown in Fig. 2. Note that 
on reduction the three or more overlapping bands be- 
tween 350 and 480 mu are replaced by a single very 
intense band at 420 mu. At the same time the red band 
at 660 mz shifts to a shorter wave-length and becomes 
more intense, but its ratio to the 420 band is only 1/5. 
As with Fe?t and Mn*+ porphyrin complexes, the reduced 
species formed in the experiment of Fig. 2 was rapidly 
oxidized by air or K,;Fe(CN),. 

Fig. 3 shows the potentials recorded during a reductive 
titration at pH 9-35. From the volume of reducing agent 
used and also from the shapo of the titration curve in 
Fig. 3, a one electron transition is indicated. On this basis 
the material the absorbance of which is given by curve 
5 of Fig. 2 is identified as Mn™PheoaMe. Such an 
equilibrium between Mn?+ and Mn*+ pheophorbide a com- 
plexes is reminiscent of the Mn™/Mnt equilibrium for the 
hematoporphyrin IX derivative’. Table 1 shows the 
results of Em determinations at several different values 

` of pH. Over the range studied, no pH dependence of 
Em was observed. It is of interest that the value of Em 
in this region of pH is only 90 mV more positive than the 
value for Mn0 /MnUHmdiMes, 
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Table 1. Em VALUES FoR Mn™/Mn™PhmogMe In 20 PER OENT EYHANOL* 
pH Buffer Em (V) 
785 KHPO-KsHPO, — 0:178 
935 H,BO,-KH,;BOs —0-180 
10-05 H,BO;-KH;BO; — 0184 


* The temperature of these experiments was 225° + 1°. 


Initial attempts to examine higher oxidation states of 
this manganese pheophorbide a complex were unsuccessful 
because of major, irreversible changes in absorption which 
occurred at alkaline pH in water solution. 

It is of considerable interest that a stable manganese 
pheophorbide complex may be prepared in which the 
manganese may exist in at least two oxidation states. 
The absorption spectra resemble that of chlorophyll be- 
tween 350 and 700 my, although some significant differ- 
ences exist. It is reasonable to add this compound to 
the growing list of candidates for ‘special chlorophyll’. 
A study of the chemical and physical properties of a higher 
oxidation state for this complex would be most interesting. 
Efforts to examine such higher oxidation states are in 
progress. 

This work was sponsored, in part, by the U.S. Atomic 
Energy Commission and, in part, by a Public Health 
Training grant (5 TZ GM-626) from the Division of 
General Medical Sciences, U.S. Public Health Service. 
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PHOTOCHEMISTRY OF ANTHRAQUINONE DYES IN SOLUTION AND IN 
POLYMER MASSES 


By Dr. G. S. EGERTON, Dr. J. M. 


GLEADLE and Dr. A. G. ROACH 


Department of Polymer and Fibre Science, College of Science and Technology 
(University of Manchester), Manchester, | 


ECENT investigations'“* of the photosensitized 
oxidation of alcohols by oxygen in the presence of 
anthraquinone compounds, and of the transient products 
formed on flash photolysis, have thrown much light on the 
photochemistry of anthraquinone dyes in organic solvents. 
Although no conclusive experimental evidence has been 
advanced, it has been suggested? that similar reactions 
to those in solution may occur with the gas-solid system 
of the photosensitized oxidation of textile and polymer 
materials in the presence of anthraquinone and other dyes. 
In order to determine whether this is in fact the case we 
have compared the effect of light on purified amino- 
anthraquinone compounds in spectroscopically pure 
organic solvents and in polymer films free from plasticizer. 
The solutions were irradiated in evacuated cylindrical 
quartz cells with either a high-pressure mercury-vapour 
lamp (emitting various lines between 365 my and 579 mu) 
or & low-pressure mereury-vapour lamp (emitting mainly 
at 253°7 my). Only the former light source was used with 
the polymer films, since far ultra-violet radiation has been 
shown‘ to produce complex phenomena, probably involving 
free redicals, in undyed polymer films. 
Typical results for anaerobic solutions of 1,5-diamino- 
anthraquinone in ethanol are shown in Fig. 1. In the 
early stages of irradiation the decrease in intensity of the 


visible absorption band of this compound is accompanied 
by the development of bands at 262 mp and 395 mu, 
which are indicative of the anthrahydroquinone. On 
prolonged exposure beyond that indicated it would seem 
that the anthrahydroquinone itself undergoes reduction. 
In other organic solvents (for example, ethyl] acetate) 
and with other aminoanthraquinone derivatives compar- 
able results were obtained indicating the formation of 
reduction products of the anthraquinone, but the nature 
of the products formed (for example, anthrahydroquinone 
or its isomer, oxanthrone, and on further reduction, 
anthrone or its isomer, anthranol) depended on the extent 
of irradiation, the substituents on the anthraquinone 
nucleus and the solvent. In general, similar spectral 
results were obtained with the same solution using either 
of the two light sources, except that the rate of formation 
of the reduced product was very much more rapid with 
far ultra-violet radiation. Thus, similar results to those 
illustrated in Fig. 1 after exposure for 1,200 h to the high. 
pressure mercury-vapour lamp were obtained after 
exposure of only 20 min to the low-pressure mercury- 
vapour lamp. Although the results with organic solvents 
containing abstractable hydrogen atoms were in general 
agreement with the ideas of Bolland and Cooper}, anaero- 
bic solutions of these aminoanthraquinone compounds in 
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Fig. 1. Absorption spectre of anærobic solutions of 1,5-diamino- 
anthraquinone in ethanol: ——, before, and —--—, after exposure for 
1,200 h to £00-W high-pressure mercury-vapour lamp 


cavefully purified carbon tetrachloride faded rapidly on 
irradiation, indicating that fading of dye solutions does 
not always involve hydrogen abstraction. 

The observation that far ultra-violet radiation is more 
effective than near ultra-violet and visible light in effecting 
a hydrogen transfer between ethanol dnd aminoanthbra- 
quinone is of considerable significance in relation to the 
photosensitized oxidation of textile fibres. If the initial 
stages in the dye-fibre system are similar to those in the 
dye-ethanol system, studied by Bolland and Cooper’, 
that is, hydrogen abstraction with the formation of a 
semiquinone, followed by oxidation with gaseous oxygen, 
then the photochemical degradation of textile fibres should 
be markedly sensitized by anthraquinone dyes in both the 
far ultra-violet and the near ultra-violet and visible 
spectral regions. The fact that anthraquinone dyes 
desensitize the degradation of cellulose in the far ultra- 
violet region’? must mean that the original premise*-4 
that the dye-ethanol and the dye-fibre systems are com- 
parable is incorrect. : i 

Further evidence was obtained by a study of the 
irradiation of polymer films dyed with aminoanthra- 
quinone compounds. During these experiments streams 
of dry nitrogen (oxygen-free) or dry oxygen were passed 
through the quartz cells in which the films were contained 
and in which absorption measurements were made. 
Results obtained with cellulose secondary acetate film 
(deplasticized, British Celanese, Ltd., 0-001 in. thick) and 
N-methoxymethyl nylon film (no plasticizer, Imperial 
Chemical Industries, 0-002 in. thick), which had been dyed 
in & warm, ethanol solution of 1,5-diaminoanthraquinone 
and afterwards washed free from ethanol, are shown in 
Fig. 2. Only with dyeings on N-methoxymethyl nylon 
film was it possible to obtain spectral results (in nitrogen) 
similar to those produced by irradiation of the comparable 
anaerobic ethanol solution. The results with this film 
would seem to be due to the presence of the N-methoxy- 
methyl side-chain, since dyeings on nylon film (poly- 
hexamethylene adipamide) did not behave similarly. 
The reduction of 1,5-diaminoanthraquinone to the 
anthrahydroquinone may be due to hydrogen abstraction 
from the side-chain directly, or may follow the splitting- 
off of this side-chain from the main polymer chain, which 
seems to occur on irradiation’. Presumably, formalde- 
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hyde will be formed in the latter case ang may take part 
in the reduction. On storing the dyed N-methoxymethy1 
nylon film (after exposure in nitrogen) in air in the dark 
for a week, the characteristic bands of the anthrahydro- 
quinone at 262 mp and 395 my disappeared with the re- 
formation of the main visible absorption band of the 
unexposed dyeing at significantly less than the original 
intensity. 

The irradiation of dyeings of 1,5-diaminoanthraquinone 
on nylon and cellulose acetate films did not indicate the 
formation of the anthrahydroquinone. Although greater 
fading of this dye on cellulose acetate film (Fig. 2) occurs 
in dry oxygen than in nitrogen, nevertheless the extent 
of fading in the latter atmosphere is greater than can be 
accounted for by residual traces of oxygen. It would seem 
that the fading of anthraquinone dyes is exceedingly 
complex, and may involve different mechanisms even 
with the same dye. Only in the presence of organic sol- 
vents containing an abstractable hydrogen atom and on 
N-methoxymethyl nylon film does the reaction seem to 
involve hydrogen abstraction with the formation of the 
anthrahydroquinone. In carbon tetrachloride solution, 
in nylon and cellulose acetate films, and in the solid 
state (in the complete absence of other substances) on 
quartz! fading occurs in the absence of oxygen, without 
any indication of the anthrahydroquinone or anthrone. 

We may consider why the photosensitized oxidation of 
ethanol is not comparable with the photosensitized 
oxidation of textile fibres. Although there is some doubt 
in particular cases whether the triplet or the singlet state 
of the dye molecule is the photoreactive species’, an 
essential step in this process of semiquinene formation 
is the proximity of a reactive hydrogen atom. In a 
suitable solvent (and even to some extent in a rigid glass) 
the possibility of an effective collision is large, but when 
the dye is present in a polymer film or textile fibre the 
state of the dye in the material is of paramount impor- 
tance. In many cases it is doubtful whether the reactive 
part of the dye (the quinone group) and an abstractable 
hydrogen atom of the polymer molecule can be in suffici- 
ently close contact to effect hydrogen transfer. The dye 
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Fig. 2. Absorption spectra of films dyed with 1,5-diamino- 
anthraquinones before and after exposure to 250-W high-pressure 


mercury-vapour lamp. 
Cellulose acetate film: ——, unexposed; —~-, exposed for 1,250 b in 
dry nitrogen; ...., exposed for 1,260 h in dry oxygen. N-methoxy- 
methyl nylon film; —-, 2 x— x, exposed for 60 h in dry 
rogen 
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is adsorbed in the amorphous regions of the fibre, and even 
if hydrogen-bonding is involved in the attachment of the 
dye to the fibre, the bonding does not involve the quinone 
group. Disperse dyes (for example, aminoanthraquinones) 
are hydrogen-bonded to cellulose acetate via the amino 
group of the dye and the carbonyl group of the fibre, 
and anthraquinone vat dyes cannot be hydrogen-bonded 
to cellulose via the quinone groups of the dye since those 
groups are only re-formed after the alkaline reduction 
product of the dye has been adsorbed on the fibre and 
oxidized. Aggregation? of the dye molecules in the fibre 
may also reduce the possibility of dye-fibre interaction. 
The photochemical results which seem to us to be of most 
significance in relation to the mechanism of the photo- 
sensitized degradation of textile fibres by anthraquinone 
dyes in dry oxygen-containing atmospheres are those of 
Kautsky e al, Acriflavine and eosin are two photo- 
sensitizing dyes which have been shown® to sensitize the 
photochemical degradation of textile fibres in a similar 
manner to anthraquinone dyes. Kautsky1! showed that 
the photo-oxidation of leuco malachite green is sensitized 
by acriflavine when the leuco dye and the acriflavine 
are adsorbed on separate granules of silica gel. The 
nature of the active oxidizing entity involved has not been 
established beyond doubt, and suggestions that it is 
electronically excited oxygen, O, (ref. 12), or vibration- 
ally excited oxygen™ have been made by different workors. 
The nature of the experimental results obtained shows 
that the activated oxygen has a much shorter life than the 
volatile peroxide®, which is additionally formed when 
sensitizing dyes are irradiated in the presence of oxygen 
and water vapour. We believe that in dry oxygen-con- 
taining atmospheres the degradation of the dyed textile 
fibre is due to attack of the polymer molecule by this 
activated oxygen, and that in the additional presence of 
water vapour there may also be attack by hydrogen 
peroxide (or its decomposition products). Results’ 
obtained from a study of the photochemical degradation 
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of dyed nylon can only be interpreted on the basis that 
the hydrogen peroxide is formed from the activated 
oxygen. Uri! has shown that the photochemical forma- 
tion of hydrogen peroxide by the irradiation of aqueous 
solutions of eosin in the presence of oxygen does not 
proceed by electron transfer from hydroxy] ion, as postul- 
ated by Bamford and Dewar’. This is confirmed by the 
results of Japanese workers", who have shown that on 
flash photolysis in ethanol solution eosin produces semi- 
quinone transients, which cannot be observed in aqueous 
solution. On the other hand, if activated oxygen is O; 
then the formation of hydrogen peroxide in the presence of 
water could result from the addition of a proton to form 
HO,, and the subsequent dismutation of the latter. 

These results indicate some of the differences that may 
be encountered between the photochemistry of dye systems 
in solution and in polymer masses, and show that con- 
clusions drawn from the liquid state cannot necessarily 
be applied to the solid state. 
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BIOSYNTHESIS OF GLYCERIDES IN FRESHLY SECRETED MILK 
By Dr. R. D. McCARTHY and Pror. STUART PATTON 


Department of Dairy Science, Pennsylvania State University, University Park 


HE lactating mammary glands of cows and goats 

daily secrete large quantities of fat. Accumulating 
evidence suggests that udder tissue plays the dominant 
part in synthesizing these milk lipids'-+. The presence 
in milk of a number of enzymes suggested that some of 
those for glyceride synthesis might also be present. The 
investigations of Bailie and Morton: showing the similar- 
ity between milk microsomes and glandular microsomes 
supported the idea since these cellular lipoprotein com- 
plexes have been implicated in such reactions’-*. Our 
initial attempts at glyceride synthesis were not very 
successful. When milk was obtained at the usual time of 
day, and following a period of 10-14 h since the previous 
milking, it showed little glyceride synthesizing activity. 
This milk could not be considered fresh in the sense that 
it had been recently secreted, especially in the light of the 
report of Bailie and Morton’ on the changes which occur in 
microsomes held in milk. Therefore, the animals were 
milked at hourly intervals following a normal milking 
to achieve the situation where time between secretion from 
the cell and withdrawal from the udder would be short for 
the milks to be tested. 

Table 1 contains data-summarizing results from a 
number of experiments on the lipogenic activity of such 
milk. Palmitie-1-“C acid (10 we./uM) dissolved in 250 pl. 
of ethanol was added to the milk, and the incubations 


were conducted at 37° C for 1 h. The amount of radio- 
activity incorporated into neutral esters, that is, trigly- 
cerides, diglycerides, monoglycerides and cholesterol esters, 
was impressive, particularly since no cofactor additions 
were made to the medium. The amount of synthesis is 
greater than we have obtained in other experiments using 
elaborately prepared media of mammary gland homo- 
genates. These first studies showed that the glyceride 
synthesizing activity was heat sensitive and also that 
skim milk was at least as offective as whole milk in carrying 
on the reaction(s). 

The relative enzymatic activity of skim milk was further 
examined by dividing a single sample of milk into its com- 
ponent cream and skim milk prior to incubation with 
labelled palmitic acid. The data in Table 2 confirm those 
of Table 1 showing that skim milk is the most effective 
enzyme source. Skim milk in these experiments was 
prepared by centrifuging whole milk for 5 min at 1,000- 


Table 1. INCORPORATION OF PALMITIC-1-"C ACID INTO ESTER LIPIDS 
DURING 1 H INCUBATIONS WITH WHOLE MILK OR SKIM MILK FROM THE GOAT 


Per cent added “C 


recovered 
No. of Vol. of Neutral Phospho- 
Enzyme medium experiments medium esters lipids 
(ml.) (%) (%) 
Whole milk 6 16:3 29-9 31 
Heated whole milk 2 12°5 Ot 16 
Skim milk 5 12-0 44-2 3:0 
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1,500g. The milk in the middle of the centrifuge tube, 
that is, below the cream layer and above the sediment, 
was drawn off and centrifuged again at 25,000g for 10 
min. The additional cream layer which formed was 
removed and the resulting skim milk was used as the 
enzyme source. Skim milk prepared in this manner makes 
a desirable medium with which to work, since the large 
quantities of already completed glycerides present in 
normal milk are removed and do not complicate the 
analyses following incubation. The analytical procedures 
used throughout this investigation have been reported 
elsewhere®.?, 

Table 2, INCORPORATION OF PALMITIC-1-}*C ACID INTO NEUTRAL ESTERS BY 


WHOLE MILK, CREAM AND SKIN MILE FROM EQUIVALENT QUANTITIES OF A 
= SINGLE GOAT MILK SAMPLE 


uÇ recovered in neutral 


Enzyme medium esters 
(c.p.m.) 
Whole milk 43,460 
Cream 17,860 
Skim milk 57,040 


* 325,400 ¢.p.m. added. 


The distribution of carbon-14 in the various component 
classes of neutral esters following incubation of labelled 
palmitic acid with skim milk is shown in Table 3. The 
triglycerides contained the most label, followed by digly- 
cerides, while there was a small but significant quantity 
of carbon-14 in cholesterol esters. Monoglycerides con- 
tained only negligible quantities of radioactivity. Similar 
results to these were obtained in all our investigations, 
both with cow and goat milks and with either whole or 
skim milk. 

Table 3. THE DISTRIBUTION OF “C IN LIPID CLASSES OF NEUTRAL ESTERS 
{WHEN PALMITIC-1-"C ACID WAS INOUBATED FOR 1 H WITH GOAT SKIM MILK 
Per cent distribution of recovered “C in neutral esters 


Cholesterol 
Exp. No. Triglycerides Diglycerides esters 
1 577 32-0 10:3 
2 783 14:8 4:7 
3 84-3 10-1 43 
4 80-2 171 2-7 
Fi] 80-9 15-6 3:5 
8 82-7 142 31 
7 84-7 11-0 44 
Average 8TA 16-4 4&7 


Table 4 contains data on the incorporation of palmitic 
acid into various ester lipids by skim milk over a period 
of time. The triglycerides continued to increase in total 
carbon-14 content over the entire incubation period; 
while diglycerides initially incorporated as much radio- 
activity as triglycerides but then levelled at a plane 
considerably below that of the triglycerides. The phos- 
pholipids showed a pattern similar to diglycerides while 
the carbon-14 content of the cholesterol esters increased 
slowly with time. ‘These results conform with present 
concepts in which triglycerides are an accumulating final 
product and diglycerides serve as an intermediate in 
their formation. 


Table 4. THE PROGRESSIVE INCORPORATION OF PALMITIC-1-“C ACID INTO 
Ester LIPIDS WHEN INOUBATED WITH 6 ML. OF GOAT SKM 


Total 1*0 incorporated * 
Time of Cholesterol 
incubation ‘Triglycerides Diglycerides esters Phospholipids 
(min! (c.p.m.) (¢.p.m.) (c.p.m.) (c.p.m.) 

6 3,050 3,190 400 5,080 

8,820 3,730 900 5,440 

30 16,750 5,080 860 5,940 

46 23,830 6,830 1,550 6,620 

60 30,420 5,920 1,360 7,320 

90 42,590 5,530 2,210 8,100 


*191,500 c.p.m. added. 


It was essential to determine whether or not the incor- 
poration of palmitic acid into lipids was a true net synthe- 
sis, or simply an exchange of labelled fatty acid of the 
medium with unlabelled fatty acid of the ester lipids. 
To examine this question identical sampies were incubated 
with palmitic-1-“C acid for increasing lengths of time up 
to 90 min. At the mid-point, or after 45 min, 3 mg of 
unlabelled palmitic acid was added to the treated group 
and the incubations were then continued until 90 min. 
These results are presented in Table 5. The radioactivity 
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content in the total neutral esters increased over tho entire 
period for the control flasks, while it levelled or dedreased 
slightly following the addition of unlabelled acid to the 
treated samples. The carbon-14 content of the trigly- 
cerides in the control group increased over the entire 
period. On the other hand, the radioactivity in the 
samples treated with 3 mg of unlabelled palmitic acid 
levelied and maintained the radioactivity content they 
had at the time of treatment. This is the result which 
would be expected if net synthesis was occurring. The 
addition of unlabelled fatty acid greatly reduced the speci- 
fic activity of the fatty acid pool supplying the synthesis. 
Therefore the chance of an unlabelled molecule being used, 
was much greater than that of a labelled one, and, as a 
consequence, the resulting triglyceride was primarily 
unlabelled. Exchange would have beon indicated if the 
carbon-14 content of the triglycerides had declined, since 
chance would be favouring the replacement of labelled 
fatty acid in triglycerides with unlabelled fatty acid of the 
medium. This did not occur. 


Table 6. THE EFFECT OP A MID-POINT* ADDITION OF 3 MG OF UNLABELLED 
PALMITIC ACID ON THE INCORPORATION OF PabmmTic-1-“C ACID INTO THE 
NEUTRAL ESTERS LIPIDS OF GOAT SKIM MILE 

Total “C incorporated t 
Time of Total neutral esters Triglycerides Diglycerides 
incubation Control Treated Control ‘Treated Control ‘Treated 
(min) (e.p.m.) (c.p.m.) (¢.p.m.) (c.p.m.) (¢p.m.) (¢-p.m.) 
15 15,760 6,890 7,950 
30 30,486 20,220 8,920 
45 41,0 0,320 12,300 
60 45,960 38,660 34,220 30,520 10,170 6,840 
75 51,680 37,860 39,460 30,360 10,580 5,890 
90 60,060 40,080 47,360 31,180 9,830 6,210 


* Immediately after the 45-min sample. 
t 801,780 o.p.m. added. 


If diglycerides were serving as intermediates in the not 
synthesis of triglycerides they should have decreased in 
radioactivity after treatment because of their transitory 
nature. The already formed diglycerides would be con- 
verted to triglycerides, while diglycerides of less activity 
would be synthesized because of the reduction in the 
specific activity of the fatty acid pool. This did occur. 

The necessity for fresh milk, that is, recently secreted 
milk, is demonstrated by the data in Table 6. Milk was 
held for various times at room temperature before starting 
the incubation with radioactive fatty acid. There was 
a loss of enzymatic activity paralleling the length of time 
the milk was held. This finding is consistent with the 
loss of the enzyme system in the udder, as milk is held in 
alveolar and duct spaces, and it explains why milk obtained 
at normal milking intervals of 10-14 his relatively inactive 


regarding glyceride synthesis. 


Table 6. Loss OF LIPID SYNTHESIZING ACTIVITY IN FRESH GOAT MILK 

DURING STANDING AT ROOM TEMPERATURE. ENZYME ACTION MEASURED 

BY THE INCORPORATION OF ae ACID INTO NEUTRAL ESTERS 
IPDS 


Time of holding Total “C incorporated 
before incubation into neutral esters * 
(min) (c.p.1.) 
0 16,700 
15 14,060 
30 13,640 
60 10,700 
90 7,560 
120 6,840 


* 190,000 o.p.m. added. 


Confirmatory evidence has been obtained with cows" 
milk, Freshly secreted milk procured With the aid of 
oxytocin incorporated up to 17 per cont of the added 
palmitic-1-C™ acid into ester lipids. The distribution of 
earbon-14 between the various lipid classes was the same 
as shown in Tables 1-6. 

The ability of freshly secreted milk to synthesize lipids 
when supplied only with fatty acid suggests that the 
reactions are performed by a well-organized completo 
system. An experiment was conducted in which coenzyme 
A, ATP and glycerophosphate were added to the milk: 
however, these compounds did not stimulate the amount 
of fatty acid incorporated into glycerides as they often 
do in other in vitro systems. There is no reason to beliove 
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that these metabolites are not required in the synthesis 
of milk lipids Therefore, it must be concluded that they 
are already present in sufficient quantity and in the 
proper orientation when milk is first secreted. 

Much further work is required to discern the nature of 
this enzymatically active component in freshly secreted 
milk. However, the ease of obtaining the enzyme system 
in a physiological manner, as comparcd with tissue ex- 
tracts, should facilitate the work. It is possible that 
sloughed tissue from the gland carries on the reactions, 
although such material would be expected to be removed 
by the centrifuging of the milk. 
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STRONTIUM-90 IN FINNISH MILK DURING 1960—63 
By O. PAAKKOLA 


Institute of Radiation Physics, Unioninkatu 388, Helsinki, Finland 


HE strontium-90 content of milk has been intensively 

investigated for many years, since milk is a major 
source of calcium. In Finland the fresh milk consumption 
is the largest in the world, according to the Food and 
Agriculture Organization. ~ Daily milk consumption is 
about 0-81. per person. This corresponds to 1 g of calcium, 
so that a norma] adult receives more than sufficient from 
his milk intake alone. 











Fig. 1. Milk sampling areas in Finland, 1968 


This article records milk samples which were collected 
initially from three large areas and from 1963 onwards 
from four areas (Fig. 1). These areas produce about 21 
per cent of all the milk in Finland. Areas I-III have one 
milk powder factory each. Monthly samples from each 
site were obtained by bulking aliquots obtained daily. 
In area IV, liquid milk was obtained twice a week for 
analysis. 

The samples which were collected during 1960-63 
have now been analysed. Fig. 2 shows the strontium-90 
content of these samples. Strontium-90 was separated 
by the method of Bryant et al! and measured through its 
yttrium daughter with a low-background 8-counter. 
This had a background of about 0-6 c.p.m. and an effici- 
ency of about 45 per cent for yttrium-90. The calcium was 
estimated by separating it as oxalate and titrating with 
permanganate. 

From these results it can be seen that the spring 
maximum, in Finnish milk is low compared with results 
from the United Kingdom, Germany and the United 
States?-5, This is evidently due to the fact that cattle in 
Finland are not put out to open-pasture feeding before 
the end of June, when the activity from the spring maxi- 
mum will have been washed away. ‘ 

The rain in Finland is evenly distributed over the whole 
country and the annual rainfall varies betweon 450 and 700 
mm. Area IT has a higher activity than area I, probably 
due to the higher rainfall in this area. The main reason 
for the higher strontium-90 activity in areas IIT and IV 
is the poorer pasture, where the cows must graze over a 
greater area than those in southern Finland. 


Table 1. STRONTIUM-90 IN FINNISH MILK DURING 1960-61 
Strontium-90 pe./g calcium 
1961 1062 


Area, 196 9863 
I S.-W. Finland 5-0 46 10-4 195 
II S.-E. Finland ` O65 65 13-5 22-5 
JII Mid-Finland 81 7:0 15-0 26-2 
Mean* 6-5 56 13-0 22-7 
United Kingdom 6-4 59 11-7 25'6 
(8, 7°8) 
1960-61 1961-62 1062-63 1963 
Area July-June July—June July—June July~Dec. 
I S.-W. Finland 45 55 14:4 26:8 
IL S.-E. Finland 53 6-6 17-6 29-4 
MI Mid-Finland 67 7-6 20°8 33-0 
IY North Finland — -— — 357 
Moan * 5-5 67 17-8 297 
* Weighted for production. 


Table 1 gives the mean strontium-90 to calcium ratio 
for 12 monthly periods. Results for corresponding periods 
for the United Kingdom, presented for comparison, are 
closely similar. Strontium-90 in Finland seems also to be 
as high as northern Germany but lower than in the 
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Fig. 2. Strontium-90 in Finnish milk, Average 
monthly values for four sampling areas. Area I, 
south-west Finland; area II, south-east Finland; 
area III, middle-east Finland; area IV, north-east 
Finland 
Area IH 
8 
a 
a Area H 
g 
A, 
1960 1961 
United States. The values for 1960-62 in Denmark’ 


are about the same as the lowest measurements in Fin- 
land (area, I). 
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Bentley for assistance with the manuscript. 
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USE OF SOME «-CARBOXY-y (8)-LACTONES AS LATENT FLAVOURING 
COMPOUNDS IN SYNTHETIC BUTTER AROMA 


By Dr. M. STOLL, E. DEMOLE, C. FERRERO and J. BECKER 


Research Laboratories, Firmenich et Cie, Geneva, Switzerland 


A GREAT deal of work has already been devoted to 
the investigation of natural flavours in the hope of 
bringing their chemical compositions to light and after- 
wards reproducing them synthetically. That this 
ambitious end may be fully reached in practice is clearly 
demonstrated by several outstanding results which have 
recently been obtained in the more traditional field of the 
closely related essential oils. Thorough investigations of 
essential oils of jasmine, bergamot, neroli, geranium and 
violet have indeed succeeded to such an extent that the 
industrial production of fully synthetic and veritable 
reconstitutions of these perfumes has become possible. 
The chemistry of natural flavours will obviously reach 
the same perfection eventually; but many particular 
difficulties still remain to be overcome. The more im- 
portant of these are: (1) the exceedingly wide chemical 
diversity of natural flavouring compounds; (2) the very 
low concentrations at which they frequently occur (p.p.m. 
level); (3) the extensive losses or alterations which are 
often difficult to preclude in isolating them from their 
substrate. 

However, these considerable difficulties have not pre- 
vented great advances from being made in the chemistry 
of natural flavouring compounds’, as evidenced by the case 
of butter aroma. Our knowledge of this favour has greatly 
increased during the past ten years, owing to the inde- 
pendent works of Keeney, Patton et al.*, and of Unilever’s 


chemists". These authors were able to relate the typical 
aroma of molten butter to the occurrence of trace amounts 
(5-20 p.p.m. or less) of several highly odorous, aliphatic, 
optically active Ce—C,, S-lactones together with some 
y-lactones. (Some C;—C,,; methyl ketones accompany the 
lactones*.) The n-8-deca-, -dodeca- and -tetradecalactones 
appear to be the major compounds in this series. Another 
remarkable finding was when the same authors? showed 
that fresh fat-containing dairy products (milk, cream, 
butter) are almost completely devoid of free lactones, 
which seem to bo generated through the heat-induced 
decomposition of some hitherto unknown labile precursors. 
As soon as they are freed, these lactones impart a strong 
coconut-like odour to the butter, an off-flavour highly 
characteristic of, and appreciated in, molten or cooked 
butter, but considered as an undesirable ‘storage defect’ 
in fresh butter. The chemical structure of the lactone 
precursors involved still remains to be fully established. 
This is an important question, since it is obvious that a 
valuable synthetic butter aroma must contain these pre- 
cursors or, at least, similar compounds able to induce the 
same characteristic changes in flavour on heating. Tho 
possibility that the butter lactones may arise from the 
hydration or rearrangement of corresponding unsaturated 
carboxylic acids has already been disproved by Keeney 
et al.. According to Boldingh and Taylor’, the unknown 
precursors appear more likely to be hydroxyacid- 
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containing glycerides. In a number of. 
modele experiments, these authors 
indeed observed that glycerides of 
§-hydroxydecanoic acid, especially the 
monoglyceride, easily split off 5-deca- 
lactone on heating. at 100°-150° C, 
just as does natural butter. Although 
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‘not wholly conclusive, this fact pro- f 
vides good circumstantial evidence A 

for the presence of such hydroxylated `. 

glycerides in butter fat, which is also CH,(CH,),,COOH 
supported by infra-red data. More- 

over, it agrees very well with the (V) 
findings of Mattick, Patton and 

Keeney*, who characterized the pre- 

cursor of m-5-decalactone in fat- 

containing dairy products as a ‘simple ester’ of d-hydroxy- 
decanoic acid. 

The use of free 3-hydroxydecanoic acid or of its poly- 
meric ester (estolide) has already been proposed for 
replacing the natural lactone precursors in butter. How- 
ever, neither of these compounds behaves very satis- 
factorily, the former lactonizing too easily at room 
temperature and the latter being too stable on heating. 
We have now succeeded in our search for a better type 
of synthetic precursor really able to behave like the 
natural one. It has been found that «-carboxy-y (8)-lac- 
tones (I), where z = l or 2 and R = —C,H, to —C,H,,, 
meet all the desired requirements in this connexion. (A 
Swiss patent application was filed on March 14, 1961, 
and corresponding foreign applications have been made.) 
Such compounds can be obtained via direct? (method A) 
or indirect® (method B) carbethoxylation of the cor- 
responding lactones, or via the well-known condensation® 
of malonate anion with suitable epoxides (method C), 
leading exclusively to u-carboxy-y-lactones (I, «= 1). 





NaH/CO(OBt), 
EtONa 
(COOEt), (A) 


NU COOEt 
COCOOEt i (CH). 
: (CH,), ACO | 
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(b) H,O © 
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The isomers and homologues listed in Table 1, obtained 
in overall yields ranging from 25 to 65 per cent, have 
given satisfactory analytical data. All these new «-carb- 
oxylactones are well crystallized, odourless and labile 
compounds which easily decarboxylate to simple, highly 
odorous lactones on heating at 80°-120° C. (Only the 
«-earboxy-5-caprolactone (I, s = 2, R = CH,), m.p. 75° 
© (ref. 10), and several «-substituted «-carboxy-y-lac- 
tones** have been already described.) The «-carboxy-68- 
lactones ({, æ = 2) appear to be slightly more unstable 
than the y-analogues (I, x = 1). When suitable isomers 
are incorporated into a synthetic aroma of fresh butter, 
they do not impart any flavour change so long as the 
product is kept at room temperature. On heating, how- 
ever, they give rise to a characteristic lactonic off-favour 
of molten butter, exattly as does natural butter. This 
behaviour makes possible the flavouring of certain fatty 
foodstuffs (for example, margarine) in such a way that 
they possess all the true organoleptic properties of natural 
butter, this clearly being & notable improvement. Flavours 


Na/CH,(COOEt), 


0% No” 


—[(COOEt),CH CH, CH(OH) — R] 


B eg 
CH,(CH2)2»-4CO(CH;),COOH. CH,(CH:)m,-¢CO(CH,),CHCOOH 


(VI) : COOH. 
} reduction, ~ H,O 
(I, v = 2) l 


containing «-carboxylactones are relatively stable and 
may be stored for months at room temperature. After a 
five-month storage period at 20° C, one of them was 
found still to contain > 95 per cent of the initial amount 
(2 per cent) of «-carboxy-y-nona- and -undecalactones 
(í, «=1, R = —O,H,, and —C,H,,). The inherent 
acidity of «-carboxylactones is in no way an inconvenience, 
since much larger amounts of C,—C,, aliphatic, saturated 
and unsaturated carboxylic acids normally occur in 
natural butter’, as well as—to some extent—in most 
synthetic ‘butter flavours. 

Besides their flavouring properties, the a-carboxy-5- 
lactones (I, x = 2). present a further, more theoretical, 
interest since they are possible formal intermediates in 
fatty acids’ metabolism. It is, in fact, known?! that 
enzyme-catalysed condensation of one molecule ‘of 
acetyl-coenzyme 4 (II) and n molecules of malonyl- 
coenzyme A (IT) follows the normal path A and leads 
to one molecule of a fatty acid (V) containing 2n + 2 
carbon atoms. Decarboxylation steps take place simul- 
taneously to yield, first, the hypo- 
thetic poly-§-diketonic intermedi- 
ate (IV), which is then reduced to 
(V). 

If one assumes, following path B, 
that the 8-keto group in (IV) can 
escape reduction to methylene by 
the action of a conveniently selec-' 
tive enzyme system, then the 
d-ketoacid (VI) should be pro- 
duced. The latter might later be 
involved? in the formation of 
hydroxylated and thermolabile gly- 
cerides, as proposed by Boldingh 
and Taylor’. It is now obvious 
that «-carboxy-8-lactones (I, x = 2) 
could themselves result from a third, 
speculative path C in which the 
reduction of the 3-keto group in 
(IV) and the decarboxylation step in the last acyl-co- 
enzyme A + malonyl-coenzyme A condensation are both 
prevented. (In this connexion, it should be remembered 
that the decarboxylation steps seem to be slightly delayed 
during the biosynthesis of acetylenic compounds, as 
suggested by Bu’lock and Smalley!*), An alternative 
possibility would also involve the direct, enzyme-cata- 
lysed carboxylation of 3-keto- or d-hydroxy-acid deriva- 
tives. There is no evidence showing that these two last 


~CO, 
(80°—120 °C) 





COOH 
(CHo) 
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Table 1. a-CARBOXY-y (ô)-LACTONES (I) 
Method of 
R d m.p preparation 
— CHor 1 48-50° Cc 
~ CHin 1 46-48° A, C 
s 2 79-80° A,B 
— CHi 1 60'5-62-5° Cc 
2 77-78° at 
— C,H: 1 58-80° A 
— CHin 1 68-5-705° A 
-CHin 1 68:5-69°5° A 
-CHi i 51-54° A 
— CH(CH;)CH,C(CHS), 1 100:5-105° [6] 
— 0H,CH,CH = CHCH, (trans) 2 52-5-54° A 
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reactions can really occur, but this fact does not necessarily 
disprove any possibility that certain «-carboxy-$-lactones 
could exist as natural compounds. It must be empha- 
sized that such labile intermediates would not be easily 
detected by means of the usual analytical techniques, 
and that more or less similar substances, for example, 
B-carboxy-y-lactones™, have already been found in 
Nature. 

We are indebted to Firmenich et Cie, Geneva, for the 

, euthorization to publish this work. 
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PRESENCE OF DONOR SPECIFIC GAMMA-GLOBULINS IN SERA OF 
ALLOGENEIC MOUSE RADIATION CHIMERAS 


By Pror. LEONARD A. HERZENBERG and LEONARD J. COLE 


Department of Genetics, Stanford Medical School, Palo Alto, California, and Biological and Medical 
Sciences Division, U.S. Naval Radiological Defense Laboratory, San Francisco 


LTHOUGH it is well established that a re-population 
of host hemopoietic and lymphoid tissues by donor- 
type cells occurs in lethally X-irradiated mice restored. by 
means of injected allogeneic or xenogeneic bone-marrow 
cells!, there still remain unresolved questions relative to 
the origin of the serum proteins, particularly the immuno- 
globulins in such chimeras. In 1957 Grabar eż al.*, using 
immunoelectrophoretic methods, reported the presence 
of rat y-globulin in the serum of lethally X-irradiated mice 
previously injected with rat bone marrow-cells. Similarly, 
Weyzen and Vos? found small atnownts of rat-serum pro- 
teins in mice 100 days after irradiation and injection 
of rat-bone marrow cells. However, Gengozian* and Popp 
and Smith? were unable to detect serum rat globulins in 
their experiments on xenogeneic (rat-mouse) bone-marrow 
chimeras. More recently, Grabar et al.* have re-examined 
this question and have shown that the sera.of rat—-mouse 
radiation chimeras “‘contain several rat proteins including 
y-globulin, at least two «, globulins, one or two ĝ, globulins 
and one ĝ, globulin”. 

In allogeneic radiation chimeras few data are available 
on the origin of the immunoglobulins and other serum 
proteins. Shreffler? was able to recognize transient 
presence of three types of donor serum protein (trans- 
ferrin, the Ss substance, and a pre-albumin) in allogeneic 
mouse chimeras. 

The recent development of methods for identifying 
mouse y-globulin isoantigens*-!* provides a means for the 
direct analysis of the origin of circulating y-globulins in 
allogeneic chimeras. In this communication we report 
the finding of donor type y-globulins in such radiation 
chimeras as late as nine months after irradiation and 
marrow transplantation. 

Young adult DBA/2.7J mice (3—4 months of age) received 
a single (otherwise 100 per cent lethal) whole-body expo- 
sure of 840 rads of X-rays (250 kVp) at a dose-rate of 
30 rads/min. This was followed within a few hours by a 
single intravenous injection of 8 x 10° nucleated bone- 
marrow cells (suspended in Tyrode’s solution) obtained 
from the femurs of normal (C3H/HeJ x DBA/2J)F, 
(abbreviated C3D2F',) mice. In some experiments the 
irradiated DBA/2 mice received an intravenous injection 
of 5:7 x 10° C3H/HeJ marrow cells plus 3 x 10°nucleated 
lymph-node cells from C3D2¥, donors. Control groups 

_ included syngeneic chimeras (DBA/2 mice receiving 840 
rads plus an injection of 8 x 10° DBA/2 marrow cells) 
and other allogeneic chimeras, that is, 840 rads-irradiated 


DBA/2 mice injected with 5-7 x 10° C3H marrow cells 
plus 3 x 10° X-radiation-inactivated (2,000 rads in vitro) 
spleen-tissue cells from C3D2F, donors. 

The general procedures for preparation of cell suspen- 
sions, injections, and animal care were the same as those 
described previously*4. At various times up to 9 months 
post-irradiation and marrow injection, blood was obtained 
from the retro-orbital sinus; the serum from each mouse 
was prepared individually and stored at —10° C until 
tested. 

Allogeneic tail skin grafts prepared by the method of 
Bailey and Usama! were engrafted on the surviving 
chimeras 6 weeks post-irradiation. The skin-graft donors 
were normal adult C3D2F, hybrid and A/HeJ mice. 
The criteria for assessing survival and rejection time of 
these grafts have been described in a previous report'’. 

y-Globulin-levels were determined semi-quantitatively 
by an end-point precipitation in Ouchterlony-type agar 
gel double diffusion. Glass slides 2in. x 3in. were covered 
with 6-5 ml. molten agar (1 per cent ‘Ionagar’ in 0-05 M 
veronal, pH 8-2, and containing 0-1 per cent sodium 
azide). After setting of the agar, hexagonal patterns of 
concentric pairs of holes were made with a 15-gauge needle 
to which negative pressure was applied, and a plastic 
template. The distance between the centres of the middle 
and peripheral holes is 4 mm. 2 ml. of serial doubling 
dilutions of sera from chimeras and of standard sera were 
introduced into the peripheral holes, and specific antisera 
into the central holes. The plates were allowed to develop 
for 15-18 h at room temperature. Precipitation is essenti- 
ally complete after 4-6 h. The y-globulin-level is taken as 
the highest dilution giving a precipitation line which 
joins the line of 7S y-globulin in one of the adjoining posi- 
tions on the Ouchterlony pattern. To validate this 
determination, 7S y-globulin-levels of sera from several 
chimeras were determined by inhibition of precipitation. 
of !*5J-labelled 7S y-globulin. The values obtained were 
within the two-fold range of error expected for a doubling 
dilution assay. 

Rabbit anti-mouse-y-globulin which precipitates 
strongly with 7S y-globulin was produced by injection of 
pooled mouse (C3H and C57Bi/10) 7S y-globulin prepara- 
tions in Freund’s adjuvant, followed by booster injections 
without adjuvant. Specific antisera against 7S y-globulin 
isoantigens were produced as previously described*. 

From the experimental data summarized in Table 1, 
it is evident that Igal-type y-globulins, necessarily derived 
















‘Table 1. SPRoeIC GLOBULIN ISOANTIGENS IN SERUM 


ee ° s MOUSE RADIATION CHIMERAS : — 
o- Chimeras: i í : 
ae fet DBA/2 mice “Individual Time 


B40 rads . mouse. tested Specific y-globulin level* 
injected with cells 


‘Nos. (months) Jgal ‘otal Igas 


C3D2F, marrow 1-7 5 2-8 32 >82 
1-7 9 1-4 8-82 8 to > 32 
C8H marrow + 
O3D2F, lymph node 8-12 2 31-32 16-128 > 82 
8-12 6 4-32 8-128 0 to 16 
13-16 9 2-82 16-64 0-8 
CRH marrow + 
C3D2F, thymus 17 9 8 16 0 
marrow + 
X-irrad. (2,000 rads) 
C8D2F, spleen 18, 19 9 4 8, 32 0, 2 
DBA/2 marrow 20-24 9 0 8-32 16-82 
Controls 
Non-irrad, C3H mice 128 > 128 Q 
Non-irrad, C3D2 F, mice 64 >» 128 >32 
Non-irrad. DB.A/2 mice 0 > 128 > 32 


* The highest dilution giving a precipitation line which joins the line of 
78 y-globulin. The values represent either individual mouse values or their 
range within each treatment group. 


from the injected cells, were present in the seram of nearly 
all the allogeneic radiation chimeras up to 9 months 
after irradiation. and injection of C3D2/, marrow cells 
or of C3H marrow plus C3D2F, lymphoid cells. In nearly 
all chimeras, furthermore, Iga3-type y-globulin, which 
might have come from donor or recipient cells, was found. 
However, there was considerable variation in both donor 
and total y-globulin-levels among the chimeras. By 
contrast, the sera from 5 syngeneie chimeras (DBA/2- 
DBA/2) were negative for Igal y-globulin, and showed 
high levels of Iga3 y-globulin, the DBA/2 type. 

The responses of the chimeras to skin homografts pro- 
vide an additional, independent criterion for chimerism”. 
Skin grafts from normal C3D2F, and A-strain donors 
were placed on the chimeras 6 weeks after irradiation and 
marrow infusion. Chimeras No. 1-7 (see Table 1) all 
rejected A-strain skin grafts (generically foreign to donor 
and host) in 11 to 29 days, whereas C3D2F, skin (marrow 
donor genotype) was retained indefinitely {that is, more 
than 9 months) by all except one chimera (No. 4), in 
which case the C3D2F, skin graft was rejected at 11 days. 
ft is of interest that this same mouse does have donor- 

type y-globulin. These data indicate that the chimeras 
were specifically tolerant of skin homografts. By con- 
trast, the syngeneic chimeras (DBA/2-DBA/2) rejected 
both the A-strain grafts (in 15-20 days) and the C3D2F, 
o skin grafts (in 13-25 days). 
= DBA/2 mice have a genetic deficiency of a protein. 
designated he!, which migrates electrophoretically with the 
8-globulins and is a component of hemolytic comple- 
ment!*!?, Since this protein is produced in C3H mice, 
its presence was looked for in the chimeras. None of the 
„chimeras in this investigation had a detectable level of 












het when tested by agar-gel precipitation with a specific > 
antiserum which could have detected a level of 10 per — 
cent that of C3H, under-these conditions. Sa 

It is clear from these results that allogeneic bone marrow 
radiation chimeras contain circulating y-globulin isoanti- 
gens of marrow donor origin many months after irradiation 
and matrow cell infusion. These y-globulins must have 
been elaborated by cells originally present in the injected 
marrow suspension, or by their progeny. This implies: 
that the donated y-globulin-synthesizing cells have main- 
tained their genetic identity in the allogeneic hosts, at 
least with respect to the y-globulin marker. ae 

It is not unexpected that all serum proteins are not . 
suitable as markers in radiation chimeras. Het may 
now be added to the three proteins examined by Shreffler? 
as being of limited utility in following repopulation with 
marrow or lymph-node cells. However, a cell type which, 
when transplanted, yields a chimera producing one of these 
proteins would establish it as a site of synthesis of this ; 
protein. It is evident from the present data that the 
y-globulin isoantigens offer an additional marker for follow- 
ing the kinetics of cell-population changes in radiation 
bone-marrow chimeras. Red-cell isoantigens have already __ 
been exploited for this purpose'*. Thus, a study in which 
the two marker systems are used simultaneously could — 
provide further insights on the fate and possible interrela- 
tions between donor erythroid and lymphoid cell popula- 
tions in radiation chimeras. 

This work was supported by U.S. Public Health Service 
grant C 4681-05, and by funds from the Bureau of Medi- 
cine and Surgery, U.S. Navy Department. 
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DISSOCIATION OF THE IMMUNOLOGICAL COMPETENCE IN 
NEONATALLY THYMECTOMIZED MICE AND 





AMMAR?! and Inzerillo and Chiti? were the first 

to describe “the immunological response after 
thymectomy. Then in three laboratories** simultane- 
ously neonatal thymectomy was shown .to prevent the 
development of the immunologically competent cell 
© gystem. The implantation of thymus in diffusion chamber 
to neonatally thymectomized mice restored their immuno- 
_- logical competence*® whereas the injection of saline thymus 

_ ‘extract did not have the same effect", : 


ITS RESTORATION 
By Dr. GEORGE J. SVET-MOLDAVSKY, S. N. ZINZAR and NELLY M. SPECTOR 


Laboratory of Virology, Institute of Experimental and Clinical Oncology, U.S.S.R., Moscow 


We thymectomized C,, and A/Sn mico within the first. 
24 h of birth. Half of each litter was thymectomized 
and the other half remained unthymectomized and served _ 
as controls. The completeness of the thymectomy 
was checked by subsequent autopsy and careful exam- 
ination of the thoracic. cavity and by additional histo 
logical investigation of the thymic region. More than 
600 mice were used in these experiments. At oo 
age of 1-2 months both thymeetomized and control mice 
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immunized by various antigens: sheep erythrocytes, 
fluénza virüs and typhoid Vi-antigen. Erythrocytes 
injected intraperitoneally twice at 5-day intervals. 
rolips of mice were re-immunized with this antigen. 
“samples were collected repeatedly from the 
>R ar veins, and antibody titres were checked in 
_ hemagglutination and hemolysis tests (for sheep erythro- 
oytes), iti hemagglutinin-inhibition test with 2 m.v. 
: lutinating units) of influenza virus and in the 
tion test with Vi-antigen-coated erythrocytes 
antigen). 
riments showed first of all that the conven- 
hymectomy technique of new-born mice results 
omplete elimination of thymus only in 75 per cent 
eases, whereas. 25 por cent of the mice retain the 
y astic paratracheal lymphatie nodes abundant in 
plasma colls, and only infrequently wore small pieces of 
thymus tissue observed histologically. 
The group of completely neonatally thymectomized 
ailed to produce antibodies in only one of the tested 
antigens (sheep erythrocytes) and in only one of the tests 
69-7 per cent; 18-5 per cent of mice showed an antibody 
titre of 10-40, while 11-8 per cent showed 40 and higher. 
_ The results discussed here refer only to mice with com- 
plete thymectomy confirmed by subsequent autopsy. 
: mice with completely or almost completely sup- 
pressed antibody response to sheep erythrocytes, the 
ological response to live influenza virus and typhoid 
igen remained unimpaired, that is, neonatal 
tomy: evidently resulted in a dissociation of 
logical competence (Table 1). 


ive 


\NTTRODIES IN THE SERA OF TayMECTOMIZED AND CONTROL MICE 
$ IMMUNIZED WITH 3 ANTIGENS* 


Antibodies titret to 


The sheep erythrocytes influenza 
Agglutinins Hemolysins virus Vi-antigen 
Thymectomized mice 
8 ü 20 
0 p 80 ğ 
9 18 320 80 
6 26 nt at 
pi 49 80 ni 
20 40 šo 166 
Unthymectomized controls 
8b 80 820 40 
46 160 160 40 
320 160 ni at 
16D 40 80 46 
160 1860 166 40 
160 160 220 166 
80 89 1,280 160 
160 40 320 20 


repeated immunization with sheep erythrocytes two weeks after 
immunization with  Vi-antigen all thymectomized and control mice 
hibited high titres of antibodies to sheep erythrocytes of 320-2,560. 

able indicates the reciproealto the end-point sera dilution exhibit- 
ibodies. 


Thymectomized mice which were not responsive to the 
primary course of 2 injections of sheep erythrocytes 
duced antibodies to this antigen in high titre after 
peated re-immunization. The higher titres were after 
immunization with the erythrocytes mixed with the 
1enza virus (Table 2). 
he restoration of immunological response by re- 
ation is in accordance with the first findings of 
ust, 
‘spleen and some lymph nodes of such mice normal 
l structure was restored: there was hyperplasia 
iphoid tissue with follicle formation. The pattern 
olution of lymphoid tissue characteristic for thy- 
tomized mice (inactive follicles with poor cellularity, 
t germinal centres in addition to the presence and 
ative hyperplasia of reticular and plasma cells) remained 
the majority of other lymph nodes. 
In the preliminary experiments the normal response to 
primary immunization. with sheep erythrocytes was 
stored: in. 1-2-month-old mice thymectomized at birth 
d three times injected on the second, fourth and sixth 
y of life with neonatal murine spleen cells incubated 
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Table 2. ANTIBODIES TITRES TO SHEEP ERYTHROCYTEN in Tay CU 
AND CONTROL MICE APTER IMMUNIZATION AND Tuerfiwenmats i 


Mice After first (double) immunization Afler re“imant 






No, Agglutinins Haemolysing Agglatinins 1 
Thymectomized E 
433 10 10 80 89 
435 10 10 640 i80 
444 10 10 160 80 
462 10 0 40 a 
436" 10 10 320 80 
446 * 10 ü 640 Er 
457* 0 0 160 300 
468* 10 Q 80 aa 
Unthymectomized (controls) 
486 40 40 820 mo 
498 40 80 160 J 
451° 320 80 160 BO 
455* 40 80 320) AÙ 
465 * 40 80 ‘168 
406* 10 40 160 180 i 





* Mice Nos. 436, 446, 457, 468, 451, 455, 465 and 466 wate re-ianrunl ra 
with the mixture of sheep erythrocytes with influenza singi other x 
were re-immunized with sheep erythrocytes alone. 





in vitro with 30 per cent cell-free extract of footal chyna 
in the medium containing 0-14 M sodium chloride + 
M sodium citrate and 10-* Versene”, 

The restoration of immunological activity by re ini 
munization is probably an indication that the voll matut 
tion hormone similar to the thymic one is also. prodi 
in some other organs. The dissociation of iminunoly 
competence and its restoration by re-iminuniesi ion 
be explained in the frameworks either of the ck 
selection hypothesis of Jerne~Burnet~Talmage* or Burne 
and Fenner’s hypothesis of indirect template’. 

In the light of clonal hypothesis it may be s 
that either various cell systems or various clones of oel 
are responsible for antibody production to sheep erythro 
eytes and to influenza virus. . 

Tt may be mentioned that the modes of globulin avy 
sis transformation by these antigens are differant 
live influenza virus and Vi-antigen to which O 
logical competence remained unaltered in thyine 
animals induce a rapid immune response of a booster tye 
after primary injection to intact animals. 

Thus, antibodies to the live influenza virus appeared 
on the fifth day in the regional lymphatic nodes of albing 
rats, Mechanisms and cellular systems responsible f 
the antigens with booster effect may be quite different 
from those responsible for antigens without boo. 
The latter may have no need in mechanisms of pri 
sensitization associated according to Fortalin 
Kraskina" with the transmission of ‘immrnnols Be 
memory’ by small lymphocytes. To a certain extent i 
may be correlated with data on 19S and 78 anti 

It has previously been shown in ‘this laborate: 
the extract of activated adult. rat thymuses contains 
factor inhibiting the development of opithelial tabul 
structures in the adult rat thymus. Ib was saggesbe.. 
that this factor favours the maturation of various cells, 

The question remains open whether or not this faet 
is identical to the thymic hormone associated with 
acquisition of immunological competence. A feed- baek 
inhibiting effect of hormonal factors on the cellular fime: 
tional structures producing them may be used as a gener — 

procedure for the isolation of such factors. z 

The possibility that thymic hormone promotos the | 
acquisition of immunological competence of lymphoid cella ~ 
facilitating the inclusion of informative nucleie acide ieo 
these cells and facilitating its further transmission fro 
lymphocytes to other | : 
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iven thot 
the considerations of DNA transmission by lympho 
were so clearly postulated by Medawar™, the ave ; 
evidence on re-utilization of lymphocyte DNA™ by other 









cells does notexclude the possibility that only low mi 
-non-informative products of degradation of DNA were 
 ve-utilized. Erys 
It has recently been shown in this laboratory that 
lymphocytes of adult animals possessed the morphogenetic 
function in tissue culture’. A prolonged contact of 
lymphocytes with embryonic monolayer cell cultures 
- induces differentiation of these cells. Such cells live 80 
or more days without any mediwn change whereas the 
eontrol cultures without lymphocytes or with saline 
` lymphocyte extract degenerate much earlier.. In general, 
the effect of lymphocytes is similar to neutralization of 
tissue culture under the action of nucleoproteins described 
by Benitez et al.**. 

Morphogenetic action of lymphocytes in tissue culture 
may be an indirect evidence of transmission of informative 

.. DNA from lymphocytes to the cells. Another possibility 
“ may be that DNA of a lymphocyte which is in close con- 
tact with the cell can induce RNA messenger functioning 

in the integrated system of these cells. 

The main function of lymphocytes may consist of 
supporting the determining level of differentiation of cells 
in various tissue systems by means of continued transmis- 
sion of ‘supportive’ morphogenetic information. This 
function may partly be acquired by lymphocytes under the 
action of thymic hormone. 










low molecular The yenphos immuno 
-ler case of their general function in transmission of : 








-The role of ly phocytes in immunogenesis is a particu: 


morphogenetic informative nucleic templates. 
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SARCOLEMMAL INVAGINATIONS AND THE T-SYSTEM IN FISH 
SKELETAL MUSCLE 


By Dr. CLARA FRANZINI-ARMSTRONG and Pror. KEITH R. PORTER 
Biological Laboratories, Harvard University, Cambridge, Mass. 


PEE mieroseopic investigations of striated musele 
have deseribed the form and disposition of a complex 
vacuolar system in the sarcoplasm around and between 
the myofibrils'~*, It is essentially a network of membrane- 
limited tubules and vesicles—appropriately called the 
sarcoplasmic reticulum or SR. In skeletal muscles of 
vertebrates it is characteristic for this system to possess an 
organization that is patterned with respect to the sar- 
comeres of the adjacent myofibrils. Thus, opposite each 
A, I and Z band of any given muscle one can expect to 
find a similar configuration of tubules or cisterna. This 
- elose morphological association to the contractile material 
| has stimulated present interest in the reticulum and its 
| role in muscle contraction. 
A particular part of the system which repeats opposite 
each Z line or A-I junction, depending on the muscle, 
_ appears in electron micrographs of thin sections as a close 
grouping of three vesicles’. The two lateral or outside 
unite of this ‘triad’ are no doubt equivalent and structur- 
“ally, continuous with the SR of the other hands of the 
‘sarcomere. The intermediate element, sandwiched in 
‘between the other two, is obviously different. It is, as a 
rule, smaller and limited by a more prominent membrane; 
; is not structurally continuous with the other two; and 
it has been shown to be transversely continuous across 
` the fibre’, For these several reasons it has come to be 
` galled the T (for transverse)-system of the muscle fibre. 
-The relations of this structure to the SR, whether derived 
from it or distinct from it, as a derivative of the plasma 
> membrane, have been important questions from the 
time of the earliest observations. Especially has this 
“>. been true of the period since Huxley et al.8-10 demon- 
~ strated that the triad or some part of it might be involved 
‘m the transverse conduction of the excitatory impulse 
“to the more central fibrils of the fibre. On the basis of 
‘their observations, the triad has come to be considered 





































the morphological component of muscle postulated by 
Hill several years earlier to account for the nearly 
simultaneous contraction of central and peripheral fibrils, __ 
though the former are separated in some instances by 
distances of 50u from the sarcolemma. . 
This hypothesis has had among its several values that 
of directing attention on the triadic structure and the 
relative significance of its parts. Clearly, to be effective 
in transmitting an impulse from the sarcolemma to the 
fibre’s interior, at least one of the three parts should be 
coupled in some way with the plasma membrane of the 
fibre. Yet in skeletal muscle, in the place where a con- > 
nexion should exist, only a system of discontinuous vesicles __ 
has been found, ustially running from the surface to t 
T-system?. It is true that in cardiac muscle, an infoldin 
or an invagination of the sarcolemma has been de- 
scribed!?)3 which is continuous at least for a short distance _ 
as the intermediate element of the triad: and in insect _ 
flight muscles Smith! has succeeded in defining com- 
plex invaginations of the sarcolemma which seem analo 
ous to the central component of the triad.. But in each 
of these latter examples there are peculiarities whi 
suggest that the arrangement may be exceptional to rat 
than typical of striated muscle. So the existence of ¢ 
tinuity if any between the T-system and the sarcolemma — 
and its relation to the sarcoplasmic reticulum at the level 
of the triad have continued as questions to be answered in . 
arriving at an understanding of the roles of this system 
and the SR in musele contraction. Present-day thought. 
on the problem resulting from repeated failures to discover — 
any continuity is expressed by Fawcett and Revel: “Tt 
may ultimately be found that this perifibrillar membrane _ 
system can be activated without its membrane actually 
being continuous with the surface”. l E 
For these various reasons we have chosen to rol 
“here some recent observations on muscle fine s 



































following the use of a new method of fixation. These 
demonstrate that the 7'-system, in at least two forms of 
skeletal muscle, is indeed a sarcolemmal continuation and 
that the cavities of the 7'’-system are in direct communica- 
tion with the extracellular spaces. It appears therefore 
that this system is designed morphologically to provide 
for a large distribution of the extracellular milieu within 
the fibre and to bring the sarcolemma into close proximity 
to a particular level of the sarcomere at all depths in the 
fibre, 

In this work the tail and body wall myotomes of the 
black mollie (Mollienesia sp.) were fixed in glutaraldehyde 
and post-fixed in osmium tetroxide (essentially according 
to Sabatini et al.’*. Some tissue was also fixed in osmium 
tetroxide in veronal-acetate buffer’?. The material was 
embedded in ‘Epon 812’ (ref. 18) and cut on a Porter- 
Blum microtome. The sections were stained with lead 
citrate’® and observed in a Siemens Elmiskop I. 

In longitudinal sections of the fibres of the black mollie, 
the triads can be seen to occur regularly at every Z line. 
When the section cuts tangentially to the large side of 
one of the flattened ribbon-like fibrils, and is roughly 
parallel to the long axis of the fibre, a relatively large 
expanse of the reticulum falls in the plane of the section 
(Fig. 1). Several SR cisterne can thus be followed as they 
run longitudinally over the fibril, for the length of a 
sarcomere, They join together, on reaching the J band, 
in the dilated ‘terminal sac’ which is one element of the 
triad. In these respects the appearance of the material 
fixed in glutaraldehyde does not differ significantly from 
the pattern that has been observed in and described from 
osmium tetroxide fixed preparations. 

The T-system, on the other hand, behaves differently 
when the glutaraldehyde fixative is applied, indicating 
that the system is completely independent from the SR. 
Thus, after glutaraldehyde we observe a long, continuous 
sac in the narrow space between the two terminal sacs 
where usually a row of small vesicles is present®:*. This 





segmental muscles of the 


Fig. 1. Longitudinal section through the 
black mollie (Mollienesia sp.), fixed in glutara’ gn ear The section is 
just tangential at one point to a myofibril and thus provides a face 
view of the sarcoplasmic reticulum (SR). The sarcolemma borders, at 
the right side of the photograph, the periphery of the fibre and can be 
followed (arrow) as it penetrates at the Z line-level (Z) between the 
larger ‘terminal sacs’ of the SR to form the T (T) system. Strands of 
cytoplasm, remnants of connexions with the adjacent fibre, penetrate 
within the T-system. (Gl, glycogen). The line indicates 1x 
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Transverse section of the same muscle, showing the 
of two adjacent fibres. At the Z line (Z) level (recognizable for its 
uare puen the T wexiligh is distinguishable by its light content 


Fig. 2. eriphery 


hen the section ct x htly in plane and runs through the 7 band 
(I), then it includes in its thickness the terminal sacs of the SE (SH) or 
lateral elements of the triad. At the periphery cf the fibre the T-system 
is widely opened to the outside (*), A cytoplasmic finger projecting 
from the periphery of one of the two fibres penctrates into the T-system 
of the other (arrow). The bands of the fibrils are marked with the 
corresponding letters, The line indicates 1p 


can be followed uninterruptedly for as long as it stays ii 
the plane of the section (Fig. 1). Whenever the section 
includes in its plane both SF and 7'-system at the edges 
of the fibre, the sarcolemma can be seen to invaginat: 
and penetrate between the terminal sacs of the SR 
Indeed, the sarcolemmal invaginations form the walls of 
the 7'’-system, which then extends deeply into the fibre 
No interruption is thus present between the space within 
the 7’-system and the extracellular environment of thy 
fibre. 

Another unusual feature of these preparations is that 
strands of cytoplasmic material from adjacent fibres 
appear to penetrate the T-system from the outside to a 
depth of a few u. One of these unusual inclusions, which 
are membrane-limited cytoplasmic projections 
containing glycogen, is depicted in Fig. 2. 
of such pictures it can be said that adjacent fibres of this 
muscle interdigitate. This photomicrograph, represent 
ing a transverse section, shows also that after glutaraldi 
hyde fixation the T-system is continuous in a plane coin 
ciding with that of the Z line. 

In order to determine whether the observed direct 
wide communication of the T-system with the outsids 
is a peculiar feature of the mollie muscle fibres, or is due to 
a response of the system to fixative (glutaraldehyde), we 
examined muscles from the same animal after osmiun 
tetroxide fixation. The difference was striking. Wherever 
in glutaraldehyde a large continuous canal could be 
observed, the osmium-fixed preparation presented a row 
of small vesicles or narrow tubules. This image coincides 
with that reported in the literature in a variety of skeletal 
muscles?:*:®, The difference was particularly striking 
at the periphery of the fibre, where after osmium fixation, 
the T-system was consistently represented by isolated 
vesicles. These were very numerous and lined up between 
the 7'-system and the sarcolemma, thus suggesting that 
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- -they jndeed represent a fragmentation o ves ulation of _ 
the continuous canal preserved by glutaraldehyde. The 


< sarcolemma was always closed across the area so that a 


direct connexion of the spaces enclosed by the 7-system 
_ with the outside was never evident in this kind of 
preparation. 

It is interesting to notice, as a supplement to the fore- 
going descriptions of mollie muscle, that glutaraldehyde 
fixation, applied to the tail myotomes of Rana pipiens 
tadpoles, preserved in a number of instances, a direct 
continuity between the T-system and the sarcolemma. 
It appears, however, that the fibres of the black mollie 
are somewhat unique in that they show always a direct 
communication of the -system with the outside wherever 
the T'-system reaches the periphery of the fibre. In the 
tadpole muscle fibres the connexions are apparently less 
numerous and possibly shift continuously in time. More- 
over, in these latter there are no fingers of sarcoplasm from 
` adjacent fibres penetrating within the 7'-system. Whether 

such morphological differences are related to different 
activities of the muscles represented cannot at the moment 
be decided—-but it may be of some significance that fibres 
in mollie are more constantly active than those of the 
tadpole. 

Our observations demonstrate the reality of the 
postulated derivation of the T'-system from the sarcolemma 
in some vertebrate musele fibres’. The observed continui- 
ties seem to be a permanent feature of some muscles and 
perhaps to vary in number with activity in others. In 
any evont, it is evident that the sarcolemma may indeed 
penetrate very deeply into skeletal musele fibres and 

“achieve close proximity to the Z line region (or A-I 
junction) of the myofibrils and to the sarcoplasmic reticu- 
lum at the same level. The implications of these associa- 
tions are evident from the reports of Huxley et al.*-1, 
Though these experiments were done on different animals 
from those we have examined, our results lead us to 

“expect that more morphological investigations using 

glutaraldehyde or further physiological experiments on 
different. kinds of muscles will confirm that the 7-system 
provides the continuity postulated by those authors as 
necessary for the propagation of an excitatory impulse 
into the fibre. It is interesting to note that in the experi- 
ments of Huxley and Taylor! only a few spots on the 
circumference of the fibre could be demonstrated to be 
sensitive at each Z line-level. On the basis of such results 
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these authors suggest that a net-like or reticular structure 


‘with only a few direct connexions with the sarcolemma > 


exists at the level of each Z line.. Their concept would 
correspond to the structure we have observed here in 
tadpole fibres. , ; 
Obviously an invagination of the sarcolemma which 
retains its connexions at the fibre surface carries with it a 
small extension of the extracellular environment: and 
provides a pathway for the diffusion of ionic species and 
other metabolites. Thus such potential differences as 
oceur across the sarcolemma may be expected to pr 
across the membranes of the 7'-system, which then. fi 
into the model proposed by Adrian and Freygang*? 
It may be of some importance in this connexion tha 
interdigitations between adjacent cells, that. is, finger-like | 
projections from one fibre, penetrate deeply into ‘the | 
T-system of the fibre lying adjacent to it. These may play 
some part in helping the exchanges of the 7'-system with 
the environment by perhaps agitating, during the move- _ 
ment of contraction, the content of the narrow T-system 
canal. Their presence indicates, in any event, that the 
observed openings of the J'-system to the outside are a 
native feature of these fibres and not merely a product of | 
glutaraldehyde fixation. ee 
This work was carried out during the tenure of a fellow- — 
ship under training grant 2G-707 from the U.S. Publie | 
Health Service to one of us (K. R. P.). oe 
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ISOANTIBODY-INDUCED CELLULAR RESISTANCE TO IMMUNE 
HÆMOLYSIS IN VIVO AND IN VITRO 


By GORAN 


MOLLER 


Department of Tumour Biology, Karolinska Institute Medical School, Stockholm 60 


T.JISTOCOMPATIBILITY antigens of the H-2 system 
in mice are widely distributed in the tissues of the 
mouse and are present also on erythrocytes. In contrast 
to most normal and malignant cell types, red blood cells 
are not rejected on transplantation into H-2 incompatible 
recipients!:*, in spite of the fact that the recipients develop 
humoral antibodies directed against the foreign red cells*. 
Passive transfer of large amounts of humoral antibodies 
resulted in partial destruction of the transfused red cells?: 
20-80 per cent of the cells were rapidly eliminated, where- 
as the surviving cells were completely unaffected and sur- 
vived as in isologous hosts. Thus, antibodies and target 
red cells circulated together in the same animals without 
elimination of the red cells. 
An attempt has been made to analyse the mechanism 
_ by which the red cells can survive in the presence of iso- 


As reported here, it was found that humoral : 


antibodies. 
isoantibodies possessed the paradoxical capac 
initiate a change of the target red cells, making i 
completely resistant to the hemolytic effect of isoanti- 
bodies and complement. i 
Labelling of strain A red cells with Na,5!CrO, was per- 
formed as described previously?. Hamolytic tests in vitro 
were performed as described by Hildemann’, with the 
exception that guinea pig serum diluted by half was used 
as a source of complement rather than rabbit serum.’ 
After incubation 0-2 ml. of the supernatant was removed 
for radioactive determinations. The value for 100 per 
cent lysis was determined by adding water to the cells 
easuring 0-2 ml. of the lysate, while 0 per cent lysis 








and m ; 
was obtained from the supernatant of the tubes incubated _ 
with complement. alone. 

































Strain A red cells, which survived in A.CA recipients 
thout any signs of immune elimination, wero found to be 
mpletely susceptible to lysis in vitro by an A.CA anti-A 
serum prior to transfusion. In spite of this, passive 
transfer of this serum in A.C.A recipients caused only 
partial olimination of the transfused cells. The hemolytic 
onsitivity of the surviving A cells was determined by 
exposing the red cells of the recipients in vitro to the 
mo ACA anti-A serum and guinea pig complement. 
| experiments the A cells were found to be com- 
ly resistant to the hemolytic effect of the serum 
1). Thus, a short contact in vivo between anti- 
and red cells changed the hemolytic sensitivity of 
o cells from 100 to 0 per cent. 


i. HABMOLYTIO SENSITIVITY OP STRAIN A ERYTHROCYTES TO AN 
A ANTIA BERUM in vitro SUBSEQUENT TO TRANSFUSION INTO UN- 
. FRBATED AND ANTIBODY-TREATED ALLOGENIC RECIPIENTS 


% hemolysis after contact with 


“Recipient... Treatment of recipients* “antibody and guinea pig com- 
one plement} 
Nothing 100-3 108-1 102-0 
A.CA anti-A serum <0 <0 <0 
Nothing 78:5 793 741 
C571 anti-A serum 0-08 <0 3-2 
2 Nothing iri 154 13-2 
‘g peal anti-d serum. <0 <0 <0 
Nothing — 107-6 97-3 93-9 
ACA anti-d 1/166 88-7 77-9 692 
P A.CA anti-A 1/20 47 32 30 
aot! ACA antlA 1/1 0-2 0-07 0-00 


pl mil. undiluted serum was injected intraperitoneally 1 h prior to bleed- 
ing and subsequent hemolytic test. 

The value for 100 per cent hemolysis was derived from cells treated with 
water: O per cent Revita dead was derived from cells treated with complement 
sence of antibody, 








‘Similar experiments were performed in other strain 
combinations and gave analogous results (Table 1). 
__ The degree of cellular resistance induced subsequent to 
— contact with antibodies in vivo varied with the antibody 
dose injected (Table 1). Thus, undiluted A.C.A anti-A 
serum induced complete resistance, whereas serum diluted 
20 or 160 times was loss efficient in this respect. 
‘Experiments were performed to find out whether the 
antibody-induced cellular resistance to immune hemo- 
lysis involved a general decrease in sensitivity to hamo- 
¢ isoantibodies of other specificities, or whether the 
ibody effect was specific and induced resistance only 
it This was tested by injecting, for example, a 
(57 anti-A. serum into Ọ57E recipients, previously 
. transfused with strain A red cells labelled with chromium- 
81. One hour later the mice were bled and their red cells 
tested against a C57L anti-A serum and, in addition, 
against an ACA anti-A serum as well. As a control, 
strain A cells were transfused into untreated C57L mice. 

was found (Table. 2) that contact between the CSIL 
anti-A serum and the A cell induced complete resistance 
wainst the hemolytic effect of the C57L anti-A serum, 
but only partial (50 per cent) resistance against the 

CA anti-A serum. Strain A cells from untreated 
L mico were lysed to 100 per cent by the same A.CA 
i-A serum. The decreased sensitivity to the other 
ntisorum, which was observed; might be ascribed to the 
n immunological cross-reactivity between C57L 
iA and A.CA anti-A serum and not to induction of 
Specific resistance. 























2. SPRCIFICITY OF THE ANTIRODY-INDUCED CELLULAR RESISTANCE 
i TO IMMUNE HÆMOLYSIS 


% hemolysis of red cells in vitro after 
treatment with guinea pig complement 





Be ; Treatment of 
Recipient 


recipient an 
OSIL anti-A serum A.CA anti-A serum 
i 1/5 1/10 
GTL Nothing 500 525 53:5 1008 97-4 1025 
Bg ES CSIL antl A 8:3 t83 27 525 S74 68-1 


>o Te was found that the antibody-induced resistance 
against hemolysis could be prevented by pretreatment of 
_ the recipients with heat-aggregated human y-globulin 
prior to antiserum injection. 6 mg human y-globulin 
heated to 56° C for 30 min was injected intraperitoneally 
to ACA recipients, which had been given strain A red 








NATURE 


serum S72 STi 765 OR FTE sit 
Human y-globulin and A.C A ‘ i 
~ anti-A serum 93 150 130 ET 
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Table 3, PREVENTION OF THE ANTIBODY-INDUCED ( 

OF STRAIN A [ERYTHROCYTES TO IMMUNE HEMOLYSH f 

SERUM SUBSEQUENT TO PRETREATMENT OF A.GA Recniy 
AGGREGATED HUMAN »-GuOBULTS 


% incmolysis after (reatawiit 9 


Treatment of Antibody and guinea 6a 


recipient pig complement. CONEY 

Nothing 1198 1005 3080 «ü 
Heat-aggregated human y- 

globulin and A.CA anti-A 

serum 98-7 85D 853 WPR Teg 
Human y-globulin and A.CA 

anti-A serum 16 ot He Od 27 
Nothing 97-6 1015 1067 «t fh 
A.CA anti-A serum 28 Lo 14 ME o K 





Heat- 


gated human y- 
glob 


nand A.CA anti-A 














cells labelled with chromium-51 1 h preview 
later the recipients received 0:1 ml. undi Ait 
anti-A serum, Control groups were given y-globulin 
alone, antibodies alone or remained untreated, Th wa 








vitro, In contrast, cells from recipients given ant 
alone or antibodies and human y-globulin imot h 
aggregated) were resistant. It was observed that” 
from recipients injected with both antiserum anc 
aggregated human y-globulin were lysed by ei 
alone, indicating that the cells were satisfactorily s 
by isoantibodies. The hemolytic sensitivity of 
from heat-aggregated human y-globulin treate 







pE on p ie 
tonta 









Since this trestment is : : 
inactivate more than 90 per cont of the available monse 
complement‘, attempts were made to study whether com- 
plement or complement-like factors were involved im the 
induction of cellular resistance. 

















Hemolysis (per cent) 











1/1 3 Wt YR Ie te pee 
Dilution of normal mouse seram 


Fig. 1. Effect of dilution on the ability of normal mouse ser 
resistance of erythrocytes to lsoantibody and complementin 
isoantibody (A.CA anti-A) and different dilutions of noi 
serum incubated with strain A erythrocytes at $7°-C for 1 h pris 
addition to guinea pig complement. Three parallel tubes of each si 
dilution were run simuliancously 






erythrocyte resistance by an in vitro test. 




















Anti-serum, guinea pig 


p : 
Normal mouse complement and normal Antibody ane guinea pig 


serum from mouse serum complement 

C3H 453 100-0 
CTL 52-1 

CSTBL 20-5 

C3H 294 

CTL 28-6 100-0 
C57BL 53:0 

AGA 33-3 100-6 
C3H 663 > 


Complement activity was determined in various mouse 
strains by adding frosh mouse serum, obtained from 
blood which had coagulated in the cold, to sheep red 
cells sensitized with mouse anti-sheep serum. In this 
test system complement activity was demonstrated in 
strains C3H, DBA/2, C57L and C57 BL, whereas strains 
A, A.CA, A.BY and A.SW were entirely negative. Fresh 
mouse serum. from complement positive strains was 
entirely incapable of lysing isoantibody-sensitized mouse 
erythrocytes, however. Since the serum factors responsible 
for the conversion of red cells to hemolytic rosistance 
were present in all strains there was no correlation 
between thé presence of complement and the resistanco- 
inducing factors. 

Attempts were made to reproduce the induction of 
This was 
possible by the following procedure: 0-2 ml. A.CA 
anti-A serum diluted 1/10-1/20 was incubated with 0-] ml. 
= undiluted normal mouse scrum and 0-1 ml. per cent A 

< red cell suspension for 1 h at 37° C. Thereafter, 0-1 ml. 
‘undiluted guinea pig serum was added as a source of 
complement. Only a portion of the red cells was lysed 
after this treatment (15-80 per cent), whereas complete 
lysis occurred if normal mouse serum was omitted during 
the incubation (Table 4). The resistance-inducing effect 
of normal mouse serum rapidly diminished. on dilution of 
-otho serum and disappeared completely in. serum. diluted 

-32-64 times (Fig. 1). The decreased hemolytic sensitivity 
in the presence of mouse serum was not caused by an 
‘anticomplementary effect of the mouse sera since they 
contained complement and were capable. of lysing sheep 
red cells sensitized with heterologous antibodies. 

By a modified test. system some properties of the 
--resistance-inducing factors in normal mouse serum were 
investigated. Strain A red cells were treated with iso- 
antibodies and normal mouse serum as described and 


-IDENTIFICATION OF ETHANOLAMINE IN FRUIT BUDS OF AUSTRALIAN 
APPLE AND PEACH TREES | — 
i By Dr. G. P. BRINER 


Department of Agricultural Chemistry, University of Melbourne 
AND 





renal mouse varum and 
Each tube was divided 









mouse serum without antibodies. 


into four equal portions. Isoantibody was added to the —__ 


first (0-1 ml. A.CA anti-A serum 1/10), together with _ 
0-1 ml. guinea pig complement 1/2 diluted, only com- — 
plement. to the second, only BSS to the third and water 
to the fourth. BSS replaced the missing components. It” 
was regularly found that a first incubation of the red cells 
with antibody and normal mouse serum rendered them 
more resistant to a second incubation with antibody and 
guinea, pig complement, as compared with controls not 
treated with normal mouse serum. The presence of 0-005 
M EDTA of 3 mg _ heat-aggregated human y-globulin. — 
during the first incubation of antibody and normal mouse: 
serum completely prevented the change of hemolytic 
resistance. Heating of the normal mouse serum to §6°.C... 
for 30 min had no detectable effect and did not prevent - 
induction of resistance. oer: 
The results indicate that isoantibodies are capable of _ 
inducing resistance of red cells to immune hemolysis both 
in vitro and in vivo when they aet together with some 
factors present in normal mouse serum. They do not 
make the cells refractory to lysis by antibodies of other 
specificities. It seems possible, therefore, that the serum — 
factors act only on antigen-antibody complexes. The ` 
induction of hemolytic resistance can be prevented by 
EDTA and heat-aggregated human y-globulin, but not 
by heating the normal mouse serum to 56° C for 30 min. — 
Although the mechanism by which the serum factors 
induce cellular resistance is not known, it might- be 
speculated that they prevent the complement-fixing | 
ability of the isoantibodies, possibly by binding to the 
antibody receptors responsible for complement-fixation . 
or by destroying these receptors. It seems probable that 
the induction of hemolytic resistance by isoantibody and 
the serum factors is wholly or partially responsible for _ 
the survival of incompatible erythrocytes in antibody 
treated recipients. es 
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RUIT trees, particularly apples, store considerable 
amounts of nitrogenous reserves for current growth 
and production’*. These reserves consist mainly of 
soluble organic nitrogenous compounds such as amines, 
~ amides and amino-acids. We have found that in apple 
trees under normal conditions, arginine, asparagine, aspar- 
tic and glutamic acids account for. up to: 90 per cent of 
“them*5, so that the total determination of these constitu- 
-ents would provide a reasonable approximation of the 
nitrogen nutritional status of the tree. However, when 


- ayatritional or environmental conditions. are abnormal, 


there will be changes in the amount and in the composition | 
of the nitrogenous reserves**. As leaf tissues show practic- 
ally constant low levels of soluble organic nitrogen through- 
out the season’, other plant parts more suitable for storage 
were examined for these reserves. Twig, bark, buds (both 
fruit and leaf), root bark and thin roots were found to be. 
the storage sites®. ; eee ae 
As. the published methods for separation of amino- _ 
acids involved two-way. chromatography and did: not 
lend themselves to large-scale. sampling. we develope 
a fast method based on paper electrophoresis.: 
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2 gof fresh, or an equivalent amount of dry, tissues were 
macerated in a high-speed Serval macerator, with 30 ml. 
of 75 per cent aqueous ethanol, centrifuged and the 
supernatant then evaporated to dryness at room tempera- 
ture under vacuum. The solids were dissolved in water 
(2 ml.) and used immediately or stored in a freezer until 
further use. 

Six samples (0-005 ml. each) were spotted on to the 
centre of a 22-cm long and 19-cm wide sheet of Whatman 
.3.MM paper and dried. The paper was inserted into a 
Shandon Universal electrophoresis apparatus Kohn mark 2. 

The paper was wetted from both sides with barbiturate 
buffer (pH 8-6) and a Vokam 2541 d.c. power supply used 
to give a constant current of 9 m.amp. After 3 h the 
separation was completed. The paper was first dried for 
-about 20 min at 78° C. The paper was sprayed with 

acidified ninhydrin’ and the colour was developed at 

78°C, 
~The separated materials were located as follows: to 
anode, aspartic acid 8:0 cm and glutamic acid 7-0 em; 
to cathode, arginine 7-5 cm, unseparated materials 0-25 em, 
while asparagine remained on the spotting line, but was 
_ clearly distinguished by the brown colour (Fig. 1). 

- When an electrophoretogram of peach or apple flower 
bud extracts was run for only 1 h an extra spot appeared 
on the cathode side little more than twice as far as the 
arginine. This spot gave a purple coloration with the 
acid ninhydrin reagent. 

To identify this spot several amines, including ethanol- 

amine, cadaverine, agmatine and putrescine, were tried. 
_ The results are shown in Fig. 2. It can be seen that only 
ethanolamine showed the same distance of travel as the 
unknown spot. Ninhydrin gave a blue-purple colour with 
putrescine and brown-purple with eadaverine, and only 
agmatine spots were the same colour as the ethanolamine. 
When mixed spots were run with the extracts only 
ethanolamine showed no separation. 

The unknown spot also could reduce 0-001 M perman- 
ganate and 0-1 M iodine in potassium iodide solution. 
This is also characteristic of ethanolamine. 

Several amines have been found to be present in flowers 
of many plants, and the blossoms of Resaceae species "were 





12 B 4 





5 







Fig. 1, Location of amino-acids on Whatman 3 MM paper, after electro- 

phoresis with pH 8'6 barbiturate buffer: 1, aspartic acid; 2, glutamic acid; 

3, asparagine; 4, unseparated; 5, arginine. Apple tissue extracts: 

4, thin roots of tree supplied with nitrate nitrogen; B and C, ditto 

grown without nitrogen; D and E, twig bark of trees supplied with 
nitrate nitrogen; F, ditto of tree grown without nitrogen 
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thanal- 
maine 





found to be especially rich in them’. However, 
ethanolamine has been identified in these tissues before, LS 
probably partly due to the inefficient anslytieal methods 
then used. Possingham’ unexpectedly found efhana|: 
amine in tomato plant although the presence of this 
compound in a hydrolysate of a soybean plant has been 
recorded by Woolley”. 

Ethanolamine could be derived from serine by devar- 
bexylation, but so far no serine decarboxylase has been 
identified?! 

Klein and Steiner’ suggested that amines in 











plant tissues 
ig of am, 
in higher plants was investigated by Grassmeann and 
Bayerle. They found that when amino-acids were added 
to macerated flower buds no synthesis of amines through — 
decarboxylation of amino-acids took place. i 
The role of ethanolamine in the fruit buds of apple and 
peach trees is not known. Some workers’ believe thet 
amines in flowers of higher plants are a means of attracting 
insects for pollination. Others’ think that these simple 
nitrogen bases may well prove to be more widely oceurring 
than is commonly supposed. The relatively high arnounts 
of ethanolamine found by us in flower buds of apple and 
peach trees, which were 0-250 and 0-400u per mg dry we. 
respectively, could indicate a special significances of the 
presence of this compound. As in other tissues of fruit 
trees, particularly twig bark and roots, the amounts of 
ethanolamine detected were comparatively small. 
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“A CONCEPT OF THE HOST-PARASITE RELATIONSHIP IN VERTICILLIUM 


WILT DISEASES 
By Dr. P. W. TALBOYS 


East Malling Research Station, Maidstone, Kent 


N Verticillium wilt diseases the pathogen present in 
the soil becomes active in the rhizosphere of the host, 
penetrates the epidermis, hypodermis (when present), 
cortex, endodermis and pericycle of young roots and so 
enters the vascular system. The subsequent growth and 
secretory activity of the pathogen lead to acropetal and 
sometimes unilateral development of the characteristic 
leaf symptoms, namely, chlorosis, desiccation and necrosis 


: (often either sectorial or marginal and interveinal at first) 
<i followed by abscission and defoliation. 


Stem and root 
necrosis may also occur eventually. 

The two minimal requirements for the development of 
any vascular wilt disease are: (1) that the pathogen shall 
enter the vascular system of the host; (2) that it shall 
~ continue to colonize the vascular system to some minimum 
extent and with some minimum intensity. It follows that 
any characteristic of the host that tends to exclude the 
pathogen from the vascular system, or to restrict its 
spread within it, is likely to contribute to the host's 
resistance; any characteristic of the pathogen that facili- 
tates its entry to the xylem, or its subsequent spread within 
it, will contribute to its virulence. 

Other conditions may also have to be fulfilled before 
symptoms occur, fot example, a particular state of water 
` tension in the environment or a particular physiological 
condition of the leaf may be required, so that even if the 
primary requirements are fulfilled the disease may not 
develop; but if they are not fulfilled it cannot develop. 

Fundamental research on the etiology of wilt diseases! 
_ has most often been concerned with the terminal phase 
of disease development, namely, symptom induction and the 
= processes immediately preceding it, and it-is in this phase 
that the determinants of resistance and virulence have 
generally been sought, commonly without success. 

The purpose of this article is to develop an xtiological 
picture of a hypothetical wilt disease in which the determ- 
-inants operate in the extra-vascular tissues-of the root. 
The resulting. model appears to provide an unusually 
complete interpretation of the ætiology of certain wilt 
diseases, and may help to elucidate others. 


Hypothetical Host-Parasite Relationship 


oo It is assumed that within the host species there exist 

varieties of high, intermediate and low wilt resistance, and 
that strains of the pathogen differ widely in virulence; 
 yeeognizing, however, that resistance and virulence are 

complementary aspects of a single phenomenon: each 

has meaning only in relation to the other, for example, 
: with strain X-of the parasite, variety A of the host shows 
high resistance and variety B shows low. resistance, but 
“with strain Y both are highly resistant. In respect of A, 
therefore, both X and Y show low virulence, but in 
- respect of B the virulence of X is high and that of Y is low. 
Hence the virulence of X can be assessed as high or low, 
depending on the host variety, and the resistance of B 
as high or low, depending on the strain of the parasite. 

It is alse assumed that the secretory activity of the 
parasite when it is within the vascular tissues of the host 
is constant, irrespective of its virulence and irrespective 
of the wilt-resistance of the host variety*; the sensitivity 
of the leaf and stem tissues of the host. to the action of 
the fungal metabolites is similarly assumed to be constant, 
whatever the host variety and whatever the strain.of the 
pathogen’. It is postulated that the severity of the 
disease depends on the quantity of physiologically active 


metabolites secreted by the fungus into the vascular fluids, _ 
and therefore on the quantity of the fungus present within 
the vessels. i 


Extra-vascular Determinants 


Pathogenic species of Verticillium colonize susceptible 
extra-vascular root tissues mainly by intra-cellular 
invasion, and mechanisms preventing or delaying the | 
penetration of the hyphw through cell-walls into non- | 
infected cells will therefore contribute to the exclusion 
of the parasite from the vascular system. This may be. 
achieved? by inherent characteristics of the walls, for 
example, the presence of suberin lamellæ in hypodermal, © 
endodermal or cork cells, or by structural modifications 
induced by the presence of the pathogen, for example, — 
lignin-like deposits and lignitubers. It may also result — 
from the action of inhibitory substances present within ~ 
the uninvaded cells either constitutively, or formed. in | 
response to the presence of the pathogen or its meta- 
bolites. 

The offensive mechanisms of the pathogen may include 
the production of toxie substances capable of suppressing 
the active defence mechanisms of the host, and the 
secretion of enzymes able, for example, to convert host. 
constituents into assimilable nutrients, to inactivate — 
inhibiting substances, or to break down cell-wall com: 
ponents and so to facilitate mechanical penetration of the — 
walls by the hyphal tips*. Os 

The efficiency of each of the various defensive mechan- 
isms of the host may conveniently be represented in this 
discussion by the frequency with which incipient penetra- 
tions by the parasite into non-infected cells are occluded 
or otherwise suppressed; conversely, the frequeney: with —— 
which penetration is achieved indicates the efficiency of |. 
the offensive mechanisms of the parasite. The combed —. 
effects of all the parasitic mechanisms together determine 
the virulence of the pathogen, relative to a given host > 
variety, and differences of virulence between, strains re- 
flect differences in the efficiency of one or more of these 
mechanisms. Similarly, the resistance of the host to a | _ 
given strain of the fungus is determined by the effective- — 
ness of all the defensive mechanisms taken together, and 
varietal differences in resistance reflect differences in the 
efficiency of one or more components of this defensive 
complex. ee ee) 

Low resistance and high virulence both imply a high | 
frequency of cell-wall penetrations and therefore a rapid 
colonization of the invaded tissue; high resistance and low 
virulence imply infrequent penetrations, a slower build-up 
of intra-cellular mycelium and a slower advance by the ~ 
pathogen towards the vascular system. The interaction | 
between the defensive mechanisms of the extra-vascular — 
root tissues of the host and the offensive mechanisms of 
the parasite thus ultimately determines the frequency _ 
with which the fungus enters the xylem and hence determ- 
ines the quantity of mycelium that enters the vascular’ 
system at the site of infection. 

The extra-vascular host—parasite interactions thus con- 
stitute the determinative phase of the disease*, for it was 
postulated above that the quantities of mycelium that 
become established in the xylem of the root determine =. 
the severity of the ultimate syndrome by determining thè 
pattern. of the subsequent host-parasite interaction; —__ 
these may culminate in the development of leaf symptoms. 


i ee 


and constitute the expressive phase of the disease. 
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Supplementary Vascular Reactions 


If the vascular system were freely available for coloniza- 
tion it would be expected that in the course of the expres- 
sive phase the growth of the mycelium from occasional 
slight initial infections would eventually become as profuse 
and extensive as that from intense ones, and that identical 
syndromes would ultimately result. However, supple- 
mentary mechanisms operating within the vascular tissues 
apparently provide a means of maintaining the differentials 
established in the determinative phase’. 

The presence of a pathogen in the xylem of many plants 
induces responses ing with the traumatic 
reaction of the tissue, namely, the formation of tyloses 
or the secretion of gum into the lumena of the vessels, or 
both; each reaction depends on the activity of the adjacent 
xylem parenchyma cells, and is probably either a direct 
response to the presence of an appropriate concentration 
of a metabolite secreted by the pathogen, or a response to 
substances released by other host cells as a result of 
damage caused by the pathogen’s metabolites. Tylosis 
and is can each occur in advance of the invading 

and either may restrict the further movement 
of the pathogen and its metabolites by blocking tho 
vessels’. But the rate of development of these obstruc- 
tions is critical, for if they form too slowly the fungus may 
extend beyond them before blockage has occurred. It is 
therefore, that there is a critical range of 
concentrations of the fungal metabolites within which 
direct or indirect induction of tyloses or gum deposits 
occurs sufficiently rapidly to occlude the pathogen, and a 
corresponding critical range in the quantity of vascular 
mycelium producing these substances (Fig. 1). A quantity 
of mycelium sufficient to exceed the critical range and thus 
to suppress the development of obstructions could result 
either from several concurrent slight infections in close 
proximity or from fewer more extensive or more intense 
invasions. The minimum quantity required to 

achieve this will be termed the threshold value. 


e Critical 
range 


Threshold 
(quantity of vascular mycelium) 
Fig. 1 

Thus, in the hypothetical disease, quantities of mycelium 
exceeding the threshold-level suppress the obstructive 
mechanisms, and this allows unrestricted colonization of 
the whole vascular system, the movement of toxic metab- 
olites, and the development of acute symptoms. Whether 
it is sufficient for intense colonization to occur once, or 
whether it needs to occur a number of times to induce 
disease in a single plant, is likely to depend on the size of 
the plant and the complexity of the vascular system. 

Toxin-induced necrosis affects leaves relatively uni- 
formly if colonization by the pathogen has been unre- 
stricted. Sometimes accumulation of toxic substances 
either in the terminal tracheids of the leaf vascular system 
or in the parenchymatous cells immediately surrounding 
them appears to induce necrosis initially at these sites*, 
leading to desiccation first in the interveinal and marginal 
areas, and ultimately in the whole leaf. 

In contrast, very small amounts of mycelium fail to 
induce tylosis or gummosis of the vessels at first, but with 
continued production of mycelium the critical range is 


Very high 
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achieved, obstructions are induced, and «growth and 
movement of the pathogen and its metabolites ære re- 
stricted. Small amounts by-passing the obstructions 
induce further tylosis or gummosis, and the ce is 
therefore self-perpetuating. Vascular colonization by the 
pathogen is thus greatly retarded, the quantity and distri- 
bution cf its metabolites are restricted, and the resulting 
symptoms are limited in extent and mild in intensity*. 

Necrosis associated with vascular obstruction may 
develop in clearly defined and sometimes very small sectors 
of the leaf, namely, those areas for which the vascular 
supplies have been blocked. The area of a leaf affected 
will depend on the proportion of its vascular supply 
that is occluded. 

However, extensive vessel blockage resulting from 
numerous and widespread slight infections may itself 
reduce the movement of water sufficiently to cause wilting 
and extensive necrosis of the leaves; the potentiality thus 
exists within a single host species for leaf neerosis to be 
induced either by direct toxic action of the pathogen's 
metabolites or by vascular occlusion. 

Even when extensive blockage of the xylem occurs, the 
host may be able to survive, showing only mild symptoms, 
if it has the capacity to form new secondary xylem tissues 
at a rate sufficient to compensate for the loss of function 
in the occluded vessels. Such activity appears to be a 
further component of the traumatic reaction and is & 
characteristic feature of the host-parasite relationship in 
certain wilt diseases’. 

An important consequence of the intra-vascular reactions 
is that there is not necessarily a continuous quantitative 
relationship between determinant factors and the severity 
of symptoms; instead (Fig. 2), a continuous variate, namely, 
the quantity of mycelium initially entering the xylem, 
can ultimately be expressed discontinuously in two sub- 
stantially distinct syndromes, mild and acute, depending 
on whether the fungus is or is not suecessfully occluded in 
the vascular system, that is, whether or not the threshold 
level of infection for the inhibition of tylosis or gummosis 
is exceeded. 


+, Increasing ACUTE __, 
symptoms 7 


High p 


Wilt index * 





Very low Threshold Very high 
Intensity of vascular invasion 
Fig, 2. *Wilt index takes account of the severity of symptoms and the 
rate at which they develop 


Chance as a Factor in Wilt Actiology 


The development of acute symptoms evidently indicates 
that, on at least a minimum number of oceasions, infective 
units of the pathogen have contacted host roots at sites 
where the host-parasite interaction could lead to vascular 
colonization exceeding the threshold-level, that is, where 
the resistance is low. The frequency with which this 
occurs is a matter of chance, and depends on the extent of 
suitable sites on the host root system and on the concentra- 
tion of infective units of the fungus in the soil. 

Extent of low-resistance zones. The concept of low- 
resistance zones even in roots of highly resistant varieties 
is not inconsistent. In a given root each tissue may be 
represented in all phases of its development from initiation 














maturity end, 
; canhot be expected, eens that the resistar 
particular tissue will be constant throughout a given 
root, nor that the resistance of the root will be constant 
throughout its length. Thus, mechanisms depending on 
the mature state of a tissue, for example, endodermal or 
© hypodermal suberization and cork formation’, are likely 
-vto inerease in efficiency with increasing distance from the 
“root tip, whereas those requiring an immediate metabolic 
“response to the presence of the pathogen, for example, 
lignituber formation, would be expected to become less 
efficient, particularly in the superficial tissues in which, in 
dicotyledons, senescence and degeneration cormmonly 
occur relatively early in the life of the root. Even in a 
variety of very low resistance the older parts of the root 
system that have developed a continuous layer of ‘cork 
will be virtually immune from infeetion; but the resistance 
of the plant as a whole will be limited by that of the least 
resistant parts of the roots. 

= Suppose, for example, that in Fig. 3 the curve AB 
represents. a cortical defence mechanism the efficiency of 
which declines with increasing distance from the root tip, 
- while Y Z represents a mechanism depending on cell-wall 
suberization, increasing in efficiency with age of the tissue 
and ultimately excluding the pathogen completely. 
Suppose also, for simplicity, that these mechanisms are 
_ additive in their effects; then the line AOP represents the 
- efficiency of their combined action; and O will be the least- 
‘resistant site on the root of this variety. If in another 
variety the first mechanism is still represented by AB 
but the second is now represented by the line WX, their 
combined action will be represented by AQR, with Q 
the least-resistant site. Two facts are immediately 
evident: (1) That the lowest resistance on AOP is well 
below that on AQR. (2) That on AOP the resistance of 
the whole length of root from @ to C is lower than any 
point on AQR. Hence, because the combined resistance 
of the least-resistant zone is higher in the second variety, 
-and also because this zone is smaller, the probability of 
intense vascular invasion occurring in the second variety 
ds less than in the first, given a constant concentration of 
infeetive units of the pathogen in the soil. Hence the 

= second variety will develop acute wilt less frequently. 
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The extent of the most susceptible zones, which may 
represent a comparatively small proportion of the root 
system, could thus be as significant a. component of 
resistance as the absolute resistance of its tissues. 

It is important to bear in mind that the extent of the 
low-resistance zones is determined by the pathogen as well 
as by the host. Fig. 4 illustrates the relationship that 
would be expected to exist between the same two varieties 
and a strain of the pathogen with a reduced capacity to 
overcome or suppress the cortical defence reactions; this, 
in effect, corresponds with an increased: level of cortical 
> resistance and a reduction in the extent. of the low-resist- 
0e ance zone, Here, even in the less-resistant variety, 













-the likelihood of intense vascular invasion. occurring. is 
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tip differentiated 


Stage of root development 
Fig. 4 i a 
much reduced and indeed is likely to be even less than is 
suggested by the diagram for, if the passage of the patho- 
gen through the cortex is slow, endodermal cells that were 
unsuberized when infection of the epidermis in that zone 
was initiated may have become completely suberized oe 
by the time that the fungus has penetrated to the) inner 
cortex. 
Pathogen concentration in the soil. Whether or not a 
given plant will develop acute disease will also be determ- 
ined by the coneentration of infective units of the patho- 
gen, and this will depend on factors affecting the avai 
ability, distribution and viability of mycelium present in 
infeeted plant debris and of conidia in the soil, for exaraple, 
the presence or absence of susceptible hosts, the move- 
ment of free water, and the activity of antagonistic and 
competitive micro-organisms in the general mass of the. 
soil and in the rhizosphere; the status of the pathogen ata __ 
particular place and time represents the present.state of __ 
the interaction between factors tending to increase its 
concentration in the soil and others tending to inhibit or 
destroy it. ee 
At very high concentrations of infective units many: of oe 
the low-resistance sites will be infected, and disease — 
development. will depend mainly on the host--parasi 
interactions; but at very low concentrations. the ava: 
ability of infective units will become an increasing! 
limiting factor. The chances of any particular plant 
becoming diseased (and hence the frequency with which 
acute disease appears in a population) will decrease with 
diminishing concentrations of the pathogen, and will 
approach zero in varieties of progressively lower resistance. 
Though the relative frequencies of severe disease .. 
development associated with varietal or strain differences 
will be determined by the host-parasite interaction, the- 
absolute levels will be elevated or depressed by corre- 
sponding variations in pathogen concentration. 
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Influence of Environmental Factors 


So far the modifying effects of environmental factors 
on the hypothetical host~parasite interaction have not 
been considered, although sensitivity to seasonal variations 
is an important feature of many wilt diseases. 

The overall effect of a difference in an environmental 
factor on disease development represents the sum of its 
effects on all the interacting processes contributing to the 
host~parasite relationship. A difference in the dosage of 
any one factor. will increase or decrease the expression of 
each mechanism according to the form of its dosage/ 
response relationship {though some mechanisms may show 
no response to some factors). Consequent differences in. 
the efficacy of the various offensive and defensive mechan-_ 
isms result in differences in the host~parasite balance and 
therefore in the probability of the threshold. level of oe 
vascular invasion being exceeded. oe 

A hypothetical example of this is illustrated in Fig. 6 
In this the frequency distributions are shown for the level: 
of vascular invasion occurring in varieties of hig 
intermediate w and. low a PONE, unde 
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Fig. 5 


environmental conditions (A) and under conditions deviat- 
‘om. ‘average’ (B). The threshold level of invasion that 
be exceeded for acute wilt to be induced is also indi- 
The effect of changing from the (4) environment to 
(8) environment has been to reduce the efficiency of 
= resistance mechanisms, and as a result the frequency 
< curves have been displaced towards higher intensities of 
_ vascular invasion; consequently the frequency of acute 
disease in variety (6) has been greatly increased, but (a) 
and (c): have only been slightly affected. A much greater 
environmental stress would have been required to induce 
appreciable acute wilt in (a) and a large stress in the 
site direction would be required to reduce the wilt 
ncidence in {e}. Thus it is to be expected that the inei- 
dence of wilt will tend to vary considerably from season to 
cason and from site to site in varieties of intermediate 
istance, whereas varieties at the extremes of the resist- 
` range will perform more. consistently, and will only 
show marked differences of wilt incidence when environ- 
_ mental conditions deviate greatly from the ‘average’®, 
Thus differences in the resistance of the host, the virul- 
© ence- of the parasite, the concentration of the parasite 
in the soil and the environmental conditions are all 
nifested primarily in terms of a varying frequency of 
© disease development in the plantation, rather than 
ı Variations in the severity of the wilt syndrome. This 
nds to be obscured when, for example, one strain of the 
pathogen kills all the test plants of a variety to which 
it has been inoculated whereas another strain induces 
ly mild symptoms and kills none of the plants; but this 
vious difference of severity merely represents the ex- 






AS it takes at least 1 h of vibration to obtain appreciable 

TA results in the preparation of cell-walls of Clostridium 
bifermentans when Mickle’s' tissue disintegrator is used, 
other methods were sought. After preliminary experi- 
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ments a disintegrator was constructed (Fig. 1), 
head of the disintegrator are two ball-races t 
shaft, at the lower end of which a-ring is riv 
found that for optimum efficiency the ratio of inner 
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treme frequency limits, namely, 100 per con! acute wi 
the first instance, and 0 per cent in the second, "I 
highly variable field conditions, when tha range of wi 
tion within the mild and acute syndromes is la 
discontinuity between them may not always be ao ele 
defined; but in a controlled laboratory envirenment t 
differentiation is generally unequivocal. The di 

tinuity is the logical basis for the ad hoc testi hod, 
that have long been used to determine wilt-resistance of 




























It has been postulated that the factors that dete 
the frequency and intensity of wilt development oy 
in the pre-vascular phase of the relationship, and a re 
able ætiological picture of a Verticillium wilt d 3 
as hop wilt (V. albo-atrum) or strawberry wilt 
has been derived from this premise; but it s 
realistic to assert that these are the only determinnn 
the concept in no way excludes the possibility 
or alternative determinants operating with! 
system or in the extra-vascular tissues of # 
leaves. Indeed, the nature of the concept, be 
variability in structural, physiological a 
features of both host and parasite, is such the 
determinants are to be expected, for example, 1 
be variations in the threshold level of infection 
vascular occlusion is suppressed. or in the 
leaf parenchyma to the action of fungal toxine o 
shortage. The fact remains. however, that such 
ary’ determinants can only operate after vascular 
has occurred, and they can therefore onby me 
effects of pre-vascular ‘primary determinants’. 
The hypothetical relationship. outlined here provires 
a basis for investigating the etiology of an i 
wilt disease. It is not to be expected that 
the interaction will be represented in every ¢ x 
the same offensive and defensive mechanisms will siwe 















tained only by experiment and observation, but a 
prehensive hypothesis can give direction and incenti 
new research and a common reference-point for para 


investigations on numerous hosts in many countries. 
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Fig. 1. Assembled disintegrator (sectioned) 
1, Head (chromium-plated brass); 2, two ball-rases, single row, 6 mm 


internal diameter, SKF No. ELG; 3, Bpacer; 4, shaft and stirrer 

(stainless steel): flat ring made of 1-8 mm stainless-steel Plate; 5, glass 

centrifuge tube: 30 mm internal diameter, 100 mm length; 6, dis- 

integrator mantle (chromium plated: brass); 7, locking ring; 8, nut for 

shaft fixation in ball-races; 9, check-nut; holds rubber tubing extension 

to motor shaft; 10, stainless steel plate; 1-8 mm; pressed into the 
rim; 11, hollow rubber plug (centrifuge tube support) 


meter of the test-tube to the outer diameter of the ring 
must be about 1: 0-:82-1:0-85. This ring stirrer is 
immersed in a centrifuge tube, which is held in axis by a 
mantle. There are windows in the sides and at the bottom 
of this mantle for satisfactory cooling and for observation. 
The centrifuge tube is supported in the ‘head’ by a hollow 
rubber stopper at the bottom. Any washer between the 
test-tube and the head is superfluous, because during the 
operation the material remains at the bottom. 

At present I work with a centrifuge tube of 30 mm 
inner diameter and 100 mm long. Though it is optimal 
for 6-10 ml. of cell suspension, the volume may be in- 
creased to 15 ml. In this case, however, I 
use two rings on the shaft or an S-shaped 100 
stirrer (the outer diameter of which remains 
fixed). If work with larger volumes is 
planned, it is better to use a centrifuge tube 
of a larger diameter, or to have a device for 
several diameters,’ For this purpose a series 
of stirrers and adaptors for tubes of different 
diameters must be available. 

If ‘Ballotino’ glass beads are suspended in 
water only, they tend to fly to the top. This 
is prevented by a density of 5-20 mg (or 
more) dry weight of the cells per ml. Pro- 
bably the viscosity of nucleic acids holds up 
a compact column of beads and slurry during 
the process; no contamination of ball-races 
with glass beads was ever observed—the 
upper end of the stirrer remained practically 
dry. In most of the experiments, 1 g wet 
weight of bacterial pellet was suspended in a 
volume of 6-10 ml. The suspension is 
measured into the tube and glass beads are 
added (‘Ballotino’ No. 16 of Czech gradation 
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is used, that is, 0-09 mm mean diameter), as long as they 
sink; the surface of the glass bead column is equal to that 
of the suspension column?, For 10 ml. of cell suspension 
about 26 ml. of ‘Ballotino’ No. 16 is sufficient. The test- 
tube is immersed in the mantle; the disintegrator is 
assembled and sealed with the locking ring. It is then cooled 
in an ice-bath. When the contents are cooled to 0°—-2° ©, 
the temperature does not rise to more than 7°~10° C, for 5 
min of disintegration, if the centrifuge tube remains in an 
ice-bath at 0° C during the process. If a dry ice-bath is 
used, the temperature does not rise to more than 1°-2° C. 

After cooling, the shaft of the disintegrator is fastened 
by rubber tubing to the motor shaft to get a quiet course., 
A small motor,.20 W, 120 V, 0-5 amp, 4,000 r.p.m., is used 
(MEZ, type K2G2). Tho head of the disintegrator is 
held either by hand or fixed with a clamp to a laboratory 
stand. The motor is loosened by an energy regulator. The 
time of disintegration depends on the specimen and must 
be determined experimentally. For example, at least 
87 per cent (or more) disintegration was achieved at about 
3,000 r.p.m. with Micrococcus lysodeikticus and Escherichia 
coli in 1-5-2 min, with Bacillus megaterium KM and 
Corynebacterium pyogenes in 2-3 min, with Cl. bifermentans 
P3 in 3 min, with spores of Ci. bifermentans P3 in 3 min, 
and with baker’s yeast in 4-5-5 min. Fig. 2 illustrates tho 
rate of disintegration. The results are reproducible 
within about 2 per cent if the microbial suspension is 
prepared in the same way (strain, age of cells, composition. 
of growth medium). The disintegrated material can bo 
obtained: (a) by transferring the slurry to a centrifugal 
drying device for crystals to get the original concentration; 
or (b) by adding an equal volume of diluting agent, mixing 
and then centrifuging, after which the supernatant fluid 
has been diluted to half the original concentration; or 
(c) quantitatively, the glass beads may be decanted and 
washed on a coarse sintered-glass filter. The material is 
then diluted 10-15 times. 

The apparatus was used for cell-wall preparations of 
B. megaterium KM, Q. pyogenes, M. lysodeikticus, Cl. 
bifermenians P3 and E. coli. The method of preparation 
after disintegration was that of Salton and Horne‘ 
resulting in a yield of 15-22 per cent of the original dry 
weight of cells. 

Enzymes, or at least some of them, are not denatured 
during this disintegration procedure as measured, for 
example, by urease activity of intact cell suspension of 
Cl. bifermentans (P3; urease +; toxin +) and cell-free 
extracts (that is, supernatant of disintegrated slurry 
after 10 min of centrifugation at 3,000g). The Onn, 
(ug of ammonia nitrogen liberated from urea solution 
by 1 mg dry wt./h) was, in many experiments, in cell 
suspension between 4,400-10,000 and 10,800-16,000 in 


a 


Min 
a b 


Fig, 2a. Rate of disintegration of M. lysodeikticus at about 1,200 r.p.m. for the stirrer. 
Percentage of disintegration = 100 — (No, of intact cells x 100/No. of cells in original 
suspension) as estimated by direct counts in diluted suspensions; 2b, rate of disintegration 
of baker’s yeast at about 3,0 k 

from Nossal (ref. 3). Percentage of disintegration = 100 — (No. of intact cells x 100/No. 


00 r.p.m, Full circles, present data; open circles, the data 
af intact cells + ghosts) as by Nossal (ref. 3) 
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Fig. 3. Urease activity in M. lysodeikticus. Liberation of ammonia 
nitrogen at 30° C in 40 min, as estimated by Kjeldahl method. (1:5 per 
cent urea and M/5 phosphate buffer, pH 7, in final concentration.) 
Full circles, cell-free extract prepared by disintegration; open circles, 
cell-free extract prepared by lysozyme; crosses, intact cells 


cell-free oxtracts respectively. Summer’s urease unit was, 
for example, in one preparation contained in 750 ug dry 
weight of cell-free extract and in 1,170 ug dry weight of 
cells; the activity of cell-free extract was 1-56 times that 
of intact cells.. This increase in activity is reproducible, 
if Ringer’s solution is used in centrifugal washings and 
during disintegration. If distilled water is used, the 
extracts have a much lower activity than intact cells. 
Different results were obtained by M. lysodeckticus. 
QNH, was about 350 for cells and about 220 for extracts 
even if Ringer’s solution was the suspending medium. To 
determine the degree of eventual enzyme denaturation 
the cell-free extracts were prepared in two ways: mechani- 
cal disintegration and lysozyme lysis (5 mg of crystalline 
lysozyme for 50 mg dry weight of cells in 10 ml. volume 
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for 30 min at 37° C). Fig. 3 shows the results; no inacti- 
vation could be detected. The difference in the eratio: 
urease activity of extract/urease activity of intact cells, 
between Cl. bifermentans P3 (about 1-6) and Af. lysodetkti- 
cus (about 0-6), most probably depends on the organization. 
of cells of both organisms. 

In Cl. bifermentans P3 extracts the Stickland reactions 
were also examined. Disintegration of the cells was 
performed in a hydrogen atmosphere (gas-inIet and gas- 
outlet tubes went through the disintegrator head; not 
shown in Fig. 1). Thunberg’s technique was usod>, Tho 
velocity of oxidative deamination—as compared with 
the intact cell suspension—was at least 10 times slower in 
extracts. On the other hand, the reduction of prolino in 
the presence of benzylviologene took place in extracts 
with the same or greater velocity than with intact colls. 

This simple rotary disintegrator appears to be useful. 
The construction is similar to that of the high-speed 
blendor of Linnane and Vitols®, but 18,000 r.p.m. aro not 
required: only 3,000-4,000 r.p.m. are required for similar 
results. The reason for this low-speed offect probably 
depends on the fact that no sharp blades ar» used; the 
friction of abrasives due to stirring seems to be most 
economical. This apparatus is not effective in the prepara- 
tion of juices from vegetable material, such as green 
plants, leaves, etc. However, it was effective in preparing 
extracts from rabbit kidney (the tissue was first minced 
with scissors). The extract was used for tho dotoction 
of antigens by immunoelectrophoresis with the samc 
results as when the extract was prepared by ultrasonic 
vibration (Dr. C. John, personal cominunication). 

I thank Dr. K. J. Steel for help in preparing the manu- 
script and Mrs. L. Smolékovaé for assistance in the con- 
struction of the apparatus. 
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DOVE SONGS AS INNATELY CODED PATTERNS OF SPECIFIC BEHAVIOUR 
By BARBARA I. LADE and Dr. W. H. THORPE, F.R.S. 


University of Cambridge, Sub-department of Animal Behaviour, Madingley, Cambridge 


OVES are remarkable among birds in that their 
J vocalizations tend to be of uniform acoustic struc- 
ture (50-1,000-c/s ‘coos’), but rhythmically highly 
specific. So stereotyped are these complex rhythms that 
they provide some of the most reliable criteria for field 
identification, and it was hoped that this would facilitate 
an. investigation of the effects of hybridization on avian 
vocalizations. The doves were also known to hybridize 
éasily in captivity and to have an extended breeding 
season?)?, 

After one breeding season the work was restricted to the 
five most promising species of doves, the Barbary or Ring 
dove (Streptopelia risoria), the Turtle dove (S. turtur), 
the Collared dove (S. decaocto), the Necklace dove (Spilo- 
pelia chinensis) and the Senegal dove (Stigmatopelia sene- 
galensis), from which at least six of each of the following 
hybrid types have been obtained: 


é g 
. Necklace dove x Barbary dove 
. Barbary dove x Collared dove 
. Collared dove x Barbary dove 
. Senegal dove x Barbary dove 
. Kartio dove x Barbary dove 
. Necklace dove x Collared dove 


Tnitially it was hoped to demonstrate the effect of 
hybridization on song-learning ability; but pilot experi- 
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ments involving isolation of young doves and rearing of 
the eggs of one species by another failed to chango the 
song in any way, indicating that the songs of doves must 
be considered to be genetically coded in some way. The 
investigation was therefore restricted to the vocalizations 
produced in a breeding situation (as nearly natural as 
possible) in captivity, and our experimental birds were 
observed in outdoor 6-ft. cube avaries provided with 
nesting site and perches. Feeding was kept to a regular 
routine, and all tape-recording was carried out using & 
hide, so that the birds were subjected to as little disturb- 
ance as possible. 

Three types of ‘coo’, each associated with a behavioural 
display, have been collected and analysed for each type 
of bird: (a) The ‘perch-coo’ or ‘crow's+4 which seems to be 
a song given while perched, often when the mate is incubat- 
ing. It is not obviously directed to another bird but may 
be territorial, or a means of recalling a mate in the wild. 
(For the purpose of this work tho calls given in other 
situations, such as calling the young to be fed, or night 
calling, considered by Whitman to be included in the same 
category as perch-coos, are ignored.) (b) The ‘bow-coo’ 
or ‘display-coo’ is always object-oriented, usually towards 
another bird, with aggressive and/or sexual intent. and is 
synchronized with a bowing display. ic) The ‘nest-eoo’, 
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which is given with a head-down-tail-up-wing-flipping 
display at the nest site, apparently inviting the mate to 
nest build. 

So far as possible, each of these three vocal displays 
were tape-recorded for each type of bird available, and 
the recordings afterwards analysed on the sound spectro- 
graph. For assessing the results of these analyses, only 
variations with time have been considered in most cases, 
as the frequency is low and relatively unvaried. 

_As will be seen from Fig. 1, each species has a very 
distinctive specific rhythm, and it has been shown statistic- 
ally that within each of the three species senegalensis, 
risoria and decaocto, the bow-coo, perch-coo and nest-coo 
are all rhythmically identical. These three types of song 
have different rhythmic forms in chinensis and turtur, but 
again little variation occurs within the species. 

From Whitman’s observations, it was expected that 
the song-patterns of the hybrid doves would show a 
tendency to be intermediate between the patterns of the 
songs of the two parent species. He also suggests that 
they are less consistent when he says, of the hybrid song, 
that “it will exhibit a lack of co-ordination, a lack ‘of 
equilibrium . . . the bird has not complete control of its 
organs’. The result of the work recorded here, of the 
coos of six hybrid types only, shows that the songs of the 
mature hybrids are not always intermediate in form; 
the tonal qualities of the songs often favour that of one 
parent species, and when the birds are mature, their songs 
are ‘fixed’. An unexpected feature of some of the hybrid 
songs appears in the complete disorganization of the 
specifie rhythms. 

The tonal quality of the hybrid coos is often very similar 
to that of the pure species, and it seems likely that this 
aspect of the song depends on the form and structure of 
the syrinx not having been fundamentally changed as a 
result of hybridization. By tonal quality we refer to the 
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variations in the subjectively recognized quality of the 
coos by the human ear, and not to their rhythms. Acoustis- 
ally this depends on the relative distribution of energy 
along the frequency spectrum. Some coos are pure 
musical notes with natural harmonics, for example, 
Senegal dove songs; others appear to vary in pitch with 
fiuctuations of, or the intensity of, the dominant com- 
ponent of the frequency, for example, Barbary dove songs ;- 
others are ‘harsh’ and an analysis displays a comparatively 
wide frequency spread, for example, Collared dove songs. 
The Turtle and Necklace dove songs have a trilling quality. 

Hybridization seems to affect the specific rhythm of 
dove songs in a variety of ways, and only the hybrids 
from Barbary and Collared doves produce a song which can 
be described as rhythmically intermediate. Some hybrid 
songs seem to have been rhythmically completely dis- 
organized, and the most striking example of this is seen 
in the coos of the Senogal and Barbary dove hybrids. 
Although these coos retain the ‘pure’ tonal quality of the 
parent species, they show no sign of an intermediate 
rhythm; indeed, they have no consistent rhythm at all, 
even though both parent species songs are markedly 
rhythmic (Fig. 24). Senegal x Barbary dove perch-, 
nest- and bow-coos are similar, and consist of a single 
monosyllabic coo, slightly shorter than those of the 
average Barbary dove, with a rise in amplitude about two- 
thirds along its length, as in the Barbary dove. It seems 
unlikely that such disorganization can be explained 
morphologically but that the rhythm must have been 
disorganized at the central nervous system level. . 

The Necklace x Barbary dove hybrid is an example of 
an F, type which does have some rhythm, but it could 
not be regarded as a truly intermediate form. As the 
Necklace dove coos take three forms, an equivalent amount 
of variation might be expected in the hybrid songs, but 
this does not seem to be the caso. The coos of these 
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Fig. 1. Some spectrographic analyses of the coos of some pure species of doves. 
of the Barbary dove; B, perch, nest and bow-coo of the Senegal dove; 
Necklace dove; E, nest-coo of the Necklace dove; F, bow-coo of the Necklaca dove; 


Typical rhythmic patterns of: A, perch, nest and bow-coo 


Q, perch, nest and bow-coo of the Collared dove; D, perch-coo of the 


G, perch-coo of the Turtle dove; H, nest-coo of the 


le dove; I, bow-coo of the Turtle dove 
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Typical patterns of perch, nest and bow-coos of: A, Senegal dove x Barbary dove hybrid; B, Necklace dove x Barbary dove hybrid: 


O, Necklace dove x Collared dove hybrid; D, Turtle dove x Barbary dove hybrid; E, Barbary dove x Collared dove hybrid 


hybrids are simple in form, often retaining some of the 
trilling quality of the Necklace dove, and often with an 
accented beginning similar to that of the Barbary dove; 
the perch-coo and nest-coo are usually bi-part or tri-part, 
while the bow-coos are single and are given in a compara- 
tively rapid succession (Fig. 2B). 

The Necklace x Collared dove hybrids are quite similar 
to the Necklace x Barbary dove hybrids. Their simple 
coos are often given in groups of three, and sometimes 
each coo has an indication of two successive high-ampli- 
tude peaks, which may be equivalent to the second two 
notes of the Collared dove trio (Fig. 2C). 

The Turtle x Barbary dove hybrids produce an arrhyth- 
mic song consisting of simple coos, retaining something 
of the trilling quality of the Turtle dove (Fig. 2D). Some- 
times the beginning is accented as in the Necklace x 
Barbary dove hybrids. The bow-coos are produced at a 
more rapid rate than the nest-coos or perch-coos, but 
the form remains the same. 

The Barbary x Collared, or Collared x Barbary, dove 
- hybrids produce the most nearly intermediate vocaliza- 
tion, though the pattern and tonal quality of the song 
does not vary with the direction of the cross (Fig. 2H). 

Attempts to breed from the hybrids have proved 
successful in the following cases: 


. Turtle/Barbary dove x Barbary dove 
Collared/Barbary dove x Barbary dove 

. Collared/Barbary dove x Collared dove 
Collared/Barbary dove x Collared/Barbary dove 
. Barbary/Necklace dove x Barbary dove 

. Necklace/Barbary dove x Barbary dove 

. Necklace/Barbary dove x Necklace dove 

. Necklace/Collared dove x Necklace dove 


Tt is unfortunate that the hybrid type with the most 
disorganized song rhythms (Senegal/Barbary) scems to be 
infértile, and that only the crosses between Barbary and 
Collared doves have produced a true F, generation of birds. 
Preliminary analyses of the songs of the back-crossed 
(3:1) hybrids show that the song of the dominant 
species is produced in a very nearly normal form, that is 
to say, the disorganization effect seems to have been 
eliminated. The songs of the pure F, types have not been 
analysed as yet, but as the Barbary/Collared dove hybrids 
showed an intermediate pattern, it is hoped that some sort 
of selection patterns may be shown by a study of the 
pure F, songs. 

In summary, it seems likely that the specific rhythms 
of the songs of doves are coded at the central nervous 
system level. The effect of hybridization on the rhythm 
varies, and in some crosses brings about « completo 
breakdown in this coding so that only simple inonosyllabie 
coos are produced in the F, hybrids, while other species 
crosses produce an intermediate rhythmic pattern. The 
tonal qualities of the songs are probably a function of the 
syrinx structures; whether or not this is so, hybridization 
does not radically affect them. Where back-crossed F, 
hybrids have been produced, the disorganization of the 
rhythm seems to have disappeared, and the dominant 
species rhythm appears in a very nearly normal form. 


2 Whitman, C. O., Posthumous Works of Charles O. Whitman, edit. by Carr, 
Harvey A., 4, “The Behaviour of Pigeons” (Carnegie Institute, Washing- 
ton, 1919). 
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Bucks., 1958). 

3 Craig, W., J. Comp. Neurology, 19, 29 (1909). 
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LANGMUIR ISOTHERM IN RELATION TO MOBILITY AND 
MOLECULAR SIZE OF THE ADSORBATE 


By Dr. P. MOLYNEUX 
Chelsea College of Science and Technology, London, S.W.3 


ECAUSE of the simplicity both of its form and of the 
assumptions made in its derivation, the Langmuir 
isotherm is the most popular of all the various adsorption 
isotherms. In addition to its original application!? to 
the formation of monolayers of gases on solids, it has been 
valuable as a starting point in the treatment of multilayer 
adsorption’; its form has also been used with success in 
the elucidation of diverse other adsorption phenomena, 
such as adsorption at liquid-liquid interfaces‘, the binding 


of cosolutes by dissolved macromolecules’, and the dyeing 
of textile fibres®. 
Using the notation of de Boer’, the isotherin can be 
written in the equivalent forms: 
8 = ojos = Ka/(l1 + Ka) 3 a 
Ka = 0/1 — 6) j (1) 
where a is the concentration of free adsorbate. s is the 
amount of adsorbate attached to unit area of the surface 
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at this concentration, cs is the value of o when all the sites 
on thé surface are occupied (that is, ‘saturation’), and K 
is the equilibrium constant for the adsorption of a molecule 
of adsorbate on to a site; 0 hence denotes the fractional 
coverage of the sites by adsorbate. Thus if a system obeys 
the Langmuir isotherm, then measurements of o ənd a 
lead to estimates of the two parameters K and os, which 
respectively characterize the strength of the adsorbate- 
adsorbant interaction, and the effective area occupied by 
a single adsorbed molecule. 

Now two of the basic assumptions involved in the deriva- 
tion of this isotherm are: (1) the attached molecules are 
‘immobile’ (that is, they are held on discrete sites and are 
unable to move to other sites except by detaching them- 
selves from the surface), and (2) they are ‘small’ (that is, 
the distance between neighbouring sites is much greater 
than the molecular diameter of the adsorbate); it will be 
shown in this article that although either one of these two 
assumptions is invalid, nevertheless the adsorption data 
still fit the Langmuir relation over a wide range of degrees 
of surface coverage, and the derived adsorption parameters 
differ by up to factors of two from their true values. 

For, first, if the adsorbate is ‘mobile’, with its adsorbed 
molecules free to move over the interface while still 
attached to it, then if these molecules form a two-dimen- 
sional gas with the only interactions between them those 
of ‘hard disks’, the adsorption isotherm should become?: 


Ka = [6/(1 — 8)] exp [6/(1 — 9)] (2) 


This relation, and hence concurrent adsorbate mobility, 
has been verified for the adsorption of organic molecules 
from aqueous solution on to the interface with petroleum 
ether’; mobility would also be expected to occur at 
other liquid-liquid interfaces such as the water/mercury 
interfacet. Furthermore, appreciable mobility would be 
expected in the adsorption of a solute from solution on to 
a solid surface if the solute-solid and solvent-—solid inter- 
actions are similar, especially if these interactions are 
diffuse rather than localized. Indeed, even for the adsorp- 
tion of gases by solids, so long as no definite chemical 
bonds are formed and so long as the temperature is not too 
low, mobility seems to be the rule rather than the excep- 
tion® t, 

Secondly, even if the adsorbed molecules are not mobile, 
so long as their diameter is much greater than the minimum 
inter-site distance and the adsorption is reversible, then 
the adsorption isotherm should again have a form closer 
to (2) than to (1); for if we consider the derivations of these 
equations in terms of an equilibrium between the attach- 
ment and detachment processes, then mobility apparently 
leads to a reduction in the effective area of the adsorbant 
open for attachment by a factor of exp [0/(1 — 9)]; this 
factor rises monotonically from unity at 6 = 0, to infinity 
at 6 = 1. The derivation of a rigorous isotherm for the case 
of large adsorbate molecular diameter is mathematically 
intractable, but the consideration of, say, the pairs of 
such adsorbed molecules on the surface which are centred 
slightly less than twice their molecular diameter apart 
and which hence cover up to further approaching adsorbate 
molecules the otherwise empty space between them, shows 
that the effect of large molecular size must also be reduc- 
tion of the effective area for attachment by a very similar 


factor. The adsorption of alkali metal atoms by tungsten, ` 


where each adsorbed atom prevents adsorption in the 
four nearest neighbour sites, is one example where this 
effect comes into play''-12; it must also be important in 
such cases as the adsorption of aromatic organic solutes 
from aqueous solution on to mercury, especially with 
solutes such as naphthalene derivatives which, if adsorbed 
‘flat’ on to the surface, have molecular diameters of about 
10 A (ref. 4) as compared with only 3 A for the mercury 
atom itself!8; a similar situation holds for the adsorption 
of large planar organic dye-stuff molecules by natural and 
synthetic polymers (textiles, etc.). 
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Fig. 1. Reciprocal plots for normal (circles and full line), and ‘random’ 

(squares) Langmuir adsorption. The figures opposite each pair of points 

are the corresponding 0@-values; the broken and chain-dotted lines are 
explained in the text 


We can therefore assume that equation (2) is the form 
of the isotherm for a system showing all the Langmuirian 
characteristics except that there is either complete 
mobility or large molecular diameter of the adsorbate 
molecules; since, at least at moderately low degrees of 
coverage, the molecules will in either case no longer con- 
form to any definite pattern, such as that of the adsorbant 
sites, we will refer to either case as ‘random’ adsorption. 

Although the possibility of mobility of adsorbed 
molecules is widely recognized, little attempt seems to 
have been made to discover to what extent such mobility 
could be compatible with the normal Langmuir isotherm; 
thus de Boer", in a comparison of the forms of the normal 
and the ‘mobile’ isotherm, merely indicates that mobility 
leads to a ‘stronger saturation character’. The effect of 
large molecular size does not seem to have been discussed 
before from this point of view. 

One common and convenient method of testing for 
obedience to the Langmuir isotherm is to plot 1/o against 
l/a; for rearrangement of equation (1) gives: 

l/o = 1/os + 1/Kacy (3) 
and hence if the adsorption is Langmuirian the plot will be 
linear with an ordinate intercept of 1/os and a ratio inter- 
cept/slope of K. Fig. 1 shows such reciprocal plots for 
the two cases where o is given either by equation (1) or 
by equation (2); for simplicity both os and K have been 
set equal to unity, and hence the plot for equation (1) 
is a straight line of unit slope and unit intercept; the 
plot for equation (2) (‘random’ adsorption) can be con- 
veniently divided into three sections: 

(a) Very small degrees of coverage. It might be thought 
that since in this case (6 — 0) the factor exp [6/(1 — 9)] 
tends to unity, then the two forms (1) and (2) should 
coincide; however, if we expand the exponential in equa- 
tion (2) and neglect terms of the order of 0? and higher, we 
obtain: 

Ka = 0/(1 — 26) for 0 — 0 
that is: 
2Ka = 26/(1-26) (4) 
Fig. 1 confirms this, for at large values of l/c the plot 
becomes asymptotic to the straight line (chain-dotted in 
Fig. 1) of unit slope and intercept two. This behaviour 
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would be significant in experimental. studies limited to 
low degrees of coverage, either because of low solubility 
or low vapour pressure of the adsorbate, or because of 
tho early-onset of multilayer formation, for if the adsorp- 
tion-were assumed to be normal Langmuirian but was in 
fact ‘random’, the adsorption parameters deduced 
(o, and K) would be in error by factors of two. 

(b) Moderate degrees of coverage. As 0 is increased the 
plot for ‘random’ adsorption naturally deviates increas- 
ingly from the line given by equation (4); nevertheless, 
over the range 6 = 0-1-0-4, the points are a close fit 
(with an average deviation of less than I per cent) to 
another straight line (the broken line in Fig. 1) of slope 
1-03 and intercept 1-75; if encountered in practice, this 
close fit would be taken to prove the system to obey 
normal Langmuirian behaviour; the adsorption parameters 
deduced would be: 


oe = 1/1-75 = 0-57, and K’ = 1-75/1-03 = 1-70 


as compared with the correct values of unity for both. 
The closeness of this fit is ostensibly made even better 
by the fact that it holds up to an apparent degree of 
coverage (0’) of 0-7, corresponding to the true one (6) of 
0-4. Thus here again, even for a system known to be 
‘random’, the experimental data would fit in well with 
normal Langmuirian behaviour; in this case the adsorp- 
tion parameters would be 60-70 per cent in error. 

(c) Large degrees of coverage. Fig. 1 shows that, for @ 
greater than 0-4, the points representing ‘random’ adsorp- 
tion fall more and more below the line they fit at moderate 
0, finally approaching the ordinate axis to become a 
vertical tangent at the saturation point; this is inter- 
pretable in terms of the progressively greatér efficiency 
of the ‘random’ molecules, as compared with small 
molecules conforming to the pattern of the sites, in cover- 
ing up the surface towards free molecules approaching for 
attachment. If encountered in practice, with a system 
for which the linearity of the reciprocal plot at moderate 
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degrees of coverage had been taken to show the behaviour 
to be normal Langmuirian, then this behaviour at*high 6 
might be explained away as due either to the presence of 
extra sites (extra, that is, to the os’ equivalent sites the 
surface was ‘deduced’ to contain) with adsorption con- 
stants K progressively decreasing to zero, or else to 
long-range repulsions between adsorbed molecules; either 
(or both) of these effects would indeed, if present, become 
prominent at these high degrees of coverage, and hence the 
curvature would not lead one to suspect tho basic adsorp- 
tion to be ‘random’ rather than normal Langmuirian. 
The equations (1) and (2) naturally represent only the 
extremes of behaviour with respect to mobility or mole- 
cular size; in addition, we have neglected many factors, 
such as heterogeneity of the sites, lateral interactions 
between adsorbed molecules, and multilayer formation. 
which would arise in most real cases and would complicate 
the behaviour. Nevertheless, even the present simplified 
treatment shows that it is necessary to use caution both 
in the application of the Langmuir isotherm to adsorption 
phenomena, and in the interpretation of the dorived 
adsorption parameters. 
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THE GLEN DESSARRY SYENITE, INVERNESS-SHIRE 


By Dr. R. St. J. LAMBERT, Dr. A. B. POOLE and S. W. RICHARDSON 


Department of Geology and Mineralogy, University Museum, Oxford 
AND 


G. SCOTT JOHNSTONE and D. I. SMITH 
Geological Survey of Great Britain, Edinburgh, 9 


HE igneous complex and associated hornfels discussed 

here were described by Harry? as “a hornblendic 
inlier petrographically comparable with the Lewisian”, 
occurring within the Moine schists. Subsequent indepen- 
dent investigations have led to the conclusions that the 
complex is of purely igneous origin, though containing 
some unusual features (primarily the work of the Oxford 
authors), and that it does not occupy the structural 
position earlier assigned (Geological Survey authors*). 
‘Both Oxford and the Survey groups recognize that the 
complex has no prima facie Lewisian affinities. 

Because of the critical structural position occupied by 
the complex, which is the only alleged Lewisian inlier 
lying to the south-east of a line drawn north-east from 
east Morar, and its unique mineralogical features, this 
summary has been prepared pending publication of 
detailed petrochemical investigations by the Oxford 
authors and a new geological map and structural analysis 
by the Geological Survey of Great Britain. We thank 
the Director of the Geological Survey of Great Britain 
for permission to publish this joint article ; we also thank 
Dr. G. H. Mitchell for his assistance and Prof. L. R. Wager 
for his advice. 

The Dessarry syenite, lying about 15 miles north-west 
of Fort William, is surrounded by psammites of the Moine 


schists, which are within the sillimanite zone. These 
psammites, now partially gneissic in character, have a 
generally vertical foliation, with evidence of three deforma- 
tional episodes. Pelitic horizons in the surrounding area 
are in the form of highly pegmatitic two-mica gneisses : 
as elsewhere within the Moine schists, highly calcareous 
rocks and pelites with excess alumina are absent. 

The accompanying, simplified, geological map (Fig. 1} 
contrasts with that of Harry in nomenclature, in detailed 
distribution of the varieties of all types of rock and m 
the description of the sediments within the complex as 
included blocks of hornfels, the nomenclature being based 
on the petrographic identification of the Oxford workers. 
The complex contains four main varieties of rocks of 
igneous aspect ; mafic syenite (in part mesocratic) ; leuco- 
cratic syenite ; granite veins ; and granite peginatite, the 
last two being small in total bulk. The mafic syenite 
corresponds approximately to Harry's ‘“hornblendic 
gneisses” and “felspar-porphyroblast rock”, while leuco- 
cratic syenite is equivalent to Harry’s “‘pale gneiss” which 
includes some porphyritic types. The granite veins are 
very restricted in occurrence ; the main masses of gramtc 
pegmatite (Fig. 1) are probably of the same age and 
mode of formation as the numerous rectilinear pegmatite 
veins which cut all the syenites. 
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Bodies of pelitic hornfels characterized by the assem- 
blage kyanite-sillimanite-muscovite-biotite-albite-quartz 
(+ staurolite + garnet) have been found at the eastern 
edge of the complex in Glen Dessarry, near its south- 
western tip by Glen Pean House and at several localities 
on. the ridge between Dessarry and Pean. The external 
hornfelses are very thin and are confined to a distance 
of a few metres from the contact ; but the internal masses 
are more substantial. The latter are generally associated 
with lenses of forsterite-marble and calcsilicate rocks. 
None of these caleareous rocks occurs outside the margin 
of the complex and none is known nearer than 20 miles 
to the south at Ardgour. 

The western margin of the complex is characterized by 
the variable development of a zone of biotite gneisses con- 
taining appreciable epidote, togéther with massive psam- 
mitice rocks containing disorientated blocks of schistose 
psammite (the pseudo-conglomerate of the Geological 
Survey). In Pean House burn, one body of massive 
psammite develops rheomorphic veins which intrude the 
adjacent syenite. Elsewhere around the margin of the 
complex, the psammites adjacent to the syenite develop 
a glassy appearance and assume a most distinctive texture, 
in which subspherical microclines lie isolated among 
strongly lineated quartz. 

The only primary ‘light’ minerals in the igneous rocks 
of the complex are microperthitic potash-soda feldspar, 
and microantiperthitic soda-potash feldspar ; minor 
quantities of quartz are found only in the granite veins 
and pegmatites. In the more mafic syenites, only one 
primary feldspar occurs, a zoned, Carlsbad- or Baveno- 
twinned microperthite of composition in the range Orss 
Abas Ans to Ora Abss Ans (analyses of single crystals). 
In the leucocratic rocks, two primary feldspars coexist, 
one perthitic, one antiperthitic, with compositions in the 
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range Ors Abas Ans to Oras Abso An, (analyses of single 
crystals). No zoning has been observed in the anti- 
perthites. These data suggest crystallization of the mafic 
syenite under conditions of one-feldspar crystallization on 
the K-feldspar limb of the Or-Ab-H,0( —CO,) system, with 
subsequent crystallization of the leucocratic syenite under 
invariant conditions, with intersection of solidus and solvus 
in the same system. These feldspars are all microcline 
plus low albite; the microcline (rarely twinned in thin 
section) has a triclinicity of 0-71 (mean of 10 determina- 
tions, ranging from 0-67 to 0-74). Measurement of 20 
copper Ka for feldspar (201) and quartz (1010) for six 
crystals suggested that, within experimental error (+ 0-1° 
26), the compositions of the exsolved microcline and albite 
phases were those of the pure end-members (excepting 
the An content of the plagioclase) by use of the curves 
of Koritnig*. 

The primary feldspar (up. to 5 cm size) shows varying 
degrees of breakdown into a 0:2 mm granular aggregate 
of poorly twinned microcline and albite (composition 
Ani +3 by standard extinction angle methods), con- 
comitantly with which the rocks lose their coarse-grained 
randomly orientated texture and take on a steeply plung- 
ing mineral lineation, usually without any foliation. This 
appears to have. occurred more easily in the most mafic 
syenites than in any other type, so that the majority of 
these possess a metamorphic lineation. : 

The ferromagnesians of the syenites include zegirine- 
augite, mildly alkali-hornblende, often intergrown with 
the clinopyroxene, and biotite, with orthite, sphene, 
apatite, magnetite and calcite. Diopsidic augite occurs 
more frequently in the mafic rocks, but is comparatively | 
rare. 

The mineral assemblages of the syenites are all character- 
istically igneous, whereas the feldspar-quartz mineralogy 
suggests a simple declining-temperature differentiation 
sequence from dark syenite through pale syenite to granite 
pegmatites and veins. The norms of the analyses given 
by Harry, together with the analyses of feldspar available 
to us, when plotted on to the quartz-alkali feldspar 
system*® are in accord with this suggestion. Further 
analyses are being made to confirm this. 

Tn the pelitic hornfels strongly lineated kyanite crystals 
are partly pseudomorphed by prismatic sillimanite, and 
are important constituents of the external hornfels bodies. 
These restricted, highly pelitic rocks contain the assem- 
blage already listed here, but various reactions may be 
seen, especially the breakdown of garnet to sillimanite 
and muscovite to sillimanite. There is no textural evidence 


' indicating instability of staurolite or biotite. Plagioclase 


ig rare or absent in these hornfels and, when present, 
oceurs only in irregularly distributed patches of up to 
1 cm diameter; in such patches the aluminosilicate 
minerals are absent. Tho calesilicate rocks range from 
almost pure calcite marble to calcite-bearing mafic 
syenites by every gradation ; some characteristic assem- 
blages being forsterite-calcite + phlogopite ; ‘diopside’- 
calcite + tremolite ; ‘diopside’-garnet-plagioclase-calcite ; 
‘diopside’-garnet-microcline-albite-calcite and scapolite- 
phlogopite-calcite. ‘The garnet-albite-calcite assemblages 
contain epidote as reaction rims between calcite and 
plagioclase. Calcite and quartz do not coexist except in 
the main granite pegmatite and in one calesilicate layer 
in the pelitic hornfels at Pean House (quartz-garnet- 
epidote-calcite). There are no corresponding gradations 
between the other principal rock types of the complex, 
namely, syenite-pelite, syenite-psammite or pelite-cale- 
silicate. This association, combined with the widespread 
distribution of calcite in the syenites and the restricted 
occurrence of marble in the Moine Series, the nearby 
occurrences both being ‘in or adjacent to igneous com- 
plexes” (where they are also associated with kyanite or 
sillimanite pelites, suggests that the marble is not sedi- 
mentary in origin, but has been produced by the inter- 
action of magmatic carbon dioxide with either the rocks 





372 


of the complex or the psammites and pelites of the Moine 
schists, by extraction of calcium oxide. Whether or not 
liquid immiscibility may have played any part in the 
generation of the marble bodies is a question which must 
remain open until further experimental evidence is avail- 
able. 

Rubidium-strontium age determinations have been 
made on a variety of whole rocks and minerals from the 
complex in an effort to determine its initial crystallization 
date and the time of the subsequent metamorphism. 
Standard techniques*-!* have been used, but the rubidium/ 
strontium ratio of the complex rocks is so low (about 
1: 30 in the typical syenites) that it has proved impossible 
to establish an isochron using present techniques. The 
degree of enrichment of radiogenic strontium-87 in the 
most favourable rock indicates, however, that an upper 
limit of age of 1,000 m.y. can be set on the complex as 
a whole in its present form. This means that the complex 
is not formed from Lewisian rock, unless it has been 
produced by partial fusion (in which case it is not a 
‘Lewisian’ inlier). 

Analyses of minerals from a pelite (2313) from the 
north-east kyanite-hornfels locality, and froma muscovite- 
plagioclase pegmatite in the central enclave of pelitic 
hornfels, gave the following results (Table 1): 


Table 1. RUBIDIUM-STRONTIUM ANALYSES OF DESSARRY HORNFELS* 
Specimen Rb p.p.m. Sr p.p.m. ®78r/**Sr to-day 
2313 whole rock 140 + 7* 250 + 12* 0°7355 + 0-0021 
2313 biotite 145 +1 12:1 + 0-2 1-1095 + 0:0025 
2326 plagioclase 5* 505 + 25* 0:7139 + 0-0024 
2326 muscovite 413 +5 535 41:1 0:8539 + 0-0031 


* X-ray fluorescence analysis 


The biotite and whole rock of 2313 had the same ®’Sr/®Sr 
(0:7169 + 0:0032) at 765 + 30 m.y. age, while the peg- 
matite minerals had the same ®’Sr/*¢Sr (0-7139) at 425 + 14 
m.y. ago. These results are not surprising in terms of 
actual ages obtained, tending to confirm the 720 m.y. and 
400 m.y. metamorphisms of the Moine schists®?, but it is 
most unusual to find a biotite yielding a higher age by 
rubidium-strontium than nearby muscovite, and further 
work on this point is necessary. The tentative conclusion 
is that the complex was emplaced at, or shortly prior to, 
the time of the Precambrian metamorphism of the Moine 
schists and partially recrystallized later. 

Petrological investigations of the Glen Dessarry rocks 
by the Geological Survey have so far been directed to- 
wards the determination of field types and not to the 
question of the ultimate origin of the rocks. Nevertheless 
the fact that the so-called ‘gneisses’ do not clearly re- 
semble known Lewisian types from other Scottish areas 
prompted one of us (G. S. J.) to abandon the term ‘Glen 
Dessarry Inlier’ for ‘Glen Dessarry Complex’, a non- 
committal term intended for use while attempts were 
being made to establish the stratigraphical and regional 
structure relationships of the rocks. 

The work carried out in the western third of the Loch 
Eil (62) Sheet suggests that the hypothesis which con- 
siders the Glen Dessarry Complex rocks to be an inlier 
is invalid or, at least, must be very considerably qualified. 
The assignation by Harry? of the schists which envelop 
the Complex to various groups of the Morar Succession? 
cannot be directly proved because of intricate folding and 
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even disruption of the rocks which lie between Glen 
Dessarry and the nearest area where the Morar Sudcession 
(or its equivalent) can be recognized-—that is, in the 
Barrisdale area. The most that can be said is that the 
enveloping psammitesmore nearly resemble the Barrisdale- 
Arnisdale Psammites of Knoydart than the ‘Upper 
Psammite” of Loch Eil”. Between Glen Dessarry and 
Knoydart, too, large-scale essentially isoclinal folds can 
be traced, and the available evidence suggests that the 
psammites enveloping Glen Dessarry lie at a high struc- 
tural level in the succession of folded rocks. Even if the 
Glen Dessarry Complex rocks were Lewisian in age they 
certainly would not represent a simple upfold of Archean 
basement in a straightforward upward succession of 
Moinian strata. Indeed, as pointed out elsewhere’, the 
observations in the Glen Dessarry envelope indicate that 
the structure is synformal, with the Complex rocks form- 
ing the synformal core (this might, in fact, be inferred 
from Fig. 1 of Harry’s paper). For some considerable 
distance on either side of the axis of this north-north-east- 
south-south-west-trending synform there is a rough 
symmetry of structure and lithology which suggests that 
the position of the Glen Dessarry Complex rocks is 
determined by structural or stratigraphical factors. 

Folding and minor structures. The envelope of the Glen 
Dessarry Complex shows evidence of three phases of 
deformation of which the second has been so intense that 
the rocks are locally disrupted to produce pseudo-con- 
glomerate, especially near the contact with the Complex. 
It is considered that the main lineation of the envelope 
belongs to this second phase of deformation and, as this 
direction agrees with the main mineral lineation in the 
hornblende rocks of the Complex*4, it follows that if these 
are of igneous origin they have been emplaced at latest, 
prior to the cessation of the second fold movements. This 
structural evidence could be taken to support the proposed 
early date of formation of the Complex rocks. 

The Dessarry syenite, emplaced before or during an 
early phase of Moine metamorphism, and partially re- 
crystallized during the 400 m.y. metamorphism, consists 
of two-feldspar mildly alkaline-syenites showing progress- 
ive breakdown of primary igneous feldspars to a microcline 
albite aggregate, approximately the reverse process from 
that described by Harry. During intrusion, kyanite horn- 
fels developed, later changing to sillimanite hornfels. The 
marbles, which are confined to the complex, do not appear 
to be ordinary metamorphosed sedimentary limestones, 
but are probably of complex origin. 


1 Harry, W. T., Geol. Mag., 88, 393 (1951), 

? Harry, W. T., Quart, J. Geol. Soc. Lond., 107, 137 (1952). 

3 Summary of Progress Geological Survey of Great Britain (a) for 1956 (1957) - 
(b) for 1958 (1959) ; (e) for 1960 (1961). 

‘ Koritnig, S., Naturwiss., 48, 665 (1961). 

8 Tuttle, O. F., and Bowen, N. L., Mem. Geol. Soc. Amer., No. 74 (1950). 

$ Drever, H. I., Geol. Blag., 76, 501 (1939). 

7 Francis, G. H., Amer. J. Sci., 254, 201 (1956). 

e Giletti, B. J., Moorbath, S., and Lambert, R. St. J., Quart. J. Geol. Soc. 
Lond., 117, 233 (1961). 

° Long, L. E., and Lambert, R. St. J., in Johnson, M. R. W., and Stewart. 
F. H., The British Caledonides (Oliver and Boyd, Edinburgh, 1963). 

1° Lambert, R. St. J., Verh. Geol. Bund. Wien. (in the press). 

1 Leedal, G. P., Quart. J. Geol. Soc. Lond., 107, 35 (1952). 

1 Ramsay, J., and Spring, T., Proc. Geol. Assoc., 73, 295 (1962). 
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` AURORAL-ZONE MAGNETIC EVENTS 


By R. S. IYENGAR* 
University of Maryland, College Park 


Gown statistical properties of auroral-zone magnetic 

events are presented here. These are based on my 

analysis of the magnetic data for three stations across the 

north auroral zone, and pertain to a period of two years 
* Present address: The University of Saskatchewan, Canada. 


following the International Geophysical Year. The 
magnetic variations treated here are of amplitude 200y 
and more (ly = 10-5 gauss), and pertaining to night-time. 
Concurrent auroral as well as radio-scatter activities are 
also considered; absorption of the cosmic noise is also. 
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Abundance (%) 





02 6 10 14 
Universal time 
Fig. 1. Mean hourly magnetic variations in the range 200-1,000y at 


three stations. *, Saskatoon; x, Flin Flon; O, Churchill 


to some extent, included. Table 1 shows the position 
co-ordinates of the three stations. The number of events 
and the total period are indicated. Owing to non-avail- 
ability of some records for some portions of the time, the 
numbers in the last column are slightly different. 

The mean hourly variation curves for all the three 
stations are shown in Fig. 1 for the north-south com- 
ponent of the magnetic field. Only magnitudes of varia- 
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Table 1 
Geomagnetic Geographic Total 
Lat. Long. Lat. Ng. No. of period 
Station CN.) CE.) (CN.) CW.) events (months) 
Churchill 68°8 322:5 58:8 94-1 1,480 24° 
Flin Flon 638 316:6 547 102-0 950 17 , 
Saskatoon 60: 3104 521 106-6 725 23 


tion are considered. The variation pattern is strikingly 
similar at each place. This kind of similarity was noticed 
even when the results were examined in groups of succes- 
sive six-month periods for each station. On the average 
there is increased activity close to the local midnight. 
Seasonal variation curves did not show too much deviation 
from this fact. However, an additional rising trend in 
activity towards early morning in winter was noticeable 
at each station. Figs. 2-3 show two examples of magneto- 
grams for the three places for the same hours of the night. 
The north-south, east-west and vertical components are all 
to be seen. 3 

Fig. 4 shows the relative abundance of.the events cal- 
culated for the same length of time for each place. The 
relative proportion is seen to be 1: 0-9: 0-5. The de- 
crease from Churchill to Flin Flon is not much, but that 
from Churchill to Saskatoon is one-half. ; 

The amplitude distribution in the range 200-1,000y, 
measured. for one whole year for each station, is shown in 
Fig. 5. There is a predominance of 200-300y abundance, 
and the curve falls off alike towards higher amplitudes. 
The relative proportion of the 200-300; events is almost 
identical with the abundance relation shown in Fig. 4.’ 

Concurrent statistical observations of auroræ indicate 
similarity of peak-activity with magnetic events. This 
is shown in Fig. 6a for Saskatoon. Both curves show two 
peaks about the local midnight at an interval of about 
2h. The individual magnetograms in Figs. 2 and 3 show 
the same directions. Thus the current systems due to the 
auroral electrojet appear to be identical for all threo 
places even on a statistical basis. The universal time for 
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Fig. 3 
Figs. 2 and 3. Magnetograms for three stations for the same hours (U.t.). Top to bottom: Churchill, Flin Flon, Saskatoon 
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the change of direction ‘of ‘the electrojet from eastward 
to westward, according to Davis', for this part of the night, 
is:close to the first poak in Fig. 1. Around this time, there 
is also reversal of auroral motions. Tho second peak is 
close to the time when many pulsating aurore are seen at 
these places. 

- . Fig. 6b shows the variation pattern of the concurrently 

“recorded very high-frequency forward scatter signal for 
tho Saskatoon—Churchill radio path. The signal is of the 
A-type of the bistatic system*. The signal at 40-5 Me/s is 
‘assumed to be reflected at the mid-point of the radio path. 
This‘point is close to Flin Flon. - 

On a statistical basis, an increased activity can be seen 
around the local midnight corresponding to v.r. 07 h, 
06 min. This time of increased very high-frequency radio 
scatter is also close to that of each of the auroral and 
magnetic events seen in Fig. 6a. The stars in Fig. 6b 
refer to the variation pattern of only the intense scatter 
recorded as full-scale or off-scale signal on the charts. A 
sharp peak is seen only about an hour in advance of the 
first peak of Fig. 6. 

‘Fig. 7 shows the relative proportion of the very high- 
frequency radio scatter to the simultaneous magnetic 
events. This is shown for both the transmitting (Churchill) 
and the receiving (Saskatoon) stations. Little association 
is seen in Fig. 7. The abundance of the Churchill magnetic 
events is very close to that of Flin Flon. The latter is 
close to the assumed reflexion region for the radio signal. 
Thus it is seen that the radio events of the type mentioned 
are not related with the magnetic events of the transmit- 
ting, receiving or even the intermediate station over which 

- reflexion is assumed. Nevertheless, at times of strong 
disturbances in the upper atmosphere, the association of 
these radio events with concurrent.magnetic events can. 
be conspicuously good. 

Cosmic noise absorption events show a good association 
with concurrently recorded large magnetic variations. A - 


Fig._4.9 Relative abundance of magnetic variations in the Tange 200- 
1,000y. Left to right : Churchill, Flin Flon, Saskatoon 
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Fig. 5. Amplitude distribution in the zango 200-1,000y, *, Saskatoon; 
x, Flin Flon; ©, Churchill 
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Fig. 6. (a) Mean hourly variation. ©, auroral activity ; x, magnetic 
activity at Saskatoon. (6) Mean hourly variation of very high-frequency 
radio forward scatter, O, inclusive of most intense events ; *, only 
most intense events 


Fig. 7. Relative abundance of radio scatter and magnetic events, 
Left to right : Saskatoon magnetic events concurrent with very high- 
frequency scatter for Saskatoon—Churchill Path ; Saskatoon magnotic 
events including those concurrent with the very high-frequency scatter 
activity ; very high-frequency forward scatter for Saskatoon-Churchill 
path; Churchill magnetic events including those concurrent with the 
very high-frequency scatter activity ; Churchill magnetic events con- 
current with very high-frequency scatter for Saskatoon—Churchill path 
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sample test for 24 auroral nights at Saskatoon showed a 
good association in 19 cases. However, this relation can 
also be poor at times. 

In conclusion, statistically similar magnetic variations 
are seen for the three stations indicated. Magnetic events 
are well related with concurrent auroral activity and show a 
mixed association with absorption events except for strong 
disturbances when the relation is good. The very high- 
frequency forward scatter events are generally little 
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associated with magnetic events. However, during strong 
aurore, the two events appear well related. 

This work was supported by a U.S. National Science 
Foundation grant to the University of Maryland Depart- 
ment of Physics and Astronomy under a research pro- 
gramme for college teachers. Part of this work was 
carried out at the University of Saskatchewan, Canada. 
1 Davis, T. N., J. Geophys. Res., 67, 75 (1962). 

2 Collins, C., and Forsyth, P. A., J. Atmos. Terr. Phys., 13, 315 (1959). 


ELECTROMAGNETIC PROPAGATION 


By Dr. L. M. STEPHENSON 


Department of Electrical Engineering, University College, London 


I HAVE previously! directed attention to the fact that 
many relativistic electromagnetic effects can be 
explained using classical theory. This approach avoids 
. time transformations, which are the most controversial 
consequence of special relativity. I should like to re-state 
these arguments more concisely and to show that they 
lead directly to a modified ballistic source theory of 
electromagnetic propagation. A possible electromagnetic 
gravitational model arises out of such a source theory. 
In two places I have added second-order correction terms 
which I had previously overlooked. 

Cullwick? has shown that for electromagnetic energy 
the relationship Æ = mec? may be obtained from classical 
Maxwell equations. From this he derives, again classic- 


y? 
ally, the result m = Bm,, where B = y(i -5) On a 


classical approach the relativistic mass change of an 
electron is associated with a variation of the energy of its 
electric and magnetic fields. The apparent electric and 
magnetic fields must therefore increase as a function of B. 
If, for the moment, it is assumed that thero is relativistic 
length dilation of the electron in the direction of motion *, 
classical theory shows that the field components perpen- 
dicular to the direction of motion are increased by the 
factor 6. 

If two observers O and O’ are situated between a pair 
of parallel plates on which there is a uniform charge 
density + c, O being stationary and O’ moving at a 
velocity u parallel to the plates (x axis), then: 


ul, 


By œ By + 2 





E, 
The first-order term e is the extra magnetic flux 


arising from the apparent motion of the charges as seen 
by O’. It is inserted because of the argument that ultim- 
ately charge is only present at discrete points in space 
where there is an excess hole or electron. By precisely 
the same argument the apparent second-order variation 
of the fields of an electron should also be introduced, to 


give: 
uE, 
By= p (By + a) 
similarly : 
E; = B(Ez + uBy) 


These are self-consistent field transformations, and such 
equations are thus a direct consequence of classical Max- 
well equations. The B correction factor introduced here is 
fundamentally different in concept from that introduced by 
special relativity. It relates the second-order, non-linear, 
variations of the fields back to the charge source which 

* This result will be proved later; the fact that I obtain a articular 
function of $, using the result that such a choice leads to, does not fovaliaate 


the argument. There may be other functions of $ which would also lead to 
a self-consistent theory. 


originated them. For two moving observers, O’ and 
0”, this approach would give: 








, , wE, 
By = 8 By + “F 

x j u’ B. 
By=}ß (B, + a) 


and, in general, for a relative velocity between the two 
moving observers equal to u: 
- t r uliz 
m oas + ME) 


in contrast to the results of special relativity. 
In view of, for example, the relation : 


e sÁ 
one must either introduce the concept of apparent length 
dilation in the direction of motion, or relativistic charge 
increase. As the electronic unit of charge is the 
fundamental quantity which eventually defines length 
standards in terms of atomic dimensions, the former 
concept is the only physically acceptable one. Length 
dilation, thus becomes a consequence of classical theory. 
Such a concept is not difficult to grasp or demonstrate. 
Epstein? has shown that apparent length dilation may be 
observed in the simple mechanical case of a dimple moving 
on the surface of a stretched rubber membrane. 

With field transformations related back to the charge 
source, any calculation of the propagation velocity of an 
electromagnetic wave is, for free space conditions, relative 
to the source. As I have emphasized previously}, the 
velocity of energy received from a moving source will 
always change to 1/4/ue relative to a receiving aerial, or 
within any material medium in the path of the energy, 
in the steady state. This arises from the steady-state field 
solution associated with the current induced in the aerial 
or medium. The velocity change will substantially occur 
within a few wave-lengths of the material boundary. 
Anomalous dispersion results would not, therefore, be 
expected. Similarly, de Sitter’s analysis of double star 
orbits for an emission theory of propagation does not 
contradict the proposed theory, because interstellar 
matter will act as an intermediate medium. 

With a modified ballistic source theory such as this, 
Doppler frequency shifts will arise because of apparent 
changes in the propagation velocity and the wave-length. 
For a relative separation velocity equal to v, the apparent 
velocity of energy leaving the transmitter is c(1 — vje). 
The apparent wave-length, which is measured in the 
direction of motion, is equal to 2/8, and so the Doppler 
formula is: 

i c(1 — vje) [i ~ y 
i> a(l — v2/c#)t =f 1 + v/e 
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+> neglected the change in apparent. wave-length in my 
previous communication. For a transverse relative 
velocity v the apparent velocity of energy leaving the 
transmitter is ¢/6, the wave-length is unchanged, and. the 
transverse Doppler formula is: 


f=j0-3) 


It is interesting to note that if one applies Maciean’s 
extension of the adiabatic invariance of action theorem 
to the transmitter, one gets another apparent transverse 
Doppler frequency, internal to the transmitter: 


j f 
= Toye 


which is not directly measurable. These two frequencies, 
which are associated with transverse motion of the 
boundaries and a constant wave-length, are analogous to 
the group and phase velocities which arise at a constant 
frequency when longitudinal boundary conditions are 
introduced in a stationary syster. 

Although the observed frequency of an atomic clock in 
relative transverse motion will be reduced, the time scales 
in the two frames of reference will be identical. A simple 
mechanical analogy is the case of a body A firing off 
shells uniformly in all directions, perpendicular to its 
surface, while rotating about a second body B. An 
observer on B will detect an apparent rate of fire which 
depends on the relative transverse velocity of A. If B 
observes a counter situated on A, which indicates the 
total number of shells fired, the number appearing on the 
counter will be independent of the transverse volocity. 
Similarly apparent frequency and total time-interval 
expressions must not be confused. The oxistence of the 
transverse Doppler effect, which in special relativity is 
calculated using a mathematical time transformation, 
does not justify the extension of the mathematical 
transformation to cover time intervals. Mathematical 
time transformations could equally well be used to cal- 
culate sound wave Doppler effects. 

Radiation pressure effects. It would be interesting to 
relate gravitational forces to negative radiation pressure 
forces produced by the radiation of electromagnetic 
energy by atomic particles. The simplest example of 
negative radiation pressure is in the Yagi aerial, which 
consists of a driven dipole aerial with a number of 
passive reflector and director elements. Examination 
of this shows that the reflector element has the 
usual positive radiation pressure force exerted on it. 
The director elements have negative radiation pressure 
forces exerted on them (that is, there are forces pulling 
them towards the driven dipole). This effect arises in the 
near-field region of the source. For such an effect to 
produce gravitational forces one would have to postulate 
atoms radiating at a wave-length equal to possibly ten 
times the diameter of the solar system and more probably 
ten times the diameter of a galaxy. - Positive radiation 
pressure forces would then be exerted between galaxies. 
Although this very-low-frequency radiation would pene- 
trate matter, atomic particles would have to have the 
property of narrow band acceptance of this particular 
frequency, in order that d.c. fields should not produce 
apparent mass changes. This seoms unlikely and further, 
even with this property, large apparent mass changes 

. would almost certainly bo expected when a material went 
into the super-conducting state. 

The other model, made possible by a source theory of 
electromagnetic radiation, is based on the radiation of 
extremely high-frequency energy (> 10% c/s) by ail 
atomic particles, which would also penetrate matter. A 
particle in relative transverse motion would appear to 


2 
radiate energy ata velocity c Ki Q -3) Tf this energy is 
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received and re-radiated by another particle &t a volocity 
c, without any back-scatter, there will be a negative 
radiation pressure force exerted on the receiving particle. 
The second particle will be in relative motion, but it will 
radiate at c relative to its own frame of reference. ‘Tho 
effect only depends on mean square relative velocities. 
Such a model requires a continuous loss of energy from 
either individual atomic particles or completo atoms. 
This would produce a blue-shift in the spectra of distant 
galaxies. For the model to be plausible the forecast 
blue-shift would have to be of the same order as, or 
smaller than, the normal recessional red-shift. An atomic 
half-life of 10° years would make the two shifts equal. 

If individual electrons, protons and neutrons radiated 
energy, an electron would have to radiate 5 x 10-?* W 
to make the differential radiation pressure attraction force 
exerted on another electron equal to the gravitational 
attraction force. This assumes a transverse velocity 
equal to ¢/137 (the Bohr velocity), and a pick-up ares 
equal to the classical area of the electron. The half-lifo 
of the electron, based on its energy content mc*, would 
then be 10? years. This model only appears possiblo if 
the transverse velocity is greater than ¢/137. Spin 
velocities are much nearer to c. 

If the atom as a whole radiates, then for a trunsverse 
velocity of c/137 and a pick-up area equal to 10-4 of the 
lattice area, a hydrogen atom would have to radiate 
10-2 W to give the correct gravitational force. The 
half-life of the atom would then be 10" years, which is 
sufficient to make the model plausible. Back-scatter 
would be negligible for large groups of atoms. provided 
propagation is loss-free and the effective pick-up area of 
each atom is small compared with the lattico area. 

The implications of these models are that a gravitational 
disturbance will travel at a velocity slightly less than c, 
possibly considerably less than c if the transverse velocity 
is associated with spin velocities of atomic particles. A 
slight change would be expected, due to back-scatter, in 
the apparent mass of a thin film if it were weighed with 
its plane first perpendicular to, and then parallel to, the 
Earth’s gravitational field. An interaction would be 
expected between gravitational radiation and any other 
superimposed electromagnetic energy in the presence of 
amaterial medium. If one considers the Sun, for example, 
the gravitational electromagnetic energy radiated would 
produce very-high-frequency oscillations of tho free 


. electrons surrounding the Sun. This would give them a 


mean. square transverse velocity. Light energy received 
and re-radiated by these electrons would suffer an accumu- 
lative transverse Doppler shift. An accurate analytical 
expression for this frequency shift would be difficult to 
establish. If one assumes that there is no interaction 
between the electrons, and that normal quantum condi- 
tions apply to the imteraction of the extremely high- 
frequency gravitational energy and the electrons, then 
mass-energy equivalence will give the standard result. 
Interaction of electrons will occur at the electron densitics 
expected and this would result in the electrons having 
radial as well as circumferential mean square velocity 
components. A first-order correction would then indicate 
an increased gravitational frequency shift in light coming 
from the edge of the solar disk, and a reduced frequency 
shift in light coming from the centre. An analysis of the 
deflection of a light beam as it passes the Sun is moro 
difficult. Even for the simplified case, the interaction 
of two electromagnetic waves in a medium must be 
considered in detail to obtain an expression for the path 
of the beam. 

IT thank Mr. B. C. Brookes for his advice and Dr. D. 
Midgley for comments which led to the Doppler effect 
correction. 
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1 Cullwick, E. G., Electromagnetism and Relativity, 78, 230 (Longmans, Green 
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RADIO ASTRONOMY 


Relative Velocity of Light and Radio Waves 
in Space 

Sucre the velocity of light is one of the most funda- 
mental physical quantities, any measures which indicate 
its constancy with wave-length are of basic physical 
interest. Experimental determinations!.? in the optical 
region and in the short-wave region indicate a constancy 
to l part in 10°. Astronomical measurements, because of 
the great distances involved, hold the promise of extremely 
precise determinations of the relative velocities of electro- 
magnetic waves from the observation of distant events 
that occur simultaneously or nearly simultaneously at 
different wave-lengths. The recent observations of optical 
and radio events in flare stars now provide the basis for 
such determinations. 


Table 1 
Light 
time Time differ- Radio- Type Date 
{x 10-* ence radio- frequency of 
Star Parallax min) optical (min) (me/s) burst 
UF Ceti 03757 46 -2 240 1 Mean 
(L726-84B) {ref. 3) (ref. 6) of 23 
events 
+2 408 2 Oct. 25, 
(ref. 8) 1963 
V371 Orionis 0-060" 260 { +3 Phot.) 
s (ref. 7). 410 2? Nov. 30, 
Co s (ref, 4) l +11 vis. e 1962 
z (ref. 7) J 
YZ C Mi 0-151” 11:0 -1 240 1 Feb. 18> 
(Ross 882) (ref, 5) (ref. 9) . 1961 
EV Lac. 0-198” 8:7 +2 240 1? Aug. 7, 
(+ 48° 4305) «ref. 3) (ref. 12) $ 1961 


Table 1 presents the relevant data now available con- 
cerning optical and radio events in four flare stars 
{column 1). The second and third columns contain the 
stellar parallax and the corresponding time of light travel. 
Column 4 gives the interval of time in minutes between 
the first observation of the optical event and the beginning 
of the radio event. The photographic observations were 
made at intervals of 2 min with exposures of several 
seconds. The successive columns contain the radio 
frequency of observation, the type of stellar burst, and 
the date of observation. 

As yet we have no reliable theory to establish the 
temporal sequence of events in flare stars. The Type 2 
events appear to be most analogous to the Type II radio 
bursts on the Sun, in that the beginning of the higher- 
frequency burst follows the beginning of the observed 
flare and the low-frequency burst occurs later. This is 
generally explained as arising from the decrease with 
height of critical frequency in the solar atmosphere and 
the progross outward of the disturbance from the solar 
surface. The phenomenon of October 25, 1963, on U V Ceti, 
however, occurs approximately 5 times faster than that on 
the Sun, where the delay between the optical and radio 
emission is typically 10 min. It is, therefore, reasonable to 
conclude that the observed 2-min time difference between 
the optical and radio events on UV Ceti arise in the stellar 
atmosphere. On this assumption, since the optical flares 
may have begun as much as 2 min earlier than observed, 
it may be concluded that the velocity of light and radio 
waves is constant to 4 parts in 10’. From Lorentz’s 
equation for the velocity of radiation in an ionized 
medium, the corresponding upper limit to the electron 
density in free space between the Earth and UV Ceti 
would be 570 electrons/em’. For the solar neighbourhood 
in the galaxy one would not expect the electron density 
to exceed roughly 0-1 electron/em® (ref. 10). 

The Type 1 flare-star radio bursts, however, are not 
clearly identified with a type of solar radio burst. Never- 
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theless, it is difficult to believe that the radio burst, if 
associated with an opticel flare, should or could precede 
the flare. Since the negative time differences in Table 1 
include an uncertainty of 2 min in the time between 
exposures, the negative values are not necessarily signifi- 
cant. This again suggests a possible coincidence within 
the errors of observation between the optical and the 
radio events. The observations, however, leave open the 
possibility that tho optical radiation travels slightly more 
slowly than the radio radiation if the two velocities are 
not, indeed, identical. 

Allowing for a maximum uncertainty of 5 min in the 
temporal sequence for flare stars, we can conclude with 
confidence that the velocity of light and radio waves is 
the same to within one part in a million over a range in 
wave-length of 2 million {0-54u-1-2 m) and, with somewhat 
less confidence. to 4 parts in 107. The product (c/Ac) 
(A./4,) is thus 2 to 5 x 1012, Terrestrial measurements 
give a similar product of 1 x 10° (Froome?, I part in 106 
at 72,000 me/s) or 3 x 10% (Florman4, 1 part in 105 at 
173 me/s). Thus the observational evidence still supports 
the concept that the velocity of electromagnetic radiation 
in space is independent of wave-length. 

We thank Dr. John Findlay, who suggested that these 
comparisons might be of general interest. 

BERNARD LOVELL 
University of Manchester, 
Nuffield Radio Astronomy Laboratorios, 
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RADIOPHYSICS 


Relationship between Star and Gas Radial 

Velocities in the Small Magellanic Cloud 

As previously reported by Hindman, Kerr and McGee! 
and Hindman’, the H-line profiles from the Small Magel- 
lanic Cloud are multiple-peaked over a large area of the 
Cloud. The gas in the various peaks is smoothly distribu- ' 
ted in different overlapping regions, and it has been 
suggested that the gas masses associated with these peaks 
are separated in space with systematic motions of their 
own. i 

Although there is good agreement between the distri- 
bution of the gas (integrated along the line of sight) and 
the stars, there is no clear indication of a separation in 
depth for the stars as there is for the gas in the radio 
velocity data. The optical velocity data have been exam- 
ined for this effect, but the result is inconclusive. The 
range of stellar velocities is almost the same as the gas 
velocity range but no definite separation is apparent, 
although the distribution about the mean velocity does not 
appear to be normal. When combined, the optical and 
radio data, however, indicate a close relationship between 
the stellar and gas population. 
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The available optical data consist of velocities for 36 
stars and one nebula measured with the two-prism 
spectrograph at the Radeliffe Observatory, Pretoria, by 
Feast et al.3. The radio data are in the form of profiles, 
over the whole area of the Cloud, taken with the multi- 
channel receiver and the 210-ft. radio telescope at the 
Australian National Radio Astronomy Observatory. In 
general the profiles show two, and sometimes three, 
fairly clearly distinguishable peaks (for an example of a 
double-peaked profile, see Fig. 2). The individual peaks 
of the radio profiles are usually symmetrical with a half- 
width of the order of 30 km/sec, so that the peak radio 
velocity is close to the mean velocity of the gas in the con- 
centration to which the profile peak refers. For com- 
parison with the optical data the velocity of the peak 
which corresponds most nearly to the optical velocity has 


~ been chosen. 


Fig. 1 is a correlation diagram in which each stellar 
velocity is plotted against the radio velocity selected from 
the profile in the same direction. The separation of the 
points into two reasonably distinct groups may be noted. 
The spread in velocity in each group is consistent with a 


Call absorption 


Star R18 
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Fig. 2. Sample double-peaked profile at R.A. 0059-2, dec. —72° 22° 
(1975). The velocities of the star R18 in the Radoliffe list and associated 
II absorption are marked 
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velocity dispersion with a 30 km/sec halfewidth plus 
systematic motions. The two isolated high-velbcity 
points possibly belong to a third group. The correlation 
between radio and optical velocity over a 2 : 1 range is 
highly significant even making allowance for the small 
number of observations used in the diagram. The 
scatter of the stellar velocities about the radio peak 
velocities can be represented by a normal distribution with 
a standard deviation of approximately + 10 km/sec, 
which is in good agreement with the half-width of the 
neutral gas peaks. 


` Table 1 


Optical velocity 


Interstellar 
gbsorption 


Radio peak velocity 











For @ number of cases supplementary information on 
the radial velocity of absorption lines of ionized calcium 
has been included in the Radeliffe catalogue. Six cases of 
the existence of a possible interstellar Call line with a 
velocity considerably different from the star velocity have 
been examined, and in Table 1 the velocities of the neutral 
hydrogen peaks, the star velocity and the ebsorption line 
velocity have been tabulated. In all cases it is seen that 
the absorption line velocity is lower than the star velocity 
and in each case there is good agreement between the star 
and one radio peak velocity and the interstellar absorption 
line and a second radio peak velocity. Fig. 2 shows the 
stellar and interstellar velocities marked on the profile for 
one particular case, R.A. 0059-2, dec. — 72° 22’ (1975). 

For the area covered by the observations the following 
conclusions may be drawn: 

(1) The stars share the motion and probably the space 
distribution of the neutral gas which is concentrated in 
two major masses. 

(2) The concentration of gas and stars with the higher 
velocity is the more distant of the two. Hence the two 
masses are moving apart with a velocity of from 30 to 
40 km/sec in the line of sight. 
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ASTRONOMY 


Instability of Small-size Planetary Cores and 
the Development of the Moon 


It can be proved! (if the gravity coefficient G varies 
with time?) that once, many millions of years ago, the 
Moon had a metallic central core, the radius of which 
decreased as the time elapsed. This hypothesis is based 
on Prof. L. Egyed’s theory of the expansion of the 
Earth’. 

Dr. W. H. Ramsey‘ suggested a possible instability of 
small planetary cores. When the small core becomes 
unstable then in the interior of the respective planet 
catastrophic phenomena occur. There are two different 
possibilities: _ 

(a) The so-called Y-F’ transitions (Fig. 1). The 
material of the planet suddenly condenses and the total 
radius becomes smaller by some 100 km. The time 
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ritical pressure ( Œ 137 x 10}? dynes em) 


Kig. 1, Transitions of Y-F’ and X’—X types because of the in- 

stability of small planetary cores (partly after Ramsey). a, Stable con- 

figurations (without core); 8, unstable configurations (with small 
core); y, stable configurations (with core) 


required for this phenomenon is about some minutes or, at 
the most, some hours, During this extraordinarily short 
time the released energy amounts to about 108—1037 
ergs. This gigantic energy comes from the collapse- 
phenomenon of the planet because the potential energy of 
all particles—being in a certain r > 0 distance from the 
centre—decreases. As a consequence of the collapso of the 
planet the size of the central core increases (Fig. 2). The 
biggest part of the released energy manifests itself in the 
form of seismice waves originating near the centre and 
passing toward the surface. According to Ramsey’s 
theory the Y-F’ transition might have occurred in the 
case of Venus. 

(b) The so-called X-X transitions. The planet sud- 
denly expands and the small central core disappears. The 
energy manifests itself in the form of explosion-waves tho 
pressure amplitude of which may be about 105 atmo- 
spheres. The explosion-waves travel through the whole 
body of the planet and are reflected near the surface. Part 
of the surfaco material deteriorates and may escape 
from the surface into space. Tho mass of escaping 
material may be about 0-001 M, where M is the mass of 
the Earth. According to Ramsey such a phenomenon might 
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Fig. 2. Change of radius R of the planet and the change of Tadius r 

of the core in the case of transitions Y ~ Y’ and X’ ~X types respectively. 

a, Stable configurations (without core); 2, unstable configurations (with 
small core); y, stable configurations (with core) 
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have happened in the case of Phaeton, the hypothetical 
ancient planet between Mars and Jupiter: the asteroids 
originated as a result of this phenomenon. 

In the case of an X’—X transition the released energy 
originated from the work done by the inner pressure during 
the rapid expansion, 

Tt seems to be very probable that in the case of the 
Moon, an X’ ~ X transition might have occurred. Namely, 
when G decreased then Pe decreased, too, where Pe is the 
central pressure. 

Ramsey used in his investigations a parameter (2). Let 
p be the density of the medium in the mantle at the 
pressure P, which is less than p, where p is the critica) 
pressure along the boundary of the core. If the core is in 
the state of metallic phase, then the average density of 
this core is ìọ. There aro three possibilities for the 
numerical values of the parameter }: 


Ai < 3/2; A. = 8/2; z > 3/2 


According to our present knowledge in the case of the 
Earth the value of 4, seems to be suitable. On this basis 
it seems to be very probable that at the time when the 
Moon had a metallic core the parameter > valid for the 
Moon might have been greater than 3/2. Namely, the 
metallic phase in the Moon’s interior was the consequence 
of prossure of 1-37 x 10!? dynes cm-2—the same as in 
the case of the Earth. Therefore the transition from the 
earlier configuration into the new one, due to the insta- 
bility of the one-time metallic core of the Moon, started, 
from the point X’ of the line of à > 3/2. It is obvious 
from Fig. 1 that during this transition the central pressure 

c decreased and became smaller than the value of p. 
Here p means the critical pressure valid for the boundary 
of the metallic core, that is, p =1-37 x 1022 dynes em-*. 
By this decrease in the central pressure the metallic core 
comes to an end. 

Ramsey discussed the problem of the instability of small 
planetary cores only qualitatively. I have also confined 
myself to a qualitative discussion. Therefore. we do 
not aspire to establish the exact time when the 
transition began in the Moon. (As a matter of fact, the 
transition might have begun when the radius of core 
became smaller than 1,000 km. As Ramsey stated: 
“It is estimated that for stability the core of a terrestrial 
planet must be at least 1,000 km in radius”®.) 

It is unquestionable that the transition from the earlier 
configuration into the newer one played a very important 
part in the development of the Moon. The explosion- 
waves, starting from the boundary-surface of the disap- 
pearing metallic core, caused the formation of gas-bubbles 
in the interior. These gigantic bubbles rose toward the 
surface, 

According to the theory of B. Mohácsi’, a Hungarian, 
many of these bubbles broke through the solid crust where 
it was relatively thin; but the others exploded at the 
lower boundary of the crust where it was relatively thick. 
In both cases these bubbles led to the formation of lunar 
craters. 

However, the lunar craters, ring-mountains and walled- 
plains did not come into being simultaneously, that is, 
within a geologically very small time-interval. We may 
suppose that the annihilation of the core lasted during a 
geologically longer period (even if this period were rela- 
tively short in the astronomical sense). So the base of the 
X’—X transition differed from the case of the Y-Y’ 
transition, at least in the instance of our Moon. 

However, we must tako into account the fact that the 
Moon’s shape is irregular. In the past the deviation from 
the ideal sphere was greater than at present, partly 
because of the faster rotation of the celestial body and 
partly because of the smaller distance between the Earth 
and the Moon. When the Moon was nearer the Earth 
than at present, the tidal force due to the Earth made 
its effect felt on the Moon with a greater intensity. 
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Because of the irregular shape of the Moon, the surfaces 
of constant gravity, and likewise the surfaces of constant 
pressure, were not ideal spherical surfaces. In addition 
to these there might have been certain irregularities in 
the Moon’s mantle in the distribution of density (chiefly 
locally). 

As the value of the inner pressure was a function of the 
selenographic co-ordinates—that is, it changed from place 
to place in the interior on any sphere the centre of which 
was at the Moon’s centre—the shape of the metallic core 
was probably not that of a perfect sphere. Therefore the 
transformation of the material along the boundary of the 
core from metallic state into a normal one did not happen 
simultaneously on every point of the core-surface. Conse- 
quently the annihilation of the core did not happen by 
only one gigantic explosion, but by a series of smaller 
explosions which followed each other during geological 
periods. 

This may thus lend explanation to the fact that 
the lunar formations are of different ages, which was 
shown, by G. Fielder? and A. V. Habakov’. However, the 
cause and manner of formation of lunar craters, ring- 
mountains and walled-plains were the same in every case 
apart from the small craterlets which may have originated 
from moeteor-impacts, also. I have shown? that the 
maximum energy required to affect the lunar tectonics 
was 1-364 x 10% ergs. This energy is far smaller than 
the energy which might be released by the transition 
of X-X and Y~-Y’ types, respectively. The energy 
necessary to form the surface features was thus without 
doubt available. 

The theory, explained here, is not contrary to the 
hypothesis of a volcanic origin for the lunar craters. 
Namely, according to Mohácsi, the central peaks of craters 
and ring-mountains might have been real volcanoes. 
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PHYSICS 


Trapping and Compressing Electric Fields 


Tue problems of diffusion of electromagnetic field into a 
conducting medium and the consequent skin-effect have 
been studied since the last century?. The interaction 
between a magnetic field and a medium of infinite con- 
ductivity, and its implications in laboratory as well as 
cosmological media, received considerable attention from 
many authors, in recent years, after the pioneering work 
of Alfven*, and others. Experiments, with liquid metals? 
and laboratory plasmas‘, have shown that a magnetic field 
may be frozen in a medium and that it may be trapped 
and compressed. The assumption of infinite conductivity 
requires the electric field to be zero, to avoid infinite 
currents. Moreover, the vast literature on the subject is 
mainly concerned with cosmological problems where, 
under usual conditions, the infinite conductivity approxim- 
ation is good enough®*, Consequently, no thought has 
been given, it seems, to the possibility of analogous 
behaviour of electric fields. 
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The problem of diffusion of transient electiic fields into a 
conducting medium has been analysed only recently? *. 
From Maxwell’s equations it is shown that the rate of 
penetration of the electric field # is given by the equation: 


3E VE 

a” 4nrpo 
where u and c are the permeability and conductivity. 
respectively, of the medium. This diffusion equation has 
been solved for different geometries, (The effect of dis- 
placement current is unimportant.) For example, consider 
a steady electric field of intensity #, and a conducting 
medium of semi-infinite extent bounded by a plane 
surface which is parallel to the field. Let the field he 
suddenly incident on the medium. The time t, for the field 
to diffuse to any distance in the medium and increase to a 
magnitude equal to half of F is given by®: 


tf = 14 x 10 uo x? sec 


Here y is in £.M.0.,0 is in mhos/em, and æ = distunce froin 
the surface, in em. For copper, with y = loo = 5-8 
x [05 mhos/em and x = 1 em, t, = 8-2 msec. 

Now, it is obvious that these results are the sane, if the 
medium moves into the field, instead of the field being 
incident on the medium. Of course, at relativistic veloci- 
ties appropriate corrections have to be applied? 

Using this result we shall examine here. in a few 
typical cases, the possibility of trapping and compressing 
electric fields, and other effects in conducting mudia. 

(1) Long conducting tube carrying a steady current. Let 
To 72 be the inner and outer radii of the tube of wall- 
thickness d = f, — rp and let 1 ( ® r,) be its length. Let 
the current be flowing parallel to the axis of the tube, and 
let the current density J = o Hy, wheres is the conductivity 
of the material of the tube and E, is the electric ficld 
strength. (Since the tube is connected to a source of 
current, continuity of path is provided for any induced 
currents.) Here, from Maxwell’s equations, we have the 
condition that the tangential component E, which is 
parallel to the axis, is the same inside the bore as well as 
the material of the tube and also outside the wall of the 
tube. 

The process of field trapping may be considered in 
terms of (a) flux trapping or (b) energy trapping. 

(a) Flux trapping. The electric flux inside tho bore of 
the tube = xr? H,. Let the tube be flattened quickly in 
time ¢, so that the area of the bore, 4, = = rr, becomes As. 
which is less than A,. Ift, <£ to the characteristic time 
for diffusion through thickness d, the leakage of flux 
through the wall of the tube is negligible during t,. There- 
fore, the flux is nearly conserved and the flux density 


A 

becomes E, = HE, a the 
2 

difference along a path 1 within the bore becomes V, = 


Consequently, potential 


1#,= 14H, a as compared with the original potential 
2 


difference, V, = 1 H,, along a similar path. During u 
time, t, ®© to, the transient state would decay to the steady- 
state condition, with Æ, the same everywhere as originally. 

It is easy to seo that the reverse process would take 
place, if the area of cross-section of the bore of the tube ix 
quickly increased. Also, if the area of the bore of the tube 
is periodically increased and decreased rapidly. the field 
inside would decrease and increase with the same periodi- 
city. 

(b) Energy trapping. From electrodynamics, we know 
that the flow of energy is along the Poynting vector. In 
the above situation, for example, when the tube is being 
flattened, more electric field tends to penetrate the 
material, increasing the current density. This increasing 
surface current, along the inside surface of the tube-wall. 
has an associated magnetic fiold which is azimuthal andl of 
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such g direction relative to the electric field that the 
Poynting vector is directed radially inwards. Therefore, 
the energy of the field is not lost along the axial 
direction of the tube. 

Moreover, electromagnetic energy may be treated 
thermodynamically as was done, for example, by 
Boltzmann" to derive the Stefan—Boltzmann radiation 
law. Now, if 4, < t the process of compression, con- 
sidered here, is almost adiabatic. 

Let l = length of tube as before, and at any instant let 
A = area of cross-section of the bore, and Q = energy 
density inside the bore. Now, as usual, the work done by 
the compressing force = pdV = — Q(LdA), where p = 
pressure = Q, and dV = change in volume = — 1.dA. 
But, this work done is equal to the change in total internal 
energy : 


that is, — Q.l.dA = d(Q.1.A) = Q.LAA + LA.dQ 
that is, 4.dQ = — 2Q.d4 


. dQ a aA 
that is, G = — 24 
Integrating, log Q = — log A? + constant 


that is, QA? = constant 


If the initial and final values of Q and A are Q,. Q, and 
A, Ay, respectively 


Q:4j = Q245 


that is, Q, = Q,4 


da) 
totes 


2 
and therefore 


S oa 
ae = ae (4) 


A 
that is, E, = E, 3" 


<8 


But Q = 


giving the same result as before. 

Incidentally, the trapping and compression of magnetic 
fields may be treated also in the same fashion. 

(2) Conducting medium carrying a current. Applying the 
same arguments, it is easy to see that whenever rapid 
compressions or expansions take place in a medium 
carrying a current, transient increase or decrease of the 
electric field Æ can occur, For times short compared to 
the characteristic diffusion times, analogues of some of 
the other results obtained in the case of frozen-in magnetic 
fields are also possible. For example, (a) if a tube of 
electric flux is stretched, a transient increase of field 
strength could occur just as in the case of magnetic field®. 
(b) Alfven or magnetohydrodynamic waves have been 
considered as vibrations of loaded magnetic lines of force 
under tension?*, Now, electric lines of force are also 
under tension, and transverse electrohydrodynamic waves 
analogous to Alfven waves are possible. Of course, such 
waves would be highly damped and be of transient 
nature, (An extreme case of clectrohydrodynamie waves 
on dielectric surfaces has been considered". ) 

(3) Compressible media of finite conductivity in a magnetic 

Besides laboratory plasmas, some conducting 
media-like solar prominences, galactic explosions, ete., 
could have regions where the idea of infinite conductivity 
may be rather over-strained. In such cases shock waves 
could enhance the electric field produced, as a result of 
transformer and motional induction, by magnetic fields. 
Some acceleration mechanism which requires a threshold 
electric field’ may be triggered by trapping and com- 
pressing electric fields. 
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Ductility of Polystyrene 


Ir has been known for many years that hydrostatic 
pressure increases the ductility of metals! and that metals 
which are brittle in tension at atmospheric pressure 
become ductile at higher pressures*. Although the effects 
of hydrostatic pressure on mechanical properties have 
been studied for some non-metallic materialst, there 
appears to be no record of similar studies on brittle glassy 
polymers. Some preliminary tensile tests under hydro- 
static pressure have, therefore, been carried out on 
polystyrene at the National Engineering Laboratory 
using the method described in ref. 3. 

Polystyrene behaves as a brittle material in tension at 
atmospheric pressure; its nominal fracture stress (that is, 
fracture load/original cross-sectional area) is about 
6,000 Ib./in,* and its elongation at fracture is about 1-5 per 
cent. It has been found that polystyrene behaves in a 
ductile manner in tension when tested under a hydrostatic 
pressure of 50 tons/in *. A load-extension curve is shown 
in Fig. 1 and a photograph of the broken tensile test 
specimen is shown in Fig. 2. 
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Fig. 1 Load-extension curve for polystyrene under a hydrostatic pressure 
s of 112,000 Ib. /in.* p 








Fig. 2 


With the apparatus used in this preliminary test no 
direct measurement of elongation could be made. An 
estimate of the total elongation was made by measuring 
the residual elongation after fracture. This elongation 
was assumed to have oceurred after the maximum load, 
the initial elongation up to this point being elastic and 
hence recoverable on release of load. The nominal fracture 
stress and elongation at fracture were now as high as 
18,000 Ib./in.* and 13 per cent, respectively. Fig. | shows 
‘that a maximum load occurs at a nominal stress of 
25,000 Ib./in.*. In engineering terms, this is the ‘tensile 
strength’ while in polymer science it is called ‘yield stress’. 
This difference in nomenclature is unfortunate. In tensile 
tests at atmospheric pressure, fracture occurs before a 
maximum load is reached, but an indirect estimate* gives 
a value for the stress at this point in the range 10,000- 
15.000 Ib./in.*. 

The behaviour of polystyrene is qualitatively similar 
both as regards the increase in ductility (permanent strain 
to fracture) and in fracture stress to that shown by 
brittle metals and conforms with the general pattern found 
for almost all materials tested in tension under pressure. 
The similarity between the ductility and fracture stress 
results for metals and polystyrene suggests that the same 
overall mechanism for fracture may apply to tensile tests 
on both types of material'*. Tensile tests under hydro- 
static pressure on metals* confirm the general belief that 
fracture is governed by the absolute value of the tensile 
stresses in the specimen. Under hydrostatic pressure, the 
absolute values of the tensile stresses in a tensile specimen 
are reduced. Consequently, the fracture is delayed and 
the specimen will require an increased applied tensile 
stress to cause fracture. The quantitative results will 

‘ on how the shape of the stress-strain curve is 
affected by pressure. 

However, there appears to be a notable difference 
between metals and polystyrene. In the case of metals, 
hydrostatic pressure has little or no effect on the maximum 
load point!?. For glassy polymers, however, we would 
expect that the maximum load would be raised by hydro- 
static pressure. The reason for this expectation is that 
hydrostatic pressure increases the glass transition tem- 

_ perature of polymers’. This increase in glass transition 
temperature would be expected to have a similar effect on 
the maximum load as a decrease in temperature and hence 
lead to an increase in this load’. Our results on polystyrene 
are in agreement with these ideas. 

L. HOLLIDAY 
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Light Intensity from Detonating PETN 
Pressings filled with Butane 

SEVERAL years ago it was shown! that the luminosity 
from a shocked bed of granular sodium chloride depends 
only very slightly on the nature of the interstitiel gas, 
even though it is clear*-* that the temperature of two gases 
with very different properties, shocked to the same 
pressure, will differ by several thousand degrees centigrade 
over a wide range of shock strengths. This independence 
of the luminosity in a shocked pressing of an inert 
substance was presumed to apply also to detonation waves 
in pressings of granular explosives, an extrapolation which 
can be inferred from evidence presented by Paterson*. On 
the other hand, in Plate X of Taylor’s book on condensed 
explosives® a non-time-resolved slit picture is reproduced 
which shows very different luminosities from three 
different sections of a PETN charge filled individually 
with butane, air, or argon. That experiment, performed 
by I. G. Cumming, leads to the conclusion® that the 
luminosity in question results from shock compression of 
the interstitial gas. The apparent contradiction between 
the two experiments should be resolved, since the 
dependence or independence of the luminosity on the 
interstitial gas may have an important bearing on the 
mechanism of the primary stage in shock initiation of 
granular explosive charges. 

In an attempt to resolve the contradiction an experiment 
has been conducted in which the luminosities from four 
porous PETN charges filled with different gases could be 
recorded on the same film by means of a rotating mirror 
camera. Charges 0:5 in. in diameter by | in. in lengthe 
were pressed in plastic holders at a porosity of 40 per cent. 
These c were initiated from a common booster 
through identical lengths of ‘Primacord’ and photographed 
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frorn presna of PETN at 60 per cent of crystal density. The pressing 


The features of the light from the end of the charge are best shown in 


mirror camera trace of detonation waves emerging 


the third charge from the left, coni 

in time these are: scattered light from within the charge; detonation 

light, the very bright line as detonation wave reaches the surface 

of the è; the dark space, when the shock first emerges from the 

charge; finally the light from the shock moving through the open 
space beyond the end of the charge 


air. In order of appearance 
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with the slit of the camera across the ends of the charges. 
A diagram of the charge structure and a print of the film 
are shown in Fig. 1. It can be seen that the intensity of 
the light flash (called, perhaps inappropriately, ‘detonation 
light’) is essentially the same for butane, methane, and 
air, although the free-running shocks in these gases are 
obviously of different intensities, as is to be e $8; 
This, then, confirms that the intensity of detonation light 
is independent of the interstitial gas, and is contrary to 
Cumming’s result. 

In the case of argon the intensity of the free shock is 
very great, resulting in halation and fogging of the film. 
Attempts to distinguish between the argon shock light 
and the detonation light in this case have not been 
successful, but it has been possible by means of filters to 
show that the argon shock light induced by such a charge 
is more than five times as intense as the detonation light 
which is produced in an air-filled charge. Thus it is 
probably not possible to draw any conclusion from the 
film in Fig. 1 concerning the effect of argon on detonation 
light. The increased intensity shown for the argon-filled 
section of the charge in Cumming’s experiment cannot at 
present be questioned, but caution should certainly be used 
in interpreting this result. 

We are unable to offer any very satisfactory explanation 
of Cumming’s failure to record detonation light for the 
butane-filled pressing. In our experiments, detonation 
light from a butane-filled charge was suppressed in only 
one case, which may have no pertinence to Cumming’s 
work. In that one case the charge was fired at —10°C 
with the result that the interstices were partially filled 
with liquid butane. 

This work was carried out under the auspices of the 
U.S. Atomic Energy Commission. 


J. H. BLACKBURN 
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Red (B*I!-A*=) Band System of Aluminium 
Monoxide 


In recent years there has been renewed interest in the 
spectrum of AlO. The well-known very strong blue-green 
(A?E-X*2, ground-state) system has been re-investiga- 
ted'?, and the ultra-violet system (B*I]—X*Z) has also 
been the subject of new investigations’. 

Since the discovery of the B?II—X*X system by Coheur 
and Rosen* in 1941 it has been anticipated that the B*IT— 
A*® system should exist, with its origin near 8000 A. 
There appears to be only one brief report in the literature 
of observation of this system’, and another report* of an 
unsuccessful attempt to observe it. The usual sources of 
the AlO spectrum (an are between aluminium, electrodes 
or an exploding aluminium wire) produce a strong black 
body continuum in the red which would obscure the 
system if it were present, especially since the By values 
of the two states are very nearly equal’ and so no promi- 
nent band heads are predicted for the system. 

Tho object of this communication is to report the obser- 
vation of this (B?I]—A*Z) system, unobscured by any 
overlying continuum, in the spectrum of shock excited 
aluminium, The spectrum was produced by introducing 
finely powdered aluminium (particle size < 38u) into a 
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Fig. 1. Bowing (A) low-dispersion spectrogram with intensity edges 

at 6925 fa 7300 A, 8075 A. a marks impurity lines, b marks the plate 

cut-off; (B) higher dispersion spectrogram illustrating the complex 
structure of the system 


helium-driven shock of nominal Mach number 5-5 (actual 
shock speed 5,250 ft./sec) through argon to which 5 per 
cent oxygen had been added. The spectrum observed 
was emitted from the gas behind the reflected shock wave 
which, intensity measurements on the A*Z-—X*X system 
indicate, was at a temperature of about 3,600° K. In 
addition to the red system, both the blue-green system 
and the ultra-violet system were observed, the former 
being particularly intense. 

The system was photographed at dispersions of approx- 
imately 150 A/mm (with a Hilger constant deviation prism 
spectrograph) and 30 A/mm (with a large aperture grating 
spectrograph), Kodak 1N, 1M and 1Z emulsions were used 
and the appearance of parts of the system at these dis- 
persions is shown in Figs. 14 and B. At low dispersion 
(Fig. 1A) the system has the appearance of a continuum 
with an irregular intensity distribution. The intensity 
increases from 6925 A in a number of steps towards 
longer wave-lengths. Two broader maxima were also 
observed. Using the known constants of the two states**, 
it is possible to calculate the expected band positions. 
From this calculation it is apparent that while there are 
no clear bandheads in the system, the heads of sequences 
should be well defined. Table 1 shows how the observed 
features can be correlated with the calculated heads of 
sequences, 


Table 1. COMPARISON BETWEEN OBSERVED FEATURES AND CALOULATED 
POSITIONS OF HEADS OF SEQUENCES 
Calculated a 
Feature 4(A)* Sequence of head of sequence (A) 
Intensity edge 6925 dAv=3 6890 
Intensity edge 7300 4v=2 7230 
Intensity edge 8675 dv =-1 8660 
Intensity edge 9400 Av =-2 9350 
Intensity edge 10,300 4v=-3 10,160 
Broader intensity maximum 8250 4p=0 


Broader intensity maximum 10,500 
* To the nearest 25 A (+ 25 A), 


The feature at 10,500 A cannot be correlated with any expected feature 
of the system but may be the effect of a sharp peak around 11,000 A in the 
sensitivity characteristic of the Kodak Z emulsion, 


Under larger dispersion (Fig. 1B) the system shows a 
very complex structure with many lines but with few 
distinctive features; this is to be expected from the 
known constants of the states. 

I thank Prof. R. W. Nicholls for his advice and Mr. J. 
Radema. for assistance in operating the shock tube. This 
work was carried out during the tenure of a National 
Research Council of Canada post-doctoral fellowship and 
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GEOLOGY 


Possible Microfossils found in the Roraima 
Formation in British Guiana 


Arrer meny years of speculation the Roraima Forma- 
tion of British Guiana has now been found by McDougall 
et al. and Snelling? to be not younger than Lower Protero- 
zoic. The Formation is, therefore, of considerably 
greater antiquity than had been supposed and, in conse- 
quence, there is heightened interest in presumed micro- 
fossils which have been recently discovered in it. The 
tabular Roraima Formation has a total thickness in 
British Guiana in excess of 7,000 ft. (ref. 3) and consists of 
generally horizontal, dominantly arenaceous sediments. 
Tt forms the Pakaraima Mountains of the mid-western 
region of the country and also extends over considerable 
adjacent areas in Venezuela and Brazil, covering some 
175,000 square miles in all. 
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Barbosa and Ramos‘ report the occurrence of è fossil 
‘spongilite’, in which Prof. Karal Beurlen identified*sponge 
spicules, from the Roraima Formation in Brazil. Spicule- 
like objects have been observed from similar rocks in 
British Guiana although there is some suggestion thet 
these may be volcanic shards. 

A collection of specimens from stream pebbles and 
boulders at a locality on the Kako River® included some 
which contain microscopic objects of apparent orgame 
origin. On revisiting the locality on a later occasion? 
unsuccessful search for the source was made; nevertheless 
there is little doubt that the material was derived from 
the Roraima Formation. The fossil-like objects occur in 
chert and jasper beds. They appear to be the tests of 
unicellular micro-organisms and sometimes ocour abun- 
dantly in very narrow bands. Examples from specimen 
H 265 are shown in Figs. 1 and 2. In Fig. 1 the larger of 
the objects, which are spherical with a suggestion of 
tetrahedral symmetry, has a diameter of 0-4 mm with a 
wall thickness around 0-008 mm. Fig. 2 contains two 
objects. One is a globular mass about 0-16 mm in diameter 
with three radiating spine-like projections, one having 8 
length of 0-18 mm. The other object is two-chambered, 
each chamber being around 0:18 mm diameter with walls 
about 0-012 mm in thickness. In other sections a variety 
of forms ranging in diameter from 0-6 mm to 0-1 mm may 
be seen, some reminiscent of Foraminifera and Radiolaria, 
but none of which can be identified with any certainty. 
There can be little doubt, however, of their organic 
origin. 

It may be noted that in a recent communication® 
attention has been drawn to other supposed fossils in the 
Early Proterozoic. 

I thank the Director and Staff of the Overseas Geological 
Surveys and the Mineral Resources Division for their 
interest and the facilities put at my disposal. 


P. B. H. Barer 
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Migrating Basins on the Old Red Continent 


EvIpENCE of long-continued interplay cf Old Red 
tectonic activity and sedimentation has recently been 
unravelled in the Hornelen Series of western Norway. 
This series has an estimated stratigraphical thickness of 
20-25,000 metres of shallow-water clastic sediments’. 
The enormous thickness probably is real because tectonic 
repetitions should not escape notice in this well-exposed, 
obsequent rift block mountain-area with barren homo- 
clinal ridges and mountain peaks up to more than 1,600 
metros above the fjords. The disposition of the bedding 
simulates an amphitheatre with regular eastwards dip in 
the middle. 

The major part of the series is made up of green sand- 
stone, but sedimentary breccia with boulders up to 1 m* 
is fringing the faulted contact towards the underlying 
Caledonian rocks. A coarse bedding in the breccia is 
indicated by occasional graded bedding, by zones of 
imbricated fragments and by intercalated layers of sand- 
stone which always have a channelled contact against the 
succeeding breccia bed. In spite of a stratigraphical 
thickness of several kilometres, the breccia intertongues 
basinwards into sandstone within less than 1:5 kilometres 
from the contact. 

The disposition of breecia and sandstone indicates that 
the Hornelen series formed by deposition in a bolson 
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: Simplified geological map of the Hornelen Series and sur- 
rounding area, western 


Norway. Top, probable mode of formation 
of the Hornelen Series 


which was down-faulted between the crystalline blocks in 
north and south. Breccia piled up from sub-aquatic 
mudfiows in front of the fault scarps, while fluvial sand 
accumulated in the middle part of the basin. Occasional 
layers with desiccation cracks indicate temporal sub-airal 
conditions during deposition. The enormous strati- 
graphical thickness of the sories is explained by eastwards 
migration of the down-faulted basin during deposition, and 
concomitant tilting of the earlier deposited beds. The 
situation thus was the same as for the about 15,000 
“metres thick Basin Range Series of California?*. The 
mechanism of eastwards displacement of the locus of 


- deposition in the Hornelen area is illustrated in Fig. I 


(top). The basin was initiated as a trough bordered 
by hinge faults. Coarse sharpstone sediments moved 
across the fault scarps while fine-grained sediments moved 
more westwardly to the middle of the trough. The 
probable directions of derivation of sediments are indi- 
cated by solid arrows in the insert, and correspond to 
© palwo-current directions deduced in the field. The 
-eastern hinge of the bordering faults migrated more or less 
°° continuously eastwards without any significant alteration 
in the conditions of deposition and sedimentation pattern 
except probably at the south-eastern border, where irregu- 
larities (intermittent movements, activation of a new 
fault) might have taken place. 

It is tempting to extrapolate the mechanism of the 
migrating Hornelen basin to other areas of the Old Red 
Continent. Alant demonstrated that the bulging up of 
the Grampian Highlands was contemporaneous with the 
Old Red sedimentation in the Midland Valley. In con- 
sideration of the great thickness of the series south of the 
Highland Boundary Fault it is likely that the locus of 
deposition shifted in such a way that one boring will never 
give the complete stratigraphical thickness. Tho geological 
map of Kincardineshire’ indicates regional truncation of 








Downtonian beds 


folds west of Stonehaven might indicate that the earlier 
deposited, strata were tilted in the same direction.as the 
locus of deposition moved—just like in the Hornelen 


almost the complete stratigraphical sequence and might —__ 
be interpreted as initial deposition of the Stonehaven 
in east-north-east and continued — 
deposition of the succeeding groups progressively more- 
west-south-westwards. The dip of the axes of the tight 


area, but more obscured by post-depositional tectonization © 


on the Highland border. 


Probably several centres of 


deposition formed in front of the Highland bulge, and 


moved laterally with reference to each other... It is in 
accordance with this view that the detailed profiles sero; 
the Highland Valley** never indicate a thickness of mor 
than half the total, estimated stratigraphical thickness of 
the Old Red deposits of the area. eae 

I thank Prof. J. C. Crowell, Prof. O. HoltedahL and Prof 
L. Stermer for their advice. ; ne 
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Recent Celestine from the Sediments of the 
Trucial Coast of the Persian Guif i 


CELESTINE of Recent origin was first recorded in 1958- 
by Skinner! from shallow coastal lagoons in the south-east 


of South Australia. It has since been found as an early 
diagenetic mineral in the Recent sediments of the coastal 









flats of the Sheikdom of Abu Dhabi, Trucial Coast of the ~ 


Persian Gulf. 


The islands and lagoons of the coast of Abu Dhabi are ee : 
backed. by a wide coastal flat, the sabkha, the surface of = 


which stands only slightly above high-tide level.: ‘The 
sediments of the sabkha consist of Recent uncemented 


aragonitic and calcitic deposits similar to those accumu- | 


lating around the present islands and lagoons. Anhydrite, 


dolomite, gypsum, and halite occur as early diagenetic. 
minerals*-*, and appear to have formed largely as a result. 
of reactions between the saline ground-waters of thesabkha . 


and the calcium carbonate of the original sediment. The 


celestinewhich isdescribed in thiscommunicationwasfound = 
in samples collected during reconnaissance traverses over — 


approximately 120 miles of coast and sabkha, west of 


Abu Dhabi Island. Although only present as a minor ` 


accessory mineral, it is apparently widespread in the _ 


sediments beneath algal mats in the uppermost part of | S : 


the present intertidal zone. 


Celestine has been found as euhedral single crystals 2 
and as mutually interfering aggregates. The single. - 


crystals are elongated parallel to the b-crystallographic 
axis, and are up to 1 mm in length. They show a com- 


bination of prism and macrodome (Fig. 1). The clusters l 


may be simple radiating aggregates of a fow individuals 
(Figs. 2(i) and 2(ii)), or radiating sheaves (Fig. 2(iii)). 
The latter resemble sectors of spherulitic aggregates. 


# 


Although it is possible that the simple clusters. may 


represent an early stage in the development of the radiat- 
ing sheaves, no intermediate forms have been found; for 
this reason they are treated as distinct types. 

Many of the occurrences of celestine were closely 
associated with gypsum, which also shows è variety of 
habits. 
occurred with small lenticular gypsum crystals in. the 


Sheaf-like bundles of celestine (Fig. 2(iii)) 


sediments within and beneath some of the algal mats in - 
the upper parts of the intertidal zone. This appears tobe 


the earliest phase of diagenetic gypsum and, celestine. 


E 












‘he two have also been found together with the same 
habits, approximately 2 ft: below the surface, in a short 
re taken from the sabkha- several miles inland. The 
re also showed relics of an algal mat immediately 
above the gypsum and celestine. This horizon appears 
to represent- a former intertidal zone. ; 
Largo, sand-filled gypsum crystals, up to 8 in. across, 
in abundance at the surface over wide areas of the 
.. Celestine clusters of the type shown in Figs. 2(i) 
-2(ii) have been found in the sediment around the 
nd-filled gypsurns, and also poikilitically enclosed 
hin them (Fig. 3). The large sand-filled gypsum 
ystals have only been: found in the sediments of the 
abkha inland of the high-tide mark, and appear, therefore, 
have formed at a later phase than the gypsum of the 
tertidal zone. 
The euhedral crystals of celestine (Fig. 1) have so far 
_only been found in samples collected from the surface of 
the sabkha. At one locality, they occur within a surface 
crust of mutvally-interfering anhedral gypsum crystals. 
Although the strontium of the celestine must ultimately 
© come from sea-water, much of it may have been 
ved indirectly from strontium-bearing aragonite, and 
ossibly caleite, of the original sediment. However, 
ikinner* has claimed that celestine precipitates directly 
m sea-water in the shallow lagoons of south-east 
ustralia, and this may have happened also in the sabkha 
iments. Any diagenetic changes which result in the 
ition or replacement of aragonite and calcite would be 
pected to release strontium into the pore-waters. In the 
ediments of the sabkha there has been extensive replace- 
ment of the original aragonite and calcite by early 
iagenetic dolomite: one phase of celestine and gypsum 
ormation may be a by-product of this process. Some of 
. the strontium released from the carbonate would accom- 
_ modate itself in the calcium sulphate lattice, while the 
- excess would be free to crystallize as celestine. 
_ ‘The fieldwork which led to this communication is part 
_ 9f a research programme, financed by the Department of 
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CRYSTALLOGRAPHY 


Character of Lead Hydroxide and Basic 
Lead Carbonate 


CONSIDERABLE confusion persists in the literat 
regarding the distinction between lead hydroxide anc 
basic lead carbonate, principally because the latter is of 
encountered in reactions where lead lydro: 
anticipated product. It is, in fact, doubtful if the s 
hydroxide Pb(OH), is stable in the solid state, and i 
course of work on lead azide* we. have had osvasi 
survey a range of preparations claimed to prodi 
compound. : S 

In our experience, only one hydrats aL 
capable of stable solid: existence, This anal 
formula: PbO.0-4 H,O and may be prepared. 7 
solutions of an alkali and lead acetate. 1t cant 
prepared from lead. nitrate where basic i 
precipitated. We havo also prepared it < 
tetragonal lead oxide by dissolving the b 
quantities of carbon dioxide-free distilled water 
evaporating the aqueous extract under reduced press 

Preliminary X-ray powder: results for the 
have already been published‘ and more aceura 
results are now given in Table 1. ‘These 
with a focusing camera using monochromat 
radiation and intensities were estimate 
multiple film pack and checked with a densi 

If, on the other hand, attempts are malle to prepar 
oxide hydrate slowly. and in the presence of o 
dioxide, basic lead carbonate of formula 2 PUO PHON 
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Fig. 1. Hexagonal platelets of basie lead carbonate obtained by drying 
down a dilute solution of lead azide on to ‘Formvar’. These yielded a 
hexagonal diffraction pattern corresponding with a réal spacing of 


is invariably the stable end product. Difficult to prepare 
stoichiometrically in bulk, we find that a good sample of 
the material may be obtained from the double decorposi- 
‘tion of basic lead acetate and sodium carbonate solutions 
in the correct proportion. 

0 © The crystallography of basic lead carbonate has been 
detailed ‘by Cowley’, who showed that although the unit 
cell is hexagonal with axes a = 9-06 A and c = 24-8 A, 
stacking of sheets of the heavily diffracting lead atoms 
is such that. c-axis electron diffraction. transmission. 
© patterns. of thin, crystals indicate a spacing of @/4/3 or 
5:23 A. Fig.1 shows thin hexagonal crystals of basic 


lead carbonate obtained from the hydrolysis of lead azide 


. which we found yielded this effect, and it is suspected that 
ʻo the recently published work on diffraction effects from the 
i hydrolysis products of lead cyanamide? refers. again to 
basic lead carbonate. 
G. Topp 
E, PARRY 
War Office, 
Royal Armament Research 
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“Fort Halstead, Sevenoaks, Kent. 
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<02 Sole, M, J, and Yoffe, A. D., Nature, 198, 1262 (1963), 
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4 Clark, G. L., and Tyler, W. P., J. Amer. Chem. Sor., 61, 58 (1939). 
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CHEMISTRY 


Detection of Electrochemically Adsorbed 
Surface Films by Reflectance Spectra 


Tue rate of electrochemical reaction can be strongly |. 
influenced by adsorbed species on the electrode surface, | 
and a knowledge of the degree of surface coverage and the 
heat of adsorption of the species is in many cases essential 


for @ correct interpretation of the reaction mechanism. 


The surface coverage by chemisorbed oxygen and hydro- 
gen on many metals has been determined electrochemi- 
eally by pulse’ or rapid potential sweep methods®, where 
the quantity of electricity required to either reduce or 
oxidize the surface film has been determined. In general, 
these methods can be simply applied only if the current 
flowing during the time of measurement can be attributed, 


to a single reaction. In many cases, however, it is desir- 


able to know the surface coverage with an intermediate. 
during the progress of a reaction or with the products of a = 
simultaneous reaction, and under these conditions only a. 
smal fraction of the total current can be attributed to the 
formation of an adsorbed species. In some cases it may 
be possible to relate the experimentally measured pseudo- 
capacitance to surface adsorption but here, also, assump- 
tions have to be made on the relative rates of reaction®, .: 
We have now developed a more direct method for | 
measuring surface coverage and also the heat of adsorp- 
tion during reactions at an electrode surface in which a © 
detectable quantity of light is absorbed by the surface 
film. Provided the percentage of light absorbed is directly 
proportional to the concentration of the surface species 


(that is, the surface coverage), the presence of a maximum oes 
absorption at a known wave-length could provide an | 


estimate of the heat of adsorption. 


A detailed description of the experimental technique” 
will be published elsewhere, but in essence we have studied 
the reflectance spectrum of a 6 em? metal electrode, 
mounted vertically within a few millimetres of an optical 
silica window which forms one wall of an electrolysis 
The cell, through which nitrogen is bubbled to 
provide an inert atmosphere, is mounted in a light-tight — 
box and placed against the sample port of the istese 00 
grating sphere of a Beckman DK2A spectrophotometer, = 


cell. 


The total reflectance of the electrode is measured with. 


either a magnesium oxide plate or a platinum sheet as __ 


the reference, An electronic potentiostat controlled the 


electrode potential. The results obtained with a smooth — ee : 
platinum electrode in 0-5 M sulphuric acid in the regiono __ 
The. 
measurements were made at a wave-length of 3500 A, 


of oxygen chemisorption are shown in Fig. 1. 
where ‘clean’ platinum reflects only 50 per cent of the 
light. 


has been shown? that platinum is free of adsorbed hydro- 
gen and oxygen). The number of coulombs required to 
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Potential (V vs. normal hydrogen electrode) : 
Fig. 1. Effect of electrode potential on the percentage light absorbed, 


For comparison the surface coverage determined by Will and Morr 
(ref, 2) is shown hy the dotted line Bates 


The light absorbed is expressed as a percentage _ : 
of the light reflected on a ‘clean’ platinum surface (that 
is, at 0-4 V versus normal hydrogen electrode, where it 










































































] prodinoe. the surface film as determined. by 
ill and Knorr? is shown by the dotted lines 
Fig. 1, and it is apparent that there is a 
vory good correlation between this quantity 
and na tho percentage of light absorbed. Both 

types of curve show a similar hysteresis 
oo effect. between values obtained with in- 

-creasing and decreasing potential. These 
“preliminary experiments suggest a maxi- 
um light adsorption for chemisorbed 
oxygen on platinum at 3500 A correspond- 
toa heat of adsorption of about 80 keal. 


Melting point (°K x 10) 


si ae jon when the poteritial was decroased 
t 3 to 0-0 V, and in this region we 


lts were less reproducible. Hydr ogen 
lution is very sensitive to trace impurities 
and a higher degree of purity may be neces- 


ry for reproducible results at these poten- e 


pf gt 
‘Large. changes in the percentage light 
absorbed with change in potential have also 
boon observed for the oxygen adsorption on gold in 0-5 M 
sulphuric acid, and also during the anodie dissolution 
of gold in aqueous cyanide solution. The latter results 
indicate that adsorbed species can be determined by this 
od while appreciable currents are flowing. 
thank Dr. D. E. Scaife, _C.8.LR.0., Melbourne, for his 
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_New Elements as Potential Refractories 


Examination of a Lothar-Meyer plot with reference 
to the synthesis of elements up to 102, and the possibility 
of producing even higher elements, lead. to some rather 
teresting speculations. On observation of the Lothar- 
Meyer plot of melting points (Fig. 1) several different 
: 3 of characteristic periodic variations become appar- 
_ Within Groups IA (lithium to cesium), IB (zine to 
‘cury), ILA (beryllium to barium), ITA (boron to 
um), IVA (carbon to lead) and IVB (titanium to 
_ hafnium) the melting points tend to decrease with increas- 
ing atomic number. Within groups VB (vanadium to tan- 
talum), VIA (oxygen to polonium), VIB (chromium to 
ston), VILA (fluorine to astatine), VIIB (manganese 
onium), VIITA (helium to radon) and VIIIB (iron 
to osmium) the melting points tend to increase with 
ereasing atomic number. Groups ITB (scandium to 
wanum), VA {nitrogen to bismuth) and VITIB (cobalt 
ium and nickel to platinum) exhibit an intermediate 
wiour in which the melting points first increase and 
on decrease with increasing atomie number; and group 
IR (copper to gold) exhibits. a slight minimum. 
e second type, in which the melting point increases, 
of interest here, with major. emphasis on groups VIB 
VIIB: Thus, if one may be permitted a small extra- 
ation, which, in view of Mendeleev’s signal success, may 
jè too inconceivable or impertinent, it may be pre- 
| that eka-tungsten and eke-rhenium will be even 
re refractory than tungsten or rhenium. The assign- 
ment of elements 90-103 to the actinide series by Seaborg! 
- allows one to predict, by analogy, that elements 106 and 
107 will be eka-tungsten and eka-rhenium, Tp 
(If the elements. 90-103 are not assigned to an inner 
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to 2,600" K, 
From Glassner, estimated values, 
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transition series, then eka-tungsten would. be unen 
and its melting point should be much higher. 
paratively low melting point may even |» 
evidence to support the Seaborg assignments.) 
polation of the melting points in Fig. 1 then indie: 
a melting point of about 4,200° K for elemonis 100 
107. Due to the diminutive half-lives predicted for 
ments above 102, the practical value of these « 
is not immediately apparent. However, bee: 
intriguing theoretical implications, and thop 
in high-temperature. refractories Pr 
fusion applications, they are being pres 
refractories these eloments might be useful a: 
elements which could be operated for exten 
at temperatures well in excess of those possible 
present materials. 
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Synthesis of 4-Methylene-pL-proline: 
Naturally Occurring Racemic Am 


RorationaL and other data. from the sya 
optically active derivative? have shown that dometi 
proline (I) isolated under non-epimerizing conditions | 
loquat seeds? is racemic. The suspected binge 
precursor, y-methyleneglutamic acid, on the other har 
has beon found only in optically active form’, althoug 
different plant sources*. In view of the raro oceurrens 
of racemic amino-acids in Nature we wish to record t 
following simple synthesis of 4-methylenc-pt-proline, 
along with direct comparison evidence confirming ita. 
identity with the natural compound. $ 








H,C HC 
Sues Wisc 
[77] 60.0.8, 
| a 4 
\w/\co,H \w/Sc0,0.H, 
H H 
I 1 


Alkylation of diethyl aminomalonate (used as ihs 
hydrochloride (Aldrich - Chemical Co. Inc, Mibveulkee 
Wisconsin) ) with 1 ,3-dichloro-2-methylenepropane* 
ethanol at 55° in the presence of sodium ethos ide. Gb 
equivalents) afforded, in 60 per cent yield, the moethyle 
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pyrrolidine diester II, b.p. 83°-85°/0-5 mm, n% 1-4589, I.R. 
(CHCI,)* 3-0, 5-8, and 11-3y (found: C, 57-90; H, 7-64; 
N, 6-41. C,,H,,0,N requires C, 58-13; H, 7-54; N, 6-16 
per cent). This product by alkaline hydrolysis and subse- 
quent decarboxylation in 10-* M hydrochloric acid gave, in 
65 per cent yield, the hydrochloride of I, which crystallized 
from ethanol-ethy! acetate in fine plates, m.p. 217°-218° 
decomp., I.R. (‘Nujol’) 11-34 (found: C, 44-03; H, 6-13; 
N, 8-36; Cl, 21-43. C,H,,.O,NCI requires C, 44:05; H, 
6:16; N, 8-56; Cl, 21-67 per cent). Isolation of the 
free amino-acid was accomplished by treatment of the 
hydrochloride with a slight excess of silver carbonate. 
The resulting 4-methylene-pi-proline (I) erystallized from 
wet methanol-ethyl acetate in 85 per cent yield as fine, 
matted needles, m.p. 243°-245° decomp. (capillary, rapid 


=CH, 
at 11-3u, nuclear magnetic resonance (D,O, acetone 
reference) Se=cn, as a close quartet centred at 4-85 + 


(no methyl protons) (found: C, 56-73; H, 7:30; N, 
10-87. C,H,O,N requires C, 56-68; H, 7-14; N, 11-02 
per cent). 

Through the kindness of Dr. L. Fowden, University 
College, London, a sample of 4-methyleneproline isolated 
from loquat seeds? was made available to us for com- 
parison. In addition to having identical nuclear magnetic 
resonance spectra (D,O) and indistinguishable paper 
chromatographic behaviour’, the natural and synthetic 
substances had completely superposable infra-red spectra 
(‘Nujol and potassium bromide), identical crystallization 
characteristics, and undepressed mixed melting point 
(242°-245° decomp.), and also gave a common product on 
catalytic hydrogenation (mainly cis-4-methyl-DL-pro- 
line?:?, m.p. 233°-235° decomp.), thereby directly confirm- 
ing not only the structure but also the racemic character 
of the natural amino-acid. 

We thank Prof. G. W. Kenner and Dr. R. J. Abraham of 
the University of Liverpool for the nuclear magnetic 
resonance spectral identification of cis-4-methyl-pL- 
proline. This work was supported by the U.S. National 
Science Foundation and the Alfred P. Sloan Foundation. 
Some of the initial phases of this work were conducted 
under a research grant from the U.S. National Institutes 
of Health. 


heating), I.R. (‘Nujol’ or potassium bromide) 
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Electron Spin Resonance Spectrum of 
Irradiated Cellulose II 


AN asymmetric electron spin resonance has 
usually been reported for the free radicals produced by the 
y-irradiation of cellulose’*. During the course of an in- 
vestigation on the effect of crystallinity and cross-linking 
on the degradation of cellulose by y-radiation we noticed 
that while specimens of ramie and cotton (cellulose I) gave 
the familiar asymmetric electron spin resonance spectrum 
(Fig. 1B), all the samples of regenerated cellulose (cellu- 
lose II) gave the more symmetric pattern (Fig. 14). 
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Fig. 1. Differential plot of the electron spin resonance spectra of 
ce “cnr specimens several weeks after receiving a 10-megarad dose of 
yr on. 


H, Increasing field; A, regenerated cellulose; B, cotton 
While the cause of this difference has not been further 
investigated, its relationship to the differences in the X-ray 
fibre diagram? is of interest. Wo have recently shown 
from the relationship between the radical concentration 
and the degree of crystallinity that the stable radicals in 
cellulose are in the ordered regions. It follows that the 
differences in electron spin resonance pattern reported 
here must be a reflexion of the differences in molecular 
arrangement in cellulose I and cellulose II crystallites 
and might be expected to yield further information about 
these structures. 

We thank Dr. Roberts, of the Atomic Energy Research 
Establishment, Wantage, who arranged for the irradiation 
of our specimens. 
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Crystal and Molecular Structure of 
Glaucarubin 


GLAUCARUBIN, a bitter lactone found in Simaruba 
glauca, and used medicinally as an ameebicide, has the 
empirical formula C.H 340, and a molecular weight of 496. 
Its chemical structure is known to be similar to that of 
chaparrin* and quassin*, Recently the chemistry of the 
family Simaroubaceae has been the subject of a consider- 
able number of investigations**. Examination of the 
structure of this compound had been in progress in the 
Department of Medicinel Chemistry, State University of 
New York at Buffalo, when it was decided to apply X-ray 
crystallographic methods to this problem. The crystals 
of p-bromobenzoate derivative were prepared at this 
department and the X-ray investigations were undertaken 
at the Roswell Park Memorial Institute at Buffalo, with 
the hope that a complete single crystal structural study 
of this compound would contribute useful information 
about the chemistry of this class of compounds. 

The crystal structure of p-bromobenzoyl derivative 
has now been solved from three-dimensional X-ray diffrac- 
tion data collected on a Genoral Electric XRD 5 single 
erystal diffractometer equipped with a goniostat. It was 
found that this compound crystallizes in the monoclinic 
system and belongs to the space group P2,. The cell con- 
tains two molecules and has dimensions as follows: 


= 13-794 b= 699A c= 17-35A 8B = 110-8° 






































Scale in A. 

Fig. 1x Electron density projection of the molecule of -bromobenzoate 

| -derivative of glanearabin down the monoelinic axis. méours at inter- 
_ Yals of 200 on an arbitrary scale. Zero countours shown dotted 





ae Fig. 2. A molecule of p-bromobenzoate glaucarubin 


The molecular weight determined from the measured 
density and cell dimensions is 675 and agrees well with the 
empirical formula C,,H,,0;,Br obtained from chemical 
lysis. Significant changes occurred in the lattice 
stants during the collection of the data. The erystals 
anged Ti and diffraction intensities fell off during 

| periód. i 
en though the average scattering from the bromine 
m is only about 0-6 times that of the remaining 43 non- 
drogen atoms, the structure was solved. by a modifica- 
n of the heavy atom method using bromine as the heavy 
atom. Difficulties, however, were encountered due to the 
presence of only two bromine atoms in the unit cell, inas- 
much as this created an artificial mirror plane perpen- 
dicular to the b axis and. passing through the bromine 
atoms in any electron density map based on the bromine 
atoms alone. Ambiguities, due to the duplication of 
_ peaks across the artificial mirror plane, created uncer- 
tainties that had to be solved in successive stages of three- 
dimensional refinement. 

The bromine positions were located using sharpened 
‘ker sections? of the vector maps, and their phase con- 
utions were used as a starting point for evaluating the 
t three-dimerisional electron density map. As more and 
more atoms were selected from the maps during successive 
stages of refinement, they were included in the phase angle 
calculations for the subsequent electron density map, and 
the process repeated until all the 44 non-hydrogen atoms 
were located. A map at: this stage showed that none of 
these could be identified as oxygens from peak heights 
lone, and that bond-angle considerations could locate the 
Temaining two oxygens also. It was also seen that there 
was only one carbon-carbon double bond—between C, and 
C, Considerations of bond-lengths and angles also 
` indicated that there are 39 hydrogen atoms, which is 

“exactly the same number as given by chemical analysis. 
< = Fig. 1 shows the electron density of the molecule 
| projected down the b axis with the molecular skeleton 
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overlaid, while Fig. 2 denotes the ‘chemical molecule 
The structure found here differs: from: tha: 
glaucarubin by Geissman and Ellestad? in 
respects. Carbon C, (Fig. 2) is bridged to carbon 
oxygen QO, is attached to C,, by a single rati 
double bond. The bond-length calewations show 
There is no hydroxyl present at Cj, but one is found at 
C,, as the «-hydroxy-«-mothyl-butyrate, a 
The discrepancy factor for 540 controsyrimettic 
reflexions is now 12 per cent, and for the threo-dimen: 
data, numbering over 2,200 reflexions, it is below 
cent. The structure is being refined f pi 


dimensions with better data; the details 
elsewhere. ae 
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BIOCHEMISTRY 


Direct Isolation of Deoxyribonucleic Acid __ 
from Cells : SEU 

THERE are now available several variatio i 

reliable methods for the isolation of DN- 
Generally they are based on the prelimina: 
tion of the tissue, in a method first used y 
Polister!. The DNA of the nucleoprotein is isolated wi 
one of a number of different reagents, resulting in a 
preparation of DNA which is considered by all pr 
criteria to be similar to the native material of the « 
Among the many reagents which have been used for 
deproteinization of the nucleoprotein have been o ‘yl 
alcohol-chloroform mixtures*, the detergent sod 
dodecyl sulphate’* and more recently phenol ar 
p-amino salicylate’, and phenolphthalein diphospha 
All these methods have been of considerable 
providing DNA. which has been shown by various $e 
retain biological activity. However, most of the 
methods for obtaining DNA. from marimelian colle ax: 
from the same disadvantage. They all permit y 
enzyme degradation during the preliminary washing 
fractionation of the tissue prior to the extraction of 
nucleic acids, 

The presence of various nucleases in tissues has al 
been a major concern in the extraction of Binh 
only the DNase T which is known to he inhi 
in the preliminary wasting procedure. The presen 
nucleases of different pH optima and cofactor requ 




































ants he not been investigated oxtensiv yí 

“variety of tissues. Thus the possibility of some nuclease 
activity taking place during the prior isolation of cell 
particulates from cells must be considered carefully. It is 
_ possible to reduce this consideration to a minimum if the 
< eells are treated very quickly with the extracting reagents, 
cas in the extraction of RNA from yeast by the hot sodium 
dodecyl sulphate method of Crestfield and Allen’.. There 
‘are a few indications in the literature of attempts to 
isolate DNA from whole cells by hot detergent, and by 
variations of the phenol method, but not all these are 
. entirely satisfactory. 

- In this laboratory it has been found possible to isolate 
= DNA directly from several tissues by extracting whole 
= cells without any preliminary process of homogenization 

© or cell fractionation by using the sodium dodecyl sulphate 

‘method’. The method has been utilized for the rapid 
extraction of nucleic acids in connexion with investiga- 
tions of the biosynthesis of DNA, and of DNA~RNA 
= complexes, in cells of the Ehrlich—Lettré hyperdiploid 
stra ascites tumour. 
_ Ascites fluid, containing cells, of this tumour of between 
7 and 10 days of growth was drained from the peritoneal 
cavity, and centrifuged using aclinical centrifuge running at 
~ 3,000 r.p.m. for 3 min, at room temperature. The super- 
natant fluid was discarded. The packed cells (5 ml.) 
-woro quickly dispersed in a total volume of 50 mi. of 
_ Baline (0-9 per cent), and immediately 4-5 ml. of a 5 per 
cent solution of sodium dodecyl sulphate, made up in 
45 per cent ethanol, was added with stirring. In an instant 
~- the cell suspension becomes a stiff gel which is broken with 
_-eontinued stirring. Solid sodium chloride was added, 
= according to the original method? to make the solution 
1 M with respect to sodium chloride, and stirring was 
=- continued for about 1 h to dissolve the salt and effect 
_ ¿complete extraction of DNA. The viscous solution result- 
_ ing from the lysis* of the cells is essentially due te the 
_ release of the DNA into solution. The solution was 
_ centrifuged to sediment the denatured cellular proteins as 
_ a detergent complex. It was generally possible te carry 
this out using the International centrifuge operating at 
- 3,000 r.p.m. for 30 min. The supernatant was decanted 
and precipitated with an equal volume of 95 per cent 
< ethanol. The fibrous DNA precipitate was lifted out 
- quickly, and with the addition of a further volume of 
_. alcohol to the remaining fluid a flocculent precipitate of the 
cellular RNA could be obtained. The DNA was washed 
with 70 per cent ethanol, 95 per cent ethanol and acetone 
and then air dried. 
The fibrous product contains considerable RNA after 
this first extraction, and it was found difficult to remove 
this by additions of varying amounts of ethanol to 
dissolved samples in a 1 M sodium chloride solution. The 
. amount of RNA could be reduced considerably, however, by 
 Garrying the above DNA through the further steps of the 
original procedure’, With ascites tumour cells the final 
product was found to contain 15 per cent or more of 
RNA. even when carried through the entire procedure. 
This firmly bound RNA exhibits a very much higher 
specific activity in labelling experiments. than the free 
RNA obtained as described here. It is tentatively 
suggested that some of this firmly bound RNA. represents 
- ‘messenger’ RNA. The yield of purified DNA from ascites 
_ tumour cells was approximately 50 mg when starting with 
. Bal. of packed cells. The absorption spectrum is typical 

of DNA and with the 230/260 ratio equalling 0-37, which 

is in agreement with results obtained for DNA isolated 

from previously isolated cell nuclei, or from the nucleo- 
_ protein obtained from the cells by the procedure of 

~ Mirsky and Pollister’. 

~~ In the use of this rapid method for the extraction of 

DNA from cells for investigations of the incorporation of 
labelled precursors it has been necessary to remove the 












=- concomitant RNA. For this procedure the dry: material 


was. indole-3-acetamide. — 


was hs rolysed with 0:3.N potassium hydroxide for ish 


at 37°C. The DNA was then precipitated by dropwise 
addition of 70 per cent perchloric acid to lower the pu -~ 


to 2. The precipitated DNA was washed carefully with — 
4 per cent perchloric acid to remove adhering ribonucleo- 
tides. The DNA. was then hydrolysed to the component 
bases by the procg§ure of Wyatt®. Analysis of the base 
composition of the DNA isolated as aforementioned - 
showed after alkaline hydrolysis that the ascites tumour 
DNA adheres to the accepted 1 : 1 pairing between adenine 
and thymine, and guanine and cytosine. 
» In summary, a rapid method for the extraction of DNA 


from intact cells has been presented which has been found — IS 


useful particularly for the investigation of incorporation 
of labelled precursors. The presence in the isolated DNA 


of firmly bound RNA suggests that in view of its high — ‘ Be / 
specifie activity some of this represents the ‘messonger 


RNA of these cells. This complex is now being examined. 


The method has been used extensively for work with the — oe 
Ehrlich ascites tumour cells but has also been found useful. 
for the rapid extraction of DNA from a variety of cells = > 


and should be useful in tissue culture investigations — 
where only small amounts of tissue are handled. 


Ernest R. M. Kay 


Department of Biochemistry, 
University of Rochester 
School of Medicine and Dentistry, 
Rochester, New York. 
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A Role for Peroxidase in Biosynthesis of = 
Auxin 


Tur metabolic formation of indolyl-3-acetic acid from. o : 


tryptophan has been well established. The inter- _ 
mediate compounds in this conversion have not been 
identified. A recent review? has indicated that several 
pathways can be formulated that are consistent with the 
results obtained by use of tryptophan labelled with 
earbon-14. Recently we have demonstrated the oxidative 
formation of 3-methylthiopropionamide from methionine 
in the presence of purified horse-radish peroxidase, Mn++ 
and pyridoxal-5’-phosphate?, We have now extended this ` 
observation to tryptophan and have found that, under. . 
oxidative conditions with the foregoing cofactors, peroxi- 
dase will convert tryptophan to indole-3-acetamide. 

A reaction mixture composed of 100 moles of phos- 
phate buffer at pH 7-0, 0-2 moles of pyridoxal-5’-phos- . 
phate, 0-2 pmoles of MnCl,, 2 pmoles of p1i-tryptophan-3- 
C containing 2 uc. carbon-14, and 2 ug of purified horse- 
radish peroxidase (RZ 3-0) in a final volume of 2-3 ml, 
was incubated for 90 min at room temperature. After 
incubation 100 mg of unlabelled tryptophan was added, 
the mixture evaporated to dryness and 2 drops of water 
added followed by 4 ml. of acetone. The suspension was 
centrifuged and the supernatant solution evaporated to: 


dryness under nitrogen. The residue was taken up in 


0-2 ml. of acetone and chromatographed on paper using a — 


solvent system of benzeno / acetic acid / water (2:1:J). 


Fig. lis a tracing of the recorder chart from a strip counter 
sean of the chromatogram. The major product formed | 
A small. amount. of indoli 
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FRONT ORIGIN 

Fig. 1. Radioactive products Prea from trypto 

Sonditions described in the text, tophan; 
C, E Wed, ie acid 


under reaction 
, indole acetamide; 


c acid was also found. When pyridoxal-5’-phosphate 
MnCl, were omitted, no reaction took place: 

‘The identification of the product as indole acetamide 
yas verified by use of an isotope dilution procedure. At 
the end of the 90-min incubation period, 100 mg each 
of unlabelled tryptophan and of indole acetamide were 
added to the reaction mixtures and these wero rapidly 
_ dried. The indole acetamide was extracted with aliquots 
of hot ethyl acetate. These were concentrated to a small 
volume and the indole acetamide crystallized at 5°. The 
crystals were centrifuged, washed with ether and dried 
under vacuum. The recovered amide was recrystallized 
several times. Weighed amounts were counted by use of a 
cintillation counter. After crystallization four times the 
material had a constant specific activity. Table 1 sum- 

es the results, 














FORMATION oF INDOLE ACETAMIDE-"C FROM TRYPTOPHAN-¥C 
Specific activity of 


Reaetion system * indole acetamide 
c Jat ‘rome 
orap e AN 
Minus pe : 
Complete w E “boileg’ peroxidase 490 


—  *Complete system contained 2 pmoles Di-tryptophan: -2-4C containing 
100. janoles phosphate buffer pH 7-0, MnCl, 6-5 ymoles 
rid sop hate a id peroxidase in a final volume 


: pyridoxal- hosphate and 2 is | horse-radish. 
->u pE 2 ml, ‘Boiled’ peroxidase was heated for 5 min hin boiling water before use. 


Tnoubation time was 90 min. 


-o The ratio of activity in the presence of peroxidase to 
that in the absence of the enzyme was 2-6. Lowering the 
- amount- of pyridoxal-5’-phosphate appears to raise the 
ee -enzymatic/non-enzymatic ratio. 
i Indole acetamide has-been shown to possess auxin 
ae activity”. If this compound can be deamidated in the 
- plant, then a simple route to indolyl-3-acetic acid from 
_ tryptophan via the amide becomes feasible. We are 
_ at present investigating the role of indole acetamide in 
| auxin biosynthesis, and. also aspects of indole acetamide 
metabolism. More complete details of the peroxidase- 
< catalysed formation of indole acetamide from tryptophan 
"and the results of the investigations with indole acetamide 
< wil be published elsewhere. 
Oooo. This investigation has been supported by a grant from 
-o the U.S. National Science Foundation (@B-1142). 
ie V. M. RIDDLE 
M. Mazeris 
Department of Food Science and Technology, 
: University of California, 
Davis. 
n Overbeek, J., Bot. Ren., 25, 267 (1959). 
himan, F., Canad. J. Bot, 40, 689 (1962). 
elis, M., and Ingraham, D. L., J. Biol. Chem., 287, 109 (1962). 








Methyl Pentoses in Human Saliva and 
Dental Plaque 


‘THE average methyl pentose content of unstimulated 
‘human saliva supernatants has been determined as being 
between 50 and 100 ug/ml. depending on the blood-group 
substance secretor status of the individual’. The methyl 

pentoses present are fucose and rhamnose., Fucose is 

present in the blood-group substances secreted in saliva? 
» and in fractions associated with salivary mucoprotein}, 
although it is not clear whether or not these two sources 
-aro identical. It is seldom found in bacteria. Rhamnose is 
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a constituent of the cell wall of many badteriat. some of 
which are found in the mouth. Tt has not been detested in 
sterile saliva secretions. Very little is known about © 
status of methyl pentoses in dental plaque, and it is 
purpose of this communication to describe their detorm. 
ination in plaque and their fate in saliva. 

Methyl pentoses were determined by Gibbons’s 
glycollic acid method’ as modified for saliva by Te 
Plaque was obtained from individuals who had no 
their teeth for at least 12 h and at least 2 | 
It was washed with water, dried and w ghed 
determining the methyl pentose content. ne 
standard deviations of the methyl pi 
plaque from 13 individuals were 33-2 
respectively, with a range of 19-8 to 67 uri 
of plaque. Ascending paper chromate 
hydrolysates (1 N sulphuric acid, 3 h at 100° 
Whatman No. 1 paper in isopropanol/water (160: 40 
and in ethyl acetate/pyridine/water {120 : 50.5 41 
clearly showed the presence of rhamnose but no fue 
could be detected. This was a surprising result in vie 
the fact that mucin is so easily precipitated from s 
and one would therefore expect fucose to be present i 
plaque. l 

When pooled wax-stimulated whole saliva was ineuhy 
at 37° C for 22 h, 50-per cent of the methyl pentose: 
peared from samples of the homogenized reaction mix 
When samples from the same reaction mixture at 
time were- centrifuged to remove most of the bacteria 
other debris, 75 per cent of the methyl pentose rem 
in the supernatant, but after the 22 h, 85 per cent of 4 
had disappeared. This means that nearly all the x 
pentose which has disappeared was initially in the sw 
natant, and the inference is that this is salivary 1 
while the bacterial rhammnose remains i Iha 
These results are shown in Fig. L. Incubation ol: 
saliva collected by means of a Curby eup. and of 
maxillary saliva collected with a Schneyer device”, dic 
result in the loss of any methyl pentose. The 
secretions are relatively free from bacteria. In add gt 
no methyl pentose was lost on incubating a suspension of 
plaque in water, but when plaque or saliva sediment way. 
added to submaxillary or parotid saliva and ineubated,.al 
the methyl pentose disappeared except for a small quantity 
which could be accounted for in the added plaque or 
sediment. . 

These experiments have shown that there is a high 
concentration of methyl pentose in dental plagi 
ever, this methyl apea is not derived from, 
fucose as might be expected, but appears to ce 
entirely of bacterial rhammose. In fact, fucose in plag 
and saliva is labile and is destroyed by the bacte: 
Sialic acid, another constituent of salivary: mucoprete 
has also been shown to be susceptible fo breakdown 
oral bacteria and does not occur in plague®, 

The other major carbohydrates associated with sal 
mucins are hexosamines. Incubation of pooled who 
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Fig. 1, Loss of methyl pentose from pooled saliva at 87° ©. 
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saliva results in the degradation of approximately 50 per 
cent of the hexosamine*. It appears, therefore, that all 
the major carbohydrate components of salivary mucin are 
susceptible to bacterial action. Mucin is believed to be a 
constituent of dental plaque’, but if this is so, it is likely to 
be present as only the protein core without any carbo- 
hydrate side-chains. The carbohydrates which are found 
in plaque are, therefore, probably not derived from 
salivary mucin but are of bacterial origin. 
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A Coincidence Technique for Paper 
Chromatography 


In paper chromatography, the Rr value, or ratio of 
distance travelled by substance to the distance travelled 
by solvent front, is generally used as the criterion of 
identity. If two substances have the same Rp values in 
two or more solvent systems, they are assumed to be 
identical. But although Rp values are often quoted with 
great precision, experience shows that they are, at best, 
only a rough guide and should not be used as the sole 
means of identifying a substance. 

In our experimental work, we have developed a tech- 
nique which eliminates the uncertainty which may arise 
from the use of Rp values alone. Ultra-violet absorption 
photography was used as early as 1949 by Markham et al. 
for the location of purines and pyrimidines, Autoradio- 
graphy has been extensively used since the pioneering 
work of Calvin and his associates with carbon-14 (ref. 2). 
In the work reported here, the two techniques have been 
combined together in a single operation. This method has 
been successfully used for the identification of purines, 
pyrimidines, amino-acids and sugars. 

Compounds labelled with carbon-14 were used as starting 
materials in all reactions investigated. Non-radioactive 
carriers of the suspected resultant products of the experi- 


"> ORIGIN. _BUTANOL-FORMIC 


ADENOSINE 





Shadowgram (left) and autoradiograph ( 
The dark areas on 


Fig. 1. 
adenine, adenosine and AMP. 
areas of the shadowgram precisely. 

by vol.); propanol-ammonia-water (6 : 3 


: 1 by vol.) 
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Fig. 2. 
separating the sugars glucose and ribose. Solvent: 
water (4 : 1: 5 by vol.) 


Shadowgram (left) and autoradiograph (right) of a chromatogram 
butanol-ethanol- 


ment were added to the original material before 
chromatography. The mixture was then chromatographed 
in two dimensions on Whatman No. 4 paper, previously 
washed with oxalic acid. 

Autoradiographs were prepared by placing an X-ray 
film in close contact with the chromatogram for a period 
determined by the amount of radioactive material present. 
This time may range from one day to six months. We have 
found that 10,000 disintegrations per minute produce 
a fairly well-defined spot on the X-ray film (Kodak, blue 
sensitive) in approximately a week. Radioactive com- 
pounds appear as dark spots on the transparent X-ray 
film. 

When working with purines, pyrimidines, and other 
ultra-violet. absorbing products, the shadowgrams were 
prepared by shining an ultra-violet light through the 
chromatogram on to Kodagraph contact paper. The 
source of ultra-violet light was a General Electric germi- 
cidal lamp (type 782H-10) held at a distance of 10 in. 
The time of exposure was 1-2 sec. To ensure close contact 
between the chromatogram and the photographic paper 
a sheet of ‘Vycor’ glass, which transmits light of the wave- 
length at which purines and pyrimidines absorb, was 
placed between the light and the paper. The ultra-violet - 
absorbing areas on the chromatogram appeared as 
well-defined white spots on a dark back- 
ground. 

If the radioactive products are identical 
with the carriers, the dark spots on the auto- 
radiograph will correspond precisely to the 
bright spots on the shadowgram. The coin- 
cidence will be perfect in both position and 
shape. Wo have found this method of com- 
parison superior to the customary procedure 
of outlining a carrier or ‘cold’ spot by pencil 
and then matching it with the autoradio- 
graph. It is evident from Fig. 1 that the 
matching of the spots can be observed to the 
minutest detail in the shape of the spots. 

For greater certainty, the aroa correspond- 
ing to the matching dark and bright spots is 
cut out from the paper chromatogram, 
eluted with a suitable solvent, and re-run 
in two different solvent systems. This is 
the equivalent of analysis in four separate 
systems. If coincidence is established with 
this repeated procedure, the positive identifi- 
cation of the material can be assumed. 


ACO WATER 
ae 
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_ With amino-acids or sugars, the carriers are located on 
hi chromatogram with the aid of a colour reaction. The 
lowgram is prepared in the same manner as for the 
os. and pyrimidines; but a visible light source is 
instead of an ultra-violet light. The coloured areas 
sorb the light and a woll-defined bright spot appears on 
a dark background. Fig. 1 demonstrates the technique 
or adenine, adenosine and adenosine monophosphate. 
Fig. 2 illustrates the method for the sugars ribose and 
rlucose, In all these cases, it should be understood that 
mount of radioactive material is insufficient to be 
ted by a shadowgram alone. 
his identification technique can be performed in 
rse order also. When starting with unlabelled material, 
radioactive carrier is added before spotting the paper. 
amount of radioactive material used should be below 
imit of detectability for the shadowgram, but 
cient to appear on the autoradiograph. The limit of 
ctability when using unlabelled material is about 
ug for purines and pyrimidines, 0-04 ug for amino- 
acids, and about 1 yg for the sugars. 
Our work has been primarily concerned with purines, 
pyrimidines, amino-acids and sugars. This coincidence 
technique. however, can be applied to many other com- 
pounds which will give a colour reaction, such as fatty 
acids, peptides, steroids, ete.; in fact, to any compound 
hich can absorb ultra-violet or visible light. This tech- 
© was used for the successful identification of adenine 
ng a large number of compounds formed by the 
irradiation of a mixture of methane, ammonia 
ater’. The application of this coincidence technique 
des a reliable identification of compounds without 
neertainty involved in using Rp values and often 
ating the need for extensive chemical analysis. 
is work was begun when one of us (C. P.) was a 
member of the Bio-Organie Chemistry Group, Lawrence 
Radiation Laboratory, Berkeley 4, California. He thanks 
Dr. Richard M. Lemmon and Prof. Melvin Calvin for their 
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Difference Spectrum and Enzymatic Activity 
of Denatured. Chymotrypsin 


HEN chymotrypsin is heat denatured in dilute solution 
of 3-0 in 0-001 M hydrochloric acid, or at the same 
0-01 M citrate, changes occur in the ultra-violet 
bance spectrum. When the differences in absorbance 
‘een the native and denatured enzyme are determined 
difference spectrum) peaks are obtained at 231-5, 285-5 
and 293 mp (Fig. 1). These peaks have been found in a 
> variety of proteins when denatured by various 
neans'?. The peaks in the vicinity of 280-290 my have 
attributed to changes in the environment of the 
chromophores, tryptophan and tyrosine brought about by 
onformational changes oceurring in the denaturation 
rocess. The spectral differences occurring around 230 my, 
e influenced by these amino-acid residues, have been 
attributed to structural alterations other than those 
associated with tryptophan and tyrosine*. 

- One may ask whether the structural changes reflected 
in the difference spectrum of denatured chymotrypsin are 
- the same as those responsible for the decrease in enzymatic 
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activity pias about by doaie 
explore this relationship, the kineti ai 
of chymotrypsin at 51° C at a concentration 

in 0-01 M citrate at a pH of 3-0 were examine 
of the chymotrypsin solution were incubated 
between 2-20 min at 51° C and then cooled ina water bh 
at 23° C. The spectral differences at 291-5 mp 

determined on dilutions of 1-0 volume of the chy 
solution to 20-0 volumes of 0-001 M hydroct 
The enzymatic activity of the solutions was det m 
using N-acetyl tyrosine ethyl ester*. 


maximum reduction in enzymatic activit 
and a maximum absorbance change 
0-126. When the percentage of the maximnom ac 
reduction and percentage of the maximum absort 
change are plotted against time, both varal 
same curve (Fig. 2). It may be concluded 
inactivation is the same as the rate of absorb: 
From the same results, the enzymatic activity 
against AA 231-5 (Fig. 3). Tt can be 
ship is linear. These observations indi 
the structural changes resulting in the enzym 
ation of chymotrypsin are also responsible for the ap 
difference at 231-5 mu. 

Glazer and Smith in their investigations of the denaty 
tion of ovalbumin in urea and quinidine hydroc 
found distinct differences in the rate of change of A 
230 my region and the 290 my region. Maximam AA w: 





Fig. 1. 
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reached in the 290 region much before the 230 region. One 
must conclude from this that there are two distinct 
processes occurring in the denaturation, one being com- 
_ pleted before the other. - This is not the case with chymo- 
trypsin under the present conditions. In Fig..2 are also 
plotted AA 293 against time. The data fall on the same 
curve as AA 231-5 versus time. It would appear that the 
spectral changes. in both regions result from the same 
_ process in the case of the denaturation of chymotrypsin. 
B. L. Kasacorr 
- B. LAKEN 
Denver Chemical Manufacturing Co., 
: Stamford, Connecticut. 
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Effect of Avian Pituitary Preparations on the 
_ Plasma Free Fatty Acids of the Rabbit and the 
: l ~ Domestic Fowl z 


=; PRevious experiments! have shown that the levels of 
plasma free fatty acids in the domestic fowl, which are 
-markedly elevated in laying birds*, were also increased in 
‘immature pullets by treatment with cestrogens... They 
_ were not altered by the injection of crude extracts of pig 
_ anterior pituitary, though these extracts were. effective in 
"increasing the levels of plasma free fatty acids in the rabbit. 
ince this difference could be attributed to the difference 
: in responsiveness of the two species to a hormone derived 
_ from a third species, it was not possible to decide whether 
"or not the increased levels of plasma free fatty acids, 
normally found in the laying bird, were directly due to 
_ the secretion of pituitary hormones or to some other cause. 
Experiments to investigate this point have now been 
rformed with preparations of avian pituitary powder. 
tuitaries from broiler hens were dehydrated and powdered 
by dispersing in acetone in a high-speed macerator. The 
whole pituitary was used since the object of the experi- 
ment: was to determine. whether there was a. pituitary 
factor, present in either lobe, capable of increasing the 
plasma. free fatty acids in the bird. The results of experi- 
ments in which suspensions of the whole powder, in saline, 
were administered to birds and to. rabbits are presented 
in Table 1. It is clear that avian pituitary powder, though 
__ effective in increasing the levels of plasma free fatty acids 
_ in the rabbit, had little effect in the domestic fowl. 
Further differences were detected in the clinical con- 
_ dition of the animals. Thus, following administration of 
avian pituitary powder the rabbits responded by a rapid 
- increase in respiratory rate hy prostration: 
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hand, the birds showed no distress symptoms whatsoever, © 
eating and drinking normally throughout the experiment. 
No vasoconstriction was noted. Laying-birds injected with | 
avian pituitary powder ovulated several soft-shelled eggs 
in the ensuing 48 h, presumably owing to the action of 
gonadotrophins in the preparations. EAE 
The results appear to establish that the increased levels 
of plasma free fatty acids found in the laying-bird are 
not attributable to the direct action of a pituitary factor. 
Treatment of-pituitaries with acetone has been stated to. 
cause the disappearance of most of the material increasing. 
plasma free fatty acids in rabbits*. In the present series o 
of experiments this did not occur since the rabbits re- oo 00 
sponded to the preparations used. A 





Table 1. ERFEOT OF AVIAN PITUITARY POWDER ON THE LEVELS OF PLASMA: 
Free Farry Actos (FFA) IN THE RABBIT AND DOMESTIG Fowl. 


Plasma FFA at different times (h) after injection: 
00 1-0 20 +p: 





Dose 
Animal (mg/kg) 












0 
Pabbit 100 148 2,910 2 610 1,900: 
M 100 166 496 260 fae 
” 100 75 1,740 500 214 
10-0 116 1,000 250 109 
20-0 234 1,820 a 2,010 
20°0 167 2,460 ard pri oF: 
32-0 178 1,850 — 1.708 
» 32-0 199 2,320 = 1,260. 
Hen— : ; 
in lay 22-4 960 1,162 1,350 830 
» 20-0 1,000 956 830 956 
” 40-0 1,010 1,110 830 1,085 
” 40-0 735 904 640 620 
ss 60-0 1,240 1,430 1,370 1,640 
en— os 
immature 200 494 788 954 870. 
” 40-0 355 346 507 369 
40-0 536 956. 735 4B 
a 40-0 410 665 871 790°. 
60-0 665 707 757 g0 
Whole avian pituitary powder was dispersed in aqueous 0-0 per cent 
(w/v) sodium ide and injected intraperitoneally into rabbits or hens. 


ma fatty acids were determined as described by Heald and Badman’. — 
The rabbits (New Zealand White or Belgian Lop, females) were 8-5 months 
old. The birds were a White Leghorn Cross. Laying birds were 30-35 
weeks of age, immature birds were 12-13 weeks of age. Values ate given 
in pequiv./L plasma. reba: 


The lack of response of the levels of plasma free fatty . 
acids in the domestic fowl to avian pituitary preparations _ 
is similar to the findings of Frieser et al.4. Thus it was. 
shown that fractions prepared from human anterior 
pituitary, though promoting an increase in plasma. free 
fatty acids of the rabbit, were ineffective in man. Further, 
it has been found? that factors prepared from pig anterior: 
pituitary were unable to stimulate the release of free fatty 
acids in vitro from pig adipose tissue, though they were. 
active in stimulating release of free fatty acids from the 
adipose tissue of other species and in vivo in the rabbit. 
The role of such substances in fat mobilization is thus far 
from clear. $ 

The nature of the avian pituitary materials inducing 
increases in plasma free fatty acids in the rabbit are not 
known, nor does their identity seem of primary importance | 
in relation to the present problem.. What seems clear is 
that the plasma free fatty acids of the domestic fowl are 0o 
not increased as a direct result of the action of avian € > 
pituitary hormones, a finding which supports the view! 
that the increases are secondary to the stimulation an 
growth of the ovary. ! 

We thank Thornber Brothers, Ltd., Mytholmroyd, Hali- © 
fax, Yorkshire, for the supply of birds used in this work... 
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Insulin Stimulation of Glycogen Synthesis in 
the Isolated Rat Diaphragm in the Absence 
and in the Presence of Puromycin and 
Actinomycin D 


From recent investigations, evidence has been obtained 
that the action of some hormones is primarily associated 
-with induced synthesis of messenger RNA, which in turn 

imulates the biosynthesis of certain enzymes. So far as 
instilin is concerned, experiments have favoured the 
thesis that injection of insulin induce the synthesis of 
‘er glucokinase’. However, in experiments with rat 
phragm no evidence has been obtained that the 
timulation of protein synthesis, RNA synthesis or 

eased labelling of ‘high-energy’ phosphates produced 
insulin are associated with enzyme induction?. 
has previously been shown‘ that the increased 
glycogen synthesis in muscle promoted by insulin cannot 
exclusively be explained by increased supply of glucose-6- 
phosphate due to the accelerating effect of insulin on 
glucose membrane transport. In addition, experiments on 
t diaphragm have revealed that insulin in vitro specific- 
lly stimulates glycogen synthesis’, and increases UDPG 
transglucosylase activity in the absence of added glucose- 
phosphate. 
Tn the work recorded here stimulation of glycogen 
synthesis by insulin was examined in the presence of 
puromycin and actinomycin D. These compounds are 
own as specific inhibitors of protein synthesis at the 
womal level and RNA level, respectively. Hemi- 
iaphragms were removed from rats fasted for 24 h and 
s-incubated with inhibitors (5x 10-+ M puromycin or 
10 ug/ml. of actinomycin D) dissolved in Krebs-Ringer 
phosphate medium for 30 min at 22° C. Thereafter the 
: diaphragms were incubated in. the same medium, to 

-ioo which had been added 260 mg glucose per 100 ml. with 
“cand without 0-1 unit insulin per ml. for 1 h at 37°C. 

“Glycogen was isolated’ and determined by the anthron 
ethod®. Under these experimental conditions the 
incorporation of “C-labelled amino-acids into protein in 
the absence and the presence of insulin was completely 
ressed by puromycin. 

Fig. 1 shows that glycogen synthesis in the absence of 
ulin was unaffected by puromycin. It was therefore of 
interest’ that the stimulation of glycogen synthesis 
promoted by insulin was partly depressed when puromycin 
as present. This effect could not be attributed to an 
1et-of puromycin at the membrane transport of glucose, 
n aecordance with a recent communication’, insulin 
timulation of glucose uptake was unaffected by puro- 
ein. In our investigation no influence of puromycin on 
20o the inereased xylose space of rat diaphragm after exposure 
to insulin could be observed either. The inhibition of the 
insulin effect on glycogen synthesis has been observed 
- under different experimental conditions: 
(a). It has been demonstrated in the cut as well as in 
the intact diaphragm preparation. 
(6) It has been shown at low and high glucose concen- 
ation in the medium. 
(e) Tt has been shown by chemical determination of 
‘glycogen as well as by measurement of “C-labelling of 
cogen from “C-labelled glucose in the medium. 
‘he observations that insulin stimulation of glucose 
take is unaffected while insulin effect on glycogen 
ynthesis is partly depressed by puromycin confirm that 
ay stimulates glyeogen synthesis in rat diaphragm by 
wo processes: (1) increased supply of glucose-6-phosphate 
ue to stimulation of sugar transport; (2) a specific effect 
on processes concerned with the enzymatic synthesis of 
glycogen. 
. Experiments with actinomycin D were performed in 
order to investigate if induced synthesis. of messenger 
RNA was involved. However, actinomycin D at a concen- 
tration of 10 ug/ml., which completely blocked labelling 
of RNA from C-orotic acid, had no effect on the 
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Fig. 2. Effect of actinomycin Di4 10 
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stimulation of glycogen synthosia by insulin. At 
concentrations of actinomycin D (100 pgi 
incorporation of labeled amino-acids into 
strongly inhibited, insulin stimulation of 
synthesis was abolished (Fig. 2). So far, no « 
been obtained that insulin stimulation 
synthesis is mediated via induced synthesis 
RNA. 

The observation that insulin stimuli 
synthesis is inhibited by puromyci 
effect on protein synthesis is involv 
insulin action. In this connexion i 
effect of insulin on protein synt 
has been shown. After treatment o 
ability of isolated ribosomes to incorpori 
into protein was increased®, It should be 
puromycin in rat liver influences the level of’, 
mechanism not related to the inhibition 
synthesis**. When puromycin was injected ia 
glycogen was almost depleted independent of ani effect 
protein synthesis. However, such an effect of puromyoi 
has not yet been observed in musele, neither ty siod 
nor in vitro, as demonstrated in this work. 

It has been suggested that the ‘specific’ insulin ef 
glycogen synthesis is due to increased VPC ; 
glucosylase activity*®. It is therefore of ir t that th 
activity of this enzyme is under enzymat by 
dephosphorylating and phosphoryla’ 
isolation of glycogen multi-enzyme. p 
the transglucosylase and phosphorylas: 
been reported’. It may be suggested tha 
lates glycogen synthesis by an eff 
unit and that. puromycin exerts its 
effect at this level. 
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PHYSIOLOGY 


Effects of Oxygen Supply and Noradrenaline 
Infusion on Liver Metabolism of Rats 
acclimatized to Cold 


Tue dominant role of striated muscles and'the minimal 
participation of visceral organs in non-shivering thermo- 
gonesis of cold-acclimatized rats have been already demon- 
strated!-*, However, the significance of the liver in non- 
shivering thermogenesis remains still uncertain, because 
of relative inaccessibility of this organ for direct in vivo 
measurements of arteriovenous differences and of blood 
flow during cold exposure. 

Therefore an isolated liver perfusion technique was 
used‘ and the oxygen consumption of the liver of cold- 
acclimatized rats (Sprague-Dawley strain, acclimatized 
to 5° C for 3-4 weeks) was estimated at a temperature of 
39°C. The liver was perfused with 20 c.c. of defibrinated 
blood obtained from rats similarly acclimatized to the cold. 
An eventual metabolic response to infused noradrenaline, 
which was found to be able to induce specifically the non- 
shivering thermogenesis**, was considered as an indicator 
of the existence of non-shivering thermogenesis in liver. 
High concentrations of noradrenaline were used (‘Levo- 
phed bitartrate’, Winthrop Lab. of Canada, Ltd.; 25y/g/h) 
to avoid a substantial decrease of its concentration in 
circulating blood as a consequence of its metabolization. 

Tt has been shown that the oxidative metabolism of 
liver of cold-acclimatized rats is strongly enhanced by 
increased oxygenation of the blood (Fig. 1) and blood 
flow (Fig. 2) and so it appears to be, therefore, a function 
of oxygen supply to this tissue. In order to prove whether 


a 
T— 





te o Ò g 


c.c. Os/a/h (39° C) 


~ 


15 20 25 
Volume (per cent 04) 


5 10 


Fig. 1. Effect of-blood oxygenation on liver oxygen consumption 
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Fig. 3. Liver oxygen consumption (4) and blood sugar (B) before and 
as shat after infusion of noradrenaline : 


or not some other factors are able to stimulate the liver 
metabolism additional experiments were performed with 
2,4-dinitrophenol (3-7 x 10-* mol.). These showed that 
liver metabolism can be further increased above tho level 
of oxygen consumption corresponding to maximal values 
of blood oxygenation and blood flow (Fig. 2). Vasomotor 
control of oxygen supply of the liver is not, therefore, & 
single factor which may affect the liver oxidative metabo- 
lism. 

Then the oxygen consumption was measured at con- 
stant blood flow (1 e.c./g/h) and constant oxygenation 
(18 vol. per cont) before and after application of noradren- 
aline. No significant metabolic response of the liver of 
cold-acclimatized rats to noradrenaline was observed in 
spite of increased glycogenolysis (as seen from increased 
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blood sugar) and a tendency to decrease the blood flow 
(Fig. 3). 

These experiments indicate that the non-shivering 
thermogenesis similar to that observed in muscles of cold- 
acelimatized rats does not exist in the liver. However, 
this observation cannot exclude the possible participa- 
tion of this organ in total cold thermogenesis. It is possible 
that in in vivo conditions the liver metabolism is influenced 

noradrenaline indirectly by changes in blood flow, 
has been found to increase in cold-acclimatized and 
cold-exposed rats’. In addition, a stimulating effect of 
some other substances (thyroxine, lactic and amino- 
acids, etc.) on liver metabolism can be anticipated. Experi- 
ments in this direction are now in progress. 


V. DOLEŽAL 
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Rhythmic Diurnal Variation in Limb Blood 
Flow in Man 


Sxrv temperatures have been recorded in a number of 
oe during re-warming and recovery following pro- 
onged mild hypothermia of 35-99 h duration at 30°-32-0° C 
(rectal temperature). 

Temperatures were recorded with a thermistor probe 
in the rectum and at various points over the body surface— 
axilla, forehead, ear, mid-sternum, forearm, forefinger, 
medial calf and big toe. Each observation was made over a 
period of 1-5-2 min and was recorded when no further 
rise in temperature had occurred over a period of 30 sec. 
Temperatures were recorded at 4-hourly intervals, con- 
tinuously, for periods of up to 9 days. 

ing re-warming, skin temperatures were elevated 
above normal, frequently for as long as two to four days, 
but following re-warming, rhythmic changes 


became established in the skin temperatures 
of the limbs, particularly distally. Fig. 1 
skin temperatures are shown for a 45-year- e 
old male, one week after re-warming follow- 98 
ing 50h of hypothermia. Limb skin temper- 
atures show regular diurnal variations, with a 


maximum temperatures occurring overnight 
(approximately 8 p.m.—4 a.m.) and minimum 
temperatures during daytime (approxim- 
ately 8 a.m.-4 p.m.). Differences of up to 
10° C were recorded between maximum and 
minimum temperatures in the foot (at base 
of big to) and the forefinger (over the distal 
pulp) and of up to 7° C over the medial 
aspects of the calf (1 in. proximal to the 
medial malleolus). These were unrelated 24 
to changes in ambient temperature and oc- 
curred whether the patient remained in bed 22 
or was ambulant during daytime. Skin 

tures were recorded in this patient 20 
following each of five episodes of hypo- 


Temperature (° C) 
& 


NATURE 





April 25, 1964 vo. 202 


occasions on which she was cooled. Rhythmic diurnal 
variations, similar to those already described, dive 

on each occasion and were observed also in two other 
patients following episodes of hypothermia. 

Following re-warming, patients were mostly fully 
ambulant in the ward and showed no evidence of sustained 
change resulting from the preceding hypothermia. Tt 
seemed possible, therefore, that the observed skin tem- 
perature patterns represented 


ment of a chronic gastric ulcer, was confined to the ward 
and was exposed to a relatively stable environmental 
temperature (18-5°-22-2°C). The second subject journeyed 
between home and hospital during mid-winter and was 
exposed to a far greater range of environmental tem- 
peratures (temperature range 6°-9° C; Air Ministry roof, 
9 a.m.-8 p.m., January 28, 1964), Skin temperatures in 
this second individual were recorded after an interval of - 
not less than 1 h in the warmer environment. Whatever 
had been the effect of the colder environment on the second 
subject, the limb skin temperatures, as observed in the 
warmer environment, showed an unini ted pattern of 
change similar to that cbserved in the first subject and 
to the rhythmic diurnal variations observed in patients 
following hypothermia. 

These observations suggest that rhythmic diurnal 
variations in the skin temperatures of the limbs are to be 
found in normal individuals. 

At more centrally placed sites, skin temperatures 
changed over a smaller range than in the peripheries, and 
although some evidence of rhythmic diurnal variation was 
present, this was less obvious and less constant than in 
the peripheries. It is ible that observations made at 
shorter intervals wo yield more certain evidence of 
rhythmic change at these sites. 

Variations in skin temperatures, in a stable environ- 
ment, reflect parallel changes in blood flow. Since the 
observations on limb skin temperatures were made at sites 
largely unrelated to large muscle masses (forefinger distal 
pulp, base of big toe, medial aspect of calf proximal to the 
malleolus), it is probable that the diurnal variations 
represent changes in skin blood flow rather than in musele 


Sixth day 


Seventh day Eighth day 





thermia, and on each occasion similar rhyth- 18 
mic diurnal variations were present in the 12 6 a.m. 12 6 p.m. 12 6 a.m. 12 6 p.m. 12 6 a.m. 12 6 pan. 12 
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blood flow. Whichever is correct, the large variations in and perfused with heparinized, compatible donor blood 
skin temperatures indicate that the loos flow changes from the oxygenator. After laminectomy of the third 


may be considerable. One consequence of this is that 
during prolonged observations on limb blood flow, changes 
may be attributed erroneously to experimental condi- 
tions, if the range of normal diurnal variation is unknown. 
The changes in skin temperatures, however, may merely 
reflect shunting of blood to the skin rather than change in 
overall limb blood flow. 

These observations were made at the Royal Marsden 
Hospital, London, 8.W.3, in conjunction with work 
conducted jointly with St. George’s Hospital, S.W.1, 
supported by a grant from the British Empire Cancer 
Campaign. I thank Dr. H. J. G. Bloom and Mr. J. D. 
Griffiths for permission to report observations made on 
their patients; Prof. W. V. Mayneord and the Instrument 
Development Group, Physics Department. Institute of 
Cancer Research, 8.W.3, for constructing the thermistor 
probe; and Mr. David Gibbon, medical artist, for Fig. 1. 
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Extracorporeal Perfusion of the Isolated Head 
of a Dog 


Critica evaluation of cerebral metabolism and intra- 
cranial fluid distribution necessitates complete isolation of 
the brain’s blood supply ; however, brain viability must be 
demonstrated and maintained for such studies to be 
meaningful. Most investigators'-* have been unable to 
establish satisfactorily the viability or complete vascular 
isolation of the animal brain. Recently, White et al.‘ 
described the isolation of the monkey brain by removal of 
all anatomical structures surrounding the brain except a 
small basal plate of bone and the central portion of the 
skull. In order to minimize handling of the brain sub- 
stance, a factor which may disturb fluid distribution and 
cerebral metabolism, we have chosen to leave the brain 
within the skull during perfusion. 

We outline here the first step in an investigation in which 
we hope to affect complete vascular isolation of the dog’s 
brain encased within the skull. This step was necessary 
to develop the perfusion technique and to determine 
whether viability could be adequately appraised in the 
absence of reflex activity. 

Fifteen adult mongrel dogs (12-18 kg) were used in this 
investigation. All animals received 60 mg of morphine 
45 min before the administration of 20 mg per kg sodium 
pentobarbital anwsthesia. A cuffed endotracheal tube 
was inserted and the animal ventilated with compressed 
air from a positive pressure respirator. Anmsthesia was 
maintained with supplementary doses of 30 mg of sodium 
pentobarbital. ing muscle sectioning, a relaxant 
(suecinylcholine 0-2 mg per ml. in 5 per cent glucose) was 
given by intravenous drip. 

With the dog in a prone position, a midline incision was 
made from the frontal sinuses to the spinous process of the 
seventh cervical vertebra. The temporal muscles were 
reflected and four vitallium electrodes placed through the 
skull so as to make contact with the dura mater. A burr 
hole was made in the left parietal area to accommodate a 
thermistor for recording dural temperature. The common 
earotids were isolated bilaterally in the neck and all 
tissues, except the vertebral column, trachea, carotids, 
and vagus nerves, were divided transversely at the level of 
the second cervical vertebra. The animal was heparin- 
ized. A small hole was made in the occipital bone with a 
dental burr to tap the confluent sinus. A connec- 
tor inserted into the hole was attached to tubing leading to 
the oxygenator. The common carotids were cannulated 


cervical vertebra, the spinal cord was tied and severed at 
that level and the vertebral sinuses were packed and 
coagulated. Finally, the spinal column and remaining 
tissues were divided at the level of the third cervical 
vertebra, and the head was placed in a holder. Because 
of the difficulty of ascertaining the level of anwsthesia at 
this point, about 30 ml. of procaine were injected locally 
into all exposed muscles, 

The blood was oxygenated with 95 per cent oxygen and 

5 per cent carbon dioxide, using a plastic sheet oxygenator. 
A finger-type pump supplied the carotid arteries, and 
venous drainage was assisted with a kinetic clamp pump. 
Blood temperature was maintained with a 10-in. stainless 
steel heat exchanger. 

Femoral and pump arterial blood pressures were 
monitored during the surgical procedure with strain gauges, 
and the dural temporature was measured with a flat 
surface thermistor, After decapitation, the pump arterial 
pressure, brain temperature, and electrocortical activity 
were recorded continuously on a 5-channel polygraph. 
Arterial and venous samples were drawn through sampling 
ports near the arterial inlet to the skull and the venous 
outlet for the determination of glucose, oxygen, and 
lactic acid. 

Blood pressure in the femoral artery averaged 160 mm 
mercury during the surgical procedure. Mean arterial 
pump pressure was 105 mm mercury at flow rates averag- 
ing 96 ml, per 100 g of brain tissue per min. After decapi- 
tation, the surface temperature of the brain was main- 
tained between 36-5° and 37-5° ©. Electrocortical 
activity (Fig. 1) was evident 1-4 h after isolation. 





Min after isolation 
Fig. 1 


Glucose consumption varied from 3-4 to 5-7 mg per 
100 g of brain tissue per min, a value in agreement with 
those reported for the human‘ and the cat**, A steady 
increase in blood lactic acid was observed and indicated 
the presence of anaerobic processes; but it was impossible 
to establish whether the lactic acid accumulation was due 
to inadequate oxygenation of portions of the brain and 
surrounding tissues or to the absence of the liver, the organ 
mainly responsible for conversion of lactic acid to glucose. 
Oxygen consumption averaging 3-62 ml. per 100 g of 
brain per min was in excess of the requirements for glucose 
oxidation, denoting the presence of other oxidative 
processes. While we feel the brain was being preferentially 
perfused, it would be unrealistic not to attribute some of 
the metabolic activity to the presence of other tissues. 

Most cortical activity ceased when blood glucose was 
depleted; however, we were able to maintain activity up 
to 4h after the start of perfusion with the addition of 
glucose. Even after the electrocortical activity ceased, 
corneal and lid reflexes remained intact and the oxygen 
and glucose tion continued. Pentylenetetrazol 
seizures were induced to further substantiate the viability 
of the brain at the conclusion of metabolic studios. 

From our experience, we believe that electrocortical 
activity is a sensitive index of brain viability, in that it is 
lost long before inactivation of corneal and lid reflexes or 
cessation of metabolism. In this preparation we have 
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demonstrated that the dog brain maintains this activity 
for several hours after complete decapitation. 

This work was supported by grant B2185 from the 
National Institute of Neurological Diseases and Blindness. 
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Functional Location of Adrenergic Receptors 
on Blood Vessels in Muscle 
THE functional location of a- and $-adrenergic receptors 
in muscle vessels is uncertain! ; they might be situated 
on resistances in series, in parallel or at the same point. 
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Forearm vascular resistance 


Blood catecholamine concentration 


Fig. 3. Actual shape of dose response curves for adrenaline or for a 
mixture of noradrenaline and isoprenaline in suitable proportions to 
mimic the response to adrenaline 


In the human forearm the effect of a-adrenergic stimu- 
lation is a square wave constrictor response which does 
not change with time*. The effect of B-adrenergic stimu- 
lation is more complex, with a sustained dilatation which 
increases progressively with time. Dose response curves 
for the separate «- and $-adrenergic effects are illustrated 
in Fig. 1. 

Using these separate dose response curves it is possible 
to construct models of the dose response curves which 
should be obtained if the x- and $-receptors were stimu- 
lated simultaneously, and were situated on resistances in 
series or in parallel (Fig. 2). The assumptions made in 
deriving these curves are: (1) That the shape of dose 
response curve for «-adrenergic effects in forearm muscle 
does not differ substantially from the curve for the fore- 
arm as a whole. (2) That the parallel resistances in muscle 
behave in a way. These theoretical curves 
in Fig. 2 differ from the actual dose response curves 
obtained experimentally (Fig. 3). A curve of the type 
shown in Fig. 3 can only be explained on the assumption 
that the a- and #-receptors in muscle are situated neither 
in series nor in parallel, but on the same resistance. 


R. D. Lowe 
Medical Unit, 
St. George’s Hospital Medical School, 
London, 8.W.1. 
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Effects of Sugars on Intestinal Transfer of 
Amino-acids 


Ir is well established that there are specific 
for the active transfer of both sugars and i 
by the small intestine. Since these substances can be 
transferred against a concentration ient and since 
this transfer is prevented by metabolic inhibitors, energy 
derived from metabolism is presumably utilized in the 
transfer mechanisms. It would seem, therefore, that the 
mechanisms for sugar and amino-acid transfers might 
share some step in the overall absorption process even if 
it was only the linkage with a common energy source. 
a i ts were carried out to investigate this possi- 

ility. 

Everted sacs (approximately 17 cm long) of intestine 
were made from the middle fifth of the combined jejunum 
and ileum of the rat. The sacs were filled with 1 ml. 
bicarbonate saline and were suspended in 50 ml. bicarbon- 
ate saline to which various sugars and amino-acids were 
added. At the end of a 30-min incubation period at 38° C, 
the amount of amino-acid (glycine or methionine) trans- 
ferred from the mucosal fluid was determined. 

The results obtained with glycine are shown in Table 1. 
The two actively transf sugars had quite different 
effects on glycine transfer, glucose causing stimulation 
and causing inhibition. Both these effects 
were abolished by phlorrhizin, which in the absence of 
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e Table 1. EFFECT OF SUGARS ON THR TRANSFER OF GLYCINE BY THE RAT SMALL INTESTINE. THE NUMBER OF 
. EXPERIMENTS IN EACH CASE IS SHOWN IN PARENTHESES 
Substances present initially in the mucosal fluid pcg nas + 8.E.) 

7-5 mM glyci y 

7-5 mM glycine + 28 mM glucose t í 50 D 

7:5 mM glycine + mM 14+ 01 (5 

7:5 mM glycine + 5 x 10* M phlorrhizin 34 + 08 (5 

7-5 mM glycine + 5 x 10+ M phlorrhizin + 28 mM glucose 39 + 1:5 (5 

7-5 mM glycine + 5 x 10+ M phlorrhizin + 28 mM galactose 32 + 05 (5) 

7-5 mM glycine + 28 glucose + 28 48 + 3-2 (5) 


hexose had no effect on glycine transfer. When sugars 
which are not actively transferred (sorbose, 2-deoxy- 
glucose, fructose or mannose) replaced glucose or galactose 
there was no effect on glycine transfer. It is also seen 
that when both glucose and galactose were present to- 
gether glycine transfer was stimulated, so that the in- 
hibitory effect of galactose was overcome by glucose. 
Analogous experiments with methionine showed that 
galactose inhibited methionine transfer to the same 
extent. Glycine and methionine transfer were also 
inhibited by 3-0-methyl glucose, another sugar which is 
actively transferred but not metabolized. 

These results are of interest in relation to the findings of 
Bickel and Hickman?, Holzel, Komrower and Wilson*, and 
of Cusworth, Dent and Flynn? that excessive urinary ex- 
cretion of amino-acids could be associated with galactos- 
æmia in patients with inborn errors of galactose metabol- 
ism. In galactosemia it has been suggested that the 
effects of galactose are produced by the formation and 
accumulation ofa ‘toxic’ substance (galactose-1-phosphate) 
which disturbs normal pathways of metabolism. Tt would 
be tempting to explain inhibition of amino-acid absorption 
in the gut on the same basis since Diedrich and Anderson* 
have demonstrated accumulation of galactose-1-phosphate 
in the rat intestine during galactose absorption. Experi- 
ments by Segal et al.*, however, suggest that the association 
of aminoaciduria and mellituria is more complicated since 
glucose and fructose as well as galactose inhibited uptake 
of amino-acid by rat kidney slices. No inhibitory action 
of 3-O-methyl glucose was observed. 

Our observations in the intestine indicate that the 
transfer mechanism for amino-acids has some require- 
ment which is also needed for hexose transfer or which is 
less readily available in the presence of hexose. We 
suggest that this common requirement is for energy pro- 
vided by adenosine triphosphate. The ATP available 
for amino-acid transfer could be altered in the presence 
of hexoses by either: (1) increased production due to 
hexose metabolism, or (2) increased utilization due to 
hexose transfer. With glucose both these factors 
operate, but the balance is presumably in favour of in- 
creasing the availability of ATP for amino-acid transfer. 
Galactose, which may be phosphorylated but not further 
metabolized, will decrease the availability of ATP because 
this is required for both galactose transfer and galactose 
phosphorylation. Phlorrhizin in the concentration used 
prevents entry of hexoses from the mucosal fluid without 
affecting their metabolism* and therefore abolishes both 
the stimulating effect of glucose and the inhibitory effect 
of . This interpretation is supported by the fact 
that glucose in the presence of galactose overcomes 
galactose inhibition, presumably because it makes avail- 
able enough energy for the transfer of glucose, galactose 
and amino-acid. An additional factor may be that 
glucose inhibits entry of galactose into the cell. To apply 
this interpretation to the results of Segal et al.* in the 
kidney, it would be necessary to assume that in the 
presence of galactose, fructose or glucose the utilization 
of ATP is greater than its rate of production. 

There is another important aspect of these results. If 
availability of energy can limit the rate of amino-acid 
transfer the saturation kinetics of amino-acid transfer 
could under certain conditions be due to energy limitation 
rather than to saturation of a carrier at the entry stage. 
In fact quite different processes might be rate-limiting 
with different concentrations of sugars and amino-acids. 


This work was supported by a grant from John Wyeth 
and Brother. 
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PATHOLOGY 


Nature of the Renal Lesions induced by 
Intravenous Injection of Carrageenan 


CaARRAGEENAN, a sulphated polygalactose extracted 
from several seaweeds, has many interesting biological 
properties. Injected subcutaneously it produces a 
granuloma in guinea pigs, rats, and rabbits’. It inhibits 
several proteases? and exerts some action on serum 
lipids*, The toxic effect of intravenously injected 
carrageenan was also noted’. We observed a strong 
inhibition of serum complement by carrageenan in vivo 
and in vitro® and this observation prompted us to under- 
take a detailed examination of its action on guinea pigs, 
rats and rabbits after intravenous injection. Crude 

(from Marine Colloids Inc., New Bedford, 

Mass. (we thank Mr. Stoloff for kindly sending a sample of 
carrageenan)) was dissolved in sterile saline shortly before 
injection. A 1 per cent solution was p and injected 
in the marginal ear vein of rabbits (2-5-3 kg) and in the 
is vein of rats and guinea pigs. Venous blood was 
taken 3-4 times a day for the determination of serum 
complement by the 50 per cent hemolysis technique of 
Roulier?, total serum proteins by a biuret method, blood 
urea by a gasometric procedure and plasma fibrinogen by 
a gravimetric procedure after conversion to fibrin. Urine 
was also collected for the determination of total protein. 

The kidneys of the killed animals were fixed in neutral 
buffered formalin immediately after death, sliced and 
stained by hematoxylin—cosin, periodic acid—Schiff, and by 
the PTH method*.*. 

Intravenous injection, into rabbits, of 50 mg of carra- 
geenan in a single dose led in every case to the death of the 
animal within 48 h after the injection. Macroscopically 
the kidneys presented all the typical signs of diffuse 
cortical necrosis (Fig. 1). Histological examination 
showed total obstruction of the glomerular capillaries by 
a substance staining like fibrinoid (Fig. 2). Tubular cells, 
in the whole cortex, undergo necrosis and one can see all 
the stages of the progressing necrosis of the tubulus around 
the obstructed glomerulus. 

The other tissues look macroscopically normal; but, on 
histological examination, a few focal capillary thromboses 
were seen in the spleen, the liver, the lung and in the 
myocardium. 

When only 10 mg of carrageenan was injected intra- 
venously into rabbits, the animals survived without any 
apparent trouble and were killed after 10 days for autopsy 
and histological examination. Macroscopically the kid- 
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Fig. 1. Kidney of a rabbit having received 50 me of carrageenan 
intravenously. Many necrotic areas are visible in the cortex 





Fig. 2. Fibrinoid thrombi in the glomerular capillaries of a rabbit 


after injection of 50 mg of carrageenan intravenously 


neys were enlarged, swollen and pale. Histological 
examination showed a distinct hypercellularity of the 
glomerulus, the intracapillary accumulation, in a few 
places of a fibrinoid straining substance and some enlarge- 
ment of basement membranes. Hyalin droplets appear 
in the cells of the proximal convoluted tubulus. At 
certain spots single cells seem to disappear and the droplets 
appear in the tubular lumen. The other tissues are 
normal. 

Table 1 presents results of the determination of total 
serum protein, fibrinogen, blood urea and serum comple- 
ment in rabbits having received 50 mg of carrageenan 
intravenously. 

One can see that total serum proteins diminish and 
plasma fibrinogen becomes undetectable 6-24 h after the 


Table 1. EFFECT OF INTRAVENOUS INJECTION OF 50 MG OF CARRAGEENAN 
ON THE TOTAL SERUM PROTEINS, PLASMA FIBRINOGEN, BLOOD UREA AND 
SERUM COMPLEMENT IN RABBITS 


Time after Total Fibrinogen Blood Serum 
Rabbit injection proteins (g per cent) urea complement 

No. h) (g per cent) (g/l) units 
303 0 G1 085 0-30 31-0 
6 57 0-09 0-40 57 

24 57 000 2:80 — 

304 0 68 0-30 0-25 470 
6 45 0-00 0:60 61 


NATURE 


April 3. 1964 VoL. 202 | 


injection. Very high blood urea-levels Were observed 
12-24 h after the injection. Total urinary protein also 
strongly increased in these cases and appreciable amounts 
of hæmoglobin were also detected in the urine. In some 
cases the fibrinolytic activity of the serum was determined 
by Astrup’s method!* and a very considerable increase 
was noted 24 h after the injection. The serum comple- 
ment-level sunk after a few hours to 20-30 per cent of the 
normal level and remained very low until the death of the 
animals, 

When 10 mg of carrageenan was injected in rabbits, 
blood urea did not rise, neither was urinary protein 
elevated. With this dosage the decrease of serum com- 
plement-level was the most significant finding. 50-75 per 
cent inhibition was obtained in every case which lasted, 
after a single injection of 10 mg of carrageenan, for 2-9 
days and returned then to normal values. The strong 
inhibition of serum complement by carrageenan could be 
demonstrated in in vitro experiments also***. 

Similar results were also obtained in rats and guinea 
pigs. After the injection of 100 mg/kg of carrageenan to 
guinea pigs the animals died immediately. With 50 mg/ke 
they died about 1 h after the injection and with 20 mg/ke 
they lived up to 12 h. With 5-10 mg/kg the animals 
survived and had to be killed for autopsy on the ninth 
day after the injection. Histological findings concerning 
the renal lesions produced in rats and guinea pigs were 
similar in many respects to those found in rabbits. How- 
ever, the renal lesions were less diffuse, but several focal 
glomerular lesions were seen. The diffuse cellular reaction 
of the glomeruli was very neat both in the endothelial and 
epithelial layers. 

These experiments show that carrageenan injected 
intravenously into rabbits, rats and guinea pigs produces 
renal lesions with a severity depending on the dose 
injected. A fibrinoid substance is deposited in the 
glomerular loops (Figs. 1 and 2) accompanied by a severe 
hypercellular reaction. These morphological findings 
explain the high blood urea-level and the severe protein- 
urea and hemoglobinurea of animals receiving relatively 
high doses of carrageenan (about 15-18 mg/kg in rabbits) 
as well as the death of the animal. With lower dosage 
only discrete renal lesions were found with no concomitant 
rise in blood urea and no proteinurea, The serum comple- 
ment-level was, however, severely depressed with high or 
low dosage of carrageenan. As carrageenan precipitates 
globulins'* and complement fixation seems to be involved 
in the mechanism of some renal lesions at least", the 
possibility that the effect of carrageenan on serum com- 
plement is somehow related to its action on the kidneys 
is not excluded. 


J. C. Morarp 
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Carcjnogeh-induced Melanotic Tumours of the 
Tylotrich (Hair) Follicle 


In skin of the Syrian golden hamster, clusters of pig- 
mented dendritic cells are found occasionally around 
certain hair folliclest. These areas of pigment are visible 
to the eye as small black spots. Ghadially and Barker? 
consider these clusters of pigmented cells to be normal, 
not nevi, and their studies of skin treated repeatedly with 
9.10-dimethyl-1,2-benzanthracene (DMBA) indicate that 
melanotic tumours arise at these particular sites. 

In the work recorded here, several adult golden hamsters 
were examined, and many of the black spots deseribed by 
Ghadially and Barker were found. Fifteen spots with 
some surrounding skin were dissected out. These were 
fixed in Bouin’s solution, embedded in paraffin, sectioned 
serially at 10u. and stained with hematoxylin and with 
eosin. Histological examination showed that each spot 
was associated with a tylotrich fellicle, a distinet and 
highly specialized type of hair follicle that is found in 
many mammals including the rabbit, mouse, rat, and 
guinea pig?)*. 

The tylotrich follicle of the hamster is the largest of the 
pelage follicles, and it appears to be highly specialized 
for sensory function (Fig. 1). It is innervated by a large 
nerve which approaches the medial portion of the follicle, 
where some of the nerve fibres diverge and encirele the 
external root sheath. A thick band of connective tissue, 
called the annulus, surrounds these nerve endings concen- 
trieally (Figs. 1 and 2). The annulus is an erectile organelle 
in the rabbit*. The tylotrich follicle of the hamster is 
characterized additionally by a thick pad of epidermis, 
the Haarscheibe, which acentrically surrounds the emerg- 
ing hair (Figs. 1 and 3). Haarscheiben occur in many 
mammals including man, often being visible to the eye as 
small bumps on the surface of the skin. The bulk of the 
Haarscheibe is positioned at the posterior side of the 
follicular orifice. Below the Haarscheibe there is a special- 
ized region of connective tissue which extends around 
the neck of the tylotrich follicle. This region contains 
numerous fine nerve endings, most of which terminate 
near the lower border of the Haarscheibe (Fig. 3). 

Tn both the hamster and the mouse? pigmented dendritic 
cells are often scattered among the nerve endings under the 
Haarscheibe, and some are found along the external root 
sheath above the sebaceous glands (Figs. 1 and 3). When 
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Fig. 1. Tylotrich follicle of the hamster. The arrows mark the richly 

innervated parts: the upper arrow, the Haarscheibe; the lower arrow, 

the annulus. Pigmented dendritic cells can be seen below the Haar- 
scheibe and along the neck of the follicle (x 145) 
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Fig. 2. Tylotrich follicle of the hamster, showing the annulus (arrows) 
(x 325) 





Fig. 3. ‘Tylotrich follicle of the hamster, showing the Haarscheibe and 
underlying specialized region of dermis containing pigmented dendritic 
cells (upper arrow) and nerves (lower arrow) (x 310) 


viewed from the skin surface, the pigment cells appear 
elliptically distributed around the follicular orifice. 
Undoubtedly, these are the perifollicular melanocytes 
described by Ghadially and Barkeri, who report that 
carcinogen-induced melanotic tumours arise at these 
particular sites. 

In the hamster, as in most other laboratory mammals, 
the tylotrich follicle is the largest pelage follicle with the 
largest pilary canal and the largest sebaceous glands. 
The importance of the hair canal as a pathway into the 
skin, and of the sebaceous gland as a depository for 
carcinogenic hydrocarbons, is well known. In mouse 
skin, for example, methylcholanthrene reaches the 
sebaceous glands within minutes after topical applica- 
tion’. This size factor may, in part, account for the high 
sensitivity of the hamster tylotrich follicle to DMBA. 

Using both the light and electron microscopes, Nakai 
and Rappaport’ examined the fine structure of carcinogen- 
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induced melanotic tumours in tho skin of the hamster. 
These authors find that the tumours contain many 
Schwann cells and nerve fibres. Also within the tumour, 
pigmented cells are found in the sheaths of small dermal 
nerves and in lamellar structures that resemble nerve 
endings. In parts of the tumour near the epithelium of 
the follicle, Nakai and Rappaport demonstrated many 
nerve fibres enveloped by Schwann cells. These are 
probably the nerve endings that surround the neck of the 
tylotrich follicle. 

Considering the findings of Ghadially and Barker, of 
Nakai and Rappaport*, and of the work presented here, 
there are two distinct hypotheses that can explain in 
part the histogenesis of these carcinogen-induced melano- 
tic tumours. The tumour may arise from dermal melano- 
qg of the tylotrich follicle, then invade and envelop 

adjacent neural elements, or melanotic neural com- 
ponents of this richly innervated hair follicle may undergo 
carcinogenesis directly. 

On account of its large pilosebaceous structure, 
abundant nerve endings, and numerous pigmented cells, 
the tylotrich follicle may have a unique significance in 
skin carcinogenesis. 

This work was partially supported by grant E-282 
from the Amorican Cancer Society. 
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Inhibition of the Growth of Implanted Mouse 
Carcinoma by an Irradiated Bacterial Culture 


ConcerninG Prof. C. A. Pannett’s communication’, 
under the above title, confirming, and the further elucida- 
tion of the observation made by me?, his essential findings 
can conveniently be resumed schematically thus: 


Oxoid’ bacteria 
or (E. coli) X-rays 
— y ————> tumour-growth-inhibitory substance, z 


This schema, which distinguishes the relative roles of 
bacteria and irradiation in the phenomenon, indicates 
that peptone, or other substance, present in the bacterial 
culture-medium, becomes changed, under the influence of 
the growth of an ‘effective’ E. coli, as distinct from a 
‘non-effective’ one*, into the hypothetical substance y, 
which in turn, when irradiated by X-rays, is changed 
into the tumour-growth-inhibitory substance 2. 

Bacteria would thus be envisaged as not necessary in 
the actual irradiation, but they are necessary before tho 
irradiation ; and this, in order to change some constituent 
of the culture-medium into the intermediate product y, 
essential for the irradiation to act upon, so as to produce 
the growth-inhibitory substance sought, zx. 

Points in which the Pannett technique differs from my 
own, and which may, or may not, constitute improve- 
ments, concern mainly the use by him of : (1) initially 
smaller tumour-grafts; (2) 48 h, instead of 24 h, broth 
cultures for the irradiation; (3) larger irradiation dosage: 
150,000 r. as against 50,000 r.; (4) ‘Oxoid’ culture-medium, 
as against nutrient broth; (5) subcutaneous injection of 
irradiated culture-medium freed from bacteria either 
before or after the irradiation, as against feeding to the 
mice irradiated culture-medium in which the bacteria are 
ineluded. 

My original observation being thus confirmed, new 
investigations are obviously called for, to determine the 


NATURE 


April 25, 1964 VoL. 202 


conditions for the maximum production ‘of the hypo- 
thetical substances y and x (Pannett), with the view of 
their isolation, particularly of «—the necessity for the 
isolation of which in the pure state I have previously 
amply stressed. 
ARTHUR COMPTON 
Wright-Fleming Institute, 
St. Mary’s Hospital, 
London, W.2. 
1 Pannett, C. A., Nature, 201, 404 (1964). 
* Compton, A., Nature, 195, 1273 (1962). 


Choriocarcinoma: Growth Patterns in 
Hamster Tissues 


CHORIOCARCINOMA is a highly invasive tumour that 
retains some of the peculiar properties of normal immature 
human trophoblast!. In order to study the manner in 
which it invades tissues, we inoculated smal! fragments of 
transplantable human choriocarcinoma into the following 
sites in 19 young (70-90 g) female Syrian hamsters (Den- 
nen): uterine broad ligament, peritoneal cavity, lung, liver, 
brain, thigh muscle, vena cava, hepatic portal vein, and 
internal jugular vein. Testicular inoculation was carried 
out in one male hamster. The tumour used was the Greene 
choriocarcinoma (kindly supplied by Dr. Roy Hertz), 
originally isolated in 1960 by Roy Hertz, carried by serial 
passage in the hamster cheek pouch, and similar in 
behaviour to the WO strain described by Hertz*. Although 
cortisone is not needed to maintain growth of the Greene 
choriocarcinoma in the cheek pouch, we gave it to 15 of the 
19 hamsters in this preliminary work with the hope of 
ensuring tumour growth at the various inoculated sites*. 
For direct implantation into organs, two-ten 3-mm tumour 
fragments were inoculated into each site by cannula 
(Lundy-Irving caudal needle). For intravenous inocula- 
tion, the tumour was minced with Bard Parker knives into 
fragments less than 1 mm in diameter. About 50 of these 
tiny fragments were suspended in 0-1 ml. or less of Gey’s 
balanced salt solution, and slowly injected with a tuber- 
culin syringe through a 21-gauge hypodermic needle. All 
hamsters were autopsied within 7-16 days. 

In all cortisonized hamsters, the tumour fragments grew 
actively, invaded the surrounding tissue, and displayed 
the characteristic hemorrhagic nature of choriocarcinoma. 
Tumour hemorrhage and necrosis resulted from extreme 
dilatation of blood spaces, with subsequent breakdown of 
partitions between them. Many tumour blood channels 
were devoid of an endothelial lining, a finding typical of 
choriocarcinoma and normal trophoblast*. Further details 
are as follows: 

Implantation of broad ligament (3 hamsters). Tumour 
fragments were inoculated into the broad ligament where it 
adjoins the uterus. In two hamsters receiving intra- 
cutaneous cortone (0:05 ml. twice weekly), the growing 
tumour nodules after 7 and 11 days, respectively. invaded 
the uterine wall and also engulfed peritoneal fat cells. One 
tumour fragment became secondarily implanted on the 
abdominal wall, where it penetrated the overlying striated 
muscle so actively that individual engulfed muscle fibres 
were literally drawn into the tumour. In the hamster 
killed at 11 days, there was free blood in the peritoneal 
cavity. In the remaining non-cortisonized hamster, the 
inoculated tumour fragments regressed. 

Implantation of the peritoneal cavity (3 hamsters). In two 
cortisonized hamsters after 8 and 16 days, respectively. 
there was free blood in the peritoneal cavity, and there 
were several tumour nodules randomly implanted on the 
peritoneal surfaces. In one non-cortisonized hamster, 
after 16 days there was one actively growing tumour 
nodule and one regressing nodule. 

Implantation of the lung (1 hamster, cortisonized). After 
13 days, most of the inoculated right lung was hemor- 
rhagie, necrotic, and largely replaced by tumour. 
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Implantation of the liver (1 hamster, cortisonized). After 
13 days, there was free blood in the peritoneal cavity, and 
extensive phagocytosis of liver cells by the growing chorio- 
carcinoma (Fig. 1). 

Implantation of the brain (1 hamster, cortisonized). The 
animal was found dead 8 days following implantation. 
There was extensive hemorrhage in the brain tissue 
surrounding the growing tumour fragment, due either to 
surgical trauma or to the hemorrhagic nature of the 
tumour. 

Implantation of thigh muscle (2 hamsters, cortisonized). 
At 6 and 10 days, respectively, the tumour fragments in 
each hamster were found to have grown rapidly and to be 
phagocytosing the surrounding striated muscle fibres. 

Implantation of the testis, made cryptorchid surgically (1 
hamster, cortisonized. See ref. 9). After 9 days there was 
extensive invasion and destruction of the testicular tissue. 

Intravenous inoculation (8 hamsters). Three cortisonized 
hamsters developed actively growing pulmonary tumour 
emboli that invaded bronchi, alveoli, and blood vessels 
(Fig. 2). One of these hamsters, autopsied at 16 days, had 
its portal vein inoculated with minced choriocarcinoma, 
whereas the other 2 hamsters, killed at 7 and 12 days, 
respectively, had jugular vein inoculations. The most 
dramatic tumour growth was seen in the hamster inocu- 
lated ;via the portal vein. Within a few seconds following 





Fig. 1. Phagocytic behaviour of a growing choriocarcinoma implant in 
hamster liver. Dark cells occupying right upper third of photograph 
are liver parenchymal cells compressed by tumour which occupies the 
remaining two-thirds of the photograph. (1) Liver cells being engulfed 
by a multinucleated tumour cell. (2) Two clusters of phagocytozed 
liver cells that lie within the tumour maas, (3) Portion of blood space 
lined by tumour cells. The crowded leucocytes may indicate beginning 
of thrombosis (scale, 50) 





Fig. 2. Bronchial invasion by choriocarcinoma embolus seven days 
following injection of minced tumour fragments into the left jugular 
vein (seale, 500%) 
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Fig. 3. Posterior view of lungs 16 days after inoculation i aene vein 
with choriocarcinoma, showing multiple hemorrhagic infarcts and 
tumour nodules (arrows) (scale, 0-5 cm. 





Fig. 4. Same case as shown in Fig. 3. Tumour embolus growing on right 
ventricular endocardium. Cavity in centre of tumour mass is area of 
necrosis (scale, 500”) 


inoculation, this animal had a momentary episode of 
cyanosis and gasping, followed by apparent full recovery. 
Sixteen days later, the hamster was found dead in its 
cage. Autopsy revealed free blood in the chest cavity, 
extensive infarctions and hwmorrhage throughout both 
lungs, and many dark red tumour nodules protruding 
from the lung surface (Fig. 3). On sectioning, there were 
many invasive tumour nodules scattered throughout the 
lung parenchyma, ranging in diameter from microscopic 
to 7mm. There was also a tumour fragment growing on 
the right ventricular endocardium (Fig. 4). Two non- 
cortisonized hamsters with portal vein inoculation failed 
to develop tumour within 2 weeks. Two hamsters died in 
respiratory arrest within seconds after inoculation of 
tumour into the jugular vein, and one hamster died after 
injection into the vena cava. 

The jugular vein is much more accessible for inoculation 
than the vena cava or hepatic portal vein. Respiratory 
failure during intravenous inoculation is unpredictable, 
and has been observed during the intravenous injection of 
benign placental tissue into rabbits‘. Although tumour 
emboli grew actively following intravenous inoculation, 
in no case was there secondary metastasis from any of the 
various inoculated sites. Dr. Hertz has found this tumour 
to grow well when placed in the hamster lung, mesentery, 
brain, peritoneal cavity, and subcutaneously, but it 
grows best in the cheek pouch’. Dr. Harry S. N. Greene, 
at Yale University. has grown it in the rabbit brain®. 

The invasive behaviour of choriocarcinoma in hamster 
tissues not only resembles normal and malignant tropho- 


406 


blastic growth in the human host, but also resembles the 
destructive behaviour of normal mouse trophoblast when 
transplanted to the kidney*:’, spleen or testis’, According 
to Kirby, trophoblast preferentially destroys tissues that 
have a high blood content". This seems true in the present 
initial work, in which choriocarcinoma was markedly 
phagocytic in the liver. This work shows that trans- 
plantable choriocarcinoma inoculated into various hams- 
ter tissues provides a useful model for the study of human 
tumour invasiveness as well as trophoblastic behaviour. 
This work was supported by grant C-5905 from the 
U.S. National Cancer Institute. 
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Control of Mouse Ringworm 


THe carriage of ringworm by laboratory mice is well 
documented!-*. Frequently, when the infection is trans- 
mitted to those handling infected stock, the mice are 
killed to control the outbreak‘, but when the disease 
becomes established among animals being examined 
throughout their life-span, as in some radiobiological and 
oncogenic experiments, this solution is impracticable. The 
following is a brief account of attempts to control an 
outbreak by the use of a dip. 

The outbreak oceurred among mice kept in a small air- 
conditioned room at a controlled temperature of 21° C. 
Two strains of mice are bred, a BALB/c colony main- 
tained by random mating within the closed colony, and an 
inbred 03H /Bi strain, maintained by monogamous brother- 
sister pairs. Mice from both strains are bred in galvanized 
iron boxes at one end of the room, transferred to wire- 
mesh baskets hanging in a central battery rack as stock, 
and kept in galvanized boxes for their experimental life. 

In eight months to January 1963, 6 of the 13 people 
handling the mice developed ringworm, although less than 
1 per cent of the mice showed any signs of skin disease. 
Trichophyton mentagrophytes (Robin) Blanch. was isolated 
from the workers who developed ringworm, and from the 
few clinically infected mice. A random sample of 50 mice 
from the C3H/Bi stock was then examined for carriage of 
the fungus. This was done by rubbing a Petri dish of 
malt-extract agar (containing 40 ug/ml. chloramphenicol 
and 0-5 mg/ml. cycloheximide) over the backs of the 
mice, incubating the plates at 25° C and counting the 
numbers of colonies of T, mentagrophytes which developed 
from 5 to 7 days onwards. The prevalence of carriors 
among the C3H/Bi stock was found to be more than 90 
per cent and in a smaller sample of the BALB/c mice it 
was 80 per cent. 

Many of the older experimental mice, having been 
irradiated, were heavily mite-infested, so as a first attempt 
at treatment the acaricidal dip described by Bateman® was 
used. It was hoped that, by reducing the incidence of 
mites and so improving the skin condition of the mice, the 
degree of ringworm infection might be lessened, since 
fungal infections often lodge better in irritated or abraded 
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Fig. 1. Di and the changing levels of 7'. mentagrophytes carciage 

tO Wang, both partners clear; upright lines, nelther partner 

a heavy carrier; — lines, one partner a heavy carrier; black, 
partners heavy carriers 


areas. The dip used by Bateman consisted of 2 g DMC 
(di-p-chlorophenyl methylearbinol, Sherwin Williams Ine.. 
Cleveland, Ohio) dissolved in 3 g ethanol, 67 g “Tetmosol’ 
(25 per cent tetraethylthiuram hide in industrial 
alcohol, Imperial Chemical Industries, Ltd., Wilmslow, 
Cheshire) and 1 1. of warm water. The mice are a 
twice at 10-min intervals, the first time to wet and the 
second to penetrate the fur, and the process is repeated 
after three weeks. The dip is kept at $7° C. 

In an initial experiment, C3H/Bi pairs due to be mated 
were examined individually, to estimate the incidence and 
degree of carriage, dipped according to Bateman’s pro- 
cedure, boxed in autoclaved boxes and mycologically 
screened at weekly intervals. The changing pattern of 
infection is shown in Fig. 1. A week after the second 
dipping, the level of infection had decreased, despite the 
fact that in many cases a heavily carrying male was paired 
with a non-infected female and vice versa. 

Five groups of infected mice were selected and older and 
younger animals distributed equally within each group. A 
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O. alcohol; -~—, no treatment 


Fig. 2. Effect of dip 
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control groupsreceived no treatment, one was dipped in 
the coniplete dip of “Tetmosol’ and DMC, one in “Tetmosol’ 
in alcoholic solution as in the complete dip, one in 0-2 per 
cent DMC in 50 per cent alcohol and one in 50 per cent 
alcohol only. 

From Fig. 2 it can be seen that of the two ingredients 
in the acaricide dip, not only ‘Tetmosol’, which is used 
as a veterinary fungicide, but also DMC apparently 
possesses some fungicidal activity against T. mentagro- 
phytes under these conditions. The incidence of carriage 
among the aleohol-dipped mice and the untreated controls 
increased. 

For the past nine months all breeding mice have been 
dipped before pairing; the stock built up from their 
progeny now has a fungus carrier rate of 21 per cent as 
compared with 90 per cent twelve months earlier, Seventy- 
four per cent of the older, undipped mice are still carriers. 
A few fatalities occurred when older (18 months old) mice 
were dipped, and so one valuable group of old irradiated 
mice were not dipped to disinfect them; probably the 
stock cannot be completely cleared until these animals 
die. As the fungal spores are liberated from infected 
animals into the air, they may be readily disseminated 
throughout the room. Spores were recovered from the 
atmosphere using a slit sampler (Bourdillon et? al.*) in 
concentrations of the order of 1/ft.* while cages were being 
cleaned. 

Mice subjected to dipping must not be returned to mesh 
cages since they then die, apparently of cold, but must 
be allowed to recover from immersion in solid-sided boxes, 
before being returned to the battery racks. 

The epidemiology of this outbreak will be followed for a 
further period and a detailed account will be published 
elsewhere. 

The mice in this colony are maintained by a grant from 
the British Empire Cancer Campaign. The DMC was 
obtained from Mr. A. Tuffery, of the Laboratory Animals 
Centre, Carshalton, Surrey. 

R. R. Davies 
The Wright-Fleming Institute of Microbiology, 
JENNIFER SHEWELL 
Department of Pathology, 
St. Mary’s Hospital Medical School, London, W.2. 
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IMMUNOLOGY 


A Case of Micromolecular Myelomatosis and 
Demonstration of Immunological Identity 
between the Micromolecule of the Serum 

and the Urinary Bence-Jones Protein of the 

same Patient 


Tue existence of a micromolecular myelomatosis due to 
the persistence of the urinary Bence-Jones protein in the 
serum, suspected a long time ago'-*, was clearly formulated 
first by Heremans*. Its unquestionable demonstration 
seems to be, however, delicate’. This was done in our 
own case especially, thanks to the use of a specific anti-7 
S y-globulin serum of the goat. 

The patient, an elderly woman, was dying from a rapidly 
evoluting renal insufficiency with uremia. The albumin- 
uria was abundant (8 g/l.); but typical Bence-Jones 
protein was absent. The radiography has revealed typical 
disseminated lacune and the sternal puncture many 
plasma cells with nuclear abnormalities. 

The paper electrophoresis of urine shows after concen- 
tration dialysis one homogeneous band with the mobility 
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of y-2-globulin (Fig. 1). The same method applied to 
serum discloses an elevated «-2-globulin and a faint band 
of paraprotein with slow y-globulin mobility (Fig. 1). 
Immuno-electrophoresis of the concentrated urine does not 
reveal any serum constituent with equine anti-human 
serum (Fig. 2); but the specific anti-human 7 S y- 
globulin serum of goat does show a little precipitation 
trait with slow y-globulin mobility in the vicinity of the 
antibody trough (Fig. 2). The immuno-electrophoresis of 
the patient’s serum shows with equine anti-human serum 
only a diminution of the normal 7 S y-globulins, but the 
anti-human 7 S y-globulin serum of the goat does reveal 
a faint supplementary trait of weak mobility in the 
vicinity of the antibody trough (Fig. 3). The Ouchterlony 
plate demonstrates, between the concentrated urine and 





Fig. 1. Paper electrophoretogram. Left, urine; middle, normal human 
serum; right, patient’s serum 





Fig. 2. 

serum; top antibody trough, equine anti-human serum; middle 

antigen hole, patient’s concentrated urine; bottom antibody trough. 

goat's anti-human 7 S y-globulin serum; bottom antigen hole, norma 
human serum 


Immuno-electrophoretogram. Top antigen hole, normal human 
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Fig. 3. Immuno-electrophoretogram. Top antigen hole, normal human 
serum; top antibody trough, equine anti-human serum; middle antigen 
hole, patient’s serum; bottom antibody trough, goat's anti-human 
7 S y-globulin serum; bottom antigen hole, normal human serum 





Fig. 4. Ouchterlony plate. Top: left, normal human serum; middle, 
patient's serum; right, patient's urine, Bottom, goat’s anti-human 
7 S y-globulin serum 


| 4 | 


Fig. 5. Ultracentrifugal diagram of patient's urine. 38-min centrifuga- 
tion at 59,780 r.p.m. 





the anti-human 7 S y-globulin serum of the goat, one weak 
precipitating trait close to the antibody hole (Fig. 4). But 
two precipitating traits are shown by the patient’s serum, 
one which can be related to the important precipitating 
trait of normal human serum and the other which can be ro- 
lated to the faint trait shown by the urine (Fig. 4). Finally, 
the analytical ultracentrifuge does not reveal abnormal 
constituents in the patient’s serum. One constituent 
alone is shown in the concentrated urine with a non- 
corrected sedimentation coefficient of 3-41 S (Fig. 5). 
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The interesting fact which we must underlinesis that 
this patient, though dying from renal insufficiency, always 
eliminated in the urine only a pure Bence-Jones protein. 
It is, however, reasonable to suppose that a relation 
exists between the presence of a significant concentration 
of Bence-Jones protein in the patient’s serum and the 
renal insufficiency, since an advanced renal insufficiency 
was also noticed in two other cases where Benee-Jones 
protein was unquestionably demonstrated in 
matous serum*:?, Nevertheless, it is possible that with 
the use of specific anti-human 7 S y-globulin serum of the 
goat one will reveal the presence of Bence-Jones protein in 
myelomatous serum much more often than in the past 
Indeed, this type of serum is characterized by a total 
absence of zone-phenomenon and so can be adapted 
especially to research on antigenic constituents of weak 
molecular weight. 
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Involution of Thymus and Suppression of 
Immune Responses in Rats treated with 
Reserpine 

WE have observed that repeated injections of reserpine 
induce atrophy of the thymus in adult and new-born rats 
(unpublished results). Since the thymus is known to play 


an important part in immune reactions in mammals’, 
we thought it would be of interest to investigate the 
immunological capacity of reserpine-treated animals. 
This communication presents experimental evidence 


showing involution of the thymus and impairment of both 
delayed hypersensitive responses and antibody formetion 
in adult rats treated with reserpine. 

Albino rats (180-240 g) were used in this work. In the 
first experiment, one group of animals was injected intra- 
peritoneally with 1 mg/kg of reserpine (‘Serpasil’, Ciba, 
Basle), and another group was treated with saline. Each 
animal received 14-18 injections on 14-18 successive days. 
On the fourth day after the beginning of treatment 30 
reserpine-treated and 22 saline-treated animals were given 
a single injection of 0-5 mg of crystalline bovine serum 
albumin in complete 0-1 ml. Freund’s adjuvant? in the left 
hind foot-pad. These rats were skin-tested 14 days later 
with bovine serum albumin (30 ug in 0-1 ml.) and old 
tuberculin (0-1 ml. of a 1 : 10 dilution) injected intre- 
dermally in depilated flank. Delayed reactions were 
read at 24 h and graded from 0 to + + + according to the 
diameter and degree of induration. Five days following 
skin-testing all rats were killed. Blood samples were 
obtained prior to death, the sera separated and used in 
passive hemagglutination (Takatsy’s microtitration 
method) performed with formalinized sheep erythrocytes’. 
In the second experiment, 11 rats received s total of 12 
injections of reserpine on 12 successive days. Four days 
after the first injection the animals were skin-grafted 
Punch technique was used‘, and each animal received two 
homografts from unrelated donors. The plaster cast 
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e Table 1. DELAYED HYPERSENSITIVE REACTIONS AND ANTIBODY PRODUCTION IN RESERPINE-TREATED RATS 









Delayed hypersensitive response, 





which maintained the grafts in position was removed 8 
days later and graft rejection was evaluated grossly. The 
thymus from each rat used in these experiments was 
dissected out and weighed on a torsion balance. 

Table 1 shows that delayed hypersensitive reactions to 
bovine serum albumin and old tuberculin in rats treated 
with 1 mg/kg of reserpine are considerably reduced when 
compared with control animals. Hemagglutination 
antibody titres are also lower in reserpine-treated rats; 
but the suppression of antibody production was less 
striking than that of delayed hypersensitive response. 
Skin homograft rejection in control rats was nearly 
complete at 8 days, whereas reserpine-treated animals 
showed little or no evidence of rejection at that time 
(Table 2). Only one rat of this group rejected homograft 
in a manner similar to that of controls. 


Table 2. Skin Homocrarr a IN RESERPINE-TREATED RATS AT 
AYS 


No. of rats with graft * 


Group Not Advanced 


rats rejected rejection rejection 
Reserpine-treated 31 7 8 1 
Control 10 1 1 8 


. . 
Parry £ tolection, eee and owellnei i advanced rejection, 
Post-mortem inspection of the mediastinum of ine- 
treated rats has revealed a pronounced involution of the 
thymus (thymuses weighed between 10 and 87 mg). All 
these animals had markedly impaired capacity to develop 
sensitivity to bovine serum albumin and tuberculin, and 
to reject skin homograft. However, a small number of 
rats treated with reserpine showed a moderate involution 
of the thymus (140-180 mg), and the immune responses of 
these animals were not effectively depleted. Slight 
regression of thymic tissue was also noted in some of the 
control rats (160-210 mg) which were repeatedly injected 
with saline, but their immunological responsiveness was 
not affected. 
The mechanism by which reserpine produces thymic 
involution and impairs immune responses has not been 
worked out. It is well known that the administration of 
this Rauwolfia alkaloid causes a lowering in serotonin- and 
catecholamine-levels in various tissues’, and affects the 
endocrine system as well®:7, Tt seems, therefore, reason- 
able to assume at present that the action of reserpine on 
the thymus and immunological potential of the rat is due 
to its capacity to influence pituitary-adrenocortical 
functions, or its action could be mediated through deple- 
tion of endogenous substances, 5-hydroxytryptamine 
being one of them. 
This work was supported by grants from the Yugoslav 
Foundation for Scientific Research. 
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No. of rats with reaction 






Antibody production 























No. of rats with 
Old tuberculin No. of t 
+ ++ +++ rats titres > 32 
7 0 0 19 8 (421%) 
7 8 1 10 10 (100% 






Mechanism of Antigen-Antibody Reactions 


ANTIGEN-ANTIBODY complexes can dissociate under 
suitable conditions (increased ionic strength, extreme pH 
values), which indicates that the reaction depends on the 
medium and is reversible. It can, therefore, be assumed 
that the reaction between antigen and antibody is not a 
genuine chemical reaction. Disregarding the specificity of 
the combination of antigen with antibody, the similarity 
between it and the formation of complexes by adsorption 
is very great. 

To-day intermolecular bonds are known which essentially 
are similar to those formed by adsorption and are not due 
to real chemical covalent bonding. With regard to the 
mechanism of these bonds, Brackmann', in 1949, pro- 
posed the theory of an intermolecular reciprocal action 
in the way of an intermolecular mesomery D . ..A <—> 
D+ .. . A- between a donor of electrons ‘D’ and an 
acceptor of electrons ‘A’ which leads to the formation of 
electronic donor-acceptor (EDA) complexes. Brack- 
mann’s conception was interpreted two years later by 
Mulliken? using the quantum theory. A condition for 
genuine intermolecular bonding is that the intermolecular 
distance between the molecules forming the complex be 
approximately 2-8-3-4 A; if this distance is decreased to 
2-3-2-8 A, more or less important covalent bonds are 
formed in addition. The theory of mechanics of quanta 
distinguishes between a normal state N and an excited 
state Æ. In the latter, ionic structures are prevalent, 
while in the former mainly non-ionic structures are 
present. 

It is known that EDA complexes acquire new properties 
by the formation of such a complex and can be regarded 
as a new ‘molecule’. Such an HDA molecule can, under 
certain circumstances, interact with molecules with which 
the D and A molecules had not reacted before their 
combination. 

This conception, applied to the antigen-antibody re- 
actions, gives the following picture: 

The specificity of antigen-antibody reactions, which is 
not observed in the above-described LDA complexes, is 
probably due to the presence of EDA patterns in the 
reactive groups of the antibody, complementary to those 
of the antigenic determinants; the determinant group of 
the antigen should therefore consist of a pattern of elec- 
tron donors and acceptors of characteristic strength and 
position; its EDA groups could be considered as execu- 
tive ‘organs’ and could give information about the 
secondary and perhaps also about the tertiary structure 
of the antigen. 

According to Porter*, every antibody molecule possesses 
two identical reactive groups which, according to our 
conception, are two identical HDA complementary 
patterns. The occurrence of the antigen-antibody com- 
bination is decided by the formation of ions by the 
binding groups of the partners of the reactions; the 
ionization is, to a certain degree, enhanced by the ions of 
the dissociated salts present in the medium of the reaction. 
If the antigen-antibody reaction occurs in the normal 
state N, then it can be made visible only indirectly. This 
applies to the so-called ‘incomplete’ antibodies. If ionic 
structures are prevalent (excited state Æ), the antigen- 
antibody reactions become visible since the formed EDA 
complexes are in a state of intermolecular resonance with 
certain components of the serum, specific and unspecific 
proteins as well as serum lipoids‘. This produces a 
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decrease of the hydrophilic state and results in the 
insolubility of the antigen-antibody complexes. The addi- 
tion of albumin, plasma, dextran, polyvinylpyrrolidone, 
etc., in order to make visible the reaction of antigen with 
incomplete antibody and the incubation of such sera with 
protamine-sulphate® seem to enhance the ionization of 
complementary EDA patterns of the antibody molecule. 
The binding of complement by antigen-antibody com- 
plexes is also to be interpreted as intermolecular secondary 
resonance of the ‘antigen-antibody molecule’ leading, as 
is well known, to a chain reaction with the different 

ts of complement in a certain fixed order. The 
anticomplementary action of certain antigens and sera 
seems to be due to fortuitous intermolecular reciprocal 
action of these substances with some of the components 
of the complement. A i eta chance resonance with all 
its consequences seoms to pen with phytoagglutinins, 
hemagglutinating and hein ae s viruses, and these 
reactions are only in very rare cases specific. Only in this 
way can it be understood why some blood-group-specific 
seed extracts react as ‘antibodies’. 
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RADIOBIOLOGY 


Fate of Molybdenum-99 in Man 


In view of the biological importance of molybdenum in 
enzyme systems, the metabolism of molybdenum in man 
was investigated. Molybdenum distribution in animals 
and man has been studied, and the greatest concentrations 
-were found in the liver and kidney". In most species the 
main route of excretion of molybdenum is via the kidney?:*. 
Investigations in the rat using molybdenum isotopes 
showed that about one-third of the dose is excreted in the 
urine and that the fecal excretion is minimalt, The recent 
availability of molybdenum-99 as a tracer prompted the 
examination of the blood-levels and excretions of this 
isotope in man. The work was carried out in four patients. 
A single tracer dose of 50-100 uc. molybdenum-99 was 
injected intravenously. The molybdenum-99-levels in 
plasma and whole blood were determined at 2-, 4-, 8-, and 
24-h intervals following the injection of the tracer. The 
urinary and fecal excretions were determined for periods 
of 5-13 days. Table 1 lists the age, sex, and diagnosis of 
these patients. 


Table 1. PATIENTS RECEIVING MOLYBDENUM-99 
Patient Age Sex Diagnosis 
1 65 F Carcinoma of the breast with metastases 
: F Perivasculitis 
4 


53 
78 F Carcinoma of the breast with metastases 
69 M Metastatic epidermoid carcinoma 


ipped with a single-channel pulse height analyser. 
The results were expressed as percentage of the injected 


PATIENT 3 e PATIENT! 
. 





Fig. 1. Concentration of molybdenum-99 in plasma (O) and whole 
blood (@) 


Fig. 1 shows the levels of molybdenum-99 in plasma 
and whole blood in two patients. Molybdenum di 
from the vascular compartment very rapidly and at 1 h 
the concentration in whole blood and plasma ranged from 
2-5 to 5 per cent. The levels in both compartments con- 
tinued to decrease and less than 0-5 per cent remained at 
24 h. The concentrations in whole blood were slightly 
higher than in plasma at all times. 


Table 2. URINARY EXCRETION OF MOLYBDENUM-00 
"Mo (Ri dose/day) 


ys 
Patient 1 2 3 4 5 
1 68 16 3-9 21 22 
2 117 36 22 1-9 1-4 
3 16-0 52 1-1 16 3-3 
4 118 138 15 22 v9 


A single dose of "Mo was injected intravenously on day 1. 


The daily urinary excretion of molybdenum-99 of four 
patients is listed in Table 2. The excretion is highest on 
the day of the injection of the tracer and decreases there- 
after with time. The excretion pattern varied in different 
patients and fluctuations in daily excretion were noted. 
The 5-day cumulative urinary molybdenum-99 excretion 
ranged from 16-6 to 27-2 per cent in the four patients. 


Cumulative excretion (dose per cent) 
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The main pathway of molybdenum excretion in man is via 
hekidney. Thisis illustrated in Fig. 2. The urinary excre- 
ion is higher than the fecal excretion in both these 

ients; the cumulative urinary molybdenum-99 excretion 

10 days was 24 per cent for patient 1 and 29 per cent 
or patient 2. The fæcal excretion of molybdenum-99 is 
ow; 6-8 per cent was passed with the stool by patient 1 

less than 1 per cent by patient 2in 10 days. However, 
t seems that the fecal excretion of molybdenum-99 is 
igher when the urinary excretion is relatively low. For 
fexample, the urinary molybdenum-99 excretion of 
tient 1 was lower than patient 2 and the cumulative 
æcal excretion of patient 1 was higher than that of 
tient 2. The higher fecal molybdenum-99 excretion of 
patient 2 was due to the passage of 4 per cent of the dose 
one stool specimen on study day 4. The subsequent 
daily fecal molybdenum-99 excretions of patient 1 were 
very low and similar to those of patient 2. 
This work was supported by a grant from the National 
Cancer Institute, U.S. Public Health Service. 
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Influence of Ultrasound on Bone Mineral 
Metabolism 


THE problem of possible noxious effects of ultrasonic 
energy on calcified tissues is important because of its 
wide use in clinical and dental practice. Tho conditions 
of transmitting the ultrasound to bones and teeth and 
their surroundings are more complex than in soft tissues, 
being in a certain sense similar to those resulting from 
absorption of roentgen radiations in bones, causing, for 
example, selective overheating of bones due to increased 
absorption of ultrasonic energy and various interface 
effects on their surface. Coarsening of trabecular bone 
pattern, periosteal new-bone formation, circumscribed 
foci of bone sclerosis, localized bone necrosis, pseudocystic 
and cystic appearances and bone fractures were observed 
in various experiments on animals'?. Not only were 
damaging effects on bone noted, but also on the dental 
gorms after 3-4 W/cm? ultrasonic energy’. The traumatic 
eapacity of ultrasound in dentistry became the object of 
intense investigations from the middle 1960's because of 
the still wider use of ultrasonic dental cutting instruments 
in practice. Enamel defects and dyscrasias, loss of tooth 
structures, pink or yellow discolorations, mobile and frac- 
tured teeth and missing teeth were often correlated with 
the intensity and exposure time*:*. Thus, it can be con- 
cluded that there exists a real danger in lication of 
ultrasound of too high an intensity and of prolonged 
exposure time. 

Because of the lack of information concerning mineral 
metabolism in ultrasonically pulsed bones, some experi- 
ments have been performed in our laboratories with 
the aid of calcium-45 as part of a systematic investigation 
of various physical influences damaging the calcified 
tissues’. 

The ultrasonic pulses were produced by a magneto- 
strictive dental unit and the energy used was about 4-75 
W/cm*. The pulses were transmitted into two groups 
of experimental white male Wistar rats, weighing about 
130 g. In one group, the knee area of the right hind-limb 
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Table 1 
Days Irradiated Non-irradiated Shoulder-blades 
(P) (P) (P) (P) 

4 > 005 > 0-05 > 005 > 0-05 
8 < 0-05 < 0-01 > 0-05 < 0-05 
16 < 0°05 < 0-05 > 0-05 > 0-05 
21 > 0-05 < 0-05 > 0-05 > 0-05 
28 < 001 < 0-01 > 0-05 > 0-05 
42 < 0-01 > 0-05 > 005 > 0-05 
62 < 0-001 < 0-001 < 0-05 > 0-05 
84 > 0-05 < 0-05 > 0-05 > 0-05 
102 > 0-05 > 0°05 > 0-05 > 0-05 


was pulsed for 5 min in a static field, using a specially 
moulded electrode of 1-0 em! surface, The experimental 
period lasted 102 days. In the second group of animals 
a dash-electrode with only about 0-3 em? surface was used, 
with a movable ultrasonic beam. In this experimental 
group, the necks of both incisors in the mandible were 
irradiated for exactly 2 min. The experimental period 
lasted 84 days in this case. A third group of animals 
served as ‘healthy’ controls. At intervals of 4, 8, 16, 21, 
28, 42, 62, 84 and 102 days after ultrasonic treatment, 
five experimental animals from each irradiated series and 
five controls were separated and cach animal received a 
dose of 20 ue. “CaCl, dissolved in 1 ml. of saline (pH 
modified to about 7-0). The injection was given intra- 
peritoneally and the rats were killed by an overdose of 
ether exactly 48 h after this intraperitoneal injection. 
Uptake of ecalcium-45 in both tibial bones, incisors and 
one scapula was traced in the same way as previously 
reported!-*. 

No major external or microscopical deformities except 
a slight hyperemia of the dontal pulp were seen on 
irradiated teeth and only an uncharacteristic decrease of 
bone-length in the irradiated tibial bones. Following 
ultrasonic treatment, a reduced uptake of calcium-45 
both into the treated and the opposite tibial bones and 
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Fig. 1. Uptake of caleium-45, 48 h following an ultrasonic irradiation 
of the right knee, expressed for the whole bone. The irradiated (large 
squares) and the E uares) tibial bones, the incisors 
(small squares) and blades ( ). Sk ae 
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a slight depression in uptake by the shoulder-blades and 
incisors could be fi (Fig. 1). Statistical evaluation 
is given in Table 1. 

In animals with ultrasonically pulsed teeth, uptake 
differences could be seen not only in the incisors but even 
in the tibia (Fig. 2). The depression of uptake in the tibia 
was steadily seen from day 8 (P<0-01) to days 42 
(P < 0-01) and 62 (P < 0-001). In pulsed teeth only 
the terminal on day 84 was statistically signifi- 
cant (P < 0-05). 


Thus, the specific activity was altered not only in 
pulsed but also in non-pulsed bones or teeth; but this 
generalized motabolic result was found to be more 
significant in the skeleton than in the teeth, due to their 
_ higher sensitivity to injurious influences. This finding is 
in good agreement with the aforementioned authors 
illustrating the possibility of bone damage histologically 
and radiographically and with our observations of general- 
ized reaction of mineral metabolism in the skeleton follow- 
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Chemical Evolution and the Origin of Life 


Ty a recent article’, Dr. Ponnamperuma arrives at the 
conclusion that “life is only a special and complicated 
property of matter and au fond there is no difference 
between a living organism and lifeless matter”. For many 
years the evidence has been strongly in favour of this 
view and, in any event, experience in every field of science 
suggests powerfully that Nature is a unity which can be 
divided into categories for human convenience, but that 
we must never lose sight of the fact that the boundaries 
so introduced are man-made and possess no counterparts 
in reality; it was to be expected, therefore, that the 
division of matter into living and dead forms would 
ultimately be revealed as an artificial one, convenient for 
distinguishing extreme cases such as man and rock, but 
quite inappropriate when consideration is being given to 
intermediate forms such as the virus and the newly dead. 
Nature appears to satisfy a principle of continuity, so 
that the marking of dividing lines on her fabric may 
throw into relief some features of the pattern, but it 
inevitably distorts the reality. 

This principle of continuity is exemplified by the 
smooth gradation of forms from the fundamental par- 
ticles to ourselves, thus constituting a hierarchy at no 
level of which can a clear dividing line between the living 
and dead be distinguished. The implication that the 
behaviour of a human being can be given an adequate 
explanation in terms of the laws of physics is so strong 
that few will now be prepared to argue the contrary view, 


NATURE 


April 25, 1964 yo. 202 


namely, that some special vital principleés involved. Hoy 
ever, although theimplications of thesmooth tratisition fro 
the fundamental particles to ourselves are widely appr 
ciated, those which arise from a consideration of ti 
transition in the reverse sense are less frequently emph) 
sized. Now, the most certain feature of the matter con 
plex, which is my brain, is that it is conscious. Even tl 
spatial structure of that brain as revealed by surgery 
only inferred. But, if consciousness is a characterist 
of this matter aggregate, by the principle of continuity 
must also be a feature of every aggregate and ultimatel 
of the fundamental particles. If this were not the cas 
at some level in the hierarchy mentioned earlier, consciow 
ness would arise discontinuously and it would be 

to draw a sharp dividing line ing conscious fror 
non-conscious matter forms. This would only be a di 
guised form of the line earlier assumed to separate livin 
from non-living forms. Undoubtedly, such menti 
characteristics as are by the fundaments 
particles must be of poor quality and weak intensity, bu 
unless some such features are postulated, I fail to unde 
stand how consciousness could ever arise in any matte 
system, however complex. A system of particles, each ¢ 
which possesses the known physical characteristics ¢ 
electric charge, spin, etc., might very well be designed t 
behave like a human being, but not to experience eon 
sciousness as human beings undoubtedly do. The eon 
scious state each of us experiences must surely be 

by some form of interaction between the mental attribute 
of the particles comprising our brains. 

It may well be, of course, that the electric and gravita 
tional characteristics of a fundamental particle ar 
simply those aspects of its mental qualities which i 
presents to an external observer sat ge a i 
its real essence, is a continuing mental experience of a 
extremely primitive nature. De Chardin® has ` 
a view of the universe which is in sympathy with thi 
idea, It seems to me that, unless it is allowed that suel 
particles possess characteristics which are of the sam 
nature as our own mental experiences, we may perhap 
hope to explain human behaviour, but our experience o 
this behaviour will remain unaccounted for. 

D. F. LAWDEN 

University of Canterbury, 

Christchurch, 
New Zealand. 
* Ponnamperuma, C., Nature, 201, 337 (1964). 
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Dark Pigment Formation in Verticillium 
albo-atrum 


THE structural changes occurring during the productior 
of resting bodies in Verticillium. species are accompaniet 
by the deposition of dark pigment in the cell wall. Tr 
V. albo-atrum this pigment has been described as ¢ 
‘melanin’? and its colour varies with the age of tht 
culture; initially it is yellow/green, then dark green and 
finally brown/black. 

In the strict sense, naturally occurring melanins can be 
defined as “dark polymeric indole derivatives of high 
molecular weight which are produced by a series oj 
reactions involving tyrosinase (polyphenol oxidase) 
oxygen and as organic substrates. either tyrosine (hydroxy. 
phenylalanine) or ‘DOPA’ (dihydroxyphenylalanine)”®, 
The preliminary results reported here were obtained in an 
investigation designed to investigate whether the pigment 
concerned is a melanin as so defined. 

Tests with possible substrates showed that if either 
catechol (200 mg/l.) or ‘DOPA’ (500 mg/l.) was added to the 
medium (Dox’s), the fungus produced an intense dark 
pigmentation in the agar immediately surrounding the 
growing edge of the culture, whereas the addition of tyro- 
sine (500 mg/l.) induced only very slight pigmentation. 
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‘a furthes test, mats of fungus grown in liquid Dox’s 
sdium were collected and placed in phosphate buffer 
H 6-8). These were then homogenized, centrifuged and 
e cell-free extract incubated at 37° C with a solution of 
rosine (3 g/l.) for several hours, but no browning was 
served. . 

These results indicate that V. albo-atrum is unable to 
oduce a dark pigment with tyrosine as substrate and 
» therefore, suggest that it takes no part in resting 
ructure pigmentation. Under similar conditions, how- 
er, ‘DOPA’ and catechol were both transformed to dark 
gments and with catechol further evidence*:* suggests 
at this substance may play an important part in pigment 
oduction. This conclusion has been recently substan- 
ited by the finding* that catechol (but not ‘DOPA’ or 
rosine) is able to reverse the complete inhibition of 
ielanin’ production by long-wave ultra-violet radiation, 
id that its addition to cell-free extracts causes a marked 
crease in oxygen uptake. 

The inhibition tests here reported involved separate 
troduction into agar medium in Petri dishes of (1) 
corbic acid (0-1 g placed on absorbent paper disks after 
seeding’ with conidia); (2) thiourea (50, 100, 500, 1,000 
id 2,000 mg/l.); (3) -acetyl tyrosine (250 mg/l.). These 
arious plate treatments were inoculated with V. albo- 
rum and incubated at 24° C in the dark and examined 
fter 2-3 weeks. By this time, in the control cultures 
mown on unmodified Dox’s medium) darkly pigmented 
sting mycelium was produced whereas in those contain- 
ig ascorbic acid none was visible except at the periphery. 
he area of production of dark resting mycelium in treat- 
rents containing up to 500 mg/l. thiourea was only 
lightly less than those of the controls and only where 
arked growth inhibition occurred (1,000 and 2,000 mg/l.) 
‘as pigment production reduced. The cultures containing 
-acetyl tyrosine were similar to the controls. 

None of these results necessarily implicates tyrosinase 
s the enzyme responsible for dark pigment formation. 
iscorbie acid’ is known to reduce 0-quinones back to 
-dihydroxyphenols and would, therefore, inhibit catechol 
xidation which might be mediated by another enzyme 
ystem. Since thiourea did not reduce pigmentation until 
eneral growth and metabolism were affected, this suggests 
hat Cutt removal (Cutt ions are known to be necessary 
or tyrosinase activity and thiourea combines with them’) 
loes not affect the enzyme system responsible for pigmen- 
ation under conditions of normal growth. Furthermore, 
t has been reported recently? that whereas paper disks 
oaked in dilute (0-1 p.p.m.) Mn++ solution markedly 
timulated ‘melanin’ synthesis in V. albo-atrum, Cutt 
reated disks (0-001-10-0 p.p.m.) were without effect. The 
egative result for n-acetyl tyrosine, a competitive 
ahibitor of tyrosine’, supports the finding that the latter 
ubstance is not the pigment substrate concerned here. 

Obviously, further evidence is needed regarding the 
1ature of the enzyme mediating dark pigment synthesis 
ind also of the substrate(s) involved. It seems unlikely 
hat the pigment is a melanin in the limited sense? and 
jhere remains the possibility that it is a product of catechol 
oxidation and polymerization. 
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Mating Behaviour of Male Rats after 
Lesions in the Preoptic Area 


ELEcrrIcaL stimulation of certain parts of the limbic 
system of the mammalian brain produces erection of the 
penis? and ablation of the hippocampus can increase the 
frequency of mountings’. This communication is con- 
cerned with the corollary that small lesions in the limbie 
system can also reduce male sexual activity. 

The methods of recording and rating rat behaviour were 
developed in earlier investigations’ and as part of a 
project on brain mechanisms in sexual activity. Male 
rata are tested individually with a sexually experienced 
receptive female which has been brought into cestrus by 
successive injections of cestrogen and progesterone; the 
males become consistent in their behaviour after five 
standard 30-min tests given every 10 days. The 27 albino 
rats in the work recorded here were tested repeatedly at 
intervals of ten days, from 15 days to 35-65 days after 
operation, and then those rats which demonstrated no 
sexual activity were castrated and given daily injections 
with testosterone propionate (500 ug/100 g body-weight) 
during the following 20 days. 

Bilateral electrolytic lesions were placed in the medial 
or the lateral preoptic area with a modified Horsley- 
Clark instrument. The electrode was an insulated nickel- 
plated needle, 0-35 mm in diameter, bare at the tip for 
approximately 0-5 mm. The lesions were produced by 
30 see d.c., about 0-2 m.amp for small lesions in the medial 
areas and about 0-5 m.amp for larger lesions in the lateral 
areas (Figs. 1 and 2 illustrate the types of lesions). 

Of 16 rats with small medial lesions, two were sexually 
normal, six had a marked depression of sexual activity, and 
eight showed no sexual activity. When the latter eight 
rats were castrated and injected with testosterone, five 





Fig. 1. Bilateral lesions in the medial preoptic area eliminating sexual 
ivity. The scar tissue has transf the split-formed third ventricle 
into a round cavity 
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Fig. 2. Extensive bilateral lesions in the lateral preoptic area not 
followed by any mating disturbances 
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remained inactive and three were sexually normal. Of 
11 rats with large lateral lesions, nine remained sexually 
normal and the other two showed no sexual activity. 
Histological examinations of the testes revealed no 
abnormality in the sexually inactive rats. 

All rats with medial lesions behaved like rats with lesions 
in the septal area in that they were aggressive toward the 
experimenter and displayed marked startle responses to 
=a and when they were aaa This Larrea 

ydi within 2-4 weeks after operation an 
it did os eae te rats with lateral lesions. 

The results indicate that the medial preoptic area, in 
contrast to the lateral area, is a site of some brain mechan- 
isms essential for sexual activity in the male’. 

This work was supported by grant HD 00344-03 of the 
U.S. Public Health Service. 
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Halicystis in New Zealand 


In 1949 Derbesia novae-zelandiae! was described from 
New Zealand. Later when the nature of the life-cycle of 
other species of Halicystis and Derbesia became estab- 
lished*+ it was expected that Halicystis should be found 
in New Zealand unless the New Zealand Derbesia pos- 
sessed an anomalous type of life-cycle. Despite intensive 
searches for Halicystis no plants were reported up to 
August 1962. At that time we were in the Bay of 
Tslands with a party of students and a visit was paid to 
Deep Water Cove. In the course of an exploration by 
means of aqualungs, plants of Halicystis were discovered 
on lithothamnia-covered rocks at a depth of 30-40 ft. 

Rocks with plants on them were brought back to 
Auckland and have since been kept in ordinary ærated 
sea-water. Under these conditions dense dark-green 
patches appeared at the vesicle apices as though they 
were about to reproduce, but nothing further happened. 
A similar phenomenon has been reported for Halicystis 
from India*. Since August, further search has been con- 
ducted in comparable localities and depths and a second 
area has been located off Little Barrier Island. The 
vesicles from both areas are comparable in size when 
mature and there appear to be perennial rhizomatous 
portions as young vesicles have since developed on some 
of the rocks. The vesicles arise from a short lithothamnion- 
encrusted stalk and when mature measure a maximum of 
5 mm long and 6 mm wide. Examination of the plastids 
showed that each contains 3-4 pyrenoids. While 


attempts so far have failed to complete the life-cycle, one 


may suggest that these plants represent the sexual genera- 
tion of Derbesia novae-zelandiae. If this proves correct an 
interesting ecological problem emerges, use although 
Halicystis is now known to occur up to 5 ft. below low 
water this level is approximately the lower limit of 
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Excretion and Osmoregulation ‘in the Leech, 
Hirudinaria granulosa (Savigny) 


Urine, collected from the nephridial bladders of tl 
common Indian cattle leech, Hirudinaria granulos 
(Savigny), and analysed by the Conway's microdiffusie 
technique’, was found to contain 28-3-48-] ug of ammon 
nitrogen (mean 35-8) ; 12-9-34-9 ug of urea nitrogen 
21-6) ; 180-897 ug of total nitrogen (mean 484-2) ; 
45:8-228:7 ug of non-protein nitrogen (mean 126-6) p 
ml. Supernatant fluid of the centrifugated (4,000 r.p 
urine contained 30-6-55-6 ug of ammonia nitrogen (mea 
44-9); 10-5-15-9 pg of urea nitrogen (mean 13-3) A 
99-9-276-0 ug of total nitrogen (mean ca mi, 
per cent of the total nitrogen present in urine wa 
found to be due to bacterial growth in it. Deproteiniza 
urine, analysed chromatographically, contained 
imately 50-60 ug of amino-acid nitrogen per ml. On 
average 31-8 per cent of the total non-protein ni 
is thus excreted by the leeches in the form of 
nitrogen, 13-7 per cent in the form of urea nitrogen, 
rest of the non-protein nitrogen being mainly due 
amino-acids. 

Supernatant fluid of centrifugated urine gave a posi 
biuret reaction for peptide li -Haskin’s 
for urinary proteins, test for globulin and 
Robert’s nitric acid and magnesium sulphate ring 
for protein, Ott’s tannic acid precipitation test for n 
protein, ninhydrin reaction for -amino-acid radicals 
free «-amino-acids, xanthoproteic reaction for be 
radicals (phenylalanine, tyrosine, tryptophan), Millon’ 
reaction as modified by Cole* for hydroxybenzene radi 
Hopkins—Cole~Adam-—Kiewicz reaction for combined 
ophan, Sakaguchi reaction for free or combined argini 
xanthydrol test for urea, and test for chlorides. 

Supernatant fluid of the centrifugated urine ga 
negative reaction for cysteine or cystine ; Weyl's ni 
prusside reaction, Salkowski’s nitroprusside-acetic 
test and Jaffe’s picric acid reaction for creatinine 
McCarthy and Sullivan's test for methionine ( i 
due to the interference of tryptophan); murexide 
and Benedict’s test for uric acid ; Fehling’s and i 
test for reducible sugars ; Cole’s test for small amo 
of reducible sugars ; Seliwanoff’s test for ketoses ; Bi 
orcin test for pentoses ; test for inorganic sulphates 
Ehrlich’s diazo reaction. 

The urine contained 98-19-99-70 per cent and the su 
natant fluid of the centrifugated urine contained 99-47- 
99-89 per cent water. When the animals were kept undet 
arid conditions artificially created in the labora 
resulting in 23-3-37-38 per cent loss in body-weight, 
urine contained 83-72-93-25 per cent water only. 
results reveal the extent to which the leeches could con 
serve water during exeretory output. The capacity 
tiding over arid conditions depended mainly on 
amount of blood stored in the crop of these animals. 


























Buoomirrra Dev 


Department of Zoology, 
University of Lucknow, 


* Bald E., and D, J., Cole's Practical Physiological Chemistry, 2 
rahe? coon Rea 1955). r mety, | 


Effect of Buffers on the Pectolytic Activity 
of Culture Filtrates of Fibs nAg oxysporum | 


PecroLyTIC enzymes have been implicated in 
disintegration of plant tissue by a number of 
pathogenic bacteria and fungi*. One procedure to 
culture filtrates for pectolytie activity requires a 
stration of a loss of viscosity for a solution of 
polypectate or pectin in buffer, using a viscosi 
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Fig. 1. Pectolytic activity curves for culture filtrates of Fusarium 

oxysporum, A, 0-15 M Mellvain’s citrate buffer: (a) J. melonis; (b) f. 

vasinfectum; (c) f. aechmeae, B, 0-04 M Mellvain’s citrate buffer: (1) f. 

aechmeae; (4) f. vasinfectum; 0°04 M citrate buffer: (2) f. aechmeae; 
0-2 M acetate buffer: (3) f. aechmeae 




















his communication presents results of the effect of 4 
uffers at different pH values on the pectolytic activity 
f culture filtrates from 7 formae speciales of Fusarium 
xysporum Schl. emend. Snyder and Hansen. 

A 1:2 per cent solution of sodium polypectate was 
repared in the following buffers: 0-15 M Mecllvain’s 
itrato, 0-2 M citrate, 0-2 M acetate, and 0-05 M phthalate— 
odium hydroxide. Solutions were prepared to yield 
ifferent pH values for each buffer. 

The pectolytie activity of cultures of each forma was 
etermined, using MelIlvain’s citrate buffer at different 
H values. To illustrate, activity curves for filtrates from 
a) f. melonis, (b) f. vasinfectum, and (c) f. aechmeae are 
resented in Fig. 14. Hach filtrate gave a characteristic 
urve with respect to peak or peaks of activity. Similar 
esults were obtained when the second citrate buffer was 
ed. The zero-readings, however, of the solutions in the 
citrate buffers were highly heterogeneous when the 
olutions at different pH values were compared. This 
bservation suggested that the activity curves in these 
uffers may have resulted from artefacts. 

The pectolytice activity of filtrates from cultures of the 


essentially the same for both buffers; a peak at approxi- 
ately pH 5-5 was obtained. A representative curve for 
(3) f. aechmeae, using the acetate buffer, appears in Fig. 1B. 
Similar curves were obtained when both citrate buffers 
wero prepared at 0-04 M. Representative curves for 
(1,2) f. aechmeae and (4) f. vasinfectum, using these buffers, 
are presented in Fig. IB. The zero-readings for the poly- 
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pectate solutions at different pH values in the citrate 
buffers with a lowered molarity or in the acetate and 
phthalate buffers were uniform. 

Although the activity curves for the formae were 
different at the high molarity citrate buffers, the curves 
were essentially the same at the lower molarity. Since the 
activity curves for the high molarity acetate buffer were 
the same as those for the low molarity citrate buffers, it 
seems reasonable to assume that citrate buffers at high 


‘molarity rather than molarity per se may have been 


responsible for the artefacts. 
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Paths of Water Transport in Higher Plants 


In Preston’s! report of experiments on the upward 
conduction of water in trees, reference was made to the 
use of tracers in this type of investigation. The commonest 
tracers used so far have been inorganic substances other 
than water. 

Since reliable liquid scintillation counters have become 
available jn Britain, water movement may be followed 
using tritiated water as the tracer substance. The instru- 
ment used in the experiments reported here was the 
Packard Tri-Carb 314# kindly put at our disposal by Dr. 
J. M. A. Lenihan, head of the Department of Physics of 
the Western Regional Hospital Board, Glasgow. 

Three-year-old rooted willow trees, with straight stems 
120 em long and 1—2 em in diameter, were grown in nutrient 
solution. In these plants the phloem and other extra 
cambial tissues may be easily separated from the xylem 
cylinder. The plants were transferred from this nutrient 
solution to a similar one with added tritiated water, where 
they remained for periods of 15 min, 30 min, 1 h, 2 h and 
3h. Conditions of wind velocity and light intensity were 
arranged to promote rapid transpiration in order to ensure 
that all the normal paths of water conduction were active. 
Present views are that water movement occurs in the 
outermost xylem elements, though whether water moves 
chiefly in the walls or in the lumina of vessols is still not 
clear?:3, 

After treatment, the plants were frozen in powdered 
‘Cardice’ and 1-cm pieces of stem were cut at different 
distances up the stem. From these pieces thin slices of 
inner wood and outer wood, and the whole of the bark 
(phloem and extra cambial tissues), were cut so that cach 
series of samples was taken in the same vertical plane: 
all these operations took place in a refrigerated cabinct. 

In early experiments‘, the water present in the samples 
was extracted by the toluene distillation method of Dean 
and Starke using large samples of tissue (2--5 g). Later. 
a method was devised in this laboratory in which small 
samples (0-1-0:2 œ) of tissue were analysed for their 
tritium content. From the first experiments there was 
evidence of higher activity within the phloem and extra 
cambial tissues than in the xylem, and this was amply 
confirmed in the experiment now reported. So far as the 
xylem was concerned, the activity within the outer zone 
was often six times that in the inner zone, and this 
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supported the view deduced from other experiments? that 
water flows upwards largely in the outermost vessels of 
the outermost ring of the xylem. 

What is less readily explained is the consistent observa- 
tion that the activity within the bark was 2-3 times 
greater than that in the outer wood. After 1 h of treatment 
the activity within the bark (for example, 10-0 x 10° 
¢e.p.m./0-1 g fresh frozen tissue weight) was consistently 
twice that observed in the outer wood (for example, 
5-0 x 10° c.p.m./0-1 g fresh frozen tissue weight), and was 
uniform along the length of the stem. 

This result is similar to those obtained in experiments 
to trace the path of radioactive phosphorus in freely 
transpiring plants. So long as the phloem and the xylem 
wore in contact, labelled phosphate moved as rapidly in 
the phloem as in the xylem. This could mean that lateral 
transfer of phosphate occurred from the xylem across the 
cambium to the phloem, rather than a direct upward con- 
duction of phosphate in the phloom. Biddulph et al.’ 
showed that in the kidney bean both the xylem and the 
phloem tissues could conduct labelled water and calcium, 
and all their experiments continually emphasized a very 
rapid interchange between these tissues. Two explanations 
are possible for the results of our experiment with young 
trees. Either a large proportion of the water travels 
vertically within the phloem of willow trees, or alterna- 
tively the phloem may remove water from the conducting 
xylem clements so quickly that a greater volume of 
tritiated water is present in the phloem tissue than in the 
outermost ring of xylem elements. 

Analyses of samples of tritiated water collected from 
different levels in frozen stems permit the determination 
of a full transpiration profile. For the 15 min plant the 
activity at a point 44 em up the stem was 12-5x 108 
c.p.m./0-1 g fresh frozen tissue weight, and for the 30 min 
plant the activity at the same height was 400 x 10° ¢.p.m. 
More important, from a comparison of two similar plants, 
a direct evaluation of the rate of water movement was 
possible. From the data obtained for the 15 min and 30 
min plants, the rate of the rise of water in the stems was 
found to be 120-140 em/h. 


F. J. Wray 
J. A. RICHARDSON 


Department of Botany, 
University of Newcastle upon Tyne. 
1 Preston, R. D., Proc. Tenth Symp. Colston Res. Soc., 10, 366 (1958). 
*Strugger, S., Naturwiss., 31, 181 (1943). 
* Heath, O. V. S., Nature, 200, 190 (1963). 
t Greenwood, E, F., M.Sc. thesis, Univ. Durham (1963). 
5 Biddulph, O., e¢ al., Plant Physiol., 36, 429 (1961). 


Cortical Celis in Coarse Keratin Fibres 


Cross-suctions of coarse keratin fibres have been 
treated in ortho-chloro-phenol according to the method 
developed by Appleyard and Dymoke!? and the outlines of 
the cortical cell investigated with an optical microscope 
at magnifications up to 400 times. 

In most fibres examined, that is, those from horse, 
cattle and wildebeest tails; horse mane and human head; 
guard hairs from tails of the kolinsky, Chinese weasel, 
lesser spotted skunk, and racoon; guard hairs from the 
bodies of the badger and from the ears of cattle, the outlines 
of the cells formed a mosaic, the cortical cells not being 
flattened or orientated in any particular direction. 

In skunk tail hairs and ringcat tail hairs, and in any 
goat beard hairs and horse body hairs in which the 
medulla was relatively large and the cortex correspondingly 
narrow, the cortical cells appeared compressed in the radial 
direction. In coati-mundi hairs this effect was more 
marked so that the major and minor diameters were in 
the ratio of about four to one. In guard hairs from the tail 
of the Russian squirrel and in selected coarse strongly 
medullated Scottish Blackface wool the effect was so 
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marked that the minor diameter couldanot be measured + 
this magnification, the cortex having a cireitmferential 
striated appearance. 

The width of the cortex does not appear to be ti 
determining factor, for the cortex is wider, for examp™ 
in a coati-mundi hair than in kolinsky hair. 

In pigs’ bristle a palisade arrangement of cortical cc 
boundaries in a single row adjacent to the cuticle w: 
often observed, the major diameter being orientate 
radially and 1-5 times to twice the minor. 

In whalebone finner, which is the fringe on a whalebo» 
plate, the cells are much flattened, and although in tł 
plate these persist in the fused strands thore were sme 
areas between the strands showing a mosaic of cells ne 
so flattened, the transition occurring over a very sho: 
distance. 

When cells were liberated using buffered trypsin. solutic 
as described by Burgess? and examined, the foregoir 
observations were confirmed. 

F. Kipp 

Scottish Woollen Technical College, 

Galashiels. 
1 Appleyard, H. M., and Dymoke, C. M., J. Text. Inst., 46, T, 480 (195% 
2 Burgess, R., J. Lert, Inst., 25, T, 289 (1984), 


MICROBIOLOGY 


Precipitation of Manganese by Bacteria in 
Mineral Springs 

Mancanese dioxide in appreciable amounts has bee 
found in tho vicinity of active hot and cold springs i 
several localities in Japan. A mineral spring near Komage 
dake, Hokkaido, is especially interesting, because mane 
ganese dioxide is found in the process of deposition. W 
have examined the mechanism of precipitation of mam 
ganese by bacteria in this spring. 

The mineral spring ‘Komanoyw’ is situated at th 
southern foot of Voleano Komaga-dake, Hokkaido. Th 
surrounding area consists of flows of andesite, tuff ane 
pumice from this volcano. At present, four miners» 
springs emerge at Komanoyu and they contain noteworth; 
manganese (2-8-47 p.p.m.) of which appreciable amount» 
are deposited. 

The chemical property of mineral spring water collectee 
in November 1959 is shown in Table 1. 


Table 1. CHEMICAL COMPOSITION OF MINERAL SPRING WATER FRO» 
‘KOMANOYU’ 
Temp. (° C) pH Rp Residue in evaporation 
mg/l. 
23 68 7-0 1,018 
KH Nat! Cat? Mgt? Mn‘? Fer? + Fet cr 
16 128 101 52 4°75 trace 156% 
so,* HCO," CO, 
481 117-9 11 


From the oxamination of the precipitation of manganese 
of this mineral spring water, we have found that the precipi 
tation occurred after 20-50 days. The value of pp 
showed a rapid decrease and the redox potential (Eh, 
value showed a gradual increase after 20 days, and bott 
pH and Eh values showed abrupt changes after 45 days 
The amount of manganese in the spring water was l'l% 
p.p.m. after 50 days. 

Bacteria are known to aid the oxidation of iron andes 
manganese, and they apparently use the energy of the 
reaction for their own life processes}:?. 

Recently some bacteria which might have some relation» 
to the precipitation of manganese were observed by 
Hariya and Kanari: under an electron microscope in the 
manganese precipitate of the mineral spring. We 
examined the precipitation of manganese by these bacteria- 
in the-laboratory. Manganese bacteria were separated 
from the mineral spring water by letting original water 
percolate through an ordinary filter paper and then a 













Bacteria which had been cultured in the 


bicarbonate 
solution and manganese hydroxide ( 


ped crystal) 


rane filter paper. Thread bacteria (perhaps iron 
a) and dust were left on the ordinary filter paper 
n ngar bacteria were left on the membrane filter 
per. In the mineral spring water passed through the 
m ane filter no precipitation was found after 50 days. 
T bacteria were cultivated in two kinds of 
ulture solutions which had the following composition: 
1) Mn(HCO,), (saturated solution), 100 ¢.c.; NaHCOy,, 0-1 
; (NH,).S0,, 0-1 g; K,HPO,, trace; MgSO,, trace; 
istilled water, 900 c.c. (2) (NH,),SO,. 15 g; KCl, 
0-05 g; MgSO,-7H,0, 0-05 g; K,HPO,, 0-05 g; Ca(NO,),. 
9-01; MnCl,.4H,O, 0-352 g; distilled water, 1,000 c.c. 
After standing for 20 days at 30° C, precipitation of man- 
zanese was observed in each culture solution and bacteria 
were observed in all precipitates by means of an electron 
microscope. These bacteria are cylindrical, about 
lu x 5u to 8u and have flagella distributed along the 
tides. Manganese precipitates which seem to be related 
with bacteria are shown in Figs. 1 and 2. The culture 
solutions to which bacteria were not added were treated 
under the same conditions, but no precipitation occurred 
after 50 days. 
_ The original material of precipitate from Komanoyu 
nineral spring water was amorphous manganese hyd- 
‘oxide. The electron microscope indicated that the 
particles of precipitated materials at an early stage were 
rregular, but round. The degree of crystallinity varied 
considerably with the length of the time after their form- 
ition, and the material was shown to occur in bundles. 
he original material was then recrystallized into birnes- 
site and pyrolusite. 
In summary, manganese can be removed from solution 


f fer to iron by some species of bacteria, and some 
iga rich deposits are being formed by living 
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biological agencies. It may be possible to detect meta- 
bolic activity in such spring water. 
Y. Harrya 


T. Krevent 

Department of Geology and Mineralogy, 

Hokkaido University, 

Sapporo, 
Japan, 

1 Baler, C. R., Geologie der Meere und Binnengewdasser, 1, 325 (1037). 
* Zapffe, C., Econ. Geol., 26, 799 (1931). 
* Hariya, Y., and Kanari, N., Science (Japan), 32, 316 (1962), 


SOIL SCIENCE 


Identification of p-Hydroxybenzoic, Vanillic, 
p-Coumaric and Ferulic Acids in Soils 


THis communication reports the occurrence of 
p-hydroxybenzoic, vanillic, p-coumaric and ferulic acids in 
four different soils of contrasting types (Table 1). Other 
workers have obtained these compounds by chemical 
degradation of humic acid?-*, and also from decomposing 
straw'; but reviews of the chemistry of soil organic 
matter®-? indicate that only p-hydroxybenzoic acid has 
been previously identified in a free state in soils. 


Table 1. CONTENT OF p-HYDROXYBENZOIC, VANILLIC, p-COUMARIO AND 
FER Sors 


ULIO ACIDS IN FOUR 


Soil type Sand on Clay loam 
Vegetatio Hough Bracke: Beech weed Black 
n racken ik currants 
bis grassland (cultivated) 
Percentage of 
organic matter 
ee er Aoil 13-4 6-20 6-63 2-53 
e! 
moisture in soil 
at time of ex: 
traction 35:0 21-4 335 20-6 
p-Hydroxybenzoic 
acid as percent- 
age of ol 
matter 0-0011 00024 00034 0-0012 
Vanillic acid as 
percentage of 
organic matter 0-0099 0:0036 00021 00012 
p-Coumaric soa 
as pe ol 
organie r 0:0023 0-0030 00025 00015 
Ferulic acid as 
percentage of 
rganic matter 0-0023 0:0003 0-0001 0:0005 
Total of the four 
tage of 
percen: ol 
o matter 0-0066 0-0093 00081 0-0044 
p- roxybenzolo 
acid molarity in 
soll solution 19 x 10* 39x 10% 3'2 x 107 08 x 10* 
Vanillic acid mol- 
arity in soil solu- 
tion t4 10e 49n 17 x 10% O7 x 10“ 
p Onanie a a 
Satton. 8:8 x 10% 42x 10% 20 10% 00 x 107 
Ferulie aci 
arity in soil 
solution 8:2 x 10% O4x 10% 007 x 10% O03 x 10° 


The soil samples were extracted in the fresh moist con- 
dition, stones and roots being removed, so far as possible, 
by hand. 

Identification of each compound, as extracted from the 
ealeareous soil, was based on its Rp values in three 
chromatographic solvents, two chromogenic reactions and 
its ultra-violet absorption spectrum, Twelve lots of 250 g 
soil were shaken for 3 h with 2-5 g calcium oxide and 250 
ml. water. The resulting filtrate was acidified to about 
pH 2 with sulphuric acid, treated with freshly precipi- 
tated zine ferrocyanide to remove fatty material® and 
filtered again. It was then re-adjusted to pH 2 and extrac- 
ted with an equal volume of peroxide-free ether as de- 
scribed by Hamence*. The ethereal solution was washed 
with water, dried with anhydrous sodium sulphate and 
evaporated to small volume. The four phenolic acids 
were isolated by using three successive one-dimensional 
descending chromatographic runs with the following 
solvents: (1) isopropanol/ammonia (880)/water (10 : 1 : 1) 








a (c) p-coumaric acid. 
_ with about 35 ml. ether, the extract evaporated to small 








_ for 40 h; (2) butanol/pyridine/water 
16h; (3) 2 per cent acetic acid for 3-5 h. 

Whatman 3 MM paper was used in each case; marker 
spots were applied at the edges and the chromatograms 
were run at room temperature. Strips from the edges of 
each chromatogram were stained with diazotized p-nitran- 
iline’, Zones were then cut from the main portion of each 
<- ehromatogram as indicated by the stained edge strips. 
Solvent (1) yielded three zones corresponding to (a) 
vanillie acid, (b) p-hydroxybenzoie and ferulic acids and 
Each of these zones was extracted 





volume and chromatographed separately in solvent (2), 


_ which provided a fairly good separation of p-hydroxy- 


a benzoic and ferulic acids. Ether extracts of the four 
zones obtained were finally chromatographed in solvent 
(3).. Authentic samples of the four phenolic acids were 
similarly chromatographed in solvent (3). The chromato- 
grams were dried thoroughly at 100° C, the edges stained 
and the zones containing the phenolie acids cut out. 
Equal zones from blank areas of the chromatograms were 
also removed for use as blanks in the ultra-violet measure- 
ments. Each phenolic acid zone, together with its 
= eorresponding blank zone, was then extracted by shaking 
-o with 10 ml. absolute alcohol for 0-5h. The optical density 


ee (D) of each was then measured over the range 220-400 mu 


using the Unicam S.P. 500, and setting the instrument 
with the appropriate blank zone extract. When necessary, 


extracts were diluted to give a satisfactory reading on the 


'-seale. The absorption curves were prepared by plotting 


ee log D against wave-length’. Fig. 1 shows the close corre- 


lation. between soil extract and authentic compound in 
each case. 

_..Confirmatory evidence of identification was provided 
cby the colours given on staining two-dimensional chroma- 
tograms with: (a) diazotized p-nitraniline and (b) diazot- 
ized sulphanilic acid’. 


A | 
| 


300 
mys ; 
Fig. 1. Ultra-violet absorption spectra. The upper curve of each pair 
eos obtained from the authentic com d; the lower curve from the 


compound as extracted from soil. A, Ferulic acid; B: paoumarie acid; 
C, vanillic acid; D, p-hydroxybenzoie 


Log D 














220 260 340 380 


(140 : 30 : 30) for — 













_ Semi-quantitative assessments of th 

present in the four soils were made by visual’ex 

of two-dimensional chromatograms. The soils 
collected by auger to a depth of 6 in. during a period o 
weather in November. They were incubated at x 
temperature for 3 days and then 250 g samples 
extracted as described hero. Known proportions (1 
per cent) of the ether extracts, together with kn 
quantities ranging from 4 to 24 ug of the four phes 
acids, were chromatographed in (1) butanol/pyric 
water (140 : 30 : 30) and (2) 5 per cent sodium fo 
Results obtained by comparing the soil extract and s 
dard chromatograms, stained with diazotized p-nitrani) 
are given in Table 1. These show that the total quant: 
of the phenolic acids amounted to 0:004-0-009 per cer 
the total organic matter of the soil. Such small quant; 
are to be expected in view of the susceptibility of phen 
compounds to microbial attack! and possibly to leg 
ing and reaction with other soil constituents. However. 
expressing the quantities present in terms of their cone 
tration in the soil solution (seo Table 1) the possibi 
discussed elsewhere", of their influencing plant growth « 
metabolism becomes more apparent. It has recently hi 
reported that. 10-4 M solutions of p-hydroxybenzoiey 
coumaric and ferulic acids increased the in vive decarbo. 
lation of indolyl-3-acetie acid". Le 


D. C. WHITEHEAI 













Wye College 
(University of London), 
Near Ashford, Kent. 
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VIROLOGY 


Transmission of the Lactic Dehydrogenase 

Agent in Normal and Partially Edentulous 
Mice E 
In our laboratory the transmission rate of the lact 
dehydrogenase (LDH) agent from infected to uninfecte 
adult CAF-1 male mice housed together for more than 
month was very low, Other laboratories, however, haw 
reported high? or variable‘ rates of transmission. TP 
work recorded here was undertaken to investigate tF 
factors which might be responsible for these differences. 
Mice were obtained from the Animal Production Sectio 
of the National Institutes of Health and were housed i 
plastic cages 12 in. long, 7 in. wide, and 5 in. high wit 
wood shavings as bedding. The methods used to detec 
infected animals and titre the LDH agent were describe 
previously’, Mice were infected experimentally with th 
LDH agent by intraperitoneal injection of 107-5 IDs, fror 
a stock preparation of virus’. The rate of transmission t 
the LDH agent. from these experimentally infecte 
animals to uninfected animals: was examined by placin 
5 infected mice in a cage with 6-7 uninfected mice or b 
placing one infected mouse in a cage with one uninfecte 
mouse. At the end of a week the number of newly infecte 

animals was determined. 
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OF THE LDH AGENT IN 4-0-WEEK-OLD MALE 


x Ck OF DIFFERENT STRAINS 
Strain of mouse Infected /exposed * 

CAF- 0/20 

C3H/Hen 0/18 

BALB/c 1/21 

C67 Black 1/19 

GP Swiss 10/21 


Mico Infected by intraperitoneal injection of the LDH agent were 

in cages with uninfected mice. At the end of a week the number 
ly infected mice was determined. The ratio of infeeted/exposed 
enta the number of these newly infected mice over the original 
x of uninfected. mi 


‘the start of the experiment each cage contained 6 infected and 6 or 7 
nfected mice, 
first experiment was designed to see if the rate of 
nission of the LDH agent varied with the strain of 
e, The data in Table 1 indicate that transmission 
very low in strains CAF-1, C3H/Hen, BALB/c and 
Black. In contrast approximately 50 per cent of the 
tal Purpose (GP) Swiss mice became infected. 
ination of the GP mice revealed extensive bite marks 
scars over their bodies and tails. Relatively few such 
; were found in the other strains. Since earlier experi- 
ts showed that the LDH agent was present in the 
saliva of infected micet, the scars on the GP mice suggested 
that transmission might result from biting and inoculation 
lof infected saliva. Investigations of the transmission of 
the LDH agent in QP female mice and in young mice of 
poth sexes provided support for this argument. As seen 
1 Table 2, the transmission rate in GP females was lower 
in males. In contrast to the frequent fights and 
sive bite marks noted over the bodies and tails of the 
, relatively few scars were observed on the 
es. Furthermore, it was noted that young GP 
not bite their cage-mates so frequently as did the 
mice, and the transmission of the LDH agent among 
th young male and female mice was considerably lower 
able 2). 
jle 2. EFFECT or SUX AND AGE ON THE TRANSMISSION OF THE LDH 
Xa ~ AGENT In GP Swiss MICE 


* Infecteđd/fexposed * 
Age Caged in pairs? Caged in groups* 





Over 6 months 12/12 21/21 
Over 6 months BAS 12/21 
oc Under 6 weeks — 19/62 
‘Under 6 weeks ~ » 2/63 





f Table 1. 
ai of the experiment each cage contained 1 infected and 1 
he foregoing experiments suggested, the trans- 
ii the LDH agent was related to biting, measures 
taken to prevent biting, such as removal of the incisors, 
would be expected to reduce the spread of the virus. To 
examine this possibility, male GP mice more than 6 
aonths old were made partially edentulous by extracting 
ir upper incisors and amputating their lower incisors 
ho gum line under ether anwsthesia. All mice were 
en put on a soft diet. The partially edentulous mice 
infected with the LDH agent usually within three 
after the extraction procedure and the transmission 
te from the experimentally infected to the uninfected 
animals was determined. As seen in Table 3, less than 
nt of the partially edentulous mice became infec- 

eas all the mice with teeth became infected. 


TRANSMISSION OF THE LDH AGENT IN PARTIALLY EDENTULOUS 
ee Mare GP Mice* 








Infected /exposed t 
Infected mice Uninfected mice Caged in groups Caged in pairs 
niclsora present Incisors present 21/21 9/9 
nolsors extracted Tnoisors extracted 41/21 0/10 
ndisors present Incisors extracted — UT 
Tnoisors ext Incisors present — 9/12 
* More than 6 months old. 


t Refer to legend of Tables 1 and 2. 


Although these experiments demonstrated that teeth 
ere important in the transmission of the virus, they did 
ot answer the question as to whether the virus was 
ing transmitted to the normal animal by inoculation of 
saliva or if the normal animal became infected as 
t of biting an infected mouse and ingesting viremic 
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tissue. To answer this question, mice without inc 
(uninfected) were exposed to infected, mice with ine 
and the transmission rate was determined. 
Table 3, all the mice without incisors became infected 
supporting the contention that the virus was being trant- 
mitted by inoculation of infected saliva. However, when 
normal mice (with incisors) were exposed to infected. mice 
without incisors, 75 per cent of the normal animals 
became infected. Since the infected mice without incisors 
could not bite and inoculate saliva, the data suggest thet 
the normal animal became infected as a result of biting an 
infected animal and ingesting vitemic tissue (blood). 
Support for this argument comes from two other sourgis. 
First, in earlier work}, we demonstrated that mice could De 
infected by drinking water which contained over LO), 
of the LDH agent per ml. Since the titre of the viru: 
the blood of the infected mouse was as high as 101 
ml. during the acute phase’, the biters could have o 
sumed sufficient virus to become infected by the o 
route. Secondly, in recent experiments, infected animais 
were killed and placed in cages with normal mice; 
only in those cages where there was 
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definite evidence of 
cannibalism did the normal mice become infected. The 
experiments reported here, therefore, indicate that the 
LDH agent can be transmitted by both the ingestion of 
viræmic tissue and the inoculation of infected saliva. 
We thank Dr. Anthony Rizzo for his advice and assis- 
tance during the course of this work. 
ABNER Louis NOTKINS 
CHRISTINA SCHEELE 
Henry W. SCHEP 
Laboratory of Microbiology, 
National Institute of Dental Research, 
National Institutes of Health, 
Bethesda, Maryland. 
1 Notkins, A, L., and Scheele, C., J. Exp. Meda 148, 7 063). 
2 Notkins, A. L., Proc. Amer. Assoc, Cancer Ress 4, 48 (0983), 
* Hill, B. R., Tanaka, K, and Roberts, E, Prec, Amer. Assos. Caner Iiu 
8, 828 (1962). 


‘ on, P. G. W., Gregory, K. F, Swim, H. E., and Chan, BR. Boy 
Canad. J. Microbiol, 9, TS (1963). r i : 


®Notkins, A. L., and Shochat, S. J, J. Exp. Med., 117, 725 Got). 


Effect of Aminopterin on the Replication of 
the Murine Salivary Gland Virus 


Recent evidence has indieated that the synthesise of 
DNA viruses is prevented by specife DNA miubitors 
while the synthesis of RNA viruses is not affected’*, On 
this basis, therefore, experiments were undertaken io 
determine if aminopterin (4 amino-pteroylglutamic acid), 
a folic acid antagonist, would block the replication of the 
murine salivary gland virus (MSGV) in tissue culture. In. 
the presence of adenine and glycine the antifolic drone 
have been shown specifically to block the formation of DN A. 
in mammalian cell cultures’. Under such conditions the 
antifolics will inhibit replication of DNA but not RNA 
viruses?:?, 

The murine salivary gland virus was isolated from 
infected mice by the method reported by Smith’. Tt was 
serially propagated in fibroblasts prepared by trypsinizing 
16~20-day-old mouse embryos. The cells were cultivated 
in 1-litre bottles in a medium which consisted of 90 per cont 
Earle’s balanced salt solution, twice the concentration of 
amino-acids and vitamins as in Eagle's medium, 10 per 
cent calf serum and antibiotics. Tris (0-005 M) was added 
when cells were cultivated in Petri dishes. Unless other- 
wise indicated, the medium used for all one-step growth 
curves was supplemented with adenine (40 ug/ml.) and 
glycine (50 yg/ml.). Aminopterin was used at a concen: 
tration of 20 ug/ml. and thymidine at 40 ug/ml. 

For one-step growth curves, Petri dishes (40-may 
eter), each of which had been seeded with 1- 
trypsinized cells 24 h previously, were inoculate 
0-2 ml. virus. The titre of the inoculated ‘virus ra 




























their appearance. 









from 1:0 x 10% to L-i o: orming units/ml. 
(pfu’s/ml.) in différont experiments. After adsorption for 
90 min at 37° C, the cultures were washed twice with 2 ml. 
of phosphate-buffered saline and then 5ml. of the appro- 
priate medium added to each plate. At intervals cultures 
were removed from the incubator and frozen at — 20° C 
or, in some cases, fixed with 10 per cent formalin. After 
completion of the experiment the plates were thawed and 
the virus assayed by the plaque method’, In each experi- 
ment three growth curves—the control which had adenine, 
glycine, and thymidine in the medium; the inhibited with 
adenine, glycine, and aminopterin; and the reversed 
inhibited which had adenine, glycine, aminopterin, and 
thymidine——were all run concurrently. 

Preliminary experiments revealed that aminopterin even 
with glycine and adenine present greatly reduced the 
number of mitotic figures in uninfected cultures within 
94h. Under these conditions, the cells remained morpho- 
logically intact for at least 48 h. Adding thymidine to 


= the medium prevented the reduction in the number of 
“mitotic figures. 


~The results (Fig. 1) clearly indicated. that replication of 
: MSGYV was completely suppressed by aminopterin if thymi- 
dine were not present. Even after incubation for 44 h, no 


_ jmerease in new virus could be detected. If thymidine 


“were included, then the inhibition was reversed; and the 


oe latent period, period of exponential rise, and final virus 


titre were similar to those of the controls without the 
` aminopterin. Adding thymidine in graded concentrations 
< {2-40 ug/ml.) and keeping the concentration of amino- 
pterin constant resulted in the synthesis of increasing 
- amounts of virus which was approximately proportional 
to the amount of thymidine added. It was found that 
-12-16 ug/ml. of thymidine would reverse completely the 
„effect of 20 ug/ml. aminopterin. If adenine and glycine 
were omitted from the medium, then thymidine did not 
prevent the inhibition. The fact that virus yields were 
approximately the same in the presence of aminopterin and 
thymidine or thymidine alone indicated that aminopterin 
“had no effect on extracellular virus. ; : 
-Even though virus was not synthesized in the inhibited 
- cultures, the cells, nevertheless, underwent cytological 
_ alterations as if producing mature virus, Large eosino- 
- philic intranuclear inclusions were. found both in the 
-control and in the inhibited cultures when the cells were 
stained with hematoxylin and eosin. These inclusions 
were morphologically similar and it was. impossible to 
‘distinguish the controls from the inhibited cultures by 
In the majority of experiments the 
percentage of inclusion-bearing cells in the experimental 
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Fig. 1. One-step growth curve of the murine salivary gland virus showing 

inhibition with aminopterin (dotted line} and reversal of the inhibition 

with thymidine (broken line), Control (solid line). Each point repre- 
sents the average titre of two plates 


















after infection. 
As shown in Fig. 1, MSGV had a latent period of 
approximately 20 h followed by a rapid rise in titre for the 
next 8-9h. According to Isaacs such a long latent period) 
is suggestive of a DNA virust. 
Although aminopterin completely suppressed the murine! 
salivary gland virus in vitro, Smith has noted that guinea, 
pigs developed a generalized salivary gland virus infection, 
after receiving large doses of aminopterin’?. Experiments; 
are in progress to determine whether this in. vivo effect was. 
the result of activating a latent virus similar to that of 
treating lysogenic bacteria with DNA inhibitors or was they 
result of depressing the host’s immunological response. 
The facts that MSGV has a comparatively long latent 
period, that it produces intranuclear inclusions closely 
resembling those of other DNA viruses (for example, | 
herpes simplex, pseudorabies), and that it is repressed by a. 
specifie DNA inhibitor all indirectly serve to indicate that. 
it contains DNA. s 
This investigation was supported by U.S. Public Heath 
Service grant E 3691 from the National Institutes of | 
Allergy and Infectious Diseases. a 
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GENETICS 





Induction of Polyploidy by Kinetin in 
Triturus viridescens 


In 1962 Buckley, Witkus and Berger reported that _ 
kinetin induced mitotic divisions throughout thë digestive 
tract of the salamander, Triturus viridescens. It was also- 
reported that these were diploid divisions: The effect 
followed exposure for 9 days to kinetin and was most 
evident in the duodenum. Since this was one of the’. 
first clear cases of mitotic stimulation in animal tissues by... 
kinetin, a more detailed examination was made of the | 
duodenum. As in the previous work!, the animals were | 
immersed in a 10 mg per cent solution of kinetin for 9 days. 
During the period of treatment the animals were not fed 
and the solutions were changed every third day. After 
9 days exposure the animals were returned to spring 
water and allowed a 9-day period of recovery. Immed. 
iately after treatment and after daily periods of recovery 
the tissue was fixed, sectioned and stained using th 
standard iron alum hematoxylin technique. Aceto. 
orcein smears were also: mado of the same regions. 

Following exposure for 9 days to kinetin there was an... 
evident increase in mitotic activity. As reported earlier, | 
this increased mitotie activity appeared to be localized. 
The divisions were mainly diploid and most were in. 
metaphase. There were occasional tetraploid divisions. : 
There was no evidence of the central spindle so character: 
istic of metaphases.in Triturus viridescens. The chromo- 
somes atmetaphase and anaphaseresembled c-chromosomes 
or those following colchicine treatment (Fig. 1). This 
appears to indicate that, in addition to initiating mitoses, _ 
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kinetin also delays the start of anaphase resulting in an 
U of cells in m . The absence of the 
central spindle would also indicate an effect of kinetin on 
the spindle. Although kinetin evidently stimulates 
mitotic activity in the digestive tract of Triturus viri- 
descens this stimulation might be falsely enhanced by the 
subsequent suppression of anaphase. ing recovery 
there was a gradual decrease in mitotic activity, but an 
increase in the number of tetraploid divisions (Fig. 2). All 
stages of mitosis were evident during the recovery period. 
Many of the diploid cells in metaphase and early 
showed a precocious separation of chromatids (Fig. 3), 


which resembles the endoanaphase of Geitler*. Most of 


the tetraploid divisions were normal. However, there 
were some cells with multipolar spindles and there were 


. many apparent polyploid restitution nuclei. 


Torrey, in investigating initiation of callus tissue from 
of mature pea roots, noted that when 
kinetin was added to the synthetic medium used frequent 
mitoses were initiated in the tetraploid nuclei. Since 
Fankhausert reported the spontaneous occurrence of 
chimeral salamanders in Triturus viridescens, it was 
thought that perhaps in this case kinetin is likewise 
inducing already polyploid cells to divide. The frequency 
of chimeral salamanders reported by Fankhauser, how- 
ever, was very low (1 salamander in 1,074). Guttman’, 
investigating the effect of kinetin on onion root tip cells, 
noted that kinetin promoted mitotic activity and induced 
idy. She made no mention, however, of the 
mechanism of induction. From the work recorded here it 
that in the salamander kinetin functions as a 
c-mitotio compound inducing e-mitotie divisions in the 
cells of the digestive tract. 
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PSYCHOLOGY 


An Effect of Imprinting on the P 
Development of Domestic Chicks 


SEVERAL species of bird have been found to direct their 
first sexual responses towards objects already familiar to 
them. The preferences of the birds were at least partially 
affected by experience occurring before sexual behaviour 
had matured or was artificially induced’*. Lorenz’ 
argued that this long-term effect of ‘imprinting’, as the 
learning process has been called, is one of the criteria which 
distinguishes it from ‘associative learning’. At the time 
this view seemed justifiable since it was generally supposed 
that associative learning involves the attachment of a 
specific nse to a specific stimulus. However, more 
recently it been shown that an animal can use familiar 
cues more readily than those of which it has had no 
previous experience, regardless of the response which 
must be given':®. ‘This that the long-term effect 
of imprinting on sexual behaviour is only one aspect of a 
more general consequence of the learning process and 
should not be regarded as a special feature of imprinting. 
The experiment described here provided preliminary 
evidence that birds can more easily distinguish an imprin 
ted stimulus than unfamiliar stimuli in a situation which 
does not involve filial or sexual responses. The experi- 
ment made use of the finding that isolated domestic 
chicks (Gallus domesticus) can, learn the characteristics of 
the pens in which they are reared’. 

Shortly after hatching, Rhode Island Red x Light 
Sussex chicks were transferred in darkness from the 
incubator to pens in which they were to be reared in social 
isolation. The walls of each pen were painted with black 
and white vertical stripes 1-5 in. wide. The pens were 
supplied with sources of heat, food and water. On the 
evening of the sixth day after hatching the food pots were 
emptied; on subsequent days the chicks were given a 
small ration of food each evening. The pens were con- 
tinuously illuminated except for the occasions when a 
chick was removed from or returned to its pen; when this 
was done the lights in the rearing room and the adjoining 
testing room were turned off. 

The apparatus used for training the chicks consisted of 
an alley 4 ft. long which could be divided crosswise by a 
floorless box. A chick placed in the box could be released 
into the alley by raising the box and then prevented from 
moving from one half of the alley to the other by lowering 
the box again. Display panels could be slid into place at 
either end of the alley. 

From the second to the eighth day each chick was placed 
individually in the alley for 0-5 h each day. The panels at 
each end of the runway were unpainted and a pot placed 
in front of each one was filled with food. Three panels 
painted with different patterns were used when discrimina- 
tion training was begun on the eighth day. During train- 
ing an empty food pot was placed in front of the negative 
stimulus and a pot half-filled with food was placed in 
front of the positive stimulus. An experimental group 
of six chicks was required to discriminate between 













a panel painted with a e white patter 
like that of the rearing pens and 4 panel painted 
with yellow and red. horizontal stripes 1-5 in. wide. 
The pattern resembling the rearing pens was used as the 
negative stimulus. A control group of six chicks was 
required to discriminate between the yellow and red panel 
. and a grey panel painted with white circles 2-5 in. in 
diameter and arranged so they formed neither vertical nor 
horizontal lines. The yellow and red pattern was used as 
the positive stimulus for three of the control chicks and 
the grey and white pattern was used as the positive 
timulus for the other three. A trial was conducted in the 
lowing way. A chick was released from the box in the 
iddle of the runway and, as soon as if had approached 
to within 1 ft. of either panel, the box was lowered again, 
thus preventing the chick from reaching the other panel. 
Ifthe chick had approached the positive stimulus it was 
allowed to feed for 30 sec; if it had approached the 
negative stimulus it was removed from the alley at once. 
“The experimental chicks, which had the familiar black 
-and white pattern as the negative stimulus, took an 
“ average of 55-5 trials before reaching a criterion of 18 
_ correct responses to the positive stimulus in 20 trials. The 
control chicks, which were required to discriminate 
-= between two unfamiliar patterns, took an average of 68-8 
trials to reach criterion. The difference between the two 
< groups is statistically significant (U = 5,.P = 0-021). In 
> the first ten trials the experimental group approached the 
familiar negative stimulus significantly more often than 
“the positive stimulus (t = 3-00, P < 0-05). 
<- The experiment is incomplete because the results are 
< Open to the interpretation that, regardless of their previous 
=- = experience, the chicks were better able to discriminate 
-between the black and white and the yellow and red 
_ patterns than between the yellow and red and the grey and 
<= white. Nevertheless, the results suggest that familiarity 
- with the negative stimulus enabled the chicks to learn the 
: diserimination more readily. Further evidence for their 
< -familiarity with the negative stimulus was provided by 
_their preference for it in the first ten trials. 
oe Static patterns were used to train the birds, because this 
. simplified the design of the experiment. Moving objects 
_ are, of course, conventionally used in imprinting experi- 
ments and are certainly more effective than static objects. 
_ However, earlier experiments had indicated that static 
objects are not totally ineffective and can be used to 
< — — initiate the imprinting process’:*, 

-o c Even though the evidence is still equivocal, it seems 
< ¢ Hkely that imprinting in chicks not only affects the choice 
of objects towards which filial and later sexual responses 
‘are directed, but also has a more general effect. on percep- 

tual. development. While the long-term effect of imprint- 
ing on sexual preferences is of undeniable functional 
importance it is probably not a special feature of the 
learning process. 
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Repetition and Task Difficulty 
A RECENT investigation into the effeet of repetition of 
items on paired associate learning’ has indicated that a 
single repetition of a presented item aids learning but that 
further presentations of the item yield no additional 
benefit. The design of this experiment. involved the 


pattern 















portion of those items receiving a given number of presen- 
tations which are correctly associated. It is convenient to 
refer to the ‘probability of correct recall after one presen- 
tation’ as p(C,), ‘probability of correct recall after two. 
presentations’ as p(C,), and so on. The results referred to. 
above may now be described in these terms: p(O.,) Wi 
found to be significantly greater than p(C,), but p(C) did 
not increase beyond p(C,). 5 
It is felt that the conditions of this experiment consti- 
tuted a relatively difficult task: time-intervals were short, 
and subjects were required to repeat. aloud items during | 
each presentation, Two experiments are reported herein 
which the same design was used but in which task diffi- 
culty was systematically varied. oe 
In the first. of these speed of presentation was decreased, 
Presentation time was now 3 sec followed by a 5-see. 
inter-item interval, and subjects were not required to — 
repeat aloud items as they were exposed. All other vari- 
ables, such as procedure, materials, subject. population, _ 
instructions, etc., were the same as previously. In these 
less difficult conditions it was found that p(C,,) was not». 
significantly different from, p(C;). a 
The level of task difficulty is also partly determined by: 
conditions during recall tests. A further experiment was, 
therefore, conducted in which presentation conditions were 
those of the original experiment, but in which the reeall 
interval available for each item was increased from 5 see. 
to 10 see, All other variables were held constant... Tt was 
again found that p(C,,) was not significantly different | 
from p(C,). : 
It is therefore concluded that task difficulty is an- 
important variable mediating the effect of repetition on 
learning. In relatively easy conditions learning may be“ 
seen to occur on an all-or-none basis, but when the level-of. 
task difficulty is raised an incremental factor becomes. _ 
operative. The findings from this series of experiments: 
also indicate that relatively minor changes in experimental 
conditions can significantly affect the consequences of _ 
repeated presentation of items. It appears that ‘learning’ 
is neither incremental nor all-or-none; rather that learning 
in some conditions is incremental and that learning in other 
conditions takes place on an all-or-none basis. 
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Effects of Light and Dark on the 
Acetylcholinesterase Activity of the Retina 


Tus article reports one of a series of studies designed to. 
elucidate whether acetylcholinesterase (AchE) synthesis: | 
is regulated by its substrate, to determine the quantitative ` 
parameters of this relationship and to establish whether 
these relations are functionally significant in neural 
transmission. 

Substrate induced enzyme synthesis in the mammalian 
organism has been described for several enzymes! In 
general the inducing substrate has been applied by 
injection and often in non-physiological doses. For 
example, studies on the induction of tryptophan pyrro- 
lase require that large doses of tryptophan be given by 
injection and characteristically the animal shows signs of 
sub-lethal toxicity. 
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Fig... De navo synthesis of acetylcholinesterase 


he present experiments we have sought to produce 
in the availability of the substrate by altering the 
siological load imposed by stimulation of the tissue 
der examination. Of the central nervous system 
iructures the retina has many desirable characteristies 
pr this investigation. (a) It can be easily and directly 
alated in a controlled fashion by altering the physio- 
(b) One eye can serve as a control for the 
Che tissue can be removed and assayed with 
e variation of AchE between the retine of 
normal eyes in a rat is approximately 5 per cent. 
ing an irreversible inhibitor of AchE it is possible to 
follow the de novo synthesis of the enzyme in the one 
mimal under two widely different conditions of stimu- 
ion... 
\dult male Wistar rats of uniform age were fitted with a 
ilded opaque polyethylene corneal-scleral contact lens 
over the right eye. The animals were injected intra- 
muscularly with 1 mg di-isopropyl fluorophosphate/kg 
| body-weight. The rats were placed into individual 
ected to various levels of illumination. In 
the left eye received continuous illum- 
ponding to approximately 100 foot-candles; 
iad light completely excluded from it by the 
ement of an opaque polyethylene contact lens over 
the eyeball and the lids sutured. Animals were killed at 
various times after the injection of DFP, the eyes were 
emoved and the retina dissected out under a dissecting 
jeroscope. The retinæ were assayed for AchE activity 
y a manometric technique based on that of Ammon?. The 
iment. was performed on three groups of animals 
of 374 rats) with some variation from group to group. 
ses the results obtained wore comparable with those 
d with statistical detail in this communication. 
The results are shown in Fig. 1 and Table 1. The signifi- 
mt findi that the de novo synthesis of AchE after 
tment is consistently and significantly depressed 









































Si Table 1 
y No; Mean of differ- No. of t value Level of 
oo enge distribution cases significance (% 

et AT 82 244 5 
CR 305 20 583 1 
3o. 400 12 445 1 

E 6°67 12 3-22 1 

5 755 il 431 1 

7 575 12 4:39 1 
8 7-92 12 10-15 1 
Qe 5-92 12 4:70 1 
oe 463 8 2-07 10 
Ne. TAS 8 742 1 
ee) 675 8 3-95 1 


‘The data were treated as follows, For each day a difference distribution 
aS gneratod, that is, the xl. score of the right eye was aubtracted from 
t of the left If the treatment had had no effect we would expect 
stribution, for each Sey, would have a mean of zero. 
8 tested by using t-tests to assess the probability of the mean 
the above distributions being zero. 
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RETINAS, 


ae : MEAN ACTIVITY FOR 
os fe UNTREATED 

. 
TREATED ILLUMINATED 


EYE. 


TREATED OCCLUDED 
EYE. 


in the eye which is deprived of ligh 
result appears as a trend 24h afi 
administration and becomes stati 
significant after the second day and t 
after persists for 20 days. 
the experimental period, the AchE aetiv 
of the controlled or illuminated. ex 
approached that of normal untrés 
retine, The mean activity level 
normal retina is plotted as a straig! 
on the accompanying graph and was 
tained from 32 untreated Wistar rats, 
It is presumed that one of the transmitter 
substances within the neural. tissue. of the- 
retina is acetylcholine. This ABAUN 


















creased rate of de novo synthesis of AchE after 
treatment. In thefirst instance we may assure that 
represents a substrate regulated enzyme synthesis: 
However, the possibility exists that the decreased j 
acetylcholine and the decreased AchE are both men- 
festations of a general non-specific decrease in verious 
metabolic activities of the light excluded: retina, 
Liberman has reported that the retin of rats reared 
from birth in total darkness for 17 weeks show a signifi 
cantly lower AchE activity level than normal w 
Our own experiments (to be reported elsewhere). cor 
Liberman’s results in that occluding one eye and x 





ab 


DFP treatment results in a measurable and signifi ant Cale 


decrease in AchE activity in the occluded retina of adult 
animals within 5 days. Liberman’s findings in contmiet 
to those reported here.are likely to be due to degenerative 
changes in the retina. Rasch eż al.* have demonstrated 
microscopic changes in the retina of hooded tats reaped 
from birth in darkness. These morphological changes 
occur after three months. It would seem that a more 
definitive demonstration of acetylcholine induced AchE 
synthesis can be achieved by arterial infusion of exogenous 
acetylcholine into a retina in which the rate of synti 
AchE is reduced by exclusion of light (functional de 
tion). This experiment establishes a physiologically 
sound connexion between functional load and Ach 
activity. The infusion experiment outlined here and 
which is now in progress may establish the interdependence 
of substrate enzyme relations at cholinergic synapses: 
This would have important bearings on the biochemistry 
of neural transmission in the central nervous system. 
This investigation was supported by U.S. Public Health 
Service research grant NB 04427-01 from the National 
Institute of Neurological Diseases and Blindness. 
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FORTHCOMING EVENTS 
(Meetings marked with an asterisk are.open to the public) 


Monday, April 27 


INSTITUTION OF ELECTRICAL ENGINEERS, SCIENCE AND GENERAL DIVISION 

(in collaboration with the BRITISE COMPUTER SOOIETY and the SOCIETY 

g - OF INSTRUMENT TECHNOLOGY, at the Institution of Eleetriċal Engineers, 
w Savoy Place, London, W.C.2), at 5.30 p.m.—Discussion on “The Choice 
h between Analogue- and Digital-Computing Techniques in Engineering 


Analysis and Design”. 


UNIVERSITY COLLEGE (in the Chemistry Theatre, Gower Street, London, 
TED, at 5,30 pane Stuart A. Rice (University of Chicago): 
_“Hixciton~Exciton Interactions and Electronic States of Molecular Crystals”. * 


INSTITUTION OF ENGINEERING INSPECTION; the MATERIALS AND TESTING 
GROUP of the INSTITUTE OF PHYSICS AND THE PHYSICAL Society; the 
OF NON-DESTRUCTIVE EXAMINATION; and the NON-DESTRUCTIVE 

TESTING SOCIETY OF GREAT BRITAIN (at the Institution of Mechanical 
‘Engineers, 1 Birdeage Walk, Westminster, London, 8.W.1), at 7.15 pam.— 
Drd D. Nee ae: “The Relation Between the Stracture and Properties 
Of Non-Metals”. 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, 5.W.7). 
at 8.15 p.m,—Capitaine de Frégate J. Y. Cousteau: ‘The Living Sea”, 


Tuesday, April 28 5 


INSTITUTION OF AGRICULTURAL ENGINEERS (at the Institution of Mech- 
anical ineers, 1 Birdcage Walk, Westminster, London, 8.W.1), at 
12 noon—Nineteenth Annual General Meeting. 


oo UNIVERSITY COLLEGE (in the Chemistry. Theatre, Gower Street, Londén ; 
OWO), at 5.30 p.m.—Dr. A. Maccoll: “Space and Time in Chemistry”, 


INSTITUTION OF MECHANICAL ENGINEERS, HypRaviac PLANT AND 
MACHINERY GROUP (at 1 Birdcage Walk, Westminster, London, §8.W.1), at 
< 0 p.m.—Discussion Meeting on “Design of Springs for Hydraulic Machinery”. 


`: SOCIETY or CHEMICAL INDUSTRY, PLASTICS AND POLYMER GROUP (joint 
-meeting with CHEMICAL ENGINEERING GROUP, at 14 Belgrave Square, 
< London, §.W.1), at 6.30 p.m.—Prof. H. Ford: “The Engineer’s Approach 
to the Mechanical Testing of Plastics”. 


SOCIETY OF INSTRUMENT TECHNOLOGY, CONTROL TECHNOLOGY SECTION 
ny t Manson House, 26 Portland Place, London, W.1), at 7 p.m—Mr. L. 
. Finkelstein and Mr. J. G. Hargrave: “The Use of Matrix Methods Applied 
to the Design of Multivariable Control Systems”. 


Wednesday, April 29 


“INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (at 
Savoy Place, London, W.C.2), at 10 a.m.—Colloquiim on “Filter Design”. 


INSTITUTION OF ELECTRICAL ENGINEERS, POWER DIVISION (at Savoy 
Place, London, W.C.2), at 5.80 p.m.—Mr. D. Gary: “Review of Marine 
A.C, Installations”. 


-BRITISH INSTITUTION OF RADIO ENGINEERS, MEDICAL ELECTRONICS 
Group fioint meeting with the INSTITUTION. OF ELECTRICAL ENGINEERS, 
at the London School of Fygiene and Tropical Medicine, Keppel Street, 
Gower Street, London, W.C.1), at 6 p.m.—Discussion on “A Practical 
Approach to Transistor Circuits”, 


» ROYAL Society OF Arts (at John Adam Street, Adelphi, London, W.C.2), 
“at 6 pam.—Sir Norman Wright: “War on Hunger—the Work of the Food 
-ang Agriculture Organization” (E. Frankland Armstrong Memorial Lecture). 


-  Socrery or ÜHEMICAL INDUSTRY, LONDONS Sxotion (joint meeting with 
Heavy ORGANIC CHEMICALS GROUP, at 14 Belgrave Square, London, §.W.1), 
ab 6 p.m-—Mr, A. J. Prince: “Contributions of U.N.O. in Stimulating 

Technological Developments in Underdeveloped Countries”, 


-O.O INSTITUTION oF INFORMATION SereyTisTs (at the Swedenborg Society 
i all, 20 Bloomsbury Way, London, W.C.1), at 6,15 p.m.—Mr. R. L. Ballard, 
Mr. D. R. Curry, Mr. J. Hill and Mr. R, C. Kahler: “Indexing Systems”. 


 SOCIBTY FOR ANALYTICAL CHEMISTRY, BIOLOGICAL METHODS GROUP 
¿o 4at-the Chemical Society, Burlington House, Piccadilly, London, W.1), at 
9 p.in.—~Meeting on “Immunoassay of Hormones”. 


Thursday, April 30 


Roya, Socmty (at Burlington House, Piccadilly, London, W.1), at 
2.30 p-n, —Dinouaion Meeting on “Detailed Stereochamistry of Squalene 
- Biosynthesis”. 


: INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, W,C.1), 
ab 6,30 p.m,-—-Prof, A. B. Pippard, F.R.S.: “Superconducting Magnets” 
coi (Pifty-fitth Kelvin Lecture). 

O CINSTITUTION OF MECHANICAL ENGINEERS, INDUSTRIAL ADMINISTRATION 
AND ENGINEERING PRODUCTION GROUP (at 1 Birdcage Walk, Westminster, 
ne London, 8.W.1), at 6 p.m.—Discussion Meeting on “Engineering for Ex- 























Friday, May I 


-T ROYAL INSTITUTON (at 21 Albemarle Strect, London, W.1), at 5 p.m.— 
Annual Meeting. 
oG ASSOCLATION OF CLINICAL BIOCHEMISTS, SOUTHERN REGION {at “The 
Feathers Inn”, 34 Tudor Street, London, E.C.4), at 7 p.ma.—Informal 
Discussion on “The Work of the Scientific Committee of the A.C.B.” intro- 
duced by Dr. A. H. Gowenlock. 
ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 9 p.m— 
Prof. E. L. Mascall: “Science, the Secular and the Supernatural”, 


Monday, May 4 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (at 
Savoy Place, London, W.C.2), at 5.30 Per E. D. R. Shearman and 
Dr. J. W. King: “The Engineering and Scientific Aspeots of the Canadian 
Tonospheric Satellite’’. 

SOCIETY OF ENGINEERS (at the Geological Society, Burlington House, 
Piccadilly, London, W.1), at 5.30 p.m.—Mr. D. S, Bennett: “The Laser’. 

























__UNIVERSITY COLLRÓE ( 
W.C.1),. at 5.80. pan 
Amsterdam); “Acids 
one nT Sur F. T Pime London, W.C.2), at 6:31 

E; ON (at Savoy » London, W.C.2), at 6.30 p.m.—Annua 
General Meeting fol Stanesby: “Research in Telocomuntinien lee 
tions” (Annual Graduates” and Students’ Tace ae 


SOCIETY OF CHEMICAL INDUSTRY, LONDON SECTION (at 14 Belgrayi 


Square, London, S.W.1), at 6.30 p.m.—Annual General Meeting, followed 
by Dr. J. Egli (Société Suisse des Industries Chimiques): “The Swiss 
emical Industry”. 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, SWT) 
at 8.15 p.m.—Prof. C, D. Buchanan: “Britain’s Road Problems”. : 


APPOINTMENTS VACANT 


APPLICATIONS are Invited for the following appointments on or before 
the dates mentioned: - 

ASSISTANT LECTURER IN THE DEPARTMENT OF MEDICAL Puystos—Thé 
Secre ; Royal Free Hospital School of Medicine (University of London), 


Hunter Street, London, W.C.1 (April 80). 
LECTURER IN PHYSIOLOGICAL CHEMISTRY with special reference. to 
pirsiology—The Registrar (Room 22, O.R.B.), The University, Reading 


April 30). 
, LECTURER (with an honours degree in philosophy or with hilosoph 
in a first degree and a higher degree in education) IN THE Pumoeceny 
o ae Registrar, University of Bristol, Senate House, Bristol $ 
EOTURER (with some years experience of practical geology preferably 
with a company) IN GEOLOGY—The Registrar, King's College. 
(University of London), Strand, London, W.C.2 (April 30). us 
TEMPORARY LECTURER or ASSISTANT LECTURER IN PURE OR APPLIED 
MATHEMATICS; and a LEOTCRER (preferably candidate working in fluid. 
dynamics) IN APPLIED MATHEMATICS—The Registrar, 8 College. 
(University of London), Strand, London, W.C.2 (April. 30). oe 
ASSIST, LECTURER or LECTURER IN THE DEPARTMENT OF BIOCHEM- 
IstR¥-—-The Registrar, The University, Sheffield (May 2). i 
LECTURER IN ANATOMY for dental students IN THE DEPARTMENT OF 
ÀNATOMY—The Secretary, The University, Edinburgh (May 4). eee 
LECTURER or ASSISTANT LECTURER IN THE DEPARTMENT OF PHIROSOPRY. 
—The Registrar, The University, Leeds 2 (May 4). X 
SENIOR ASSISTANT. LIBRARIAN {man or woman, with a degree, professional 
qualifications or their equivalent), to be responsible for the science collections 





and depari libraries——The Principal, Royal Holloway College (Uni- 
versity of London), Englefield Green, Surrey Mlay 4). 

LECTURER IN Purg MaTaExatics—The Registrar, The University, 
Nottingham (May 9). 


LECTURER or ASSISTANT LEOTURER (preferably with gperiatist. Know- 
E of symbolic logic) IN LOGIO AND METAPHYSICS in St. Salvator's College 
— The Boreta niversity of St. Andfews, College Gate, St. Andrews, 
Fife, Scotland (May 9). ; 

LECTURERS or ASSISTANT LECTURERS (with research experience in in- 
organic Chemistry for one post and in physical chemistry for the other): 
oe 

á 


g 
or, North Wales (May 15). 
ECTURER IN PHYSICAL CHEMISTRY at Rhodes Univers: 


Ph.D. or equivalent. standard, and pre 
mammalian pharmacology, 
a respiratory physiology) iN 
e ry 
RESEARCH PROFESSOR OF SOCIOLOGY a the Institute of African Studies, 
University of Ibadan, Nigeria—Th 3 
for Higher Education Overseas, 33 Bedford Place, London, W.C.1 (May 23). 
UNIVERSITY LECTURER or ASSISTANT LECTORERS (2) IN PURE MATHS- 
of the Appointments Committee of the Faculty of 


botany other than plant bi 
Registrar, University College 
HAIR OF PHARMACY ani : 
Nigeria—The Seoretary Inter-University Council for Higher Education. 
Overseas, 33 Bedford Place, London, W.0.1 (May 28) A 
MASTER TO TEACH PHY 
Park, South Croydon, Surrey. 
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GOVERNMENTAL RESPONSIBILITY FOR RESEARCH 


HE debate on scientific policy and man-power in the 

House of Lords on March 11 was concerned specific- 
ally with the Trend Report and with the latest reports 
of the Advisory Council on Scientific Policy and the Com- 
mittee of Scientific Man-power. The debate, which was 
opened by Lord Shackleton, brought notable speeches 
from Lord Todd, Lord Nelson of Stafford, Viscount 
Caldecote, Lord Llewelyn-Davies, the Earl of Halsbury 
and Lord Fleck. However, apart from some keen discus- 
sions as to the place and functions of the proposed research 
and development authority and the National Research 
Development Corporation, little was contributed that was 
new, nor did the Earl of Bessborough in replying for the 
Government add to what had been said elsewhere. Lord 
Shackleton warmly supported the recommendation for a 
Natural Resources Research Council and particularly 
urged the need for increased expenditure on ecological 
research, as well as on research in the social sciences. He 
agreed as to the difficulty in demarcation between 
frontiers of research and urged that some overlap must be 
accepted. However, he was particularly critical of the 
location of information activities and research directly 
under the Office of the Minister for Science and the absence 
of relations between the National Lending Library for 
Science and Technology and the National Reference 
Library for Science and Invention—a matter which could 
presumably be rectified’ without much difficulty now that 
both fall within the orbit of one Ministry. 

Lord Todd gave an authoritative and cogent defence 
of the Trend Report, stressing that the object of any 
change in Britain’s organization must be to provide 
something that is both effective to-day and flexible enough 
to accommodate the inevitable changes of to-morrow. 
He emphasized too, as had been done in an earlier debate, 
that science should also be represented much more 
strongly than at present in every Ministry and Depart- 
ment. The proposals regarding the Department of 
Scientific and Industrial Research arose out of its success 
not its failure, and Lord Todd agreed with Lord Shackleton 
that other titles might be considered as alternatives to 
the suggested Science Research Council. The Natural 
Resources Research Council end, for that matter, the 
Science Research Council, would have something like a 
federal structure and he did not share the alarm that less 
attention would be directed to certain activities because 
they were brought under the new Council. Any conclu- 
sions reached by the Trend Committee were without 
prejudice to the report of the Heyworth Committee, which 
obviously bore on several subjects covered by the Natural 
Resources Research Council. 

Lord Todd was emphatic that the industrial aspects 
of the work for which the Department of Scientific and 
Industrial Research was now responsible could not be 
effectively handled through a Research Council or Minis- 
try. A new organization in the closest touch with indus- 
try, almost part of Britain’s industrial pattern, was 
required and he regretted the Government’s decision 
that the National Research Development Corporation 
should remain with the Board of Trade and not be brought 
within the new organization. He believed that this was 
mistaken policy—so bad that it was probable that this 
would soon be manifest and the Corporation and the 


Industrial Research Development Authority joined 
together. He also thought it would be wrong in principle 
and difficult to achieve in practice to place civil tochnology 
in a Ministry of Technology based on the Ministry of 
Aviation. On the civil side, expenditure at the Ministry 
of Aviation was about £37-5 million compared with about 
£50 million on civil research and development by the 
Atomic Energy Authority and £42 million by the Research 
Councils. Lord Todd thought that the Trend Committee’s 
proposals were much to be preferred and he emphasized 
in this connexion the key role of the Advisory Council 
on Scientific Policy. He did not believe that it was 
impracticable to formulate national priorities in science: 
the necessary criteria existed, if not always as explicitly 
as is desirable. The most important feature of the Trend 
proposals was that the research agencies were arranged 
so that they could establish priorities in their own field, 
while the Advisory Council could advise the Minister 
adequately on broad issues of policy, establish rational 
priorities between agencies and keep the man-power 
problem under continuous review. 

This powerful defence of the Trend proposals as a whole 
was not effectively challenged in the debate. Lord Nelson, 
who regretted that the field of defence had been excluded 
from the terms of reference of the Trend Committee, was 
concerned about the demand for scientific man-power 
which might arise as a result of the expansion of higher 
education recommended in the Robbins Report, and urged 
that the Scientific Man-power Committee should investigate 
the effect on the economy as a matter of urgency. More- 
over, he also welcomed the proposal to establish an 
Industrial Research and Development Authority, and, 
while he thought the research associations should rightly 
be placed under this Authority, he thought that a close 
review of the research organizations was required. He 
was less certain as to the place of the National Research 
Development Corporation but emphasized tho importance 
of economic criteria in stimulating industrial research. 
Support, moreover, should be given to individuals, teams, 
laboratories and firms on merit alone so as to croate teams 
and laboratories in industry of international reputation 
and standing. Viscount Caldecote, too, thought that the 
position of defence research and development also required 
consideration. However, he was inclined to regard the 
proposed responsibilities of the Minister for Science as 
too wide and suggested that the Industrial Research and 
Development Authority would be better placed, along 
with the research associations and the National Research 
Development Corporation, under the Board of Trade. 
This, however, would involve further considoration of the 
position of the National Chemical and National Engineer- 
ing Laboratories and of some stations such as the Road 
Research Laboratory. Generally, he suggested, financial 
support for applied research and developmont should be 
sponsored by one and the same Ministry. 

Lord Llewelyn-Davies was concerned especially with 
the need to expand and develop research in planning, 
building and architecture as vigorously and effectivoly as 
possible, and he thought that a new Research Council 
for the “built environment” was also needed. He pointed 
out that the Trend Committee itself was hesitant as to 
leaving the Building Research Station and the Road 
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Research Station under the Industrial Research and Devel- 
opment Authority. The Earl of Halsbury, who followed, 
advocated transferring the Road Research Laboratory 
to the Ministry of Transport for a trial period of five years. 
Otherwise he was generally in agreement with the views 
of the Trend Committee, but he too stressed the need for a 
general permeation of scientific attitudes through the 
Government organization. He also thought that the 
Department of Scientific and Industrial Research, after 
removal of the functions proposed for transfer to the 
Science Research Council and the Natural Resources 
Research Council, should retain its identity and direct 
responsibility to the Minister. Any Industrial Research 
and Developinent Authority, he thought, should be 
created rather from a reconstituted and expanded National 
Research Development Corporation under the Board of 
Trade. Lord Halsbury did not think that the problem of 
development had yet been adequately analysed, nor had 
the use of development contracts. 

Lord Bowden, who renewed his plea for developments 
on the lines of the Massachusetts Institute of Technology, 
spoilt his plea for postgraduate education, and particu- 
larly in engineering and technology, by his obsession 
with American Institutions. In his comments on the 
Atomic Energy Authority, he was Jess than fair to its 
contribution to industrial training, which wes emphasized 
by Sir William Penney: in a recent speech. Lord Fleck 
strongly supported the proposals of the Trend Report for 
increasing the power and authority of the Minister for 
Science as well as of the Advisory Council on Scientific 
Policy, but thought that the term “Advisory? was inap- 
propriate and suggested instead “Civil Science Board”. 

In replying on the debate, the Earl of Bessborough, 
while defending the Government’s decisions on the Trend 
Report and noting the various suggestions advanced in 
the debate, added little to previous Government state- 
ments. However, he welcomed particularly Lord Bow- 
den’s suggestion that the Trend Report might be the 
prelude to a much wider survey covering defence, aviation 
and the Atomic Energy Authority also, for example, 
and said that the suggestion would receive serious con- 
sideration. The position of the Department of Scientific 
and Industrial Research was further discussed in the 
House of Commons on March 17, more particularly in 
respect of research in the building industry. The report 
of the Working Party on Building Research and Informa- 
tion Services had pointed out that the annual expenditure 
on research, development and advisory services for the 
construction industry was estimated at about £3 millions, 
or 0-2 per cent of the net output, and the Working Party 
had suggested that the present level of expenditure on 
building research was disproportionately low, perhaps by 
some millions of pounds per annum. Mr. C. Pannell, 
quoting from this report, cited also the opinion expressed 
in the Treasury’s Bulletin for Industry that builders in 
general had been slow to make use of men trained to the 
full professional or academic level that would onable them 
to extract the maximum benefit from research. He also 
said that not more than 20 graduates a year entered the 
industry from the degree courses in building at the 
University of Manchester, the postgraduate courses at the 
Universities of Liverpool and Sheffield and the Diploma in 
Technology course at the Birmingham College of Advanced 
Technology, while the industry was only recruiting about 
half the 24,000 apprentices a year which it needed. 

Sir Harry Legge-Bourke was more concerned that 
development contracts had not been taken up in industry 
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generally as quickly as had been expected and thet actual 
expenditure had fallen short of the estimated £450,000 
by £290,000. He thought that this aspect needed further 
examination, including the whole system and futuro of the 
Department of Scientific and Industrial Research. Mr. 
Cyril Bence largely agreed but suggested that both that - 
Department and the National Research Development 
Corporation should set up their own pilot plants within 
industrial institutions which they had created. None 
of the speakers in either of the debates, however, pushed 
the discussion of the place and functions of the research 
associations far enough. For all the awareness shown of 
the difficulty of securing the application of scientific 
results by firms lacking in scientific awareness and in 
scientific staff, or that while the scale of research is far too 
small to be effective in many research associations, mere 
expansion of financia, resources itself is insufficient. 
Lord Nelson came near to one root of the trouble when 
he urged that support should be concentrated on the 
efficient units and individuals, and it is probable that the 
difficulty has been accentuated by the general tendency 
to bolster inefficiency rather than allow the inefficient 
firm or unit to go out of existence. The interest of the 
Commons debate, however, largely centred on the reply 
of the Minister for Science, Mr. Q. Hogg, who, while 
vigorously supporting the effectiveness of the Department 
of Scientific and Industrial Researchtas the-Government’s 
principal instrument for applying science to industry, and 
agreeing that not nearly enough research was going on 
within the building industry, made no reference to the 
changes proposed by the Trend Report. He regarded the 


_ fifteen research stations, including the Building Research 


Station, as the core of the present organization and put 


. the number. of research grants concerned with building in 


universities and colleges of technology at not less than 
thirty, amounting to £400,000 in the past two years, 
while 100 per cent of the present 4,000 research student- 
ships were in the building and civil engineering fields. 
After stressing some of the developments in design for 
which the Building Research Station had been responsible, 
Mr. Hogg referred to development contracts, the future 
of which he said now lay largely outside the Department 
of Scientific and Industrial Research—for example, so far 
as building was concerned, with the Minister of Public 
Building and Works. He thought, however, that the 
National Economic Development Council also had an 
important part to play in the future. 

What stands out most clearly from these debates is the 
essontial soundness of the proposals of the Trend Report 
so far as it goes, but the need for some fuller enquiry 
on such lines as Lord Bowden suggested into aspects which 
lay outside the terms of reference of the Trend Committoe. 
There is also need for a searching enquiry into the effective- 
ness of the research association movement. It is idle to 
increase State grants without some assurance that the 
resources will be expended on sound projects or that the 
results will be offectively exploited. Nor will the amalgam- 
ation of some of the smaller associations provide a remedy. 
The problem of the backward firm or industry must be 
fairly and resolutely faced, and it is not one for explora- 
tion solely from the scientific and technical point of view: 
the economic aspect may be even more vital. 

Again, as the Minister for Science admitted, the question 
of the development contract also requires further attention. 
Obviously, the promotion of Government Departments 
with scientific advisers at a high level could help, but there 
are other aspects also to be considered on which ‘the 
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enquiry‘in the future and functions of the research associa- 
tions could throw some light. Moreover, it seems fair to 
conclude that both the position and the relations of the 
Natural Resources Development Corporation and of the 
proposed Industrial Research and Development Authority 
require a good deal of further consideration: it may be 
wise to defer final decisions for a period. It will not be 
easy, in any event for a time, to reassure critics that 
responsibilities of this order can safely or wisely be left 
to the Board of Trade, at least as at present constituted. 

Probably the most encouraging feature of these debates 
is the extent of the public discussion of the general situs- 
tion—a, discussion very far from being confined to Parlia- 
ment. Such public discussion is, as Mr. John Maddox 
emphasized in a recent broadcast on the Third Programme, 
an essential factor in sound decisions on scientific policy 
and in tho revision of such decisions where necessary. It 
has also an important part to play in determining the 
shape of Britain’s organization for scientifie research 
generally. Here some of the most constructive criticism 
outside Parliament has come from Mr. Aubrey Jones in 
the first issue of The Technologist*. Howover, a paper on 
productivity in an industrial research association, con- 
tributed by Dr. D. McNeil to the Symposium on Pro- 
ductivity in Research arranged by the Institution of 
Chemical Engineers last December, merits much more 
attention that it appears to have received as yet. 

Mr. Aubrey Jones, while agreeing with the argument 
that research and scientific advisers are needed both 
within a Government department as well as outside it, 
puts his finger on a weakness that is often ignored—that 
research done outside a Government department carries 
with it a danger that the research may become too remote 
from the purpose of the department concerned. This, 
moreover, is one of the serious weaknesses of the research 
associations—as indeed Dr. McNeil recognizes and pro- 
poses to correct partly through sponsored research. 
Mr. Jones asks the pertinent question whether the struc- 
ture proposed in the Haldane Report has safeguarded 
scientific independence and also served effectively the 
purposes of administrative departments. However, he 
does not make mention of the fact that internal scientific 
organization tends to ossify and become out of touch with 
scientific advance generally unless effective measures are 
provided for interchange of staff and contact with other 
fields of work. 

Much of Mr. Jones’s criticism of the Trend Report adds 
nothing to what has been said in Parliament, but he makes 
the comment that Government support for research and 
development in the civil sector of a free economy can 
be made effdctive only by effective relations between 
research, production and selling. To this purpose, while 
agreeing with the Trend Report that the Government 
could direct its civil buying so as to promote research and 
development, and influence the latter to help with civil 
buying, he proposes as the main agency not the National 
Research Development Corporation but the Ministry of 
Aviation, particularly at a time when its staff has become 
excessive in relation to present-day defence needs and its 
expertise is available for civil purposes. He sees, indeed, 
a strong case for co-ordinating all Government civil and 
defence development contracts. 

Mr. Aubrey Jones develops further ideas which found 
some expression in Parliament, but his argument requires 

* The Technologist, 1, No. 1 (January 1964). Published quarterly. Pp- 


xiv+1-42. Annual subscription 30s. Single issues, 78. 7d. (London: 
Sir Isaac Pitman and Sons, Ltd., 1964.) See also Nature, 202, 241 (1964). 
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further examination and is by no means so soarching as 
Dr. McNeil’s discussion of the research associations. Dr. 
McNeil rejects unhesitatingly the idea that fundamental 
research is a proper function of the research associations, 
except in so far as such programmes are essential for the 
full understanding of other projects bearing directly on 
the economic viability and profitability of the industry. 
He believes it is a valid criticism that rosearch associa- 
tions devote too much timo and energy to projects which 
could more appropriately be pursued at acadomic institu- 
tions. This can have an adverse effect on tho association 
itself and on the industry’s attitude, both of which are 
not readily oradicated. The productivity of a resoarch 
association depends essentially on the extent to which the 
results of its work are applied in industry and to the 
extent which the application improves the return on capt- 
tal invested in the industry. 

Both an unsatisfactory balance of staff in the research 
association and over-simplification of industrial problems 
ean be serious hindrances here, but much moro important 
is the effect of competition between member firms which 
makes them reluctant to use the association orto supply 
full information. The association as a result may not be 
fully in touch with the industry and left with lony-stand- 
ing, general and refractory problems which individual 
firms have themselves failed to solve, and hore, as already 
noted, Dr. McNeil suggests a wider use of sponsored 
research projects, although as he also points out these 
do not qualify for Governmeut grant. The reluctunce of 
British industry to expend new capital also militates 
against the application of research results: and the offect 
can be accentuated because research associations rarely 
have the financial resources to finance pilot plant and other 
heavy development costs. 

Here Dr. McNeil suggests that wider knowledgo of the 
principles of plant scale-up among chemical engineers 
and a readier acceptance of financial risks inherent in a 
new plant or process by the industrialist or tho Govern- 
ment would make major contributions to research produe- 
tivity in Britain. There is also, however, unwillingness to 
change traditional routines or embark on new techniques; 
managements frequently resent the efforts of rosvarch 
associations to improve their efficiency and regard any 
suggestion that there is room for improvernent as a 
reflexion on their competence. The expansion of higher 
education in the long run will help to chango this siunation 
and, meanwhile, better liaison between tho rescarch associ- 
ation and its members and serious attention to the problem 
of communication generally could help. 

Dr. McNeil does not ignore the possibility that the 
internal productivity of the research association could 
itself be improved: here his remarks on staff, and particu- 
larly the selection of staff, deserve attention. Tho woak- 
nesses he notes are unlikely to be removed solely by mter- 
change of staff with industry itself or with univorsitios 
and colleges of technology, or with Govornmont depart- 
ments, if staff is not selocted wisely in the first instanco. 
Here his comments are worthy of note in the university 
and collego of technology. 

No less relevant to the present discussion of the organ- 
ization of civil science in Britain is the address on thu 
Government’s role and the future of discovery which 
Dr. M. Tishler delivered to the Society of Chemical 
Industry at its annual general meeting in Houston, 
Texas, last September and which was later published in 
Chemistry and Industry (No 4], 1632: 1963) Dr. Tishler 
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was concerned primarily with the effects in the United 
States of the increasing dependence of research expendi- 
ture on Federal resources: was this dependence dis- 
proportionate, would it diminish the incentive to take 
risks or lead to a narrow view of the public interest? Dr. 
Tishler fully recognizes that resources are neither un- 
limited nor capable of indefinite expansion by financial 
appropriations, and he is equally aware of the dangers 
that attend the usual methods of public control where 
research, and especially basic research, is concerned. 

Dr. Tishler lists half a dozen searching questions which, 
he suggests, it would be fruitful to attempt to answer in 
the United States context. A determined effort to find 
the right answers in Britain might give clear and invaluable 
guidance as to the organization of her scientific effort 
generally. The first question—What have been the major 
effects in the universities of Federal spending for science ? 
—is obviously specifically American, but it is none the less 
for consideration how far the extent and policy of Govern- 
ment support have affected university development in 
science, nor can we be too confident as to the answer. 
But we also need to know whether we are diverting the 
scientific resources of the nation to what are termed 
‘public purposes’ at the expense of private research and 
development, the most dynamic force for growth in 
Britain’s economy, and at what rate we can continue to 
increase research expenditure and still maintain quality 
at a high enough level to justify that expenditure. What 
are the extent and effects of the lack of balance which has 
boon created between various branches of science, between 
science and the humanities, teaching and research, and 
between public and private research in industrial labora- 
tories ? Are scientists becoming so affluent, in terms of 
support and status, that they are beginning to lose their 
sense of direction ? Is the nature of scientific enquiry 
such that any massive effort to control its direction will 
inevitably retard its progress and thus invite serious long- 
term consequences ? 

As Dr. Tishler rightly observes, answers to these ques- 
tions would facilitate a clearer understanding of the issues 
involved in the Government’s increasing responsibilities 
for research, and some at least of the recommendations 
of the Trend Committee which thé Government has 
already accepted should promote the answering of some 
of the questions. Meanwhile, it should be no less apparent 
that the area of informed discussion is already wide— 
even, if not always so deep as is desirable. It is for scient- 
ists above all to ensure that the issues are fully and 
thoroughly explored and that the decisions taken are 
reached not as a result of party political doctrine, but from 
searching consideration of the public interest as well as 
of the administrative, technical and scientific issues 
involved. 


‘BUSHMAN’ ART 


The Rock Art of South Africa : 
By A. R. Willcox. Pp. xiv+ 96+437 colour plates and 24 
black-and-white plates. (London and Edinburgh: Thomas 
Nelson and Sons, Ltd., 1963.) 90s. 


HE occurrence of paintings and engravings in rock- 

shelters and on rocks in South and Central Africa has 
long been known. As long ago as the middle of the 
nineteenth century, Dr. G. W. Stow copied and published 
many examples; since then, such authors as Miss Tongue 
and Miss Bleek have added to this number. Paintings can 
be found in a large number of rock-shelters, both in the 
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Republie of South Africa and in Southern Rhodesia. 
Rock-engravings are numerous, especially in the Orange 
Free State region. The paint, for the most part, consists 
of various ochres and vegetable products. Many varieties 
of animals and quantities of humans are depicted. 

A number of styles can be noted, and as they are some- 
times in superpositions, and the order of the styles is 
generally the same, a relative chronological sequence can 
be postulated. Investigators have sometimes claimed a 
great age for the earlier phases of the art, but it is difficult 
to defend the theory of a vast antiquity considering that 
the paintings are found in open rock-shelters, which would 
scarcely have afforded protection at times when the climate 
was damper than it is to-day, and such wet climatic phases 
have actually occurred at not-too-distant dates in the past. 
Other investigators have even suggested that the well- 
known polychrome paintings may be as late as A.D. 1600! 
Formerly all this art was ascribed to the bushmen; 
nowadays, though the later phases are no doubt their 
work—indeed there was a bushman artist still alive in the 
middle of the nineteenth century—the earlier phases may 
well be pre-bushman in date. 

The Rock Art of South Africa, by A. R. Wilcox, is, 
without doubt, a volume of importance. It is well 
illustrated, frequently in colour, and there is a foreword 
by Prof. Desmond Clark, who was for years at Livingstone 
and knows the African scene very well. 

The work opens with a number of chapters on the 
bushmen, their history, mode of life and folk-lore. Many 
tales of the transformation of human beings into animals 
and vice versa show how completely they identified 
themselves with the members of the animal kingdom. It 
would have been wonderful to have had from the last 
bushman artists information about the meaning of some 
of the clearly ritual scenes that are so often depicted. 

An account of the paints and the paintings themselves 
is then given. Here it can be noted that pigments made 
from ochres or manganese are comparatively permanent, 
while those made from vegetable products, such as 
Euphorbia latex, can be shown to have vanished within 
the past hundred years, since Stow includes in some of his 
reproductions white painting which cannot be seen to-day. 
Willcox has not omitted to give us a chapter on the 
Hottentots, whom he regards as a cultural rather than a 
racial homogeneity. An examination of the engravings 
and their makers follows, and he points out, of course, 
that more than one technique can be determined. 

Willcox does not go deeply into the question of super- 
positions in the rock-shelter paintings. He is content to 
divide them into three main zones. In his first zone he 
places the sites south of the Limpopo in the Transvaal; 
the second zone includes the Basutoland and Southern 
Drakensberg paintings, while the third zone can be 
described as including all the near-coastal regions from 
South-west Africa right round to Port Elizabeth. In 
passing, it will interest many students to know that he 
suggests that the famous ‘white lady’ of Brandberg is 
neither white nor a lady! He goes into this question at 
some length. About dating he is wisely cautious, but 
summarizes for us what facts are known and what others 
have thought. He correlates, so far as is possible (and, 
until there are finds of deposit-covered paintings in the 
shelters or examples of ‘home art’ in the deposits them- 
selves, absolute correlation is difficult), the industries of 
the zones with the painters who, he thinks, were almost 
always bushmen. 

In discussing problems of diffusion Willcox suggests 
that there were two waves of migration from Matabele- 
land, an earlier and a later, and that the first had two 
branches. One moved right away westward to South- 
west Africa to produce the third zone with a further 
extension into the second zone. The other, and far shorter, 
merely came southwards into the region of zone one. His 
argument for deriving the Basutoland art by this 
enormously long migration route is based on the fact that 
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painted hands “present in the first and third zones are 
absent in the second zone, which could not, therefore, 
have been derived from the first zone—but it is a little 
difficult to follow this. He thinks that the engravings 
were made by Bushmen akin to those of the second zone. 

This is a valuable book recording the work and views 
of many people. I should like to have found a mention 
of that wonderful corpus of paintings in the Transkei 
copied by Brother Otto of Marienhill Monastery. I wonder, 
too, if it is possible to isolate the art of the Republic from 
that of Southern Rhodesia—in fact we want a bigger work 
still! The colour photographs are excellent. 

M. C. Burxirr 


SOLAR FLARE PHENOMENA 


Solar Flares 

By Henry J. Smith and Elsko van Panhuys Smith. 
Pp. xii +322. (New York: The Macmillan Company; 
London: Collier-Macmillan, 1963.) 100s. 


T is now more than 100 years since solar flares were 
first observed, although, indeed, the intensely bright 
white patches of light close to sunspots which were seen 
by Carrington and Hodgson in 1859 were only recognized 
as such in retrospect. After this event, a great magnetic 
storm occurred on Earth and brilliant displays of the 
aurore were seen in both hemispheres. These events on 
the Sun and the accompanying geophysical phenomena 
have been investigated extensively during the past 
century, but our knowledge of them is essentially observa- 
tional, and not one of the many theories of the cause of 
flares or of the accompanying geophysical effects is yet 
regarded as satisfactory. 

The availability of improved instruments for the 
investigation of the Sun, the vast development of solar 
radio astronomy, and the stimulus given to investigators 
by the International Geophysical Year have now produced. 
æ mass of detail which it is hard to assemble in an orderly 
manner. A book devoted to the topic of the solar flare 
phenomena is therefore to be particularly welcomed, 
especially when it is so authoritative and comprehensive 
as Solar Flares by Henry and Elske Smith of Sacramento 
Poak. 

The book begins with a well-written account of the 
nature of the solar atmosphere and of the various active 
phenomena which it displays. The second chapter, which 
occupies more than a third of the book, first describes 
the methods and instruments used for examining solar 
flares and then becomes a source book of information 
about the flare data; classification, relation to spots, 
location on the disk, distributions and asymmetries, 
durations, structures, light and growth curves and many 
similar data are included. 

The third chapter, which gives a similar treatment for 
the spectral characteristics of the flares, concludes the 
part of the book devoted to the optical observations of the 
flares themselves. However, for many readers, the last 
three chapters may well prove to be the most interesting 
in the volume. The authors are careful to emphasize that 
they make no claim other than to have summarized the 
available data on the radio emission and on the solar 
corpuscular emission and geophysical phenomena in two 
of these chapters, but this they have done exceedingly 
thoroughly. Even radio astronomers will find the chapter 
on radio emission. a most convenient and expert summary 
of a part of their subject which has recently grown so 
rapidly that comprehension is difficult. 

The geophysical chapter covers a wide field and includes 
the cosmic-ray effects, space radiation hazards, geomag- 
netic field variations and the aurora and ionospheric 
phenomena associated with solar flares. Finally, the 
authors deal with the nature of flares and discuss the 
various possible theories of their origin. To me the last 
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few pages in the book were of outstanding interest. Here 
the authors discuss the possible nature of similar activity 
on the stars. In view of the recent work on the radio 
emission from flare stars this may well be the only section 
of this excellent book which will need revision in the near 
future. BERNARD LOVELL 


GAS-COOLED REACTOR 
TECHNOLOGY 


The Design of Gas-Cooled Graphite-Moderated Reactors 
Edited by D. R. Poulter. Pp. xii+692+13 plates. 
(London: Oxford University Press, 1963.) 84s. net. 


AS-COOLED, graphite-moderated power reactors 
have been operating for more than a decade and in 
the United Kingdom they have accounted for hundreds 
of millions of pounds and have had committed to them a 
significant proportion of the Nation’s electricity supply 
capacity. Against this background a comprehensive text- 
book on the subject was long overdue. The presont 
volume, written by a number of specialists mainly from 
the Reactor Group of the United Kingdom Atomic Energy 
Authority, sets out to cover the field, particularly, accord- 
ing to the preface, for young postgraduate engineers or 
those just entering nuclear engineering. It is therefore a 
primer, not a design manual. The sixteen chapters en- 
compass basic concepts such as reactor physics and 
materials technology, specific topics, such as fuel handling, 
instrumentation and civil and structural engineering, and 
end with an outline of possible future developments. 
There are five appendixes containing nomenclature and 
some of the more mathematical parts of the text. 

To achieve uniform presentation is a well-known 
difficulty of joint authorship. It requires, at least. a 
common assumption about the basic knowledge and the 
intellectual level of the intended readers and sufficient 
co-ordination to avoid repetition: neither requirement 
appears to have been met satisfactorily in this volume, 
The opening chapter on the design concept, which could 
have been used, to set the scene, is written rather curiously 
from an academic rather than an engineering point of 
view and does not connect the reader very well with what 
follows. It contains statements such as “other methods 
of power generation exist” which are unlikely to surprise 
the student although he may easily gain the impression 
that otherwise no attempt would be made to design 
nuclear plant for minimum cost. Thus begun, the book 
proceeds with a fairly logical sequence of contributions, 
some of which are clear and authoritative. Steady-state 
reactor physics and reactor kinetics are well, if not simply, 
presented and there is a carefully compiled chapter on 
materials technology in which the sections on steels and 
graphite are worthy of mention and that concerning fuel- 
element materials, although at a disadvantage on account 
of its wide scope, provides a good technological primer. 
Only in the case of the steels, however, is the difforence 
between fundamental and structure-sensitive properties 
discussed. In contrast, plant safety is given only a brief 
chapter, principally occupied with fault conditions, 
which ignores the important bearing that safety require- 
ments have on plant design and economics and also ovor- 
simplifies health physics considerations. An allied subject, 
reactor shielding, is treated with scant regard for funda- 
mentals and contains a number of errors not easily put 
down to typographical mistakes. In this way onc can 
proceed through the text weighing pros and cons in an 
effort to reach an overall assessment of the value of the 
book. 

The book is ambitious in concept, but as a whole must 
be judged disappointing and failing to reach its declared 
objective. Where a theme is discernible it seems to con- 
cern both the need to keep down capital costs and the 
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alleged economic and technical advantages (not always 
clearly stated) of the advanced gas-cooled reactor. 
Granted that the book cannot possibly include everything 
there are, nevertheless, some astonishing omissions: 
concrete pressure vessels, for example, are dismissed in a 
few lines. Units are not always in accordance with modern 
definitions. Technological data are often sparse. All this 
tends to strengthen a feeling that the volume has been a 
long time in preparation and perhaps by authors who in 
some cases were past the first wave of enthusiasm that 
writing up & new subject can give. Throughout the book 
there are few diagrams and these are not generally of high 
quality. Rather surprisingly one has to turn as far as 
p. 339 before finding a diagram of a power reactor and, 
in a 50-page chapter on fuel elements, there is only one, 
inadequate sketch of a helical polyzonal fuel element can. 
In conclusion, one feels that this book is less likely to 
be of use to the postgraduate student or newcomer to the 
nuclear field than to the engineer already engaged in gas- 
cooled reactor technology who requires a first reference 
book to parts of the subject in which he is not already a 
specialist. C. P. Haren 


MEAT FOR THE HUNGRY 


The Better Use of the World’s Fauna for Food 

Edited by J. D. Ovington. (Symposia of the Institute of 
Biology, No. 11.) Pp. xi+ 175. (London: The Institute 
of Biology, 1963.) 25s. 


UCH credit is due to the Institute of Biology for 
organizing its important symposium on “The 
Better Use of the World’s Fauna for Food” and for 
publishing the proceedings. This is especially so at a 
time when so much interest is being taken in possible 
methods of meeting the growing menace of malnutrition 
in the emergent countries, particularly in those where the 
annual increase (if any) in the production of protein foods 
lags ever farther behind the inordinate increase in popula- 
tion. The book contains the fifteen papers that were 
delivered at the four sessions of the two-day symposium, 
and are all from speakers with recent first-hand acquain- 
tance with the topics they discuss. 

The first paper deals with the assesament of the world’s 
protein needs and supplies, pointing out the difficulty 
of obtaining reliable quantitative data for food con- 
sumption in socially under-developed countries. The 
value of clinical and other direct observations of serious 
malnourishment is emphasized. In the second paper, the 
question is ably discussed of the relative merits of plant 
and animal protein in human dietaries. 

These introductory papers are followed by a number of 
diverse contributions on such subjects as the potentialities 
of animal husbandry in West Africa; new developments 
in ‘game-cropping’ in the same continent; the saiga 
antelope in the semi-desert and steppe regions of the 
U.S.S.R. as a source of food; and the methods of process- 
ing and preserving meat in less-developed areas. An odd 
but interesting account is given of the extensive use in 
parts of West Africa of the giant African snail—rich in 
protein—as a dietary supplement. It is pointed out that 
in many countries where snails are a pest it would be 
doubly advantageous to eat them. Several papers deal 
with the progress that has been, and the further progress 
that might be, made in both marine and inland fisheries, 
including fish cultivation in freshwater ponds (an enter- 
prise now extending in many of the less-developed 
areas, but requiring, in some districts, anti-malarial pre- 
cautions). 

many maritime tropical countries, sea fisheries, with 
improved methods and gear, are capable of adding much 
valuable protein to human diet; culture of shell ‘fish’ in 
different parts of the world gives promise for another such 
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addition. A final paper, short but fascinating, and leading 
to a lively discussion emphasizes the challenge to marine 
biologists of the urgent need for increasing the world’s 
fish harvest by ‘‘farming the seas”. While much know- 
ledge is already available, far more is needed to improve 
the growth of plankton, for example, or to control certain 
competitors for the food which should go to edible fish. 
The need for realizing the potential of marine fisheries is 
no less a challenge to international co-operation. 

It would be a rewarding use of their time if those 
directing nutritional policy in developing countries were 
to read this fresh and stimulating book. It should be of 
no less value to all concerned with the Freedom from 
Hunger Campaign. H. D. Kay 


TROPICAL FLORAS IN THE TERTIARY 
OF SOUTHERN ENGLAND 


The Lower Tertiary Floras of Southern England 


. 3: Flora of the Bournemouth Beds: The Boscombe and 


the Highcliff Sands. By Marjorie Elizabeth Jane 
Chandler. Pp. xi+169+25 plates. (London: British 
Museum (Natural History), 1963.) 210s. 


Tn completes the series of three important mono- 
graphs on the Lower Tertiary floras of southern 
England by Miss Chandler published by the British 
Museum. Volume 1 was reviewed in 1961 (Nature, 195, 
209) and Volume 2 in 1962 (Nature, 198, 47). The third 
deals with the Flora of the Bournemouth Beds: The Bos- 
combe and the Highcliff Sands. 

The Bournemouth Freshwater Beds are shown by Miss 
Chandler to contain the remains of a rich flora and are 
purely continental deposits. They differ mainly from the 
Dorset Pipe-clay Series, which they succeed, in having only 
sparse pipe-clay strata but considerable thicknesses of 
grits, maris, fine clays and silts. In Volume l, Miss 
Chandler gave two alternative correlations between these 
freshwater beds and the corresponding European stages. 
Arkell had included all the freshwater beds above the 
London Clay up to the top of the Bournemouth Fresh- 
water Beds to the Cuisian while Wrigley and Davis had 
previously attributed the Lower Bagshot Beds to the 
Cuisian and the Bournemouth Freshwater Beds to the 
Lutetian. Miss Chandler follows Wrigley and Davis in 
treating the flora of the Bournemouth Beds separately 
from that of the Dorset Pipe-clays. 

The Bournemouth Beds have yielded the remains of a 
flora of ferns, conifers, and angiosperms indicating a 
tropical or sub-tropical climate. These deposits are 
succeeded by the Bournemouth Marine Beds and then by 
the Boscombe and Higheliff Sands. There is no indica- 
tion from the available evidence of any appreciable 
floristic or climatic change during the periods of deposition 
of the sediments examined in this work. Miss Chandler 
remarks that although the flora of the Pipe-clay Series 
appears to be more tropical than that of the Bournemouth 
flora this is probably due to the greater number of fossils 
discovered in the former. She also suggests that the 
evidence is in favour of the view that in the Eocene there 
was a belt of uniform tropical vegetation around the equa- 
torial regions of the world and that, later, areas of this 
became separated and differentiation of species and 
genera occurred in its various parts. 

In these three volumes she has made an outstanding 
contribution to the knowledge of Tertiary floras which 
will be of great value to those interested in the evolution 
of existing floras. Again, her descriptions and illustrations, 
including more than 800 reproductions of photographs of 
fossils, are of first-rate quality. 

Miss Chandler hopes before long to prepare an account 
of the main conclusions arising from her investigations. 
To this we look forward eagerly. J. WALTON 
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THE COLLEGE OF ADVANCED TECHNOLOGY, BIRMINGHAM* 


By Sir PETER VENABLES 
Principal of the College 


VER the years the College of Advanced Technology, 
Birmingham, has naturally appreciated the privilege 
of holding its associateship presentation ceremonies in 
the Town Hall, but now, equally naturally, the College is 
very glad to be holding its first ceremony in its own hall, 
a homecoming which has its own particular satisfaction. 
It is an excellent Hall for its many purposes. Already 
the hall is in demand and recently the City of Birmingham 
Symphony Orchestra opened its concert here appropriately 
enough with the “Academic Festival Overture’ by 
Brahms. The hall will long continue to be used by all the 
Colleges at Gosta Green, undisturbed by transitional 
considerations of relative academic status, to the general 
enrichment of their corporate life, for students and staff 
alike. 

This is the first ceremony since the publication of the 
Report of the Committee on Higher Education, of which 
Lord Robbins was chairman, and since the Government’s 
prompt acceptance of its main recommendations. One 
of the most important of the recommendations of the 
Robbins Report is the fact that colleges of advanced 
technology are to achieve university status. Recently 
we have therefore been engaged, in close consultation 
with the University Grants Committee, in establishing an 
Academic Advisory Committee with the following terms 
of reference: “To consider and advise how best to imple- 
ment the recommendation of the Robbins Committee, 
accepted by the Government in their statement of 
24th October, 1963 (H.M.8.0., Cmnd. 2165), that the 
College should have university status; and to advise 
generally on the future development of the College and on 
academic matters related thereto”. 

The Governors have therefore appointed the following 
Committee: J. G. Collingwood (chairman), head of the 
Research Division, Unilever, Ltd.; Dr. H. S. Arms, 
chief engineer, Atomic Power Projects, English Electric 
Co., Ltd.; Dr. E. J. Bowen, Fellow, University College, 
Oxford; Prof. R. O. Buchanan, London School of 
Economics and Political Science (University of London); 
Prof. O. A. Saunders, Department of Mechanical 
Engineering, Imperial College of Science’ and Tech- 
nology (University of London); Dr. H. M. Taylor, 
vice-chancellor, University of Keele. The Principal is 
ex-officio a member of the Committee. 

The Committee held its first meeting on March 9. A 
number of matters were discussed in a preliminary way, 
such as the preparation of a draft Charter, but two matters 
were specifically dealt with. One of these is primarily 
academic and I shall discuss it: the other stems from the 
situation of the College, and the closeness and vitality of 
its links with industry, the City and the region, which 
is to be discussed by the chairman. This allocation of 
topics symbolizes the invaluable partnership of lay 
members and academics, which has been indispensable 
for the well-being of the College and which was very 
properly and strongly commended for universities in the 
Robbins Report. 

In order to deal with the particular academic matter 
it is necessary briefly to review the period since the 
College was designated as a college of advanced tech- 
nology in 1956. Work no longer germane to our new 
purpose was transferred to form the College of Food and 


* Subject of an address delivered at the Associateship Presentation 
Ceremony, on March 21, 


Domestic Arts in 1957, and to form the Matthew Boulton 
Technical College in 1958. From then on we were able to 
develop the work at undergraduate- and postgraduate- 
levels, but in so doing we have been most concerned to 
secure staff of high quality. The high standards set by the 
College when its future was not fully assured at university- 
level, and salaries were not commensurate with that level, 
inevitably produced persistent vacancies, especially in 
senior posts. Quite recently there were, in fact, 39 
vacancies out of an establishment of 304 posts. At long 
last with the acceptance of the particular recommendations 
of the Robbins Report, with the reference of salaries to 
the National Incomes Commission, and the establish- 
ment of the Academic Advisory Committee, the 
potentialities for appointments at top level are radically 
changed. 

The Governors and the Academic Board have therefore 
given very careful consideration to the making of appoint- 
ments of professors for the new University, and their 
proposals have been considered by the Academic Advisory 
Committee. As a result there is an agreed system of 
appointments boards and procedures for these very 
important posts. These will be applied to sixteen addi- 
tional appointments to be made to the staff, for which 
advertisements will be issued in the near future in particu- 
lar disciplines in which we are concerned to make rapid 
progress. Besides one in each existing department re- 
quired by its particular need for development, there will 
be six professorships-designate related to actual or 
possible development of new departments, that is, in 
chemical engineering, materials science/technology, 
biology, psychology, operational research, and in econo- 
mics. These sixteen posts will be part of a further pro- 
gressive development over the next few years. 

As for the present nine heads of departments, the 
Governors proposed and the Academie Advisory Com- 
mittee has agreed that they should be regarded as pro- 
fessors-elect of the new university. This is a very proper 
recognition of their standing and of their work in bringing 
the College to such a level that the Robbins Report 
recommended without reservation, and with the full 
support of such influential bodies as the Committee of 
Vice-Chancellors and Principals, that the colleges should 
in general become technological universities with the 
power to grant first and higher degrees, and that they 
should thus no longer lack many of the attributes of 
university self-government. 

The sixteen additional appointments will onable the 
College to make a greater contribution in two directions. 
First, in the development of postgraduate courses and 
research designed to meet the needs of industry and 
commerce, and many new courses and research facilities 
will be available next session. Secondly, there is the 
need to provide for the short-term expansion programme 
for rapidly rising numbers of students coming from the 
schools. In order to make its willing contribution to 
this emergency, the College plans to expand to about 
2,300 students in full-time and sandwich courses by 
1967-68, provided the resources are made available, as 
against the longer-term target of 5,500 by the mid-1970’s. 
This will involve big developments in the social sciences 
as well as in the physical sciences and technology, and 
also a progressive increase in the proportion of post- 
graduate courses and research. 
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There may be those who fear that the coming of 
university status will lead us to shed some of our dis- 
tinctive functions and weaken our contacts with industry 
as, for example, in quietly dropping sandwich courses 
and part-time courses particularly at tho postgraduate 
level. This is not the case: with the advantage of univer- 
sity quality conditions of work, wo shall extend these 
in many ways, for example, sandwich courses at post- 
graduate level, and forge new links as in the establishment 
of consultant or visiting professorships and industrial 
fellowships. As a technological university we shall have 
four essential fanctions in mind—the preservation, the 
dissemination, the extension and the application of 
knowledge. In future developments there must be a 
growing emphasis on the extension and the application of 
knowledge, on research and application, and these can 
only be fully secured for a technological university by a 
close and lively partnership with industry and commerce. 
It must be evident enough by now that such a partnership 
will not grow merely by agreeing it is desirable; agreement 
only allows the possibility of action, but does not secure 
it. The urgent need is to promote the partnership by 
specific practical projects between particular firms and 
the new University. 

There are many other matters which might be dis- 
cussed, including the new Students’ Union about to be 
built, and the new residential graduate course in manage- 
ment studies sponsored jointly by the College and the 
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University in September 1964, but space does not permit. 
But I hope I have given the impression of a College alive 
to all present possibilities, greatly concerned to raiso still 
further its academic standards and potential, to make more 
practical and fruitful its relationships with industry and 
the community at large and, with the evident support of its 
lay members and of the Academic Advisory Committee, 
to achieve the granting of its Charter as soon as possible. 

In this encouraging situation we note that the record 
total of 292 diplomas gained this year is another sign of 
growth. The recipients, as a result of intensive study 
over several years, proved to the full satisfaction of the 
Academic Board, their worthy entitlement to the associate- 
ship of the College. Naturally there will be in their minds 
some questions about their future relationships to the 
technological university which the College will become. 
This, however, involves the provisions of the Charter, 
which cannot be anticipated before it is granted by H.M 
the Queen in Council. They must therefore be patient 
in awaiting the outcome of the granting of a Charter; 
but the College will naturally be concerned to continue 
relationships with its former students. Meanwhile they 
can be well satisfied with their achievements at the level 
of the associateship and of the membership of the College of 
Technologists respectively. We hope that they will wish 
to continue their contact with the College, not least in 
study for higher degrees, and we strongly commend tho 
Guild of Associates to them. 


THE SUN’S ROTATION AND RELATIVITY 
By Pror. R. H. DICKE 


Palmer Physical Laboratory, Princeton University, New Jersey 


HE well-known three tests of general relativity are 

usually considered to provide the chief observational 
support of the theory. However, it can be shownb? that 
the gravitational red shift is more properly to be considered 
a test of energy conservation and mass-energy equivalence 
than of general relativity. Also, with its accuracy of 
10-20 per cent®, the gravitational deflexion of light does 
not provide a good enough test to distinguish general 
relativity from scalar-tensor theories of gravitation‘-*. 
(With œ = 3, in the notation of Brans and Dicke, the 
gravitational deflexion of light would be 0-90 times the 
Einstein value and the relativistic perihelion rotation 
0-87 times the Einstein value.) Thus, the main observa- 
tional support for EHinstein’s gravitational theory is 
furnished by a single observation, the relativistic con- 
tribution to the perihelion rotation of Mercury’s orbit. 

It is the purpose of this article to show that this relativis- 
tic effect, the perihelion rotation, is not so firmly estab- 
lished as is usually supposed, and that there could easily 
be a discrepancy in this important observation in excess 
of 10 per cent. 

In pre-relativity days, before the discrepancy in the 
motion of the perihelion of Mercury was understood as a 
relativistic phenomenon, attempts were made to explain 
this excess motion as the effect of a perturbation by matter, 
not previously taken into account’. Among the perturb- 
ing bodies considered were the solar corona, the matter 
causing the zodiacal light, and a not yet observed planet 
close to the Sun. All these suggestions could be ruled out 
on the grounds that enough matter to be important would 
be visually prominent. 

One old suggestion seems not to have had the attention 
that it deserved. If the Sun were very slightly oblate, 
the implied distortion of the sun’s gravitational field 
would result in a rotation of the perihelia of the planets. 
To produce a discrepancy in Mercury’s orbit as great as 
8 per cent of the Einstein value would require an exces- 


sively small visual oblateness, only 5 parts in 10° amount- 
ing to a difference between the solar equatorial and polar 
radii of only 0-05” arc. As ‘seeing’ is very poor during the 
day, amounting to an irregular spreading of telescopic 
images by several seconds of are, an oblateness this small 
cannot be reliably measured by using any of the astron- 
omer’s classical instruments. While the important 
‘oblateness’ is the gravitational one, a flattening of the 
gravitational equipotential surfaces at the Sun’s surface, 
this is approximately the same as the ‘visual oblateness’, 

being only 1 x 10-5 smaller. This will be discussed here. 

My colleagues, H. Hill and M. Goldenberg, and I have 
built a special instrument to observe photoelectrically 
the Sun’s oblateness, and preliminary measurements 
were made during a few weeks toward the close of the 
summer of 1963. (More are planned for the coming 
summer.) The instrument and observations will be dis- 
cussed in another publication. 

Without a reliable determination of the oblateness of 
the Sun the relativistic contribution to the rotation of the 
line of apsides of Mercury’s orbit is quite uncertain. More 
important is the fact that an accurate determination of a 
solar gravitational quadrupole moment as great as that 
associated with a ‘gravitational oblateness’ of 5 x 10-5 
would require the abandonment of Einstein’s purely 
geometrical theory of gravitation, for the recent accurate 
determination of the mass of Venus from observations 
of the orbit of the Mariner II spacecraft'® has removed 
the last substantial uncertainty in the planetary perturba- 
tions of Mercury’s orbit. 

The solar gravitational oblateness (that is, flattening 
of the gravitational equipotential surfaces at the Sun’s 
surface) causes a rotation of the perihelion of a planet at a 
rate: 


2r j radians/century 


rel 
Ta*(1 — £?) 
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where T = planet period in centuries, r = solar radius, 
a = semi-major diameter of orbit, e = eccentricity of 
orbit, A = gravitational oblateness = (re~rp)/r. 

This falls off with one higher power of a than the relativ- 
istic effect and becomes quite small for Venus and the 
Earth. This suggests one possible test for a solar quadru- 
pole moment. Sufficiently precise radar measurements 
carried out over a period of time would give a more 
accurate value for the perihelion rotation rate of Venus 
or the Earth and hence permit a check of the radial 
dependence of the excess motion of the perihelia. 

The implication for general relativity of a hypothetical 
gravitational oblateness of 0-05” are (‘visual oblateness’ 
of 0-06” arc) can be seen from the following data in Table 1. 
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Table 1 
Obs, dis- È 
crepancy after Perturbation 
subtracting due to 0-05” Residual Einstein 
planetary grav. oblate- discrepancy perihelion 
porturbations ness of Sun rotation 
ref. 
(sec/cent.) (sec/cent.) (sec/cent.) (sec/cent.) 
Mercury 43-1140-45 4:05 39:06 + 0°45 43-03 
Venus 8-4 +48 0-45 79 +48 86 
Earth 50 +12 014 49 +12 38 


Early in this century the solar oblateness was abandoned 
as a possible cause of the discrepancy in Mercury’s orbit 
on the grounds that the other orbital effects would be too 
sovere®. While this may have been true while it was 
considered necessary to explain the whole of the dis- 
crepancy with a single cause, this is not a convincing 
argument when all that is required is to account for 5-10 
per cent of the Einstein rotation, or 2.2”-4:3” are/century. 

As a result of the Sun’s rotation axis being tipped only 
3° 37’ relative to the normal to Mercury’s orbit, the effect 
of a solar oblateness on the orbital plane is very small. 
A gravitational oblateness of 5 x 10-5 would cause a 
decrease of 0-25’/century in the inclination of the orbit. 
This does not appear to be observationally significant, as 
the very careful work of Clemence” has given for the 
residual (observation—calculation) of the rate of increase 
of -the inclination the value — 0-12” + 0-16’/century. 
Unfortunately the effect on the orbital planes of the other 
planets is even smaller, being an anomalous precession 
of the node of Venus of + 0-:065’/century, and for the 
Earth’s orbit primarily a decrease of the obliquity of the 
ecliptic of 0-034” /century. 

As already mentioned, it might be questioned whether 
the observed shape of the Sun would represent properly 
the quadrupole moment of the Sun. However, it is easily 
seen that if at the Sun’s surface shear stresses and velocity 
fields are negligible, the equi-pressure surfaces are also 
equi-potential surfaces, independent of conditions in the 
interior. Inasmuch as rough values of the magnetic 
field and accurate velocity fields are known at the surface 
of the Sun, it is possible to put reasonable limits on shear 
stresses and possible departures between the observed 
shape of the Sun and the shape of the gravitational field 
(independent of conditions in the interior of the Sun). 
This will be discussed more fully in a joint publication 
with J. Peebles. The biggest departure is accurately 
computable and is due to the surface rotation. This 
increases the visual oblateness by 1 x 10-5. Thus a 
gravitational oblateness of 5 x 10-5 would imply a visual 
oblateness of 6 x 10-5. 

Assuming tentatively that a solar visual oblateness of 
6 x 10-5 were seen, how would this be explained ? What 
would be the conditions in the interior of the Sun that 
would lead to such a gravitational quadrupole moment ? 
Such a flattening could be easily understood as the effect 
of a rather rapidly rotating interior of the Sun. If the 
whole Sun were to rotate rigidly with the angular velocity 
observed at the surface (rotational period of 25-4 days), 
the quadrupole moment due to centrifugal flattening would 
be negligible and the optical flattening would be only 
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10-5. . However, if the interior of the Sun were to rotate 
with a period of 25-5 h, the quadrupole flattening of the 
gravitational potential at the Sun’s surface would be 
5 x 10-* and the optical flattening would be 6 x 10-5 
(ref. 14). The mass of the Sun is so much concentrated at 
great depths that only the inner half (by radius) would 
need to be rapidly rotating to obtain the required quadru- 
pole moment. 

The rotation of the Sun has always represented a 
difficulty for the theories of formation of the solar system”. 
The nature of the problem can be seen by noting the 
rotational periods of the other hydrogenous members of 
the solar system. 


Sun) 25:4 days) 

Sorta o h 50 AR 
Saturn 10 h 14 min 
Uranus 10 h 49 min 


All modern speculations concerning the formation of 
the solar system are based on variations of Laplace’s 
idea of a condensing rotating gas mass. Tho rotations of 
the planets are then easily understood (even semi-quantita- 
tively) as resulting from the retention of the angular 
momentum of the rotating gas mass by the planet. The 
big question, however, concerns the Sun. How did it 
get rid of its angular momentum? The torque required 
would be very large, demanding magnetic coupling to the 
interplanetary medium with a magnetic field strength of 
at least 200 gauss acting for 10° years, to slow the Sun 
from a rotational period of 25 h to rest. Perhaps the 
answer is that the Sun did not slow down, that it still has 
much of its original angular momentum buried deep in its 
interior. 

If this hypothesis of a Sun with a rapidly rotating 
interior is to be considered reasonable, it is necessary to 
understand why the surface is rotating so slowly. This 
question will be discussed in detail in another paper by 
my colleague, J. Peebles, and me. The answer appears 
to be that in the past, and to this day, the solar corona 
with its magnetic field has acted as a brake on the surface 
of the Sun, causing angular momentum to be lost to the 
solar wind!*, A present-day value for this solar torque 
ean be obtained from the density distribution on the 
corona, the mean square value of the magnetic field over 
the surface of the Sun, and the magnitude of the solar wind 
{which has been obtained both from satellite observations 
and theoretically from a model of the solar corona)!®, 

The value obtained by Peebles and me for the solar 
torque (per steradian on the solar equator) is: 

dE dM 
— To?) : 


d ~ dé 


where dif/dt is the solar mass loss rate (per steradian), 
œs is the angular velocity of the solar surface, and r, is 
that radius at which the coronal density takes on the value: 


sad SY ot 
= dé Be Tst 
with B,* the mean square value of the radial component 
of the solar magnetic field seen at the Sun’s surface and 


rs the solar radius. 
Assuming that: 


VB = 3/4 gauss 
dMjdt = 3 x 10" g/sec sterad 
the critical value of p is: 
= 8 x 10-2 g/cm’ 
which from a typical model of the corona gives: 
% = 35re 
The solar torque is then: 
~ dBj/dt = 5-2 x 10° dyne em/sterad 
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This value is quite insensitive to-the absolute density 
obtained from the coronal model and the various models 
which have been examined all give about the same value 
for the torque. 

In speaking of a slowly rotating surface of the Sun one 
means the convective zone (approximately the outer 15 
per cent of the solar radius), for angular momentum would 
be freely convected along with heat in this zone. 

It is necessary to understand how the interior of the 
Sun could be so decoupled from the surface as to spin 
freely for 5 x 10° years. There are two separate problems 
in this connexion: First, would magnetic torques be neglig- 
ibly small? Secondly, would the velocity shear associated 
with an angular velocity gradient result in turbulence (or 
possibly in the generation of interface gravity waves) 
which would readily transfer angular momentum ? 

Measurements of the solar magnetic field carried out 
during the past sun-spot cycle have shown that what was 
originally thought to be a general magnetic field of the 
Sun is in reality a surface phenomenon, reversing in 
polarity with the sun-spot cycle. So far there is no evi- 
dence for any but a superficial magnetic field on the Sun. 
This somewhat surprising result is now understandable. 
In recent years, through the work of Hayashi et al.1’-1°, 
it has become clear that during the early contraction 
phase of the Sun it was unusually luminous (for perhaps 10¢ 
years more than 100 times as bright as now) and that for 
5 x 105 years it was completely convective. This thorough 
mixing of the solar interior would result in a randomization 
of any primordial magnetic field. At the termination of 
the Hayashi phase, convection would cease with this 
highly irregular field frozen in. In terms of a spherical 
mode expansion, this randomized field would be repre- 
sented by modes of short wave-length and short half-life. 
Thus, with our present limited knowledge, it would be 
reasonable to expect that the Sun’s early magnetic field 
has died except for the outer zone where convection helps 
maintain it. 

In considering turbulence, one’s first naive reaction is 
to calculate a Reynolds number for the Sun. This would 
be enormous, suggesting turbulent transfer of angular 
momentum. However, because of the gravitationally 
stratified interior, that is, dense gas underlying light gas, 
the Reynolds number does not provide a proper criterion 
for turbulence. ` 

The problem of the laminar flow of a density stratified 
fluid has not been solved in general. However, the 
example of a flow in an inviscous incompressible fluid 
investigated by Drazin* is sufficiently similar to the solar 
problem that it may provide a reasonably reliable model. 
Drazin considered a cylindrical problem, a two-dimen- 
sional flow in a vertically stratified fluid in a gravitational 
field with the density decreasing exponentially with 
height. He assumed horizontal flow, with a smooth transi- 
tion from one region of constant velocity to another 
constant velocity region. He found that if the Richardson 


number: 
spaa) 


satisfied the condition R > 1/4, the flow was smooth. 
Here g is the gravitational acceleration, z is the vertical 
height and U the velocity in the horizontal direction. 
The stratification in the Sun is spherical rather than 
plane, but this difference is unimportant if the transition 
to a high angular velocity takes place in a relatively thin 
shell. The solar medium is compressible, but the ambient 
pressure below the convective shell is at least 10° times 
as great as the magnitude of the stress components 
pviv; associated with the rotational motion, and com- 
pressional effects should be negligible. However, there 
is one significant effect of the compressibility of the fluid. 
For a compressible fluid the buoyancy force on a virtually 
displaced volume element is proportional to thé excess 


R= 
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in the density gradient over the adiabatic gradient, rather 
than to the density gradient itself, and this excess should 
be used in defining a Richardson number. Defined in this 
way and assuming the applicability of Drazin’s calculation, 
it is found that the rotational shear is laminar, even under 
rather extreme conditions. For example, with the interior 
rotating with a 25-h period and the angular velocity 
transition zone only 0-05 times solar radius in thickness, 
and lying only 0-1 times solar radius below the convective 
zone, the modified Richardson number is 4. For other 
less-extreme distributions it is substantially larger. 
These calculations are based on Weymann’s solar 
model*}. 

Another stabilizing influence could be provided by the 
toroidal magnetic field that would be generated in a zone 
of non-uniform angular velocity by a weak dipolar magnetic 
field. Such a dipolar field, if strong enough, but not so 
strong as to generate a large torque, would generate a 
strong toroidal field which would act as a rigid constraint, 
permitting only rotation about the toroidal axis. It is 
difficult to appraise the importance of this effect, as the 
required dipolar field strength is too small to be observable 
and the toroidal field is buried deep in the Sun. 

With the foregoing remarks in mind there do not appear 
to be any compelling reasons for believing that the Sun 
is now rotating rigidly with the angular velocity seen at 
the surface. More than this, it is possible to give a reason- 
able but conjectural history of the Sun’s rotation. Accord- 
ing to this view, the solar system condensed out of a 
rotating gas mass. As the Sun contracted through the 
Hayashi phase, the internal magnetic field was strength- 
ened and contorted by the convection. This field traris- 
ferred angular momentum to the solar wind, which must 
have been substantially stronger at this time. We have 
no reliable way of estimating quantitatively how much 
angular momentum was lost to the interplanetary medium 
during the Hayashi phase (5 x 10° years). However, at 
its termination a radiative core grew outward, freezing in 
this contorted magnetic field which thereupon proceeded 
to decay rapidly. With the disappearance of the magnetic 
field the radiative core became decoupled from the 
convective shell. However, this thin convective shell 


-was still coupled by its magnetic field to the early active 


corona. Because of its small moment of inertia (2 per cent 
of the whole Sun) the convective shell was easily slowed by 
the initially large magnetic torque to a rotation rate 
comparable with its present value. This initial slowing 
probably took place in at most a few million years. After 
this precipitous loss of angular momentum by [the 
convective shell, the viscous coupling between the core 
and the convective shell led to a gradual loss of angular 
momentum by the core, a loss continuing to this day. 
From this point of view the rotation rate of the 2eon- 
vective shell has gradually adjusted itself until the 
coronal torque on this layer is balanced by the viscous 
torque. 

This picture is admittedly conjectural, but it has a 
measure of interest as it permits a determination of the 
internal rotation of the Sun from the present loss rate of 
angular momentum to the solar wind. This determination 
of the internal solar spin can then be compared with that 
obtained from the solar oblateness. 

It is a simple matter to calculate this present value for 
the solar torque assuming an initially uniform angular 
velocity and a subsequent rapid slowing of the convective 
shell. Assuming an initial rotation, period of 25 h, the 
equatorial torque density calculated in this way, 3-5 x 
10%° dyne/cm/steradian, agrees satisfactorily with the 
value of the coronal torque (5-2 x 10°? dyne/cm/steradian) 
obtained earlier. The coronal torque is not sufficiently 
well known to make this difference significant. The 
validity of this rotational model and the 25-h period will 
become clear when accurate data on the solar oblateness 
are available. 

I thank Dr. G. M. Clemence for his advice. 
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ROLE OF THE GENETIC MESSAGE IN INITIATION AND RELEASE 
OF THE POLYPEPTIDE CHAIN 


By Dr. ALAN R. WILLIAMSON and Pror. RICHARD SCHWEET 


Department of Biochemistry, College of Medicine, University of Kentucky, Lexington 


REVIOUS work on cell-free systems has shown. that 
p monomeric (80S) ribosomes become attached to 
polyribosomes!” and initiate synthesis of the polypeptide 
chain. The ribosomes move along the messenger RNA as 
the polypeptide chain grows, and become detached from 
the polyribosome when the polypeptide cham is com- 
pleted and released*~. We have extended these investiga- 
tions to the intact cell, and, using the inhibitor, puromycin, 
present evidence that a similar dynamic equilibrium of 
attachment and detachment exists here. These investiga- 
tions also demonstrate that the synthesis of a polypeptide 
chain sequentially from the N-terminal end** arises 
from the fact that the ribosome attaches only at the 
start of the messenger RNA, and a polypeptide chain is 
released because the ribosome detaches when it reaches 
the end of the messenger RNA. 

These results depend on earlier work on the inhibition 
of hemoglobin synthesis by puromycin in cell-free 
systems’~*. Inhibition by puromycin of intact cell protein 
synthesis has also been examined’. Polyribosomes 
(aggregates of monomeric, 80S ribosomes) have been 
shown to be the site of protein synthesis in reticulo- 
cytes™-18, and it was suggested that messenger RNA 
held the 805 ribosomes together in the polyribosome. 

Puromycin effecta in intact reticulocytes. Rabbit reticulo- 
cytes were incubated with C-valine with and without 
puromycin. Hemoglobin synthesis was inhibited 77 and 
98 per cent with 2-5 x 10-5 M and 2-5 x 104 M puro- 
mycin, respectively (Fig. 1). When intact cells were 
washed free of inhibitor after 10 min of incubation, and 
re-incubated, an almost normal rate of protein synthesis 
was re-established (Fig. 1). Thus, no permanent lesion 
has been caused in the protein-synthesizing machinery 
by a level of puromycin which completely inhibits hæmo- 
globin synthesis. This result is in agreement with earlier 
results in cell-free systems?-® which showed that puromycin 
did not inhibit peptide-bond formation, but caused the 
release of small peptides from the ribosome, so that 
TCA-precipitable, labelled protein was not formed. 

The pattern of 1X ribosomes from cells incubated in 
the absence of puromycin (Fig. 24) was the same as the 
zero time pattern. This pattern is similar to that found 
for an unpelleted extract and contained usually 65 per 
cent polyribosomes and 35 per cent monomeric ribosomes. 
However, incubation in the presence of puromycin for 
10 min (Fig. 2B) gave a pattern containing roughly 35 per 
cent polyribosomes and 65 per cent monomers. This 
pattern did not change further on continued incubation 
in the presence of puromycin (Fig. 2C). Thus, the break- 
down. of polyribosomes is not a direct effect of puromycin 
on these structures. Since peptide bond formation continues 


and is essential for the puromycin-dependent breakdown!, 
although protein synthesis is inhibited, the change in 
polyribosome pattern in the presence of puromycin ia 
most readily explained by the establishment of a new 
equilibrium rate of attachment and detachment of 
monomers to the polyribosomes. The decreased number 
of polyribosomes could result from a decreased rate of 
attachment of monomers or an increased rate of travel 
along the messenger RNA and thus increased rate of 
detachment. 

When puromycin was removed and the cells re-incu- 
bated, the percentage of polyribosomes increased (Fig. 
2D), but not to the original level. However, as noted 
above (Fig. 1), under these conditions the original rate 
of protein synthesis was re-established. This provides 
evidence that the rate of protein synthesis does not 
depend on the amount of polyribosomes, but rather on 
the rate of attachment and detachment of the monomers 
to the polyribosomes. These effects have been obtained 
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Fig. 1. Time course of incorporation into intact rabbit reticulocytes 
with and without puromycin. Cells incubated without puromycin (A), 
with 2:5 x 10-* M puromycin ([]) and with 2-5 x 10 M puromycin (W). 
Celis incubated with puromycin (2°5x 10 M) for 10 min, followed by 
three washings with isotonic solution (5 min at 37° each) and re-incubated 
without puromycin (@). The packed cells (0:5 ml.) were incubated at 
87° with 1 ml. of a 10+. M mixture of **C-amino-acids minus valine, 
0-4 ml. fresh plasma, 0-05 ml, 2 M tris, pH 7-5, 0:08 ml, 0-01 M ferrous 
ammonium sulphate, 1-05 ml. of 4-fold concentrated, modified Krebs— 
Henseleit solution, 1 ml. C-valine (10 M) and water to a final volume of 
58ml. Aliquots were withdrawn at intervals and prepared for counting 
by the complete washing procedure (ref. 14) 
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Control 

B Plus puromycin 
10 min 

C Plus puromycin 
30 min 

D Washed and 
incubated 

E 10 x puromycin 


' Fig.2. Sedimentation patterns of ribosomes isolated from reticulocytes 
incubated in vitro. A, control cells incubated without puromycin for 
30 min; B and C, cells incubated with 2-5 x 10 M puromycin for 10 min 
and 30 min respectively; D, cells incubated with 2-5 x 10* M puromycin 
for 10 min, then washed and re-incubated without puromycin; E, cells 


-the first few minutes!. 
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RNA in a normal way, the major lesion ‘being that the 
polypeptide chain is fragmented. Also since removal of 
puromycin permits re-initiation of protein synthesis, it 
appears that ribosomes in these polyribosomes can start 
peptide bond formation at any point on the messenger 
RNA. where they may be. This was shown directly in the 
cell-free system (see following). It seems likely, then, 
that the polypeptide chain is normally started only at 
the N-terminal amino-acid because the 80S ribosome can 


attach only at the corresponding point of the messenger 


RNA., as shown earlier}. 

It was of interest to examine the incorporation of 
4C-amino-acids in the cell-free system using ribosomes 
from puromycin-treated cells. Cells were incubated with 
puromycin, washed free of the inhibitor, and 1X ribo- 
somes prepared from these puromycin-treated cells and 
control cells. The ribosomes from puromycin-treated 
cells contained twice as many monomeric ribosomes as 
the control ribosomes as noted in Fig. 1. In the cell-free 
system, attachment of monomeric ribosomes fails after 
The increased number of mono- 
meric ribosomes in the puromycin ribosomes might be 
expected to lead to increased attachment and higher 
incorporation, since attachment of monomeric ribosomes 
results in the synthesis of completely new chains (de novo 
synthesis'). These ribosomes did indeed show a higher 
incorporation in the usual cell-free system than ribosomes 
from untreated cells (Table J). The increased incorpora- 
tion adds further evidence to the point of view that the 
rate of protein synthesis is not related to the proportion 
of polyribosomes. but rather to the rate of attachment 
of monomeric ribosomes to the polyribosome. 

Poly A inhibited hemoglobin synthesis by preventing 


incubated with 25x 10+ M puromycin for 10 min. The direction of 

sedimentation is from left to right. Cells were incubated and washed 

as described under Fig. 1. The analytical ultracentrifugation (Spinco 
model E) was carried out as described previously (ref. 4) 


with a population of cells containing a fixed ratio of 
ribosomes to messenger RNA. If the amount of ribosomes 
per cell were greatly increased, as in nucleated erythro- 
poietic cells®, this would also displace the equilibrium 
toward more polyribosomes in all probability, although 
the rate of protein synthesis per ribosome might be less. 
It may be inferred from these considerations that the 
decrease in hemoglobin synthesis during red cell matura- 
tion results in part from the loss of ribosomes rather than 
only from the loss of messenger RNA. 

Properties of polyribosomes from puromycin-treated cells. 
Polyribosomes usually contain the labelled protein when 
intact cells are incubated with a C-amino-acid!-%, 
However, if the mechanism of action of puromycin 
involves the release of growing peptides, then polyribo- 
somes isolated from puromycin-treated cells should con- 
tain only small segments of labelled peptides. Intact 
reticulocytes were incubated with “C-valine with and 
without puromycin. The cells were lysed and 1X ribo- 
somes prepared and analysed on a sucrose gradient 
(Fig. 3). In the absence of puromycin, the optical density 
curve mirrors the incorporated 1*C-valine, except for the 
80S peak which is virtually unlabelled (Fig. 3, above). 
However, polyribosomes from cells treated with puro- 
mycin (2-5 x 10-5 M) had about 20 per cent of the specific 
activity of control ribosomes (Fig. 3, below). If the 
control polyribosomes contain an average chain length of 
75 amino-acid residues®, then the puromycin ribosomes 
contain an average of 15 residues per ribosome. It is of 
interest that these polyribosomes appear to be as stable 
in the low magnesium (10-4 M) sucrose gradient as the 
control ribosomes, implying that a large peptide chain is 
not essential for polyribosome stability. In other experi- 
ments, using 2-5 x 10-4 M puromycin, the polyribosomes 
must be virtually unlabelled, since the total incorporation 
is negligible. These polyribosomes are also stable. 

These results provide further evidence that ribosomes 
in the presence of puromycin travel along the messenger 


attachment of monomeric ribosomes and the consequent 
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Fig. 3. Labelling pattern of ribosomes isolated from reticulocytes 
incubated without puromycin (upper) and with 2:5 x 107 M puromycin 
(lower). The solid line shows the optical density and the dashed line the 
radioactivity in each case. The bottom of the gradient (heavier poly- 
ribosomes) is to the left. Linear gradients 7-5-30 per cent w/v sucrose 
in solution D (ref. 4) were used and LY ribosomes homogenized in 0-25 M 
sucrose were diluted with solution D before layering. The gradients 
were centrifuged at 24,000 r.p.m. for 4 h in a Spinco SW 26 rotor. 
Seventeen-drop fractions were collected; an aliquot of each fraction was 
removed for counting Ina Packard ‘Tri-carb’ scintillation counter and 
the remainder was used for determination of optical density at 260 mu 
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Table 1. INCORPORATION IN THE CELL-FREE SYSTEM WITH RIBOSOMES FROM 
PUROMYCIN-TREATED CELLS 


Incorporation 


ar us Ratio of 
Source of ribosomes system (I) Poly A(II) new/old chains 
Control cells 4,280 2,140 0-5 
Puromycin-treated cells 5,000 1,450 1-2 


The results are given as ¢.p.m. of 1*C-valine incorporated per mg of 
ribosomes used. Cells were incubated with 2-5x10~° M puromycin, then 
washed three times with cold isotonic solution. Ribosomes were prepared 
from these and control cells. Assays were performed in the usual completo 
system (ref.14). Poly 4 was added ata concentration of 150 vg/1-4 ml. of 
incubation mixture, The ratio of new/old chains was 0-5 (column I minus 
column II) divided by column IT. 


synthesis of new chains'4. Poly A inhibited 'C-valine 
incorporation with puromycin ribosomes more than with 
control ribosomes (Table 1). This is good evidence that 
puromycin ribosomes do synthesize increased amounts of 
new chains compared to control ribosomes. The increase 
in new chain synthesis appears, in fact, to be closely 
related to the increase in the percentage of monomeric 
ribosomes in the puromycin ribosomes (Table 1). This 
increase in new chain synthesis with puromycin ribosomes 
has been confirmed by N-terminal valine analysis and net 
build-up of polyribosomes in the cell-free system?**. 

Incorporation into ribosomes in the presence of poly A 
represents synthesis of the C-terminal half of the chain 
on the average!. With normal ribosomes, since the un- 
labelled N-terminal half of the chain is present, this 
represents completion of chains and the labelled protein 
is largely found in hemoglobin in the soluble fraction’. 
However, as noted here, the polyribosomes from puro- 
mycin-treated cells contain only small peptides and must 
lack the N-terminal regions of the polypeptide chain. 
However, incorporation by the polyribosomes in the 
presence of poly A is similar with puromycin and control 
ribosomes (Tables 1 and 2), considering that there are 
twice as many polyribosomes in the control as in the 
puromycin ribosomes. We conclude that the completion 
of the chain proceeds equally well, whether or not the 
N-terminal portion of the chain is present. Further, the 
puromycin ribosomes release labelled protein into the 
soluble fraction, although not so well as the control 
ribosomes (Table 2). Preliminary characterization of this 
released material indicates, as expected, that it consists 
of incomplete chains, largely the C-terminal half?*. There- 
fore, the release of chains from ribosomes does not require 
that a complete chain be present, but only that the 
monomeric ribosome be released from the polyribosome 
structure, presumably at the end of the messenger RNA‘. 

In summary, we conclude that: (1) A dynamic equi- 
librium of attachment and detachment of 805 ribosomes 
to polyribosomes exists in the intact cell. This follows 
from the effect of puromycin in decreasing the number of 
polyribosomes to a lower level which is then maintained, 
and also the orderly nature of the decrease which is found 
for the various sizes of polyribosome. Removal of puro- 
mycin results in the re-establishment of the original rate 
of protein synthesis, but the original level of polyribo- 
somes is not reached. The critical factor in the rate of 
protein synthesis in the intact cell is likely to be the rate 
of attachment of 80S ribosomes to the polyribosome, as 
shown directly in the cell-free system. 

(2) The preservation of polyribosomes in the presence 
of puromycin implies that the presence of a large poly- 


Table 2. INCORPORATION INTO RIBOSOMES AND SOLUBLE PROTEIN IN THE 
PRESHNOE OF POLY A 


Incorporation 


Ribosomes Soluble Release 
Source of ribosomes protein (%) 

Puromycin-treated cells 

15 min 182 286 “61 

60 min 526 1,010 66 
Control cells 

15 min 229 424 65 

60 min 328 2,000 85 


_ Samples were incubated in the complete system with “O-valine for the 
indicated times in the presence of poly 4 (150 ug per assay). The ribosomes 
and supernatant were separated by centrifugation, and the incorporation in 
each was determined. Results are given as c.p.m. of “C-valine incorporated 
per mg of ribosomes used. 
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peptide chain is not required for the integrity of the 
polyribosome, since the peptide chain is lost probably a 
number of times for any ribosome in the polyribosome 
during the incubation. However, the ribosome under 
these conditions does not leave the polyribosome until it 
comes to the end of the messenger RNA. This also follows 
from the earlier investigations where the breakdown of 
polyribosomes in the cell-free system was not greatly 
accelerated by puromycin but proceeded to completion 
under conditions where protein synthesis could take 
place’. This finding is consistent with the most recent 
evidence on the mechanism of peptide bond formation”, 
which indicates that there are two sRNA binding 
sites per ribosome. The binding of amino-acyl sRNA 
to these sites is an enzymatic, energy-requiring process. 
This reaction, and possibly the formation of the first 
peptide bond, is required for the binding of ribosomes to 
messenger RNA. 

(3) A polypeptide chain can be started at any point on 
the messenger RNA, provided the ribosome is there, and 
it is released when the ribosome leaves the messenger 
RNA. This follows directly from the fact that puromycin- 
treated ribosomes, which lack the N-terminal regions of 
the polypeptide chains normally present, incorporate 
4C.amino-acids. They synthesize and release C-terminal 
halves (on the average) of the polypeptide chain. This is 
confirmed by the random nature of the N-terminal amino- 
acid in the small peptides present in ribosomes from 
puromycin-treated cells'*. Since normally polypeptide 
chains lacking N-terminal portions are not made, this 
must arise from the fact that ribosomes can attach only 
at the start of the messenger RNA. Similarly, since chains 
lacking C-terminal regions exist in ribosomes but are 
usually not released, this must arise from the fact that 
the ribosome has not reached the ‘end’ of the messenger 
RNA. The mechanisms responsible for attachment and 
detachment of ribosomes are not understood and it is 
not intended to imply that the ‘end’ or the ‘start’ cor- 
responds with the physical end and start of the messenger 
RNA molecule. A special base sequence or other mech- 
anism may exist to signal ribosome detachment. This 
would occur at the end of the genetic message for the 
particular protein, which might be at any point in the 
messenger RNA molecule. A number of other mechanisms 
which involve detachment of the ribosome whenever it is 
not possible to make a peptide bond (such as when a 
nonsense codon occurs, or when increased secondary 
structure exists in the messenger RNA) are plausible, but 
lack supporting evidence. 

This work was supported by grants from the U.S. 
National Science Foundation (@—21026) and the U.S. 
National Institutes of Health (H-5293). One of us (R. S.) 
is a research career awardee of the U.S. Public Health 
Service. 
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SYNTHESIS OF COLLAGEN ON POLYRIBOSOMES 


By ROBERT H. KRETSINGER, Dr. GEORG MANNER, Pror. BERNARD S. GOULD 
and Pror. ALEXANDER RICH 


Department of Biology, Massachusetts Institute of Technology, 
Cambridge, Mass, 


T has been shown in several animal, microbial and 

plant systems that the assembly of polypeptide chains 
during protein synthesis occurs on clusters of ribosomes 
called ‘polyribosomes’ or simply ‘polysomes’}~. These 
polysomes appear to be held together by messenger RNA. 
They are usually identified by their absorbancy at 260 mp 
and their protein synthetic function is recognized by the 
incorporation of isotopically labelled amino-acids into the 
nascent proteins attached to the ribosomes. In cells 
which are synthesizing many different proteins, all the 
proteins are labelled. However, the formation of in- 
dividual globular proteins has been studied in the case of 
hemoglobin?*> and of B-galactosidase*.?. Experiments 
are reported here which were performed to examine the 
formation of collagen, a triple-stranded fibrous protein. 
It is particularly well suited to such an investigation due 
to its characteristic content of hydroxyproline, which is 
derived metabolically from proline and which can be 
regarded as a label specific for collagen. Lowther et al.® 
and Prockop et al.” have shown collagen to be associated 
with the microsomal fraction during synthesis. Our 
results indicate that collagen is synthesized on very large 
polysomes. 

In these experiments, 14C-proline was injected into chick 
embryos and nascent collagen was identified by isolating 
acid-precipitable protein and then determining its content 
of radioactive hydroxyproline. Usually 5-8 pe. of “C- 
proline was injected into a chorioallantoic vein of a 
nine-day-old embryo which was then allowed to continue 
incubating within the egg for an additional 20-30 min. 
Following this the embryo was removed from the shell 
and put into ice-cold buffer containing 0:0015 M mag- 
nesium chloride, 0-01 M potassium chloride and 0-01 M tris 
hydrochloride, pH 7-4. The embryo, from which the 
brain had been removed, was dis- 
rupted with ten strokes of a Dounce 
tissue grinder and the homogenate 
was then centrifuged at 10,000g 
for 15 min to remove cell debris, 
nuclei and mitochondria. Sodium 
deoxycholate was added to a final 
concentration of 0-5 per cent to 
detach the ribosomal material from 
the endoplasmic reticulum’ and 
the supernatant was layered on to 
æ linear sucrose gradient (15-30 
per cent) of the same ionic com- 20 
position as the homogenization 
medium. The gradient was centri- 
fuged at 25,000 r.p.m. near 2° C 
for various time periods using a 
swinging bucket rotor in the Spinco o 
model £ ultracentrifuge. After 
centrifugation, the plastic centri- 
fuge tube was punctured at the 
bottom, serial fractions were col- 
lected, and the absorbancy at 260 
my was recorded continuously on 
a Gilford spectrometer. Carrier 
protein was added to each frac- 
tion and the ribosomal material 
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was precipitated by the addition of an equal volume 
of cold 10 per cent trichloroacetic acid. The pre- 
cipitates were washed, dried and then hydrolysed in 
6 N hydrochloric acid. The amino-acids in the hydro- 
lysate were separated by paper chromatography in water 
saturated 1:1 phenol: o-cresol. The proline and 
hydroxyproline were eluted, and the radioactivity was 
determined in a low-background Geiger—Miiller counter. 

Figs. 1 and 2 show analyses of various sucrose gradients 
in which the absorbancy at 260 my as well as the radio- 
activity of the proline and hydroxyproline are plotted. A 
characteristic feature of these experiments was the 
formation of a gelatinous pellet at the bottom of the 
centrifuge tube. Tho formation of this type of pellet has 
also been observed by Malt and Speakman" in a collagen- 
forining system in the guinea pig. The work recorded 
here indicates that the pellet contains nascent and newly 
formed, collagen on the basis of its “C-hydroxyproline 
content. Pellets were formed even during relatively short 
centrifuge runs and their size increased with increasing 
periods of centrifugation. The results of centrifugations 
for 20, 55 and 120 min are presented in Figs. 1 and 2. 
In Fig. la are shown the results of three independent 
experiments (20-min centrifugation time) involving three 
different groups of chick embryos (A~C). The results are 
plotted separately to show the variability of the system. 
After such a short centrifugation most of the material 
absorbing at 260 my is still close to the top of the gradient. 
However, even after this short time period, it is clear that 
rapidly sedimenting hydroxyproline-rich material can be 
seen to be somewhat diffusely distributed through the 
gradient. The material containing bound “C-hydroxy- 
proline has already started to accumulate in the pellet. 
The results of a 55-min centrifugation are illustrated in 
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Fig. 1. Sucrose gradient analyses of chick embryo homogenates. Chick embryos were injected with 
5-8 uo. “C-1-proline and allowed to Incubate 20-30 min before homogenization. About 15 ml. of the 
10,0007 supernatant from one embryo was layered above 29 ml. of a 15-30 per cent linear sucrose 
gradient and then centrifuged at 25,000 r.p.m. near 2° C in the Spinco L-centrifuge 

(a) 20-min centrifugation. The hydroxyproline radioactivity is plotted for a 

ments. All three experiments had the same absorbancy curve. (b) 55-min centrifugation. Proline 
and hydroxyproline radioactivity are both shown. ‘The arrow at approximately 700 S marks the 
position in a parallel gradient of a 7-2 bacteriophage marker. At the right, the absorbancy peak 
associated with the polyribosomes is just beginning to break away from the top of the gradient 
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Fig. 2. A preparation similar T igi described in Fig, 1 was centrifuged 
‘or min 
(a) Centrifugation without added ribonuclease. The peak labelled 80 S 
represents single ribosomes. Most of the hydroxyproline radioactivity 
is now in the pellet region. () An equal aliquot of the material used 
in (a) was digested with ribonuclease (1 ug/ml.) for 15 min at 2° C, prior 
to gradient centrifugation. The polysomes have broken down, and half 
the hydroxyproline radioactivity is no longer in the pellet 


Fig. 1b. The polysome peak is just resolved from the 
remainder of the material near the top of the gradient. 
The results of both proline and hydroxyproline analysis 
show that the proline radioactivity approximately follows 
the absorbancy while the hydroxyproline radioactivity 
does not. A diffuso peak of material containing ™C- 
hydroxyproline is seen sedimenting at about 400 S, and 
labelled proline as well as labelled hydroxyproline are 
still accumulating in the pellet. Tho sedimentation con- 
stant was estimated by reference to a 700 S bacterio- 
phage T-2 marker! 

The results of extending tho centrifugation time to 
120 min are illustrated in Fig. 2a. Here the single ribo- 
somes labelled as 80 S have moved from the top of the 
gradient and a broad distribution of polyribosomal 
material is seen extending from this region to the bottom 
of the gradient. This distribution of polysome sedi- 
mentation is similar to that which has been seen in other 
systems, such as HeLa cells’. However, under these 
conditions a hydroxyproline peak is no longer observed 
and most of the hydroxyproline radioactivity has 
accumulated in the pellet which would be expected to 
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contain material sedimenting more rapidly than about 
350 S. 

In contrast to hydroxyproline, the bulk of the sedi- 
menting proline radioactivity is found associated with the 
broadly distributed polyribosomal material and shows a 
minimum incorporation in the region of single ribosomes. 
Tho distribution of proline in the polyribosomal region is 
similar to that seen if a mixture of Jabelled amino-acids, 
such as is found in C-labelled algal hydrolysate, is 
injected into the chick. It is evident that most of the 
nascent collagen chains appear in the pellet region after a 
120-min centrifugation even though, under thoso con- 
ditions, the bulk of the nascent non-collagenous proteins 
is found in the 100-300 S polysomal region. However, it 
should be pointed out that collagen is not the only nascent 
protein found in the pelletable material. After the 
injection of ™C-tyrosine, considerable radioactivity 
appears in the pellet even though collagen contains 
relatively little tyrosine. 

It is believed that polyribosomes are held togothor by 
RNA because mild treatment with ribonuclease converts 
them into single ribosomes with the nascent polypeptide 
chains still attached?-*. The effect of ribonuclease on the 
chick homogenate is shown in Fig. 26. The absorbancy 
found in polyribosomes in Fig. 2a is now shifted to the 
80 S single ribosomal region, together with most of the 
radioactivity associated with the nascent protein. It is 
significant that ribonuclease liberates about three-fourths 
of the proline radioactivity from the pelletable material, 
but only about a half the hydroxyproline radioactivity 
is released. The ratio of proline to hydroxyproline radio- 
activity in the pelletable material before ribonuclease 
treatment varies from 6:1 to 10:1; after ribonuclease 
the ratio drops to about 4:1. Mature collagen has a 
proline to hydroxyproline ratio of about 1-4: 1. Ribo- 
nuclease releases both non-collagenous protein and 
collagen from the pelletable material; however, the ribo-, 
nuclease resistant fraction contains an increased pro- 
portion of collagen-like material. 

These experiments suggest that collagen synthesis 
differs somewhat from the way in which most globular 
proteins are assembled. While most of the latter are 
found in polyribosomes up to approximately 250 S in 
size (40-50 ribosomes)", the rapidly sedimenting hydroxy- 
proline-containing material has a sedimentation constant 
of about 400 S or greater. Efforts were next directed 
towards showing that the rapidly sedimenting hydroxy- 
proline is indeed associated with polyribosomos. 

The pellet obtained after centrifugation for 120 min 
has an absorption spectrum similar to that of ribosomes, 
with a 260 mp/280 my ratio about 1:7. Non-specific 
adsorption of collagen in the pellet was ruled out by 
adding collagen labelled with “C-proline and 4C-hydroxy- 
proline to a non-radioactive 10,000g supernatant prior to 
sucrose gradient centrifugation. Under these conditions 
no radioactivity sedimented in any of the polyribosomal 
fractions. 

Increasing the deoxycholate concentration from the 
usual 0-5 to 2-0 per cent has little effect on the 260 mu 
absorbancy and the proline and hydroxyproline radio- 
activity of the pellet. This observation and tho fact that 
0-2 per cent deoxycholate treatment has beon shown to 
dissolve the membranes!’ argues against the possibility of 
residual attachment of this rapidly sedimenting material 
to the endoplasmic reticulum. 

The nature of the hydroxyproline-containing material 
released from a pre-formed pellet by ribonuclease treat- 
ment was investigated. The pellet from a 120-min 
centrifugation was resuspended by homogenization and 
treated with ribonuclease (2 pg/ml.) for 30 min at 4° C. 
The suspension was clarified by a 10-min centrifugation 
at 10,000g and the supernatant, which contained more than 
85 per cent of the original radioactivity of the pellet, was 
sedimented on a sucrose gradient. The results, shown in 
Fig. 3, indicate a sharp peak at 80 S representing single 
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Fig. 3. Ribonuclease treatment of the rapidly sedimenting component. 

The pellet obtained after a 120-min centrifugation of the homogenate 

from three embryos was resuspended by gentle homogenization and 

treated with ribonuclease (2 ug/ml.) for 35 min at 2° ©. This solution 

was then placed on a 15-80 per cent sucrose gradient and centrifuged 

for 210 min at 25,000 r.p.m. Tee peak labelled 80 S represents single 
ribosomes 


ribosomes. Both proline and hydroxyproline sediment 
with this peak, indicating that ribosomes, to which nascent 
collagen is attached, are liberated from the pellet by 
homogenization and ribonuclease treatment. 

Gilbert#® has found that the nascent polypeptide chain 
with its attached soluble RNA can be removed from 
ribosomes by treatment with sodium dodecylsulphate. 
Accordingly, this technique has been used to degrade a 
pellet (from a preparation similar to that shown in Fig. 2a) 
after which the material was sedimented on a sucrose 
gradient. The results (in Fig. 4) show two absorbancy 
peaks. The peak near the bottom of the tube is one of 
the large ribosomal RNA components and the other near 
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Fig. 4. Dodecylsulphate treatment of rapidly sedimenting component. 
The pellet obtained after 180 min centrifugation of the homogenate 
from two embryos was resuspended by gentle stirring for 60 min at 
25°C in a solution containing 0-1 N sodium chloride, 0-005 M tris 
hydrochloric acid, pH 7:0, and 0°5 per cent sodium dodecylsulphate. 
The solution was then dialysed against water for 2 h, while it cooled 
from 20° to 2° C. The non-dialysable material was then placed on a 
5-20 per cent sucrose gradient and rap aggten De for 22 h. The peak 
labelled 45 represents the soluble RNA, while the absorbancy at the 
dottom of the gradient, at the left, ee one component of ribo- 
80) 
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the top of the gradient corresponds to the 4 S soluble 
RNA. It can be seen that both proline and hydroxy- 
proline radioactivities are associated with the 4 S peak. 
This result is consistent with the presence of nascent 
collagen polypeptide chains attached to soluble RNA. 

In another experiment, 1:0 mg of puromycin, which is 
known to liberate growing polypeptide chains from ribo- 
somes!®17, was injected in the chick embryo 25 min after 
injection of “C-proline. Sucrose gradient analysis showed 
that the polyribosomes had broken down, that neither 
proline nor hydroxyproline radioactivity was sedimenting 
with the single ribosomes, and that there was very little 
radioactivity in the pellet. These results are consistent 
with the conclusion that growing collagen chains are 
attached to the rapidly sedimenting polyribosomes of the 
chick embryo. 

The largest polysomes which have been observed up 
to the present are those formed during polio virus infection 
of HeLa cells!*4, These polysomes contain 40-60 ribo- 
somes as seen in the electron microscope and are believed 
to be formed by having the entire polio virus RNA 
molecule act as a messenger. Most of the collagen-syn- 
thesizing polyribosomes appear to be even larger than 
those and, judging by their sedimentation constant of 
400 S and higher, would contain a minimum of 100 ribo- 
somes. A very preliminary electron microscope examina- 
tion (in collaboration with C. E. Hall) of these collagen- 
synthesizing polysomes showed large clusters of ribosomes. 
Malt and Speakman", in an electron microscope investi- 
gation of the collagen-forming system in polyvinyl sponge 
implants in guinea pigs, have observed similar large 
clusters of ribosomes. 

Even though collagen is the major fibrous element in 
the animal kingdom and has been studied extensively, 
very little is known about the genetic control of its 
synthesis. In particular, there is little information about 
the size or number of messenger RNA molecules which 
are used in the synthesis of this fibrous protein. The 
tropocollagen molecule itself consists of three polypeptide 
chains, two «œ, and one «,, each with a molecular weight 
of approximately 110,000 (ref. 18). However, it has not 
been determined whether these represent individual 
polypeptide chains or assemblies of sub-units?’, In the 
analysis of hemoglobin synthesis it has been shown that 
approximately 5-6 ribosomes are associated with a 
messenger strand which carries the information for syn- 
thesizing a polypeptide chain of molecular weight near 
17,000 (refs. 2, 3). Accordingly, we would estimate that 
a messenger strand capable of accommodating 30 ribo- 
somes would be adequate to code for a single polypeptide 
chain of molecular weight near 110,000. However, the 
collagen synthesizing polysome is much larger. This 
suggests that the collagen messenger RNA may be poly- 
cistronic, coding for more than one protein, or alterna- 
tively that there may be more than one polyribosomal 
cluster associated together in the rapidly sedimenting 
hydroxyproline incorporating material. 

Thus, if each of the three polypeptide chains were being 
synthesized on polyribosomes containing approximately 
30 ribosomes, then this triple polysome would contain 
enough information to code for the entire tropocollagen 
molecule. If, in addition, the three growing polypeptide 
chains were folded together to make partially completed 
triple stranded molecules, then these three postulated 
collagen polyribosomes might be held together by the 
nascent polypeptide chains as well as by the strand of 
messenger RNA. Indirect support for an interpretation 
of this type is given by the fact that ribonuclease treat- 
ment liberates only part of the hydroxyproline radio- 
activity from the pellet-forming material rather than all 
the radioactivity which is liberated from the smaller 
polysomes. This clearly suggests that something in 
addition to RNA accounts for the high sedimentation 
velocity of the polyribosomal material involved in collagen 
synthesis. 
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NEWS and VIEWS 


Foreign Members of the Royal Society 


Tue following have been elected foreign members of 
the Royal Society of London: Prof. J. Franck, emeritus 
professor of physical chemistry, University of Chicago, 
Ilinois, distinguished for his contributions to the under- 
standing of exchanges of energy in electron collisions, to 
the interpretation of molecular spectra and to problems 
of photosynthesis; Academician A. N. Kolmogorov, pro- 
fessor of mathematics, Moscow M.V. Lomonosov State 
University (Order of Lenin), Moscow, distinguished for 
his researches in analysis, the foundations of the theory 
of probability and of stochastic processes; Prof. K. Z. 
Lorenz, professor in the Max-Planck-Institut fiir Ver- 
haltensphysiologie and director, Abteilung Lorenz, See- 
wiesen über Starnberg, Obb., distinguished for his pion- 
eering investigations of animal behaviour; Prof. T. M. 
Sonneborn, professor of zoology, Indiana University, 
Bloomington, Indiana, distinguished for his contributions 
to genetics, especially of the protozoa, and the role of the 
cytoplasm in heredity. 


Director of Research of the British Steel Castings 
Research Association: Dr. H. T. Hall 


Dra. H. T. HALL has been appointed director of research 
at the British Steel Castings Research Association in suc- 
cession to Dr. A. H. Sully, who has taken up an appoint- 
ment as director of research and development with the 
English Steel Corporation, Ltd., Sheffield. Dr. Hall is at 
present head of the Department of Metallurgy of the 
County Technical College, Wednesbury, one of the largest 
and most comprehensive advanced metallurgy depart- 
ments in Britain. One important aspect of his depart- 
mental activities is the direction of research work .under 
contracts placed by the United Kingdom Atomic Energy 
Authority. Dr. Hall worked for Magnesium Elektron, 
Ltd., Manchester, in the Metallurgical Research Depart- 
ment from 1939 until 1946. During 1946-49 he took an 
honours degree course in metallurgy at the University of 
Manchester, and from 1949 until 1959 (when he took up 
his present appointment) he was successively demon- 
strator, assistant lecturer and lecturer in metallurgy in 
the Faculty of Technology of the University of Man- 
chester. During this period, Dr. Hall was also engaged 
in research and consultant work. In 1948, while a student, 
he visited Central Africa as a Nuffield vacation scholar, 
and in 1956 he was appointed vacation consultant to the 
Ministry of Supply, being attached to the Royal Aircraft 
Establishment, Farnborough. Dr. Hall is a Fellow of 
the Institution of Metallurgists, a member of the Institu- 
tion of Mining and Metallurgy, and a member of the 
Institute of British Foundrymen and of the British 
Steel Castings Research Association, and of various other 
non-professional societies. Dr. Hall will take up his new 
appointment on September 1. 


Mathematics at the University of Lancaster: 
Prof. E. H. Lloyd 


Dr. E. H. Luoyp, who has recently been appointed to 
tho chair of mathematics in the new University of Lan- 
caster, is a graduate of the University of London. He 
entered the Mathematics Department of the Imperial 
College of Science and Technology in 1935 and after 
graduating with first-class honours was appointed to the 
staff as assistant lecturer. From this position he rose 
through successive promotions to be senior lecturer and 
assistant director in 1955 and has played a notable part 
in the expansion of the Department since that timo. Dr. 
Lloyd began his research work as a student on a problem 
in theoretical physics but quickly developed an interest 
in statistics and industrial applications of mathematics, 
and it is in this field that he has established his reputation. 
He goes to Lancaster remarkably well equipped with 
broad interests in modern mathematics and wide 
administrative experience. 


The Agricultural Research Council: 
Mr. R. H. Watherston 


Mr. R. H. WATHERSTON has been appointed a membor 
of the Agricultural Research Council, and as such fills the 
vacancy on the Council created by the retirement, aftor 
ten years service, of Sir David Lowe, chairman of Elving- 
ston Estates, Ltd., and of Thomson and Mathieson, Ltd. 
Mr. Watherston farms more than 1,000 acres at Crichton 
Mains, Ford Midlothian. He is a well-known Shorthorn 
breeder and a past president of both the Shorthorn 
Society of Great Britain and Ireland and the Scottish 
Shorthorn Breeders’ Association. He is chairman of 
directors of the Royal Highland and Agricultural Society, 
a governor of the Edinburgh and East of Scotland College 
of Agriculture, and honorary vice-president of the Scottish 
Association of Young Farmers’ Clubs. 


Microbiology in the University College of South Wales 
and Monmouthshire, Cardiff: Prof. D. E. Hughes 


Dr. D. E. Hueuss, of the Medical Research Council 
Cell Metabolism Research Unit, Department of Bio- 
chemistry at Oxford, who has been appointed to the 
newly established chair of microbiology in tho Univorsity 
College of ,South Wales and Monmouthshire, Cardiff, 
takes to the University extensive experience in his field. 
He has formerly been associated with Dr. (now Sir Paul) 
Fildes and Dr. (now Prof.) H. McIlwain, and joined the 
Cell Metabolism Research Unit at its inception at Sheffield 
in 1945. He has mado many highly original contributions 
to chemical microbiology. Outstanding among those are 
novel methods for the disintegration of bacteria which 
make it possible to prepare labile enzymes from a wide 
range of micro-organisms. The ‘Hughes press’ is an 
ingenious device for breaking -up micro-organisms now 
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used all over the world, and the application of ultra- 
sound has been advanced by Dr. Hughes practically and 
theoretically. Other subjects which he has investigated 
are the synthesis of pyridine nucleotides and coenzyme A 
in micro-organisms, the metabolism of polyphosphate-and 
the role of the cytoplasmic membrane in bacterial 
oxidations. 


Medical Research Council Clinical Pulmonary Physiology 
Research Unit 


THe Medical Research Council has established a 
Clinical Pulmonary Physiology Research Unit at King’s 
College Hospital Medical School, London, under the part- 
time direction of Dr. P. Hugh-Jones. The Unit will be 
mainly concerned with the investigation of the changes 
caused by disease in the ventilation and blood flow to 
different parts of the lung. 


Australian School of Nuclear Technology 


Aw Australian School of Nuclear Technology is to be 
established jointly by the Australian Atomic Energy 
Commission and the University of New South Wales at 
the Commission’s Research Establishment at Lucas 
Heights. Control of the School will be vested in a board 
of five members, two nominated from the Commission 
and two from the University of New South Wales, with 
one member nominated by the Australian Institute of 
Nuclear Science and Engineering. The aim of the School 
will be to promote formal training and education in 
nuclear technology and related topics. This will involve 
full-time courses of varying length in the science and 
technology of nuclear reactors, the production and 
application of radioisotopes, radiological safety and 
health physics, and siting and hazards evaluation of 
nuclear plants, and training courses for potential nuclear 
power station staff. Although the headquarters of the 
School will be at Lucas Heights, the School will use the 
facilities of both the Australian Atomic Energy Com- 
mission’s Research Establishment and the University of 
New South Wales. The School will be open to students 
from overseas as well as from Australia. Enrolments are 
envisaged from the Commission’s staff, universities, elec- 
tricity authorities and industry, as well as from atomic 
energy organizations in New Zealand, South-east Asia and 
other areas. Lecturers for these courses will be drawn from 
the staff of the Commission, the University of New South 
Wales and other universities, other scientific research 
bodies, industry and learned societies. The first course is 
expected to commence in the second half of this year. 


Molecular Biology in the University of California 


A DEPARTMENT of Molecular Biology has been estab- 
lished in the University of Californie, Berkeley. Its initial 
staff will consist of the eleven members of the present 
Department of Virology (to be disestablished on July 1, 
1964) and five additional professors from other depart- 
ments of the University. The Department offers an M.A. 
and a Ph.D. degree in molecular biology. Students may 
specialize in one or more of seven fields: ultrastructure, 
macromolecules, molecular and microbial genetics, cellular 
regulation and growth, biology of viruses and of bacteria, 
and bioenergenetics. Closely affiliated research opportu- 
nities are afforded in the Virus Laboratory (Prof. W. M. 
Stanley, director) and in the Laboratory of Chemical 
Biodynamics (Prof. M. Calvin, director). The chairman 
of the new Department is Prof. Robley C. Williams. 


The Macaulay Institute for Soil Research 


‘HOWEVER important our other needs may be, the 
supply of food must come first. By far the groater part 
of our food comes from the soil. The importance of the 
study of that wide range of complex materials which we 
call simply soil is, therefore, paramount.” These sentences 
are from the foreword by Sir William Slater to Volume 6 
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of Collected Papers, 1958-1960, and might be taken as the 
guiding principle of the work of the Macaulay Institute 
in augmenting our knowledge of the numerous factors 
concerned in plant nutrition (edited by Alexa M. B. 
Geddes and Rosaleen Noble. Pp. 24. Collected Papers 
Nos. 1-88. Craigiobuckler, Aberdeen: The Macaulay 
Institute for Soil Research, 1963). Eighty-cight papers 
that have appeared in scientific journals and a further 
eight titles are bound together, with an author index. 
They are contributions from the staff in the various major 
departments of pedology; soil survey; spectrochemistry ; 
biochemistry; plant physiology; microbiology; and soil 
fertility, and present a most satisfying picture of the 
comprehensive character of the investigations completed 
or in progress. Such topics as mineralogy of silt and 
clay separates, dating of Carse clay, stimulation of leaf 
respiration, pollen analysis of peats, phosphate sorption 
and phosphato-dissolving bacteria, metabolism of chlor- 
otic leaves, heavy meta] toxicity, natural and synthetic 
chelators, fertilizer placoment, radioactive tracers in 
root development, trace element distribution and defici- 
encies and direct-reading spectrochemica] methods are just 
a few selected at random to illustrate the wide range of 
investigations concerned with the fundamental aspecis of 
food production. 


Run-off Farming in the Negev Desert of Israel 


DrmaPIaTED farm sites in desert areas are testimony 
to the fact that food was once produced on ground that 
has long been regarded as barren. Ancient desert agri- 
culture with a rainfall of about 100 mm depended on 
irrigation from catchment basins, by controlling run-off 
water during occasional floods. A report on the Avdat 
and Shivta Farm Projects, 1958-62, by Michael Evanari, 
Leslie Shannan and Naphtali H. Tadmor, describes the 
topographic and physiographic features of the region and 
the restoration of ancient farms by reconstruction of 
channels, for run-off from the hillsides, and of flooding 
systems (Pp. 143+12 plates. Rehovot: The National 
and University Institute of Agriculture, 1963). Details 
are also given of soils, rainfall, temperature, humidity, 
infiltration depression and detention storage, and the 
report discusses the performance of many varieties of 
fruit trees and range crops. The watershed of the Shivia 
farm is typical of some 250,000 hectares of low parallel 
anticlines and undulating valleys; the farm had 5-6 
inlets for run-off water and an elaborate system of water 
distribution to field terraces. Olives, plums, carobs, pome- 
granates, figs and apples have been easiest to establish. 
From the abundant remains in the Avdat region, two 
adjacent farms have been restored and a new distribution 
system constructed, with 14 terraces divided into plots; 
a total area of about 5 hectares of which half is under 
controlled experimental conditions. The development of 
apricots, cherries and peaches has been excellent; dry land 
seeding of range plants has proved to be impracticable; the 
establishment of artichokes and asparagus is promising. 


Radioactivity in Milk in the United Kingdom 


Tur average ratio of strontium-90 to calcium in milk 
in the United Kingdom in 1963 was 26 pc./g (range 
16-40 pe./g), or slightly more than twice the ratio for 1962, 
according to the interim report (April—December 1963) of 
the Agricultural Research Radiobiological Laboratory, 
Wantage, Radioactivity in Milk, 1963 (ARCRE 11. Pp. 
vi+16. London: Agricultural Research Council. Obtain- 
able from H.M.S.0., 1964. 2s. 6d net). The increase is due 
to the massive weapons testing programmes during the 
previous year. Information on other foods in 1963 is not 
yet complete, but the ratio of strontium-90 to calcium in 
milk is similar to that in the average total diet. Because 
dietary contamination was expected to increase during 
1963, investigations were expanded at ‘special sites’ 
(mainly farms in sparsely populated areas) where levels 
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of contamination were likely to be high due to heavy 
rainfall and where characteristics of unproductive pas- 
tures cause an enhanced concentration of radioactivity. 
The mean ratio of strontium-90 to calcium in milk pro- 
duced at 32 special sites ranged from 50 to 210 pc. stron- 
tium-90/g calcium. It is stressed that the sites are not 
representative of areas of high rainfall generally. The 
concentration of cesium-137 in milk changed in a similar 
manner to strontium-90, the mean concentration for the 
twelve months ending December 1963 being 135 pe./l. 
For individual zones the values ranged from 74 to 220 
pc./l, but at special sites the mean concentration for 1963 
ranged from 340 to 1,250 pe/l. No iodine-131 could be 
detected during the period. 
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Closing the Balgy Gap 


Taosg who have explored the wild but magnificent 
countryside around Upper Loch Torridon, Wester Ross, 
north-west Highlands of Scotland, may well remember 
the lonely track separating Shieldaig at the west end of 
the Loch from the hamlet of Torridon itself, a distance of 
7% miles along the south side of the Loch, completely 
impassable to the motorist, generally traversed on foot. 
Normally, Shieldaig is reached via Strome Ferry or by 
sea, Torridon via Ashnasheen and Kinlochewe, or again 
by sea. The ‘gap’ between Shieldaig and Torridon is 
known as the ‘Balgy Gap’, named after the River Balgy 
which runs through the area. A new road has now been 
constructed and opened which closes this ‘gap’ and thus 
gives access to some of the most beautiful, but generally 
unknown, country in Wester Ross. From Shieldaig the 
new road passes through the intermediate village of Annat 
and crosses three rivers, Balgy, Allt Coire Roill and 
Torridon, by means of three reinforced concrete bridges. 
Balgy Bridge is 101 ft. long, made up of two 24-ft. end 
spans and a central span of 53 ft. including a suspended 
section 33 ft. long. The deck slab is solid remforced 
concrete of varying thickness 12-27 in. Allt Coire Roill 
Bridge is a two-pin portal frame structure spanning 36 ft. 
over the stream. Torridon Bridge, replacing an old iron 
structure, is built on a marked skew. Its total length is 
123 ft. embodying a central span of 80 ft. between raking 
main supports. The deck slab in this case varies from 
33 in. to 15 in. In Concrete Quarterly (No, 59. October— 
December 1963. Published by the Cement and Concrete 
Association, London) there is an article describing and 
illustrating each of these bridge structures, including 
photographs and elevation drawings. It is evident that 
the successful closing of this Balgy ‘gap’ is to form the 
basic pattern of similar road and bridge construction, 
planned to link up otherwise inaccessible places in the 
Highlands reached only by roads involving long detours. 
The second ‘closure’ is already in hand, on the shores of 
Loch Moidart, between Kinlochmoidart and Lochailort, 
Inverness; when this road is completed, it’ will open 
up another relatively unknown mountainous and coastal 
area, of commanding scenic beauty south and east of the 
Sound of Arisaig. 


Laboratory Methods for Work with Nematodes 


Ir-many zoologists and plant pathologists have given 
scant attention to the soil-mhabiting and plant-parasitic 
nematodes the main reason must be that they are difficult 
to handle. This is due partly to an awkward size and shape 
and partly to a marked fragility before mechanical and 
osmotic forces, so that implements and reagents must be 
used with care and skill. Hence the appearance in 1949, 
as the Ministry of Agriculture and Fisheries Technical 
Bulletin No. 2, of Laboratory Methods for Work with 
Plant and Soil Nematodes. Compiled by the late Tom 
Goodey, its 19 pages plus 10 half-tone illustrations sold 
for 9d. New editions followed in 1951 and (compiled by 
J. B. Goodey) 1957, and recently a fourth edition has been 
published. (Fourth edition. By Dr. J. Basil Goodey. 
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Pp. iv+72+12 plates. London: H.M.S.O., 1963. 
8s. 6d. net.) This justly reflects the increasing interest 
in the group now taken by workers in many countries. 
The new edition shows many additions and substitutions 
in comparison with the third edition, the greatest increase 
being concerned with methods of culturing nematodes. 
But the general plan remains: successive chapters deal 
with collection and extraction from plant material and 
soil, estimating soil populations of Heterodera, handling, 
staining and mounting nematodes, culture methods, 
nematicide assay, and microscope drawings. Several 
new photographs have been added. Sample checks 
suggest that the text is commendably free from errors. 
High-speed Photography 

A RECENT issue of the Journal of the Washington 
Academy of Sciences (53, No. 7; October 1963) outlines 
details of a camera that has a working equivalent of 
8 million pictures per second. The camera is at present 
being used by U.S. Army engineers to study the physical 
forces which interact within explosives as they detonate 
under various conditions. The key to the development is 
a complex synchronization system for co-ordinating 
lighting with the detonation of the explosive. Two 
5,000-V pulsers are timed to fire at a precise instant 
during rotations of a turbine that spins an optical mirror 
at 5,500 revolutions per second. The turbine is run by 
high-pressure nitrogen gas, and brilliant illumination is 
obtained by detonating an auxiliary explosive charge in 
a 3-ft. tube of argon gas. The shutter is closed by another 
explosive charge. 
Bibliography of Yaws 

Savor Castellani first identified Treponema pertenue in 
1905 as the causative agent of yaws, medical literature 
has contained much information on the epidemiological, 
clinical and pathological aspects of the treponematosis in 
relation to therapy and public health control. Yaws has 
become a subject of international concern for two main 
reasons. One is that it is a widespread disease in the 
less-developed parts of the world, especially of the 
countries that have just attained or are about to attain 
independence. The other is that the advent, in 1948, of 
long-acting penicillin made the elimination of yaws as a 
public health problem possible; even a single injection 
enables treponemicidal blood levels to be maintained for 
a period longer than the incubation period of the disease. 
The World Health Organization has assisted health 
administrations in many countries in their yaws cradica- 
tion and control campaigns. It has also been interested 
in the intensified laboratory and epidemiological research 
devoted to yaws and other treponematoses over the past 
decade, which is due, at least in part, to the new per- 
spectives opened by penicillin. New developments in 
knowledge and in methods of control of yaws make a 
bibliography of world literature on the subject desirable, 
both to acquaint workers in the field with what has been 
done and to provide a basis for further advances. That 
prepared recently by the World Health Organization 
contains more than 1,700 references covering material 
published between 1905 and 1962 (Pp. 106. Geneva: 
World Health Organization; London: H.M.S.0., 1963. 
8 Sw. franes; 13s. 4d.; 2.75 dollars). In the compilation, 
important medical references have been systematically 
searched to make it as comprehensive as possible. As a 
general rule, titles of articles and books are given in the 
original language. The references are arranged alpha- 
betically by the author, each item being numbered. A 
combined subject and geographical index in English and 
in French can be found at the end of the bibliography, 
referring to the item numbers. So far as possible, pharma- 
ceutical preparations have been entered in the index under 
the name appearing in the Cumulative List of Proposed 
International Non-proprietary Names for Pharmaceutical 
Preparations (Geneva: World Health Organization, 1962). 
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The Oliver Memorial Fund for Blood Transfusion 


Tue Committee of the Oliver Memorial Fund for Blood 
Transfusion has given notico of its intention to make the 
sixteenth annual award of £50 and a plaque recording 
this to any British subject whose original work or service 
in the field of blood transfusion is considered by the 
adjudicators to be an outstanding contribution to the 
science, organization or donor aspect of this subject. 
The Committee welcomes communications directing its 
attention to suitable candidates and reserves the right 
to divide the award in the event of a tie. In accordance 
with the rules the award this year will be restricted to 
lay men and women. Applications must be made by 
June 30 and should be sent to the honorary secretary, 
Mrs. F. E. Bedborough, 105 New Park Avenue, Palmers 
Green, London, N.13. 


University News: Cambridge 


Tue following have been elected into fellowships at 
Churchill College: Title A from October 1, Dr. R. J. Watis- 
Tobin, of Trinity and Selwyn Colleges, College lecturer in 
mathematics; A. M. Walker, of Sidney Sussex College, 
University lecturer in mathematics; G. R. Allan, of 
Sidney Sussex College, College lecturer in mathematics. 
Title F (Overseas Fellowships), Dr. J. de V. Graaff, of St. 
John’s College; Dr. F. T. McClure, chairman of the 
Research Center of the Applied Physics Laboratory of 
the Johns Hopkins Laboratory; Prof. P. Nozieres, pro- 
fessor of theoretical physics at the Faculté des Sciences, 
Paris; Dr. J. M. Ritchie, professor of pharmacology at 
the Albert Einstein College of Medicine, New York; 
Prof. W. D. Robertson, professor of metallurgy and 
solid-state sciences at Yale University; Dr. J. T. Wilson, 
of St. John’s College, professor of physics and geology at 
the University of Toronto; Prof. B. Chance, director of 
the Johnson Research Foundation in the University of 
` Pennsylvania; Dr. R. J. Cvetanovic, principal research 
officer and head of the Kinetics and Catalysis Section, 
National Research Council of Canada. 


London 


Dr. Monica M. Core, senior lecturer in geography in 
the University of Keele, has been appointed to the chair 
of geography tenable at Bedford College. Dr. Anne 
Beloff-Chain, chief research scientist in the Department 
of Biochemistry at the Istituto Superiore di Sanita, Rome, 
has been appointed to the readership in biochemistry 
tenable at the Imperial College of Science and Tech- 
nology. Dr. B. M. Richards, a member of tho scientific 
staff of the Medical Research Council Biophysics Research 
Unit in the Department of Biophysics at King’s College, 
has been appointed to the readership in biology at that 
College. Mr. I. M. Khabaza, lecturer at the Computer 
Unit, has been appointed to the readership in computing 
science tenable at Queen Mary College. Dr. J. R. Mallard, 
reader in medical physics at the Postgraduate Medical 
School of London, has been appointed to the readership 
in biophysics tenable at St. Thomas’s Hospital Medical 
School. 


Sussex 


Tam fourth annual report of the University of Sussex, 
covering the year ended July 31, 1963, records an increase 
in the academic faculty from 9 to 59, of whom 11 are 
professors and 29 lecturers (Pp. 36+xviii. London: 
H.M.S.O., 1963). Steps were taken to fill some 50 more 
vacancies for 1963-64 and all were satisfactorily filled 
from a large number of applicants of high quality.’ The 
administrative faculty increased from 10 to 18, and the 
addition of 40,000 volumes during the year brought the 
holdings of the Library at July 31, 1963, to more than 
70,000; of the accessions, 25,000 were purchased. Of 
the 442 students in the session, 221 were men and 221 
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were women; 26 were research students, 7 of whom were 
from overseas; 159 were registered for the B.Sc. course 
in the School of Physical Sciences, 82 for the B.A. in the 
School of Social Studies, 107 for the B.A. in the School 
of English and American Studies, and 63 for the B.A. in 
the School of European Studies. There was an increase 
of more than 50 per cent in applications for admission 
for 1963~64 compared with 1962-63. Of the 416 under- 
graduates, 310 were accommodated in guest houses, 69 in 
lodgings, 11 at home and 26 in flats. The report also 
includes lists of special university lectures during the 
year and of publications by members of faculty. 


Announcements 


Mr. D. Broapsent, director of the Medical Research 
Council’s Applied Psychology Research Unit, has been 
awarded the 1964 Vernon Prize of the National Institute 
of Industria] Psychology. The Prize, founded by the late 
Dr. H. M. Vernon, of the Industrial Health Research 
Board, is awarded in alternate years to the British 
investigator under forty-five years who, in the opinion of 
the Institute, has done most valuable research work in 
industrial psychology and physiology. Mr. Broadbent is 
president of the British Psychological Society. 


Tue British Iron and Steel Federation has been 
awarded the 1964 Sir George Earle Trophy of the National 
Industrial Safety Committea of the Royal Society for the 
Prevention of Accidents. The award has been made to 
the Federation “in recognition of the important part it 
has played in the conspicuous progress in accident pre- 
vention within the steel industry which has been main- 
tained since the setting up by the Federation in 1953 of 
permanent machinery for the centralized study of hazards 
and for the dissemination of knowledge of appropriate 
remedial action to all firms in the industry. Furthermore, 
its safety-educational material alone is of such a high 
standard that it has made a significant contribution to 
industrial safety in general”. 


Tue first international congress on “The Sea”, organized 
by the University of Rennes and the Fédération Thermale 
et Climatique de Bretegne, will be held at Saint-Cast 
during May 31—June 6. Further information can be 
obtained from the Fédération Thermale et Climatique 
de Bretagne, 6 rue La Fayette, Rennes. 


Tax third International Congress of Polarography, 
arranged by the Polarographic Society, will be held 
in the University of Southampton during July 19-25. 
Further information can be obtained from the organizing 
secretary, Dr. D. A. Pantony, Department of Metallurgy, 
Royal School of Mines, Prince Consort Road, London, 
8.W.7. : 


A somnt meeting of the Biochemical Society and the 
Swedish Biochemical Society will’be held in Stockholm 
during May 14-15. The meeting will include a colloquium 
on “Recent Advances in Separation and Structural 
Analysis”. Further information can be obtained from 
Dr. H. R. V. Arnstein, the Biochemical Society, 20 Park 
Crescent, London, W.1. 


A ONE-YEAR postgraduate course in biochemical 
engineering, leading to a college diploma and associate 
membership of the Institution of Chemical Engineers, will 
be held at University College, London, as from October 
1964. The course will cover engineering, biochemistry 
and microbiology, and is intended to train mon for the 
biological industries, mainly those concerned with phar- 
maceuticals, foods and beverages. Further information 
can be obtained from Prof. M. B. Donald, Department of 
Chemical Engineering, University College, Gower Street, 
London, W.C.1. 


No. 4931 


May 2, 1964 


NATURE 


445 


MEDICAL SCIENCE IN INDIA 


ROF. V. R. KHANOLKAR, National professor of 
medicine, Bombay, has presented an admirable 
review of the progress of medical science in India*. The 
art of medicine in India was inculeated in novitiates in the 
very early Vedic period (probably e. 1500 »B.0.). Tho 
healing art was closely associated with religious practices, 
and medical knowledge remained mainly the prerogative 
of the priests and scholars. Two main centres of medical 
teaching were established at Taxila and Varanasi 
(Bonares). After the conquests of Alexander (327 B.c.), 
the Greeks borrowed many ideas from Hindu physicians 
and surgeons and incorporated them in Greek medicine. 
With the Muslim conquest of India the teachings of 
Avicenna and Rhazes were introduced and widely practised 
by Hakims as the basis of the Tibbi and Unani systems of 
medicine. 

Following the entry of Europeans in India, Western 

medicine was introduced and gained favour with the 
general public. It gradually took precedence over other 
systems of medicine and, in 1822, the first medical school 
was established for the teaching of medicine. In 1833, 
a committee, appointed to examine medical education in 
India, recommended the establishment of medical colleges 
instead of medical schools, and the first medical colleges 
were set up in Calcutta and Madras in 1835. Ten years 
later, a third medical college was opened in Bombay. 
In 1916 the first medical college for women only was 
established in Delhi. 
_In 1857 the Universities of Bombay, Madras and 
Caleutta were affiliated to these Colleges. As they were 
found unequal to supply the necessary trained doctors for 
the country, twenty-eight medical schools with short 
courses had to be started. By 1926 there were ten medical 
colleges in British India and two in Indian States. Follow- 
ing independence, there was a sharp riso in the number of 
medical colleges and thirteen new colleges were established 
during 1946-49 and twenty-one more in the period 1950- 
58, so that by 1959 the total number of medical colleges 
was fifty. These colleges include teaching institutions 
under the Central and State Governments, universities, 
municipal corporations and private and missionary organ- 
izations. At present, these colleges provide for 5,000 
admissions annually, and it is expected that, with the 
establishment of fifteen new colleges which may be set 
up by the end of the third Five Year Plan, the admissions 
to the medical course of studies will increase to 6,500. 
Medical science has progressed rapidly in India during 
the past fifty years. It has kept pace with developments 
in this field of science in Europe and North America. The 
problems which have engaged the attention of the medical 
men have been many and varied in nature. Work has 
been directed towards the fundamental] nature of disease 
processes, as well as the causation, pathogenesis and 
treatment of particular morbid conditions. 

Prof. Khanolkar gives an admirable account of the work 
undertaken by various research workers under the head- 
ings: communicable disease; respiratory disease other than 
tuberculosis; cardio-vascular diseases; hematology; endo- 
crinology; nutritional research; environmental hygiene 
and sanitation; industrial health; maternal and child 
health; dental health; neurology; mental health; cancor; 
ophthalmology; orthopedic studies; and drug research. 


Tropical Medicine 


The most significant feature in the field work under- 
taken by the Calcutta School of Tropical Medicine and 
* Indian Science Congress Association. Fifty Years of Science in Ind 


India, 
Progress of Medical Science. By V. R. Khanolkar. Pp. 50. (Caleutta-17: 
Indian Science Congress Association, 1968.) Rs. 1.50. 


the Carmichael Hospital for Tropical Diseases during 
1961-62 was the measure taken to combat an outbreak 
of lathyrism. This has been described by tho director, 
Dr. R. M. Chaudhuri, in the annual report}, where he 
attributes the outbreak to consumption of Khesari, 
widely cultivated locally with seeds brought from Bihar, 
the known endemic area. Morphologically, they were of 
much larger size than the Bengal variety. The villagos 
had resorted to Khesari cultivation as the heavy flood in 
1955 made most of the arable land unsuitable for rice 
crops. The pulse (de-husked) was consumed liberally for 
3-5 months a year. Many patients were examined in the 
field and some were brought and admitted to hospital for 
detailed examination. The history revealed that symp- 
toms usually appeared after two months of Khesari 
consumption. Many sharing the same diet were, however, 
unaffected. 

Clinical and laboratory data indicated the disease to be 
of the nature of antigen-antibody reaction with predilec- 
tion of the spinal cord in the dorsolumbar rogion, which 
has a relatively poor vascularity—the system being sensit- 
ized to an extent depending on the individual sensitivity. 
In treatment, prostigmin was found to be of distinct value. 
Instruction for propaganda against lathyrus cultivation 
and consumption met with success in the prevention of the 
disease in the area. Compared with 29 fresh cases in 
1959, there were 6 and 5 new cases encountered in 1960 
and 1961 respectively. In the Bandipur Union of the 
Hooghly district, a parasitological survey is being made 
to ascertain the prevalence of infections in the rural area 
and the morbidity attributable to them. The survey is 
to cover 10 per cent of the total population (14,000) of the 
area, worked out on a family basis—the average family 
size being 6-7. 

Observations already indicate a high prevalence of 
hookworm infection (about 75 per cent), while that of 
other important parasitic infections, for example, ascaria- 
sis, filariasis, amosbiasis, seems to be less than 5 per cent. 
A clear reflexion of environmental sanitation, food habits, 
socio-economic condition, and occupational and other 
practices on the disease distribution is shown. Despite 
the high prevalence of hookworm infection, the worm load 
is not high. The explanation of this is likely to come 
through a closer study of the prevailing epid: miological 
set-up or the immunological status of the population. 

The report also includes accounts of various depart- 
mental research activities. 


Virus Research 


The Virus Research Centre, Poona, which is jointly 
meintained by the Rockefeller Foundation and the Indian 


_ Council of Medical Research, completed its first decade of 


existence in the beginning of 1962. It is now located in a 
fully equipped laboratory of its own in Poona City with 
two field stations: one at Sagar in Shimoga District of 
Mysore State and the other in the Department of Micro- 
biology, Christian Medical College and Hospital, Vvlloro, 
in Madras State. A small field unit was also maintained 
at Shimoga for studying experimental viremia in the local 
species of birds. In 1962 the staff consisted of ninoteen 
professional workers and three assistants, in addition to 
laboratory, field and administrative assistants and 
helpers. 

Though primarily devoted to research on the epidemi- 
ology of arthropod-borne viruses occurring in India, asa 
part of the Rockefeller Foundation’s global interest in the 

t Annual Report of the Calcutta School of Tropical Medicine and the 
Carmichael Hospital for Tropical Dizeases, 1961-62. Pp. i+150+2 plates. 


(Calcutta: Calcutta School of Tropical Medicine, and the Carmichael Hos- 
pital for Tropical Medicine, 1963.) 
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subject, the Virus Research Centre has served as a centre 
for research and training in virology and has given facili- 
ties to many workers, both Indian and foreign, for acquir- 
ing practical knowledge in the techniques of virology. 
During the decade of its existence, the Virus Research 
Centre has carried out a large number of investigations, 
among them being: (1) serological surveys for arboviruses 
in several parts of India; (2) ‘Jamshedpur fever’ and a 
similar disease (the so-called ‘mystery disease’) prevailing 
in several cities of North India in the year 1953-54 and 
subsequent outbreaks of encephalitis in Nagpur, Delhi 
and other places; (3) Japanese encephalitis and its 
related problems in Madras, Andhra, Pradesh and Mysore 
States; (4) Kyasanur Forest disease, a new tick-borne 
virus disease of man and monkeys in the forests of Mysore 
State, and its possible occurrence in other parts of India; 
(5) the epidemiology of dengue fever in Madras State 
and the recognition of the occurrence of dengue type 4 in 
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India; (6) the outbreak of African horse sickness for the 
first time in the Indian sub-continent in the year 1960; 
(7) the outbreak of infectious hepatitis in Delhi; (8) 
laboratory and field studies on mosquitoes, particularly 
in Poona district and in South India; (9) the taxonomy 
and behaviour of Indian species of ticks; and (10) the 
avian and mammalian fauna of India and their potentiali- 
ties as disseminators of virus diseases. 

The Centre has undertaken several investigations on 
viruses other than arboviruses, such as rabies, Nowcastle 
disease (Ranikhet), herpes, Coxsackie and other entero- 
viruses. The impetus given to medical zoology including 
medical entomology has been significant. Full details of 
the work of the Centre are described in its annual report 
for 1962f. 


t Indian Council of Medical Research, New Delhi. 1962 Annual Report 
of the Virus Research Centre, Poona. Pp. iv+114+1 plate. (New Delhi: 
Indian Council of Medical Research, 1963.) 


TOXIC CHEMICALS IN AGRICULTURE AND FOOD STORAGE 


HE report of the Research Committee on Toxic 

Chemicals *, which was set up at the request of the 
Minister for Science by the Agricultural Research Council, 
under the chairmanship of Prof. A. C. Frazer, does not 
point to any major gaps in research on pest-control 
products at the present time, but recommends that cer- 
tain aspects of research should be strengthened. The 
report is a sequel to the report in September 1961 of a 
Research Study Group on Toxic Chemicals used in Agri- 
culture and Food Storage, of which Dr. (now Sir Harold) 
Sanders was chairman. The Committee was to review 
research carried out under the auspices of the four 
Research Councils on the effects of toxic chemicals used 
in agriculture and food storage and to make recom- 
mendations for future research. It appointed working 
parties to consider particular aspects such as ecological 
studies, plant breeding, biological control and other 
alternative methods which might reduce risks to wild 
animals and plants. These subjects are discussed in the 
first sections of the report, following which the main 
research problems are considered under eight headings: 
the assessment of hazards arising from the use of pest- 
control products; development of methods of pest con- 
trol; development of new products; control of potential 
hazards; co-ordination of effort; man-power; further 
research needs; and priorities. 

Work is already proceeding on all the problems dis- 
cussed, and a useful feature of the report is the appended 
summary of work in progress. Further work, however, is 
urgently needed on the behaviour and accumulation of 
pest-control products in soil and water and their effects 
on soil organisms and on aquatic flora and fauna, as well 
as on the possibility of breeding for fesistance to important 
insect pests in crops where no satisfactory control is 
known, or where the present chemical methods are un- 
satisfactory. Further ecological investigations on whole 
populations of pests and other species are required to 
provide essential background information, and here it is 
suggested university departments of botany and zoology 
might contribute. It is also doubtful whether research 
into the exploitation of diseases of insects as a method of 
control is adequate. The Committee suggests that there 
is a case for establishing an insect pathology laboratory, 
concentrating in the first place on bacterial and virus 
diseases of insects. Support of the fundamental work 
required for the more effective use of sterilants, attractants 
and. repellants for control purposes is urged, as well as 
toxicological investigations to relate the levels of pesti- 


* Agricultural Research Council. Report of the Research Committee on 
Toxic Chemicals. Pp. iv+38. (London: Agricultural Research Council. 
Available from H.M.8.0., 1964.) 2s. 6d. 


cides found in tissues of birds and mammals and possible 
toxic effects. This would supplement the information from 
ecological examinations, but continued support is required 
for investigations on the biochemistry and toxicology of 
pest-control products. This is fundamental to the inter- 
pretation of data obtained by analytical surveys, the 
discovery of new products to control resistance, or the 
development of safer, more selective and less-resistant 
products, as well as to the discovery of diagnostic tests 
of exposure to or poisoning by such products, and the 
successful treatment of those who may be poisoned. 
Attention should also be directed to the development of 
quantitative methods of analysis suitable for use by 
public analysts and others, and here a central source of 
information is needed. Further effort is required on work 
that may lead to the development of safer, more selective 
and less persistent products, while if it is decided to estab- 
lish a monitoring service as part of the control organization 
those concerned with research should be kept fully in- 
formed of the results. 

Most of these recommendations are directed specifically 
to the attention of the Agricultural Research Council. 
The Committee also recommends that the attention of 
the Medical Research Council should be directed to the 
need for: (1) evaluating the toxicological significance of 
the presence of these products in human tissues; (2) 
continuing support and development of toxicological and 
biochemical investigations on pest-control products in 
mammals; (3) ensuring that every suspected case of 
such poisoning in man is fully investigated and the 
information obtained made known to the Research Com- 
mittee. The Department of Scientific and Industrial 
Research should note the need for establishing a central 
source of information on the chemistry and analysis of 
these products and their residues (for which purpose the 
Laboratory of the Government Chemist is suggested as 
being appropriate) and for research investigations on the 
development of analytical methods necessary and suitable 
for a monitoring system if this is considered desirable. 
The Nature Conservancy should consider the need for 
further ecological investigations on whole populations of 
chosen species, and for examining the practicability of 
controlling a land area of 1,000 acres in such a way as to 
permit quantitative investigations of the effects of pest- 
control products on wild-bird population. Moreover, 
co-operation is required, for example, with river boards 
and Government departments concerned with water 
resources, in examining contamination of fresh water by 
chemical products, in studying the accumulation of such 
products in animals, and in studying the faunal and 
floral changes in inland waters. 
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Other recommendations were addressed to the atten- 
tion of all the Research Councils. These are the need, 
. first, for further support for work leading to the develop- 
ment of more selective and safer products of limited 
persistence—a recommendation to which high priority is 
attached; secondly, for occasional meetings to correlate 
analytical findings, for passing on information on these 
detailed research needs to appropriate research depart- 
ments, including those in universities; and thirdly, for 
toxicological and biological investigations in birds, and 
wild-life generally. High priority is also recommended 
for the more extensive ecological investigations, the 
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improvement of methods for such investigations, the 
assessment of the prevent level of contamination of the 
environment by pest-control products, and of the toxico- 
logical significance to man and wild-life, as well as to more 
research on biological control methods. In sum, it amounts 
to considerable research effort, which, as the Committce 
recognizes, makes a demand for trained man-power in 
categories where the shortage often appears to be world- 
wide. To meet that demand, and to provide the necessary 
resources of equipment and finance-is, however, the urgent 
and inescapable price now to be paid for shortsightedness 
in the past. 


GEOLOGY IN SCHOOLS 


WO recent presidential addresses, to the Geological 
Society of London and Geologists’ Association, 
respectively, have laid stress on public enlightenment in 
Earth sciences and how this may be accomplished. One 
of the obvious, but long-term policies, in creating an 
enlightened lay public is to introduce the subject into 
schools at all levels, from primary to secondary. As a 
first step towards this, a course for actual and prospective 
teachers of geology was held at Queen Mary College during 
March 23-25. This was almost certainly the first course 
of its type to be held in Britain. Nearly forty people 
attended, drawn from a wide range of schools. For two 
days various aspects of the teaching of stratigraphy, 
paleontology, petrology and mineralogy were discussed at 
length. Other subjects included teaching aids and the prac- 
tical problems of the school geology teacher. The coverage 
of the relevant branches of the subject was completed by 
a demonstration field excursion to the south of London. 
Several significant pointers for the future emerged 
from the discussions. One of these was that the advances 
made in the subject were such as to make a sound back- 
ground in chemistry and mathematics essential for 
successful teaching, especially at advanced level of the 
General Certificate of Education (G.C.H.). As many 
teachers have, in fact, an arts background they may well 
be progressively winnowed out by modernization of 


syllabi. This is clearly undesirable, especially in view of 
tho fact that many present-day G.C.E. syllabi need drastic 
re-thinking. Hence, if geology is to maintain and 
strengthen its place in British schools more provision 
must be made for revision courses by university depart- 
ments. Otherwise, the only alternatives for many 
experienced teachers will be to teach the subject to a lower 
standard (O-level or Certificate of Secondary Education) 
or cease to teach it at all. 

Despite the fact that examination syllabi fragment 
the science and fragment its teaching, emphasis in the 
course was laid on unifying the various branches as 
frequently as possible. This is most readily accom- 
plished in natural history subjects by field studies, and 
some education authorities are now becoming aware of 
the need to budget for school field activities. As field 
classes become more commonplace, however, it follows 
that there must be more centres capable of accommodating 
school groups. Otherwise the expansion of geology in 
schools may be handicapped. 

The liaison effected between the teachers, lecturers 
and examiners attending the course was undoubtedly 
beneficial and a healthy sign in the revitalization of a 
subject which tends to be underrated, culturally and 
academically, by most schools, public media of communi- 
eation, and the lay public alike. 


ORES AND METALS 


RECENT report from the Ancient Mining and 
Metallurgy Committee of the Royal Anthropological 
Institute, Ores and Metals*, consists of three sections: 
“A Note on Irish Copper Ores and Metals”, by Mr. H. H. 
Coghlan; ‘‘Elements in Irish Copper Ores”, by Dr. J. R. 
Butler; and finally, “A Metallurgical Study of Four 
Bronze-Age Implements”, by Dr. George Parker. An 
enormous amount of data concerned with a restricted area, 
some previously published and some new, has been 
brought together dealing with the sources available and 
the metal (presumably) produced from them. The whole 
work is, as the main author says, ‘very much in the nature 
of a preliminary investigation’? and as such is to be 
whole-heartedly welcomed. Dr. Butler’s share has been 
the task of analysing some hundred samples of the ores 
and is a contribution of outstanding importance. Dr. 
Parker provides a detailed metallurgical examination of 
five specimens, including the rivets of a halberd, of 
Bronze Age-implements. Such work is of fundamental 
importance and more is needed. One of the points of 
special interest in this report is that, again including the 
* Ores and Metals: a Report of the Ancient Mining and Metallurgy Com- 
mittee, Royal Anthropological Institute. (Royal Anthropological Institute 
Occasional Paper, No. 17.) By H. H. Coghlan, J. R. Butler and George 


Parker. Pp. v+63. (London: Royal Anthropdlogical Institute of Great 
Britain and Ireland, 1963.) 358. 


rivets, only two are in bronzes, the remainder being copper. 
Such evidence that then, as now, different types of metal 
were in use at one and the same time is well worth bearing 
in mind. 

The largest section, in which the results are considered, 
is directed to the hope that from a detailed investigation 
of the impurities in the metal and in the ore it will in the 
end be possible to relate the two and thus, wherever it be 
found, discover the place of origin of the metal. As is 
very properly pointed out, this can only be done for those 
times, if such in fact do exist, before scrap metals from 
different sources were melted together. To a metallurgist 
it would appear that the uncertainties involved in the 
ore-metal correlation have been underostimated. Among 
other things, for example, ores do vary, somotimes 
greatly, with depth both for geological reasons and as a 
result of weathering.. It is stated in the report that ‘‘the 
prehistoric miner usually worked by open-cast, and but a 
few feet below the surface”. Though doubtless true in the 
earliest days, evidence of mining by ‘fire-setting’ as early 
as the second millenium B.C. shows that even then 
unweathered ore was being won. The further implication 
that not until the Roman period was ore worked which 
might vary in composition from that of the weathered 
surface material is exceedingly difficult to accept when it is 
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remembered, for example, that the deepest shafts at 
Laurion, some half a millenium earlier, were not all 
that short of some 400 ft. 

That the enormous amount of work done in making 
these analyses and in collecting the data together was 


SWEDISH 


HE two well-known Swedish forestry publications, 
Meddelanden från Statens skogsforskningsinstitut and. 
Kungl. Skogshégskolans skrifter, are continued in a new 
series, Studia Forestalia Suecica*, which began in 1963, 
This series includes original papers and publication will 
take place at irregular intervals. Of the first nine num- 
bers, one has an English summary, another gives a con- 
densed version in English and the remaining seven are in 
English with Swedish summaries. The range of subjects 
is wide. There are two accounts of resistance-biology 
concerning Scots pine and the twisting rust and the snow 
blight fungus. The second is an interesting study of the 
relative susceptibility to this fungus of different proven- 
ances of Scots pine in Sweden. The result of the experi- 
ments is confirmation of observations first made in 1923 
that the resistance of the northern provenances is far 
greater than that of the southern ones except that plants 
from seed collected from the Arctic Ocean coast show 
a greater degree of susceptibility than plants from the 
interior of Upper Norrland. Thus the conélusion is 
reached that southern provenances of Scots pine should 
not be planted farther north but northern provenances 
may be introduced towards the south. Two excellent 
coloured plates show the difference between infected and 
healthy seven-year-old Scots pine seedlings. 

Another interesting mycological paper is an experi- 
mental study of the influence of temperature on the 
antagonistic effect of Trichoderma viride on that very 
important root fungus Fomes annosus. The significance 
of the results—not_new but certainly confixmatory— 
is that T. viride is active at higher temperatures than 
F. annosus requires for growth. Thus there may be but a 
short period during the growing season when T. viride can 
have any appreciable effect on F. annosus. 

Although it is known what are the relative amounts of 
water-soluble substances occurring in litter from various 


* Skogshégskolan, Stockholin, Studia Forestalia Sueciea. Nr. 1: Pre- 
parering av Virkesavldgg på Is, By Av Bengt Ager. Pp. 227. 15 kr. Nr. 2: 
Studies on the Germination in Seeds of Scots Pine (Pinus a it £.), with 
Special Refe Reference to the Light Factor. By Bengt 2 Nyman. . 164. 12 kr. 

r Leaching and pe id of Water-Soluble Organic Trianon gom 
Different Types of Leaf and Needle Litter. By Nils Nykvist. 3 kr. 
Nr. 4: The Influence of Temperature a on the Antagonistic Effect of Trichoderma 
viride Fr. on Fomes annosus (Fr.) Cke. By Ame Persson-Huppel. Pp. 13. 
2 kr. Nr. 5: Resistance of Snow Blight (Phacidium infestans Karst.) in 
Different Provenances of Pinus silvestris L. By Erik Bjorkman. Pp. 16+ 
2 plates. 3kr. Nr. 6: Melampsora Pinitorqua (Braun) Rostr.—Pine Twist- 
ing Rust: Some Experiments in Resistance-biology. By Allan Klingstrom, 
Pp. 23. 3 kr. Nr. 7: Enzymatic Splitting of Sucrose by Some Strains of 
Valsa nivea Fr. By Arne Persson-Huppel. . 29. 3 kr. Nr. 8: Determ- 
ination of Mechanical Damage on aoe ine Seed with X-r ‘ay Contrast Method. 
By . Kamra. . 20. (2 plates.) 2kr. Nr. 9: Om Kostnads/Intakts- 
Analys Inom Skogliga Företag. By AV Karl Viktor Algvere. Pp. 169. 15 kr. 
(Stockholm: Svenska Skogsvardsforeninger, Box 16316, 1963.) 
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eminently worth while no one can possibly doubt, and all 
those interested in ancient metals must owe the authors 
most grateful thanks. But there is most clearly a long, and 
very difficult, row still to hoe—how difficult may, perhaps, 
not yet have been fully realized. F. C. THOMPSON 


FORESTRY 


tree species, much less is known about the factors which 
influence the leaching of these substances. In a well- 
written paper, the author describes a comparison between 
seven different leaf and needle litters, and some very 
interesting results emerge. The total amount leached in 
a single day when expressed as a percentage of the dry 
weight of the litter ranges from 25 per cent in ash to 8 per 
cent in beech. Water-soluble substances are easily 
leached from leaf litter, especially alder, ash and birch, 
and slowly from pine and spruce litter. Temperature 
influences the rate of leaching in some species more than 
in others, and the amount of water-soluble substances 
is greater when leaching takes place under anaerobic 
rather than aerobic conditions. The author also de- 
scribes the constituents of the water-soluble substances. 
This is a very useful contribution to an important sub- 
ject. 

In recent ycars, more and more attention has been 
directed to forest economics. Why this is so is described 
in a dissertation (No. 9) which considers managerial-econo- 
mics (cost-revenue analysis), the objectives of the forest 
enterprise and its management planning. The present-day 
profitableness of forestry is conditioned by progressive 
mechanization which is itself a result of the decrease in 
the supply of man-power and a rise in wages and, in some 
cases, to falling timber prices. Because some of the 
traditional methods of calculation in forest economics are 
based on out-dated theories, it is therefore essential that 
the subject must bo revaluated and adjusted to those 
principles which are adopted in general economics. In his 
final chapter “Management Planning of the Forest Enter- 
prise’ K. V. Algrere shows in a most able and succinct 
manner that, until now, management plans have been 
rather rigid and he suggests that they should be regarded. 
primarily as an instrument for revenue planning and as a 
basis for cost planning. The author rightly considers 
that planning must include establishing the justifiable 
density of the road network and trying to set certain 
standards for it. In fact, what he calls “Budgeting as a 
means of forestry planning” is really a case of tracing the 
consequences of the different possible courses of action as 
a result of expressing the planned activities of the enter- 
prise in terms of costs and revenues, which are expected 
to occur during the planning period. By this means 
budgeting deals with the enterprise as a whole and 
thus effects a proper co-ordination of the various 
components into a joint programme. 

C. J. TAYLOR 


SPECTRA AND REACTIONS IN HYDROGEN—OXYGEN—NITROGEN FLAMES 
WITH ADDITION OF CYANOGEN AND NITRIC OXIDE 


By P. M. RENTZEPIS* and 


Dr.T. M. SUGDEN, F.R.S.+ 


Department of Physical Chemistry, University of Cambridge 


N the course of a programme of work on the combustion 
of small amounts of various substances under the 
controlled conditions of a premixed hydrogen—oxygen— 
* Present address: Bell Telephone Laboratories, Inc., Murray Hill, New 


Jersey. 
+ Present address: ‘Shell’ Research, Ltd., Thornton Research Centre, 


P.O. Box 1, Chester, England. 


nitrogen flame at atmospheric pressure we have observed 
the spectra produced by quantities of about 1 per cent of 
cyanogen, with and without a further about 1 per cent 
of nitric oxide in such a flame. 

The characteristic emission spectra of the species CN, 
NO, NH, CH and OH were observed photographically 
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in the range of 2000-7000 A, using a single orifice burner 
with a conical reaction zone about 0:3 mm thick and a 
Hilger medium quartz spectrometer. The basic flame 
was of composition hydrogen/oxygen/nitrogen = 4/1/4 
(by volume), with a temperature of 2,100° K. By forming 
an image of the flame on the slit of the spectrometer, the 
relative intensities from different regions of the flame could 
be observed. 

Absorption measurements of the same spectra were also 
made, where sufficiently intense, using a tungsten filament 
lamp or a hydrogen discharge lamp as source continuum 
and a system of concave mirrors to give an increased path 
length by multiple reflexion. The same spectromoter was 
used with a photomultiplier attachment, light chopper 
and an a.c. amplifier. For these measurements a laminar 
flow burner made of a bundle of fine hypodermic tubes, 
with an overall diameter of 1 cm, was used. It gave an 
almost flat reaction zone suitable for absorption spectro- 
scopy. Resolution in the flame was not so good as in the 
emission work. 

The results are summarized in Table 1 for addition of 1 
per cent of cyanogen only. 
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Table 1 
Specics Spectrum Emission spectrum Absorption spectrum 
CA- X Et Strong, confined al- Similar to emission 
CN 4 (red system) most entirely to spectrum 
2 Bilt -> X Er rerction zone, with 
| (violet system) short, weak, exten- 
sion into burnt gas 
NO AEt > Xx Strong, confined to Rises steadily during 


reaction zone to 
almost constant 
value in burnt gas 


(y bands) reaction zone 
2200-2600 A 


CH BIL > Xn 


Not observable 
3900 A system 


Very weak, confined 
to reaction zone 


NE A'n -> ISE Peaks near down- Similar to emission 
8360 Å system stream end of spectrum but very 
reaction zone and weak 
decays relatively 
slowly in tbe burnt 
gas. Medium strong i 
OH AE -> Xen Peaks near down- Similar to emission 
(0,0) 8064 Å stream end of spectrum 


reaction zone and 
decays slowly in the 
burnt gas. Slightly 
weaker than in 
flame without 
cyanogen 


Reaction mechanisms. The formulation of a satisfactory 
complete mechanism would require many more observa- 
tions for such a complicated system, but existing know- 
ledge of reaction kinetics allows of at least a partial 
elucidation. 

The C—C bond of cyanogen molecules is strong (about 
133 kcal mole-?), and the molecule is most likely to be 
attacked in the early reaction zone in much the same way 
as are halogens!: 


C:N: + H— HON + CN; AH = 9-4 kcal 
CN + H, 2 HCN + H; AH = — 22-6 kcal 


If this were all, then the burnt gases would, from the 
reaction zone onwards, be in a state where residual C,N, 
molecules were negligible, and [HCN]/[CN] > 1. 

Other reactions can occur, however, notably through 
formation of CNO radicals and their further reactions, and 
through reactions whereby the C—N linkage is broken. 
Attention will be focused on the latter, since they can be 
correlated directly with the observations. The very early 
appearance of NO *, before the OH has reached its maxi- 
mum, suggests a reaction of CN (or CN*) radicals with 
molecular oxygen: 


CN + 0,-—CO + NO; AH = — 114-4 keal 
CN* (42x) + 0, CO + NO*(?Z+); AH = — 19 keal 


The CN radical has a relatively low excitation energy to 
either the A*x (31 kcal mole-!) or B?2* (74 keal mole-) 
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states?. This excitation might be accomplished thermally, 
or by reaction with OH * (7+), known to be present in at 
least thermal amounts in the flame gases: 


OH*(?5+) + CN — OH + CN*(B°E+); AH= — 26 kcal 


Any unconsumed CN radicals will react rapidly with OH 
radicals at a rather later stage. 


CN + OH > CO + NH; AH = — 65 keal 


Some of these NH radicals can then react with CN radi- 
cals isothermally to give CH radicals, which are thus 
restricted to the reaction zone: 


CN + NH — CH + N,; AH = — 45 kcal 


and are destroyed by the well-known reaction®: 
CH + OH — CO + H,; AH = — 179 kcal 


Most NH radicals will, however, rapidly bo oxidized to 
nitric oxide, by a mechanism which is not established in 
detail, but which is known to occur’, resulting in the build- 
up of ground-state nitric oxide, the concentration of which 
levels out just beyond the reaction zone. Further destruc- 
tion of NH and NO will occur by: 


NH + NO — N, + OH; AH = — 92 kcal 


but will be slow because of the small concentration of 
NH radicals. 

Thus all the observations are readily explicable in terms 
of highly exothermic free radical reactions, that is, of a 
type which will have little, if any, energy of activation 
significant at these temperatures. 

Effects of addition of nitric oxide. The addition of small 
amounts (about 1 per cent) of nitric oxide to fuel-rich 
hydrogen-oxygen—nitrogen flames results in very little 
change in and near the reaction zone. Small amounts of 
HNO, NH and NH, are produced, as shown by their 
emission spectra?4, the amounts of OH and H radicals 
emerging from the reaction zone are slightly decreased, 
the burning velocity is slightly reduced, and the NO y- 
bands appear very weakly in emission. The great bulk 
of the nitric oxide is not affected‘. 

If a small quantity of cyanogen has been added to the 
flame gases, however, the effects of nitric oxide on the 
emission spectrum of the reaction zone are very dramatic. 
The NO y-bands and the CN spectrum are vory severely 
weakened, as is also the already weak CH spectrum. The 
NH and OH spectra are less seriously affected. Evon so, 
absorption measurements show that much more nitric 
oxide remains in the burnt gases than is produced from 
cyanogen alone. 

This definitely establishes the chemiluminescent nature 
of the NO y-bands and further indicates that ground-state 
nitric oxide molecules are capable of suppressing the 
precursors of these bands. The reaction: 


CN + NO—>CO + NÉ’ AH = — 158 kcal 


would seem to have all the necessary qualifications. pro- 
vided it does not have a large energy of activation, since 
destruction of CN prevents its being a precursor of CN *. of 
NO* and of CH*. Reaction of NO with CN* would, of 
course, be equally effective. The NH bands aro not 
weakened so much, since they can arise from nitric oxide 
alone, without the presence of cyanogen’. 
Thermodynamic data for ground-state molecules are 
taken from the JANAF Thermochemical Tables? and 
spectroscopic data from Gaydon®. Whore a molecular 
electronic state is not specified the ground state is implied. 


1 Phillips, L. F., and Sugden, T. M., Canad. J. Chem., 38, 1804 (1960). 

? Gaydon, A. G., The Spectroscopy of Flames (Chapman and Hall, Ltd., 
London, 1957). 

3 Sugden, T. M., Bulewicz, E. M., and Demerdache, A., Chemical Reactions 
pH ay Upper Atmosphere, 89 (Interscience Publishers, Inc., New York, 

1 Bulewicz, E. M., and Sugden, T. M., Proc. Roy. Soc., A, 277, 148 (1964). 

s TANID, Thermochemical Tables (Dow Chemical Co., Midland, Michigan, 


ma 


450 


NATURE 


May 2, 1964 VoL. 202 


ENTHALPY OF FORMATION OF PSCl; AND THE VALUE OF THE P=S 
DISSOCIATION ENERGY 


By M. F. MOLE and J. C. McCOUBREY 
Research Department, Albright and Wilson (Mfg.), Ltd., Oldbury, Nr. Birmingham 


fi Bee, reaction between PClyliq) and elemental Scan) 
has been investigated in the presence of 2-5 per cent 
AlCl) as catalyst at 70° C and has been found to yield 
PSCl,”) with a conversion of > 99 per cont in a reaction 
time of about 10 min or less. 

This reaction was suitable for isothermal calorimetry 
and the heat of reaction has been measured using a modified 
‘enclosed reaction space’ calorimeter'. The reactants 
PCi) and (Sern) + AlClyec)) were confined in two 
compartments of a vacuum-sealed glass phial separated 
from one another by a thin-walled ‘breaker seal’ which 
could be broken by means of a glass-covered metal ram 
contained in the (San) + AICl,(¢)) compartment. 

The phial was inserted into a conventional isothermal 
jacketed calorimeter consisting of a thin-wall glass Dewar 
eontaming a calorimetric fluid, and equipped with a 
stirrer, a Beckman thermometer and calibration heater 
and lid assembly. The glass Dewar was jacketed by a 
nickel-plated steel case and the whole unit was immersed 
in a Eoee bath maintained constantly at 70° + 
0-07° C. 

After an equilibration period, the reaction was started 
by breaking tho seal between the two glass compartments 
of the enclosed reaction phial with the ram. The heat 
evolved during the reaction quickly transferred to the 
outer calorimetric liquid. The temperature of the liquid 
was followed by means of the Beckman thermometer. 
Calorimetric liquids used were silicone oil, purified 
‘Dowtherm’ and oi!-covered water, and the water equiva- 
lents of the calorimeter and contents were determined 
individually for each run. 

The PCl,qaiq) was prepared from purified commercial 
material, first by fractional distillation over AlCl,c) under 
an atmosphere of nitrogen, followed by vacuum distilla- 
tion into the reaction phial. The other reactants were 
finely divided recrystallized sulphur, and freshly prepared 
anhydrous AlCl}. When PSCl, was required for correction 
experiments, it was freshly prepared via the above reaction 
and fractionally distilled under 1 atmosphere of nitrogen. 

Tho extent of the conversion to PSCl, was determined 
with the aid of vapour phase chromatography, and stand- 
ard mixtures of PCl, and PSCl,. The analysis was semi- 
quantitative, the areas under the peaks being determined. 
In all cases, the amount of PCl, present was so small as to 
be only just within the sensitivity of the detecting equip- 
ment, being somewhat less than 1 per cent. (This com- 
pares favourably with reported yields? of 99-7 per cent.) 

Separate measurements of the heat of solution of 
AlClycy in PClsqiqg) and of AlCl) in PsCligy) were 
made in order to determine the heat of formation of 
PSCl,qiqg). In those runs involving a ratio of PCl :S 


of 2 : 1, the necessary correction for the heats of solution 
of AlCl) in POl) and PSCl,q) under the saturated 


solution conditions of the primary reaction at 70° was 
found to be 0-1-0-2 kcal/mole solvent. The heat of mixing 
of PSCi,(1) with PCl,q) was also measured and found to be 
negligible, confirming the agreement found in runs involv- 
ing ratios of PCl, : Sof 1: land 2:1. 

The average value for the heat of formation of PSCl,q) 
at 25° C can be calculated from the heat of reaction at 
70° C to be —79-2 kcal/mole (using a value of AH,;° 
PCl.q) = — 73:3 keal/mole) if the unknown specific heat 
terms are assumed to be negligible. This assumption 
seems reasonable, and comparison with known liquid heat 
capacity data for other liquids suggests that these terms 
are certainly small (involving an error < 1 kcal/mole). 

A value for the heat of vaporization of PSCl,q) has been 
estimated from vapour-pressure measurements? to be 
9-3 kcal/mole. From this and the foregoing results we 
calculate D(P=S8) to be 61 kcal/mole using Cottrell’s 
recommended value‘ for AH,°(S) = 57 kcal/mole (or 
D(P=8) to be 70 kcal/mole using an atomization heat of 
66 keal/mole). 

This value is considerably lower than those obtained 
by Chernick, Pedley and Skinner! for PS(OEt), or PS(Bu);, 
where values of D(P=S) were found to be 82 and 83 
kcal/mole respectively on the basis of a value of 57 kcal/ 
mole for AH,° (S). From the approximate heat of forma- 
tion for P,S,, & low value for H(P==S) has also been estim- 
ated®, which is little affected by different assumptions 
for the heat of atomization of sulphur. 

The value of D(P=S) in PSR, compounds will be com- 
pounded from a term involving the in situ bond energy of 
P=S and a term involving the re-organizational energy 
of the PR, radical on passing from a three to a four co- 
ordinated arrangement, the latter term often making a 
substantial contribution to the net values of D(P=S) 
(ref. 6). It is interesting to note that the difference be- 
tween the values for D(P=S) in PSC, and PS(OAIk), 
is roughly the same as the difforence between the values 
of D(P=0}) in POC], and PO(OAIk);. The value of 
D(P=S) in PS(Alk);, however, is substantially greater 
relative to PSCI, (ref. 6). 

Although in the compounds POR, the length of the 
P=O bond varies little, the bond-longth of P=S in 
PSC], has been found? to be 1-85 A, a particularly short 
bond compared with 1-96 A in PS, (ref. 8), or 1:94 A 
in the tetra alkyl diphosphine disulphide’, and, by infer- 
ence, likely to be shorter than those in the tri-alkyl 
thiophosphates and tri-alkyl phosphine sulphides studied 
by Chernick eż al.. Thus, on this basis, we might have 
expected D(P=8) in PSCl, to be fairly high compared 
with the organo phosphorus sulphides. 

However, whereas the PCI bond-length and Cl—P—Cl 
bond-angle change appreciably from their values of 
2-04 A and 100-1° in PCI, to values of 1-99 A and 103-6? in 











Table 1 
Wt. of PCI, Ww. of S(Rb) Wt. of AICIs(c) PCl, : S(Bh) AH (measured) AHS PSOL Temp. of Calorimetric 
(g) (g) (g) molar ratio keal/mole PSCI; (kcal/mole) reaction (°C) liquid 
9-3712 219186 0-2114 09974 — 584 —79-34 69-9 Water + oil 
6:2162 0:7300 0-1558 1-987 — 5:42 — 79-04 70-0 Silicone oil 
6-1068 0:7059 0-1523 2:018 -5'81 — 79-48 70:0 ‘Dowtherm’ 
27-4759 0-8523 0:1863 2-047 — 5-43 — 79°05 702 ‘Dowtherm’ 
0-5988 0:1306 2-021 — 6°55 — 79-15 700 ‘Dowtherm’ 


5-1870 
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POCI,, the values in PSCl, are little changed”, being 2-02 

and 100-5°, so that the re-organizational energy of 
PCl, makes a smaller contribution to the total energy 
of PSC, than it does in POCI,. . 

The possibility of m-bond stabilization will always arise 
in four co-ordinated phosphorus compounds, and should 
be favoured by the presence of polarizing substituent 
atoms having electrons available for bonding involving 
the phosphorus dz: and dz orbitals ; Cl, O and S and 
(OR) satisfy these requirements. Opposing this increased 
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binding energy may be a competition of the P—Cl and 


+ = + =- 
P—O or P—S electron withdrawal effects on the o-binding 
energy which may be reflected in the observation that 
whereas alkyl sulphides are better electron donors to SbCl; 
(ref. 11) than alkyl ethers, PSC, is a markedly weaker 
electron donor than POCI;. Moreover, in PS(Alk), com- 
pounds, where first order x-bonding is precluded, D(P=S) 
is substantially higher than in PSC]. 

Another possible contributory factor to the low D(P=S) 
in PSCl, may lie-in the fact that although the P=S is 
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short, it may not be especially strong energetically. This 

follows because in the case of many phosphorus com- 

pounds the o-hybridization remains substantially sp? 

whether the bond is single or double (due to the effective 

bond equivalence of the lone pair), so that the short P=S 

bond, while maximizing z-binding, may be introducing an 

appreciable amount of o-bond strain in contracting by 

0-27 A from the calculated single P—S bond value?*. 

1 Bitz We Rohlfs, G., and Von Vogel, H. U., Z. anorg. Chem., 220, 113 

. Andreeva, 0. I., Tsvetkov, V. S., Pokatova, G., and Krasner, L. N., Trudy 
Gosudarst Inst. Priklad. Khim., 45, 64 (1960), 

3 Stull, D. R., Indust. Eng. Chem., 39, 540 (1947). 

t Cottrell, T. L., Strengths of Chemical Bonds (Butterworths, London, 1958). 

8 ee C. L., Pedley, J. B., and Skinner, H. A., J. Chem. Soc., 1861 

8 Hartley, S. B., Holmes, W. S., Jacques, J. K., Mole, M. F., and McCoubrey, 
J. C., Quart. Revs., 17, 204 (1963). 

7 Williams, Q., Sheridan, J., and Gordy, W., J. Chem. Phys., 20, 164 (1952). 

8 Vos, A., and Wiebenga, E. H., Acta Cryst., 8, 217 (1955). 

? Dutta, S. N., and Woolfson, M. M., Acta Cryst., 14, 178 (1961). 

10 Interatomic Distances (Chem. Soc., London, 1958). 

u Zackrisson, M., Acta Chem. Scand., 15, 1785 (1961). 

12 Pauling, L., Nature of the Chemical Bond, third ed., 229 (Cornel! Univ. 
Press, 1980). 


A CLASSIFICATION OF CROSS-STRATIFICATION STRUCTURES 
By R. E. ELLIOTT 


National Coal Board, East Midlands Division, Arnold, Nr. Nottingham 


HERE is considerable confusion of nomenclature 

in the literature concerning cross-stratification 
structures ; field geologists and experimental workers 
have tended to erect their own terms but have also 
borrowed terms from each other. In recent years a 
correlation between the structures described in these two 
branches of sedimentology has become better established. 
The term ‘cross-lamination’ is used by Shrock? for the 
structure of any set, however thick, composed of laminze 
stacked in a manner discordant to the boundaries of that 
set. The term ‘cross-stratification’ is used here for the 
same general group of structures, following McKee and 
Weir? and Allen’, because in special cases sub-sets may 
be distinguished within the cross-strata ; for example, in 
the heterolithic cross-strata of Allen’. McKee and Weir? 
write of a cross-stratified set as “one with layers deposited 
at an angle to the original dip of the formation”. This 
criterion is in keeping with genetic theory, for it is generally 
accepted that cross-stratification is produced by deposi- 
tion from a current of air or water which in general flows 
parallel to the regional surface of deposition, and is locally 
engaged in eddies which determine the site and character 


` of cross-lamina building. Cross-stratification structures 


are therefore defined here as those structures composed 
of sets within which strata are inclined with angular or 
tangential discordance to the base of these sets. 

Allen’ considers that hollows, filled with sediment more 
or less parallel to their sides in all cross-sections, have 
cross-stratified fillings, and states that similar concordant 
fillings are known to be deposited by vertical sedimentation 
in relatively quiet water. McKeo® shows by laboratory 
experiments that concordant laminæ are deposited in a 
submerged channel only by vertical sedimentation. Since 
no alternative process akin to the deposition of cross- 
stratification sets is known, and moreover does not seem 
likely, these concordant-fill structures have been deliber- 
Ay excluded by the morphological definition given 

ere. 

Cross-stratification structures are primary; their lamine 
are built grain by grain, and Bagnold’ pointed out that 
cohesionless grains are an essential prerequisite. The 
construction of cross-lamine is directly dependent on 
simple non-random eddy patterns, described by many 
authors from the time of Darwin® onwards ; if these eddies 


were random, no systematic structure could develop. The 
circumstances which control the size and positioning of 
these eddy patterns also indirectly control the size and 
form of the resulting cross-stratification sets, and since the 
patterns give rise to distinctive structures, they provide 
a basis for sub-division of cross-stratification structures. 

The eddies may either be bottom-forms and arise in 
response to form-drag conditions, as Bagnold’ demon- 
strates, or they may be an integral part of an expanding 
current flow as Jopling’ describes. Corresponding to these 
two conditions, flume-experimenters and actuo-geologists 
have described the formation of ripples and dunes respec- 
tively. They have shown, as Allen®‘ reports, that such 
structures are rarely between 3 and 5 cm high, and it is 
convenient to draw a division at 4 cm of height between 
ripples and dunes, the latter being more than 4 cm high. 
The heights of eddies and their dependent structures may 
be restricted either by the shallowing of water to less than 
20 mm deep when the rhomboid ripples of Bucher? may 
be produced, or by the ‘shooting’ of the main current flow 
over dunes independently of their associated eddies ; under 
these conditions the bars or washed-out dunes of the 
filume-experimenters are produced. Rhomboid ripples are 
less than 2 mm high and have not definitely been identified 
in ‘fossil’ form, whereas some bars are probably repre- 
sented among the few ‘fossil’ structures between 4 and 
10 cm high. Restriction in some form, without significant 
erosion, also: appears to have a connexion with solitary 
dune sets ; modern grouped dune sets occur in water many 
times the dune height, and Allen?:* has established a 
relationship between water-flow depth and dune height. 
Certain eddy patterns with a lateral variation in develop- 
ment give rise to the linguoid ripples of Bucher as 
opposed to straight ripples (normal ripples of Bucher’), 
and likewise to linguoid dunes as opposed to straight 
dunes. 

There are three significant profile types of ripples and 
dunes resulting from variations in the relationship between 
rate of sedimentation and the rate of migration of squads 
of ripples or dunes. These profiles lie parallel to the 
direction of migration and were developed geometrically 
by Allen‘. They include, first, isolated cross-stratified 
marks with stoss-side diastems resulting from erosion 
contemporaneous with and more or less compensated by 
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lee-side lamina deposition ; secondly, over-stepping sets 
with diastemic or other sharp boundaries, built by lee- 
side lamina deposition in éxcess of stoss-side erosion; and 
thirdly, the over-stepping drift profiles of Sorby" with 
their gradational boundaries due to lamina deposition on 
both lee- and stoss-sides. The mark-profiles are deposited 
under low relative rates and the drift-profiles under high 
relative rates of sedimentation. For reasons which are 
still not clear, fossil ripple-mark and ripple-drift are 
common while fossil dune-mark and dune-drift are rare 
or absent in Nature. : 
Walker™ described a special form of ripple-drift, his 
type 3, which is often closely associated with turbidites. 
Mud, silt and sand grade particles are found segregated 


to some extent in these structures, the more muddy fraction ` 


occurring in the lower lee-slopes and the sandy fraction 
on the crests and stoss-sides. I believe that non-random 
eddy patterns are necessary to build these, just as they 
are necessary to build other cross-stratification structures ; 
but that their association with turbidites and the only 
partial segregation of a considerable range of grade sizes 
suggest that they were built by a current carrying a 
small to moderate load of suspended matefial. This load 
was probably near the limit beyond which any increase 
would ‘damp-out’ saltation and prohibit cross-lamina 
deposition. 

Symmetrical (‘wave’) ripple-marks consist of ‘back-to- 
back’, concave-up cross lamin, built by eddies set up 
on alternate sides of each mark by an oscillating current 
flow as Darwin® demonstrated, and which has recently 
been. described by Tanner”? as a ‘figure-of-eight’ current 
movement. They are therefore built by the same basic 
mechanism as are asymmetrical ripple-marks. 

A special type of cross-stratification occurs in the upper 
foreshore deposits of Thompson™, and subaerially in the 
‘plinths’ of seif-dunes described by Bagnold*. It consists 
of grouped sets built of low-angle cross-strata, less than 
16° to the original horizontal and with overlap and over- 
step relationships between sets of slightly different cross- 
stratal dips. This geometry, together with certain textural 
characteristics, distinguishes these structures from other 
cross-stratification and they may perhaps be collectively 
referred to as plinth-sets. Their distinctive nature appears 
to be due to deposition on slopes opposing the direction 
of sediment transport and it is interesting to compare the 
low-angle attitude of the stoss-side lamine of ripple-drift. 

Gradation between ‘toe-set’ or tangential and angular 
cross-stratification, and also the presence or absence of 
irregular set bases due to slight erosion, are, according to 
the flume-experimenters, features related to variations in 
the activity of lee-side eddies. These variations, alterna- 
tions of cross-strata lithologies and other forms of sub-sets, 


NATURE ' 


May 2, 1964 VoL. 202 


are here regarded as minor characters suitable as bases 
for the erection of cross-stratification sub-types. The 
special form of ripple-drift with muddy lee sides, discussed 
by Walker", should also be regarded as a sub-type of 
ripple-drift. 

The terms ripple, dune, bar and plinth, mark, set and 
drift, straight, linguoid and rhomboid, used in the fore- 
going paragraphs and in the papers specifically referred to, 
provide adequate well-established unit-words from which 
a logical cross-stratification terminology can be erected. 
This is listed in Table 1 with the better-known synonyms. 


Table 1. OCROSS-STRATIFIOATION TERMINOLOGY 
Present article Allen, 1968 (ref. 5) Some pre-1963 equivalents 


Symmetrical ripple-marks — Structure of wave ripple mark? 
Straight ripple-marks — Structure of normal ripples'® 
Linguoid ripple-marks — Structure of linguoid ripples!’ 
Straight ripple-sets Mu 
Linguoid ripple-sets Nu Micro-cross_ lamination! 
Rhomboid ripple-sets — Structure developed from rhom- 
boid ripples!’ 
Straight ripple-drift Lambda Ripple-drift®, part of 
Linguoid ripple-drift Kappa Ripple-drift4, part of 
Straight dune-sets Omikron 
Linguoid dune-sets Pi Includes festoon cross-bedding*’ 
Bar-sets Alpha 
(part of) 
Plinth-sets - Upper foreshore cross-bedding™ 
and structure of  seif-dune 
plinths!* 


The word ‘asymmetrical’ is omitted from the terms 
recommended here, for the sake of brevity. The three- 
word terms refer to three-dimensional structures and with 
the exception of the first listed term have the advantage 
that they may be shortened to the appropriate two-word 
terms when only two-dimensional views of a structure 
are described. 

Cross-stratification may fill excavations of various 
shapes, many if not all of which probably had origins 
distinct from the deposition of the fillings; the cross- 
stratifications and excavations should therefore be classed 
as separate structures?, 


1 Shrock, R. R., Sequence in Layered Rocks (McGraw-Hill, New York, 1948). 
1 McKee, E, D., and Welr, G. W., Bull. Geol, Soc. Amer., 64, 381 (1953). 
2? Allen, J. R. L., Nature, 194, 167 (1962). 
4 Alien, J. R. L., Liverpool and Manchester Geol. J., 8, 187 (1963). 
£ Allen, J. R. L., Sedimentol., 2, 93 (1963). 
* McKee, E. D., J. Sediment. Petrol., 27, 129 (1957). 
? Bagnold, R. A., Phil. Trans. Roy. Soc., A, 248, 235 (1956). 
2 Darwin, G. H., Proc. Roy. Soc., B, 36, 18 (1883). . 
* Jopling, A. V., Sedimentol., 2, 115 (1963). 
1° Bucher, W. H., Amer. J. Sci., 47, 149, 241 (1916). 
u Sorby, H. C., Quart. J. Geol. Soc., Lond., 64, 171 (1908). 
12 Walker, R. G., Sedimentol., 2, 173 (1963). 
18 Tanner, W. F., Sedimentol., 2, 307 (1963). 
u Thompson, W. O., Bull. Geol, Soc. Amer., 48, 723 (1937). 
18 Bagnold, R. A., The Physics of Blown Sand and Desert Dunes (Methuen, 
ndon, 1941). 
1$ Hamblin, W. K., J. Sediment. Petrol., 31, 390 (1961). 
1? Knight, S. H., Univ. Wyoming Publ. Sci., Geol., 1, 1 (1929), 
18 Alliott, R. E., Sedimentol. (in the press). 


EFFECT OF A MAGNETIC FIELD ON CARBOXYDISMUTASE 
By Dr. GEORGE AKOYUNOGLOU* 


National Aeronauties and Space Administration, Ames Research Center, Moffett Field, California 


NVESTIGATIONS of the effect of a magnetic field on 
biological systems are numerous. Leusden! working 
with coliform organisms and Staphylococci, and Jennison? 
with 25 species of bacteria, yeasts and moulds, found no 
effect of a magnetic field on their growth; Margou and 
Manigault® reported that a magnetic field can retard 
growth, of tumours on a strain of Pelargonium zonale. 
Recently it has been reported? that a magnetic field does 
not affect the fission rate of bacteria but it has a mortal 
effect, probably due to paramagnetic phenomena. During 
incubation, a mutant strain develops resistance to 


* U.S. National Academy of Sciences Post-doctoral Research Fellow. Present 
address: Greek Atomic Energy Commission Nuclear Research Center 
‘Democritos’, Aghia Paraskevi Attikis, Athens, Greece. 


magnetic fields} The responses of the planarian, 
Dugesia dorotocephala, to very weak horizontal mag- 
netic fields’ as well as of the mud-snail, Nassarius 
obsoletus, to magnetism with the strength of geomag- 
netism® have recently been reported, opening the fascin- 
ating question of geomagnetic effect on all living matter. 
Beischer?, extending the work of Perakis*, has exam- 
ined the effect of strong magnetic fields on the fertiliz- 
ation and development of sea-urchin eggs, and he reported 
that the uniform field seems to have beneficial effect 
on the development while the non-uniform fields 
reduce the survival rate. The effect of approximately 
6,000 cersteds on the growth of mice has recently been 
reported’, 
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Commoner et al.® have demonstrated in vitro the 
presence of unpaired electrons in enzymatic reactions; 
therefore one would expect an influence of magnetism on 
the reaction rate, since paramagnetic molecules are 
present. Beischer? has examined the effect of uniform and 
non-uniform magnetic fields on alcohol dehydrogenase 
and peroxidase and he was not able to demonstrate any 
specific effect. Sister Smith and Cook™ have recently 
shown that magnetic fields of at least 5,000 gauss raise 
the enzymatic activity of trypsin. 

The work reported here is the study of the effect of 
a magnetic field of about 20,000 gauss on the activity 
of carboxydismutase, the enzyme which catalyses the 
primary carboxylation reaction in photosynthesis, that 
is, the reaction: 
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carboxydismutase 
ribulose-1,5-dtphosphate + HCQ-, 





3-phosphoglycerate 


Carboxydismutase was prepared from spinach chloro- 
plasts (Spinacea oleracea) as described previously??:??, 
The enzyme was dissolved in potassium phosphate buffer 
pH 7-4 and kept at 0° C. The protein content of the 
solution was determined on the basis of dry weight. The 
purity of the enzyme was estimated to be approximately 
70 per cent. 

Tn all our experiments, a double-wall tube containing 
the enzyme solution was placed between the tapered pole 
caps of a Spectromagnetic Industries model TC-200-8 
4-in. electromagnet (Spectromagnetic Industries, Hayward, 
California). The average field strength was 20,000 
gauss. Another similar tube, serving as control, was 
placed outside the magnet. Both tubes as well as the 
poles of the magnet were cooled by circulating cold water 
(4° C) (Fig. 1), and were covered with a piece of black 
fabrie in order to eliminate any effect due to light. 0-5 ml. 
of enzyme solution in phosphate or iris buffer pH 8-0 were 
used in each experiment, and at different intervals of time 
(30 min-6 days) samples were taken and checked for 
enzymatic activity. 


From water bath 


To water bath 


Fig. 1. Magnet with sample in position. 1, Sample in double-wall tube 

between the pole caps of the electromagnet, in a field strength of 20,000 

gauss; 2, control tube; 3, tharmostaticaliy controlled water- circulating 
evice 


The carboxydismutase assay was the following: enzyme 
solution, 1 M tris buffer pH 8:0, magnesium chloride, and 
bicarbonate labelled with carbon-14 were pre-incubated 
for 10 min at 0° C, then ribulose-1,5-diphosphate (RuDP) 
solution was added and the mixture was incubated for 
15 min at 22° C. The reaction was stopped by the addi- 
tion of acetic acid solution and the 3-phosphoglyceric acid 
radioactivity was determined as acid stable radioactivity. 
An, aliquot of the mixture was spread out on a thin alumin- 
ium planchet with the aid of a micropipette, dried under 
an. infra-red lamp and counted. An automatic gas flow 
counter equipped with a Geiger—Miiler tube with a “Micro- 
mil’ window was used for precise counting. 
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More than twenty experiments were performed and the 
results of all of them showed a pronounced activating 
effect of 14-20 per cent on carboxydismutase. Table 1 
shows the difference in activity between the enzyme 
exposed to the magnetic field and of that serving as control 
of a representative set of experiments. The loss in netivity 
as a function of time is due to denaturation of the enzyme 
which occurs; however, this inactivation is more pro- 
nounced in the case of the non-exposed to the maznetic- 
field enzyme than in that of the exposed. 


Table 1, EFFECT OF MAGNETIO FIELD ON THE ACTIVITY OF CaRBOXYDIS- 
MUTASE 


Hours in the Hours out of the d.p.1a.jmg pr tein 
magnetic fleld magnetic fleld x 10% 
t pi — 1:85 
_ 1 LTO 
2 — 1-93 
— 2 170 
48 — 1:69 
= 48 indd 
192 — 1:37 
— 192 1-06 


Experimental conditions: Each reaction mixture contained (amoi); 

“0, 25; enzyme, Fa ug (dry weight); NaHCO, (specie activity 

21 ue.JuM, 2; RuDP, 0 Final volume 300 wl, Pre-incubation (without 

min at 0° y “Bcubation following RuDP addition, 15 min at 

22° 0. Magnetic- field strength, 20,000 gauss. Temperature of the enzyme 
mixture at the time of its exposure to magnetic field, 4° C. 


It was also found that there was not any difference 
in the results whether the pre-incubation and incubation 
of the enzyme with the other components of the reaction 
mixture were done inside or outside the magnetic field. 

To eliminate any questions as to the validity of the 
control, some experiments were performed where the same 
enzyme solution served as both control and test sample. 
In these experiments enzyme solutions in ér’s bufter 
pH 8-0 were placed in the magnet which was turned on 
and off every 24 h for 6 days, and at different intervals of 
time samples were taken and checked for activity. The 
average results of three experiments are shown in Fig. 2. 
The activity of carboxydismutase is increased consider- 
ably as the magnet is turned on, while as soon as the 
magnet is turned off the activity decreases. 

The activating effect of a magnetic field on enzymes is 
quite a new discovery and opens up a fascinating field 
of further studies. The effect seems to be tho inverse 
of denaturation. The ultra-violet spectrum of trypsin 
was found by Sister Smith and Cook to change consider- 
ably after exposure to the magnetic field and the change 
was exactly the inverse of that of the spectrum of the 
ultra-violet irradiated enzyme; in other words the qualita- 
tive change produced by ultra-violet irradiation was the 
elevation of the 220-230 my spectrum, while that produced 
by the magnetic field was the depression of the spectrum 
in the same region. 

Some experiments were also performed in our laboratory, 
in which the enzyme was partially or completely inactiv- 
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Fig. 2. Effect of a magnetic field on the activity of carboxydismutase, 
The same enzyme solution was serving as both control and test sample 
and only the magnet was turned on and off, All conditions and com- 
ponents were as in experiment of Table 1 
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ated by ultra-violet light prior to exposure to the magnetic 
field, and the results showed that carboxydismutase 
previously irradiated by ‘ultra-violet light could not 
become reactivated under the influence of the magnetic 
field. Therefore, denaturation of carboxydismutase by 
ultra-violet light cannot be overcome and reversed. by the 
magnetic fields. However, the change produced by the mag- 
netic field is a reversible one as shown in Fig. 2. Sister Smith 
and Cook interpreted the activating effect of the magnetic 
field as being due to an increase in hydrogen bonding and 
consequently in helicity of the polypeptide backbone of 
the enzyme. If the influence of the magnetic field is the 
increase in its helicity or in general in its symmetrical 
configuration, then this action can only take place as far 
as the reaction: 
magnetic feld 

native carboxydismutase <= > activated (helical) carboxydismutase 
is concerned. In the case of the denatured enzyme the 
tertiary structure is quite distorted to form randomly coiled 
parts and the magnetic field cannot affect its renaturation. 
The increase in helical structure and hydrogen bonding 
stabilizes the protein against denaturation; thus the 
enzyme is less apt to lose its activity. Notice in this respect 
that the enzyme after prolonged exposure to the magnetic 
field is not denatured so fast as the control. Therefore, 
one can conclude that, if this is the true activating 
mechanism of the magnetic-field influence on an enzyme, 
the catalytically active part of the surface of the enzyme 
may include side-chains of amino-acids well separated in 
the sequence of the polypeptide chain, which are brought 
together under the influence of the magnetic field, by fold- 
ing back of the main chain. 
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Recently, the specific enzymatic activity of adenosine 
triphosphatase of skeletal myosin A was found to be 
increased by ethylene glycol at a concentration of 50 
volumes per 100 ml. (ref. 14); optical rotatory dispersion 
examinations of the activated myosin showed that a 
pronounced unfolding of the helical structure occurs. 
In this case, quite a different activating mechanism takes 
place, and raises the question whether the effect of mag- 
netic field is due to a hyperfolding (folding in excess of 
native form) or unfolding mechanism. Optical rotatory 
dispersion measurements of the activated and the native 
protein will give us an answer to that question. 

The effect of electrostatic field on the activity of 
carboxydismutase was also investigated. In our pre- 
liminary experiments it was found to affect the activity 
of the enzyme in a way similar to that of the magnetic 
field. 
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TRANSGLUCOSYLASE ACTIVITY OF FUNGAL LAMINARINASES 


By Pror. C. G. C. CHESTERS 
University of Nottingham 
AND 


Dr. A. T. BULL 
Bedford College, University of London 


URING investigations of laminarin degradation we 

have observed that many fungal enzyme preparations 
exhibited transglucosylation activity. It was important 
to estimate the extent of this, because the multicomponent 
nature of fungal laminarinases and the structure of 
laminarin were being investigated. Laminarin, a food 
reserve found in the fronds of sub-littoral brown algae, 
especially species of Laminaria, is a B-p-1,3 glucan con- 
taming occasional 8-1,6 linkages which may constitute 
branch points in the molecule. Cellobiose has been 
detected frequently in enzyme digests of leminarin?. 
As considered here transglucosylation is a synthesis of 
oligosaccharides from simple, low-energy substrates 
without the participation of phosphorylated sugars. 
It may be represented thus: 


glucosyl-X + enzyme-H — glucosyl-enzyme + XH 
glucosyl~-enzyme + R-OH —> glucosyl-O-R + enzyme-H 


This must be distinguished from condensation reactions 
involving glucose with the production of disaccharides. 
Condensations are usually slow and require large sub- 
strate concentrations. 

Fungi degrade laminarin by extra-cellular, multi- 
component enzyme systems; the laminarinase complex 
and the isolation and purification of these are described 
elsewhere’*. Three main types of laminarinase complex 
were evident, predominantly exo-hydrolytic, predomin- 
antly endo-hydrolytic and intermediate, representative 
systems, that is, from Trichoderma viride, Rhizopus nodosus 
and Myrothectum verricuaria, were used in all experiments. 


Digests consisted of substrate, 10 per cent (w/v) in 2 ml. 
acetate buffer (0-1 M, pH 5-8) (ref. 3), incubated with 50 u 
of laminarinase at 37° C (1 u of activity = production of 
1 mg reducing sugar, as glucose, from a 0-5 per cent (w/v) 
solution of laminarin in 30 min}. Substrate solutions 
were sterilized by Seitz filtering and a few drops of toluene 
were added to prevent bacterial growth. Transglucosyl- 
ation was followed by paper chromatographic analysis 
of the digests, the solvent system n-butanol—pyridine— 
water-benzene (5:3:3:1) (ref. 4) giving excellent 
separations of nearly all oligosaccharides. Other systems 
were used for specific problems and for confirming identifi- 
cations. Reference compounds were gifts from various 
laboratories, obtained commercially, or prepared by one 
of us (A. T. B.). The purity of these compounds was _ 
checked chromatographically. The logarithmic partition 
function «, defined as log a is a linear function of 
molecular size for any series of oligosaccharides (following 
ref. 5). This relationship has been used as an additional 
means of identifying synthesized sugars. 

Preliminary experiments investigated the extent of 
glucose condensation, digests being analysed over a 
720-h incubation period. Significant condensations 
occurred only in the presence of large substrate concentra- 
tions, namely, 50 per cent (w/v). Three disaccharides— 
gentibiose, cellobiose and laminaribiose—and three tri- 
saccharides—cellotriose, 3-O-8-(cellobiosy!l)-p-glucose, and 
3-0-8-(gentiobiosyl)-p-glucose—-were synthesized, though 
most condensation products were degraded after 720 h. 
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Table 1 
Products of trans-f-glucosylation * 
Substrate 1:6 Lh 1:3 1:6,1:6 1:4, 1:40 1:8, 1:3 1:6,1;3  1:4,1:3 1:6, 1:6, 1:3 1:6, 1:3, 1:3 1:8, 1:8, 1:3 
68-Trehalose £ Ed EJ EJ 
aminaribiose æ x £ g g % x 
Cellobiose æ æ EJ g x g g 
Gentiobiose z x g% g x 


*1:6=gentioblose; 1:6, 1:6=gentiotriose; 1:6, 1:3=8-0-f-(gentiobiosy])-D-glucose, etc. 


az gugar synthesized from substrate indicated. 


Once disaccharides appeared in the digest transglucosyla- 
tion could proceed and this probably accounted for 
the production of transitory trisaccharides. Only 
B-1,6 linkages were synthesized from smaller glucose 
concentrations, that is, 10 per cent (w/v). Al three 
enzyme systems gave similar results and all had con- 
sistently lower condensation activities than almond 
emulsin’. Peat, Whelan and Hinson! found gentiobiose 
to be the most stable disaccharide produced by emulsin, 
but the present work indicated that the 8-1,3 linkages 
were the most resistant to hydrolysis by fungal enzymes. 
Laminaribiose, which accumulates in laminarin digests, is 
hydrolysed. only slowly?. 

88-Trehalose, laminaribiose, cellobiose and gentiobiose 
were employed as substrates in further experiments and 
the production of oligosaccharides was much more rapid 
and extensive as & result. Transglucosylation products 
comprised di-, tri- and tetra-saccharides, ranging from 
gentiobiose to laminaritetraose. Tentative identifications 
of oligosaccharides are given in Table 1. 

The results indicate a preferential transfer of glucosyl 
groups to carbon atoms 3 and 6 in the glucose molecule 
and the 1-3, 1-6 and 1-4 linkages appear in the ratio 
9:9: 2. 

In this context the results of Walker et al.’ are of inter- 
est. Using cultures of Acetobacter species they found that 
gentiobiose and sophorose were the principal oligosacchar- 
ide products of transfer reactions in a glucose medium. 
These authors point out that had the transfer reactions 
been reversals of hydrolysis it should have been possible 
to detect cellobiose and laminaribiose in greater propor- 
tions than sophorose. It may be significant here that 
enzymes from wheat germ have been separated that 
specifically catalyse the formation of glucosides and gentio- 
biosides when uridine diphosphate glucose was the donor 
substrate’. 

In mixed digests containing gentiobiose (5 per cent w/v) 
and laminaribiose (5 per cent w/v) transglucosylation was 
quantitatively more extensive and large concentrations 
of gentiotriose and 3-0-8-(gentiobiosyl)-p-glucose rapidly 
accumulated. The extent of synthesis did not differ 
appreciably compared with gentiobiose-enzyme systems 
and we conclude that greatest transglucosylation activity 
occurs in the presence of 8-1,6 linked sugars. The distinc- 
tion between condensation and transglucosylation was 
demonstrated by comparing the times of appearance of, 
say, laminaribiose from glucose and from a disaccharide 
substrate. Laminaribiose was present in disaccharide 
digests after 24-48 h whereas condensation of laminaribiose 
took approximately 10 times longer. Clearly transgluco- 
sylation does not proceed via condensation of glucose 
derived from the hydrolysis of the substrate. 

Some interesting data resulted from the use of laminarin- 
ase preparations from strains of Aspergillus niger and 
A. oryzae, used by Burger and Beran during investiga- 
tions of mould maltases®!°, Burger and Beran maintained 
these fungi on bran and found that culture extracts pos- 
sessed trans-«-glucosylase activity. We have cultured 
these same fungi on laminarin media and highly active 
laminarinases have been prepared; the latter were incu- 
bated with: (1) maltose; (2) glucose; (3) B-linked disac- 
charides. Trans-a-glucosylase activity was evidently 
retained by these fungi after many sub-cultures on non- 
amylolytic substrates, members of the maltose, isomaltose 
and panose series being synthesized from maltose. On 
the other hand, only §-linked oligoglucosides could be 


detected in laminaribiose and gentiobiose digests, while 
glucose condensation produced «-1,4, «-1,6 and a smaller 
proportion of ß-1,3 and ß-1,6 linkages. No synthesis 
occurred involving anomeric inversions and it is probable 
that phosphate is an essential participant in such re- 
actions}. 

Mannitol occurs as a minor constituent of certain lamin- 
arin molecules and mannitol terminated chains (laminari- 
tol, DP 30) have been separated from mannitol free 
molecules (laminaric acid, DP 17) by electrophoresis". 
Mannitol—-laminaribiose-enzyme systems were analysed 
with a view to possible synthesis of glucosyl~mannitol 
compounds. 1-O0-G-(glucosyl)-p-mannitol was produced 
in small amounts using laminarinases from M. verru- 
caria and T. viride; 1-O-6-(laminaribiosyl)-p-mannitol 
was also present in trace concentrations in incuba- 
tions with the latter enzyme. Transfer to the sugar 
alcohol only occurred in the presence of compara. 
tively large concentrations of mannitol, that is, 15 per 
cent (w/v). Further, these compounds were products of 
transglucosylation since glucosyl-mannitol saccharides 
were not produced in reaction mixtures containing glucose 
and mannitol. 

The synthesizing versatility of these enzymes was 
further demonstrated: (1) Glucosyl transfer to xylose 
with the production of several xylose—glucose oligosacchar- 
ides, two of which have been tentatively identified as 
3-0-8-(glucosyl)-xylose and £-(cellobiosyl)-xylose. (2) 
a«-Methyl glucoside was hydrolysed slowly and 8-phenyl 
glucoside rapidly, and afterwards gentiobiose, cellobiose 
and laminaribiose were produced from glucose condensa- 
tions. Compounds with mobilities greater than glucose 
were also detected and plots of «BPG (6-phenyl glucoside) 


-against probable saccharide level suggested the following 


identifications: phenyl-§-p-laminaribioside, phenyl-B-p- 
cellobioside, phenyl-B-p-gentiobioside and phenyl-6-p- 
laminaritrioside. The cellobioside had an Rppg of 0:76 
in the solvent system of Green and Stone‘, and had similar 
mobilities to an authentic sample in all other solvents 
used. (3) 8-Phenyl glucoside (10 per cent), methanol (25 per 
cent w/v) and laminarinase were incubated together and 
the course of glucose and phenol production followed. 
Some glucose was transferred to the methanol and methyl- 
8-glucoside was detected after 10 h. 

The individual components of laminarinase complexes 
from many fungi have been separated by adsorption 
chromatography and invariably transglucosylase has run 
parallel to the hydrolytic activity?. Therefore, it appears 
that hydrolysis is but a special case of transfer, water 
being the glucosyl acceptor. In dilute solutions the 
equilibrium favours transfer to water resulting in the loss 
of glucoside linkages and subsequent disappearance of 
high energy substrates. Glucosyl transfer to the -1,6- 
position predominates and this may be due to the greater 
availability of the —OH group at carbon atom six, since 
it lies out of the plane of the hexose ring. The linkage of 
the original substrate is also important; for example, 
higher proportions of 8-1,4 and 8-1,3 linked glucosides 
occur when cellobiose and laminaribiose are the respective 
substrates. A recent report by Pazur and Ando? described 
the separation of a transglucosylase from the other carbo- 
hydrases in Aspergillus niger. The purified enzyme 
effected the hydrolysis and transglucosylation of maltose, 
isomaltose, maltotriose and methyl-«-p-glucosides. This 
is additional support for the dual activity of such enzymes, 
the conclusions being based on experiments on the pH 
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optimum, paper electrophoresis and ultracentrifugation of 
the purified transglucosylase. 

This type of non-phosphorolytic transfer might be 
significant in oligo- and poly-saccharide metabolism. 
Recently, reports have appeared of non-phosphorolytic 
transglucosylase activity in the synthesis of glucogen 
and oligosaccharides of the maltose series!®-1*, and it has 
been suggested that @8-trehalose could act as a glucosyl 
donor in the transglucosylytic synthesis of laminarin?’. 
The results so far obtained hold promise for further work 
on the synthesis of laminarin and other polysaccharide 
reserves using algal and fungal enzyme systems. Tho uses 
of phosphate buffer, higher energy substrates such as 
laminaridextrins, sugar phosphates and nucleotides are 
important extensions of this work and are being investi- 
gated. 

We thank Dr. Mikulas Burger, Czechoslovak Academy 
of Science, Prague, for supplying the Aspergillus species; 
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Dr. J. R. Turvey, University College of Bangor, North 
Wales, for the gift of glucosyl-mannitol compounds. One 
of us (A. T. B.) was supported by Boots Pure Drug Co, 
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AVAILABILITY OF TRITIATED THYMIDINE AFTER INTRAVENOUS 
ADMINISTRATION 


By R. N. STAROSCIK, W. H. JENKINS and Pror. M. L. MENDELSOHN 


Department of Radiology, University of Pennsylvania, Philadelphia 


RITIUM-labelled thymidine has been widely used 
in the autoradiographic analysis of the proliferative 
cycle of replicating cellist. When such investigations are 
carried out ¿n vivo, an important consideration is the 
duration of availability of intravenously administered 
tritiated thymidine. This has been explored in several 
laboratories by analysing serial samples of bone marrow”, 
gut* or ascites cells? at various times following a single 
injection of tritiated thymidine. After scintillation 
counting or autoradiography and grain counting, the 
uptake of tritiated thymidine by the tissues is expressed 
as a function of time. Such investigations genorally indicate 
that uptake into deoxyribonucleic acid (DNA) is complete 
in 30-40 min after intravenous or intraperitoneal injec- 
tion, but they do not distinguish between the conversion 
time of tritiated thymidine to DNA within the cell and the 
availability time of tritiated thymidine to the cell. The 
work recorded here describes another approach to the 
measurement of availability: the tissue of interest is 
isolated from the circulation at the time of injection of 
tritiated thymidine, and the uptake is measured as a 
function of elapsed time before the circulation is re- 
established. The tissue of interest in this case was 
autochthonous breast tumours of the C3H mouse. 

Female C3H/JAX mice were selected for ‘spontaneous’ 
mammary tumours occurring in locations which permitted 
retraction of the tumour from the body wall. To isolate 
the tumour, the animals were anesthetized lightly with 
ether, the tumour was rotracted, and a pair of large 
intestinal clamps were placed in opposite directions 
across the skin and subcutaneous tissue between the 
tumour and the body wall. Preliminary observations 
with the clamps in place indicated that neither blood nor 
detectable amounts of tritiated thymidine passed through 
the clamped area. 

The animals were divided into the following groups: 
(1) background controls received no tritiated thymidine 
and were not clamped; (2) labelling controls received 
tritiated thymidine and were not clamped; (3) clamping 
controls were clamped for varying intervals up to 40 min, 
were unclamped and massaged for 1 min, and were then 
injected with tritiated thymidine; and (4) an experimental 
group was clamped, promptly injected with tritiated 
thymidine, and then at intervals ranging up to 40 min 
was unclamped and massaged. In groups 2, 3 and 4 the 
tritiated thymidine was injected by tail vein, giving 150 


uc. per mouse at a specific activity of 0-36 me./mM. In 
all groups 1-5 ug/g body-weight of colchicine was injected 
intraperitoneally 1 h before the mice were killed. When 
both agents were given, the colchicine followed the 
tritiated thymidine in 4 h. 

The tumours were placed in buffered formalin immedi- 
ately after the animals were killed. Dipping autoradio- 
graphs (Kodak NTB3 emulsion) were prepared on l—2u 
paraffin sections of the tumours, and a thirteen-day 
exposure of the autoradiographs was used for all the grain 
counts. Grain counts were limited to metaphase figures 
and are the averages of counts done independently by two 
observers. 

The colchicine-treated, unlabelled tumours of the 
background controls gave an average count of 0-187 
grains per metaphase. This value was subtracted from 
the values of grains per metaphase for the remaining 
tumours in the experiment. These background corrected 
counts are summarized on a semi-logarithmic plot in Fig. 1. 
Each of the 47 entries refers to a single tumour and repre- 
sents grain counts from approximately 200 metaphases. 

The values for the clamping controls and the labelling 
controls are similar in magnitude, suggesting that periods 
of up to 40 min of clamping do not interfere with the 
subsequent ability of surviving cells to incorporate 
tritiated thymidine into DNA. This is confirmed by a 
regression analysis of these two groups taken together. 
The slope of the regression line is —0-00692 log (grains/ 
metaphase) per min with a standard deviation of 0-00428. 
By ¢ test this slope is not significantly different from zero. 

A corresponding regression line for the experimental 
group gives a slope of — 0:0320 log (grains/metaphase) : 
per min with a standard deviation of 0-00531. This value 
is significantly different from zero and from the slope of 
the controls (P < 0-001). The wide scatter of the indi- 
vidual tumour values prevents a more detailed analysis 
of the uptake curve, but the results suggest a rapid 
fall in the first minutes after injection and then an 
exponential decay with a half-time of approximately 
9-4 min. At 40 min, the uncorrected experimental values 
are still significantly greater than the background control 
values. 

In assessing availability of an injected precursor, there 
are fundamental differences between the two techniques 
which have been used. On one hand, a clamping experi- 
ment examines the traffic of the precursor and its deriva- 
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Fig. 1, Average grain counts for tumour cells in metaphase five hours 
after the intravenous injection of tritriated thymidine. The circles 
represent tumours which have not been clamped; the triangles represent 
tumours clamped for the times shown on the abscissa and then unclamped 
immediately before the injection of tritiated thymidine; and the squares 
represent tumours from a! injected with tritiated thymidine 
immediately after the-tumours were Gomes the clamps being removed 
at the times after injection shown on the abscissa. The upper regression 
line is for the circles-and triangles and does not differ significantly from 
a slope of zero. The lower regression line is for the squares and repre- 
sents a half-time of 9-4 min. The zero time intercept of this line is 
significantly below the control values, suggesting that the curve bends 
up sharply as time approaches zero 
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tives subsequent to the re-establishment of circulation. 
As in the present case, it can be designed to integrate the 
results over periods of time which are sufficiently long to 
minimize any effects of conversion time from the precursor 
into the definitive end-product. On the other hand, 
experiments based on the sequential removal of tissue 
after injection look at the other side of the uptake curve. 
They examine the initial traffic up to the moment of 
removal, including the time of early accumulation and 
storage of the precursor. In a removal experiment, an 
increase in uptake as time progresses may represent 
either continued availability of precursor or the time 
required to incorporate the material already available in 
the cells. Removal experiments tend to provide more 
reliable data for the period immediately following injection, 
while clamping experiments tend to give better resolution 
for the later part of the curve. One would expect differ- 
ences in the results with these two methods whenever 
there is rapid uptake and storage of significant amounts 
of precursor, or the conversion time into the end-product 
is slow compared with the removal of the precursor from 
the circulation. 

The data from this clamping experiment indicate that 
uptake at 40 min after injection is significant. According 
to a preliminary report by Cronkite, a similar result has 
been obtained in a clamping experiment obstructing blood 
flow across the guinea pig’s abdomen’. These availability 
times are longer than those obtained with removal experi- 
ments, but in the present case they involve only.1 or 2 
per cent of control uptake and are probably an indication 
of differing resolution of the clamping method rather 
than an altered pattern of uptake. Fig. 2 summarizes 
the clamping results as they might have looked in a 
removal experiment. The differences between the experi- 
mental and control values have been normalized to 8a 
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maximum of 100 per cent and plotted as a function of 
time. The resviting curve is similar in shape to those 
obtained from actual removal experiments; and it is 
similar in magnitude as well, in that 95 per cent of the 
uptake has occurred within 25 min after injection. In 
spite of differences in tissue and technique, this similarity 
of results between clamping and removal experiments 
suggests that in labelling experiments in vivo conversion 
time of tritiated thymidine into DNA is relatively short 
and local storage of tritiated thymidine or its derivatives 
is relatively minor. 


100 


Uptake (per cent) 
a 
© 
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Time (min) 
Fig. 2. A derived uptake curve, based on the difference between grain 


0 40 


counts of labelling controls and the experimental group. 100 per cent 

uptake is taken from the experimental regression line extrapolated to 

60 min, with the dashed line in this figure indicating the extrapolated 

portion of the curve. The early part of the curve is conjectural, but 

rom approximately 3 min onward the curve is realistic and quite similar 

to corresponding curves obtained from experiments in which uptake 
is determined by serially sampling tissue 


The grain count curve from the clamping experiments 
bears some resemblance to the curve obtained from human 
blood when the content of tritium in organic form is 
plotted as a function of time after intravenous injection 
of tritiated thymidine’. The blood curves showed 
an initial rapid fall in counts, representing the combined 
effect of dilution and early incorporation. After several 
minutes, the curves flattened and the data then followed 
a slow exponential decay with a half-time of 25 min. 
The organic constituents actually containing the tritium 
during the slow decay period were found to be more 
hydrophilic than thymidine?, and it was not known at 
the time whether they were breakdown products of thymi- 
dine or potential building blocks of DNA. In view of the 
present finding that effective precursors of DNA continue 
to circulate for at least 40 min after injection, an analogy 
between mouse and man suggests that at least some of the 
slow component in human blood consists of thymidine or 
thymidine derivatives which are still available for DNA 
synthesis. 

A major drawback of the clamping approach to the 
measurement of availability is the deleterious effect of 
isolating tissues from the general circulation. After 
clamping, the tumours show an increase in cell necrosis 
and a reduction in the incidence of labelled cells. These 
effects become more severe as the duration of clamping 
increases, and after 40 min of clamping the damage to 
the tumours is so marked that either the animals dio 
several days later or the tumours completely disappear. 
Under these conditions, grain counts of all interphase cells 
would obscure the desired information about availability 
by including & large unrelated component due to the 
clamping. It is equally unsatisfactory to limit the counts 
to those interphase cells which appear to be labelled, since 
this method inevitably samples further out on the distri- 
bution as the mean grain count of the population decreases. 
By limiting the counts to cells arrested in metaphase 4-5 h 
after the injection of tritiated thymidine, attention has 
been restricted to those cells which were likely to be in 
DNA synthesis at the time of injection®, were capable of 
completing DNA synthesis, and finally were sufficiently 
intact morphologically to be recognized as metaphases. 
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The validity of this approach is borne out by the lack of 
clamping effect in the controls: 

This investigation was supported by research and 
research career grants from the United States Publie 
Health Service. 
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DOSE-EFFECT MEASUREMENTS OF RADIATION FOLLOWING 
ADMINISTRATION OF TRITIATED THYMIDINE 


By Dr. W. E. KISIELESKI, L. D. SAMUELS* and P. C. HILEY 


Division of Biological and Medical Research, Argonne National Laboratory, Argonne, Illinois 


STIMATION of the dose-rate from tritium incorpor- 
ated as tritiated thymidine into the deoxyribonucleic 
acid (DNA) of living cells? presents many problems’. At 
doses used in experiments wherein tritiated thymidine 
is used as a tracer to follow cell cycles and study cell 
dynamics it has generally been assumed that no significant 
artefact is introduced by the presence of tritiated thymid- 
ine’. However, other workers‘ have found both functional 
and structural evidence of cell damage following tritiated 
thymidine exposure. This damage has been found in 
several cell systems and often after small amounts of 
tritiated thymidine. 

In @ previous report®, we showed that the testis of the 
. mouse is especially sensitive to the effects of the incorpora- 
tion of tritiated thymidine. The purpose of the present 
article is to examine methods of estimating radiation dose 
and obtain a dose-effect relationship at the cellular level. 

Two-week-old male CF No. 1 mice from the colony 
maintained at the Argonne National Laboratory® were 
injected intraperitoneally with tritiated thymidine at one 
of the following doses: 0-1 uc./g, 1:0 uc./g, 10 ue./g, 
50 uc./g. The mice were kept in stainless steel and 
plastic community cages and were provided with lactating 
females of the same strain. Fifteen animals were injected 
at each dose-level with sterile and pyrogen-free solution 
of tritiated thymidine’ having a specific activity of 0:36 
c./m.mole. Twenty control animals were injected with 
sterile saline. 

Two control animals were killed each day for 10 days 
following injection. Three animals in each of the 0-1 
and 1-0 ue./g body-weight groups were killed on days 1, 
3, 5, 7 and 9; and the 10 and 50 uc./g body-weight 
groups were killed on days 2, 4, 6, 8 and 10 following 
injection. 

All animals were killed by breaking the neck, both testes 
were removed and all fat and connective tissue were 
trimmed from the organ. The control testes were fixed 
for 24 h in Bouin’s solution, embedded in paraffin, sec- 
tioned at 3u and stained by the periodic acid—Schiff 
technique. In each group of three experimental animals 
both testés from one animal and one from a second were 
treated exactly as the control animals. The other testis 
from the second animal and both testes from the third 
animal were immediately placed into tared glass-stoppered 
weighing bottles and dried to constant weight; radio- 
chemical analyses were performed using liquid scintillation- 
counting techniques*. Autoradiographs of testis sections 
were also made using liquid emulsion following staining 
by the periodie acid-Schiff technique. Histological 
evaluation of radiation damage was based mostly on work 
of Oakberg® and Nebel eż al.’ utilizing data in the recent 
report by Monesi#. 


* Present address: Division of Radiological Health, U.S. Public Health 
Service, Iowa City. 


Results of uptake and retention closely parallel our 
previous work®. Autoradiographs demonstrate a labelling 
almost solely of primary spermatocytes, with the labelling 
index unchanged throughout the range of doses of admini- 
stered tritiated thymidine. In the present investigation, 
we have attempted to estimate the uptake of a single-cell 
nucleus and from this to determine the average exposure 
of a nucleus. This estimate has recently been made for 
bacteria by Person and Lewis. 

The population of primary spermatocytes has been 
estimated as follows: the fraction of total testis composed 
of primary spermatocytes has been derived by Roosen- 
Runge using Chalkley’s method. This fraction of the 
total testis weight is divided by the estimated weight of a 
single cell, an estimate computed from the measured 
diameter of the typical cell, assumed to be spherical. 

Since our cytological observations show the label to be 
totally contained in 40 per cent of the primary spermato- 
cytes, 40 per cont of the estimated total population of 
primary spermatocytes is divided into the total retained 
activity measured in the testis. This provides an estimate 
of uptake per cell, here expressed in picacuries (pe.) = 
10-12 ¢. Hach picacurie represents 2-22 disintegrations 

er min. 

Among the significant quantitative cytological effects 
seen, most notable is the decrease in spermatocytes seen 
in the 50 uc./g group between 2 and 4 days, at which time 
the average cumulative exposure is between 122 and 268 
disintegrations per nucleus (Table 1). This is closely 
comparable with the decrease noted in the 10 pe./g group 
between 4 and 6 days, at which time average cumulative 
exposure increases from 100 to 132 disintegrations per 
nucleus, and suggests a threshold value for ‘demonstrable 
effect at about 125 disintegrations per nucleus. It is of 
interest to note that the number of spermatocytes is 
reduced to one-half on about 400 disintegrations per 
nucleus. 

Since the absorption of the maximum energy #-particle 
for tritium is only 0-6 mg/cm? it is valid to assume that the 
vast majority of the absorbed energy is within the nucleus. 
Under these conditions calculation of rad dose to the cell 
nuclei from 125 disintegrations, assuming a 4'2u diameter 
nucleus of mass 3-84 x 10-" g and an average tritium 
B-energy of 0-006 MeV, yields a dose of about 300 rads/ 
cell. 

The effect seen between 2 and 4 days after administra- 
tion of 50 uc./g is due to death of intermediate and type 
B spermatocytes, while the effect noted 6 days after 
10 ye./g is the cumulative effect on types Ay, As, Ag, 
intermediate and B spermatocytes". Lower doses of 
tritiated thymidine do not give sufficient exposure to cells 
taking up the isotope to permit measuring the effect durmg 
the time observed. At these lower doses the number of 
primary spermatocytes per tubule is the same as that 
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Table 1, CUMULATIVE EXPOSURE OF PRIMARY SPERMATOCYTES TO TRITIUM AT VARIOUS DOSE-LEVELS IN RELATION TO CELL SURVIVAL 
7 =a 
Dose of Time Wet- Concentration * Resting | 
tritiated after Retained weight of SH. Concentration Cumulative t | primary} 
thymidine injection activity testis (picacuries/ of *, exposure spermatocytes i 
(ue./g body-wt.) (days) (uc./testis) (mg) cell) (dis/day/cell) (dis/cell) hs, per tubulo | 
OL 1 1-73 x 10-5 21-7 105 x10 0-33 0-33 28 
0-1 8 2:14 x 10° 31:7 8-95 x 10-5 0-28 0-91 zg 
YI 5 111x 107 39-1 3°75 x 10-8 0-12 1-23 2 
01 7 2°48 x 103 46-4 6-90 x 10-5 0-22 162 26 | 
01 9 2°62 x 103 58-8 5-90 x 10-* 0-19 202 26 
1-0 1 1-28 x 10-7 22-2 7-65 x 10-* 2°41 2-41 27 
1-0 3 1-48 x 10-7 27-9 7:02 x 10-4 2-22 6-95 28 
1-0 5 1-61 x 10-* 24-8 8-65 x 10~t 2:73 12-16 25 
1-0 7 4-25 x 10-8 44-7 3-7 x 10+ 1-17 15-28 | 25 
1-0 9 1:48 x 10-* 55°83 3-55 x 10+ 1:12 17°55 25 
10-0 2 1-00 x 10-4 14-3 9-27 x 10° 29-2 58-40 | 28 
10-0 4 1-46 x 10-7 38-5 6°75 x 10° 18-2 100-3 | 28 
10-0 6 1°21 x 1071 353 4:69 x 107 14:8 131-6 22 
100 8 1-81 x 10-4 531 3-29 x 10 10-3° 15455 19$ 
10:0 10 1:07 x 10-7 56-0 2°52 x 10 7-05 171-6 198 | 
50-0 2 3-85 x 10-7 26-8 1:93 x 10-3 61-0 127-0 27, ! 
50-0 4 6°62 x 107+ 85°7 2°45 x 107? 773 268:4 221 ‘ 
50-0 8 3°31 x 1072 35-5 4-23 x 10 38-9 865-4 15$ 1 
50-0 8 248 x 107 49-6 0-66 x 10-7 20-9 416-2 14§ t 
50-0 10 2-38 x 1077 46-0 0°68 x 10-2 21-5 458-9 17$ | 





* The estimate of uptake in a single primary spermatocyte nucleus is based on a typical cell, of those which together form 25 per cent of the germinal 


epithelium, which in turn comprises an estimated 58-8 per cent of the volume of the tubule (ref. 15). 


Cumulat 


The average spermatocyte has a nucleus of about 


42u i arent (rot. 9), and is estimated to be 50 per cent nucleus and 50 per cent cytop 


ive exposure in disintegrations per average nucleus is base: 


on average dally exposure as measured every second day. 


t Twenty seminiferous tubules were counted for each day-period in the control animals and each time-dose interval in the a perimental animals, 
Stage VII tubules 120-180u in diameter were scored for number of intact primary spermatocytes in the resting stage of development, 


§ Statistically significant reduction (t-test, P < 0-01). 
il Statistically significant reduction (t-test, P<0-02). 


found in our controls. It is possible that spermatid counts, 
reflecting any cumulative effect of radiation to the sperm- 
atocyte during the relatively long meiotic prophase, might 
demonstrate an effect at even lower doses, although this 
would require that the resting primary spermatocyte was 
quite radiosensitive'*. The increase in spermato cytes which 
begins to appear after 10 days in the 50 ue./g mice may 
represent the maturation product of new spermatogonia 
the life span of which originated after the time of injection. 

According to Monesi!4, the DNA synthetic time is 
relatively longer for types A,, intermediate and B sperma- 
togonia. Because of this, a greater number of these cells 
would be expected to show uptake of tritiated thymidine 
during the period of its availability and thus to show 
subsequent effects from this incorporation. Our results 
support this hypothesis. 

We suggest that consideration of disintegrations per 
cell may be useful in the measurement of toxicity of 
tritium™. Since most of the absorption of energy occurs 
within the nucleus, and since a possible concurrent trans- 
mutation may compound the effect, measurement and 
computation of disintegrations per cell afford a composite 
quantitation of exposure. Rad doses to the nucleus may 
also be computed from the disintegrations per cell, but 
these dose figures do not in themselves describe more than 
the energy absorption. 


This work was carried out under the auspices of the 
U.S. Atomic Energy Commission. 
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CAPTURE OF LOW-ENERGY ELECTRONS IN CHLOROBENZENE 
AND BROMOBENZENE 


By Dr. J. A. STOCKDALE*, Dr. G. S. HURST and Dr. L. G. CHRISTOPHOROU 
Health Physics Division, Oak Ridge National Laboratoryt, Oak Ridge, Tennessee 


ARIOUS physical and chemical quantities have been 

associated with, or suggested for, whole or partial 
explanation of the biological function of chemical carcino- 
gens. Such quantities are organic fluorescence’, for 
hydrocarbons non-radiative energy transfer of electronic 
excitation energy by dipole-dipole resonance from the cell 
to the hydrocarbon‘, molecular shape and size®, electronic 


* Present address: Australian Atomic Energy Commission, Research 
Establishment, Lucas Heights, Sydney. 
T nao by Union Carbide Corporation for the U.S. Atomic Energy 
on. 


charge density distribution in an organic molecule®? 
electron donating and/or accepting capacity of a mole- 
cule’-10 (determined by means of charge transfer com- 
plexes"-44, or electron ‘affinity’*-1’, or by molecular orbital 
calculations®7>1%), Although there appears to be disagree- 
ment on which physical or chemical quantity determines 
the biological activity of a molecule (probably because 
more than one parameter is involved), electron transport, 
independent of its direction (cell—>carcinogen or carcino- 
gen—>cell), is thought to play an important part. 
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Free electrons are captured to molecules in the gas 
phase in three essentially different ways, classified as 
follows; temporary non-dissociative capture, permanent 
non-dissociative capture, and dissociative capture. In 
temporary non-dissociative capture (4,4, + e = A,A3) 
ions are -formed with lifetimes determined by internal 
rearrangements or by molecular collisions involving energy 
transfers of the order of kT. After a short time, equilibrium 
may be reached in which the ratio of free electrons to 
negative ions is determined by the electron affinity of the 
molecule, that is, the binding energy of the molecule for 
the free electron. When an excited negative ion can 
transfer an amount of energy > kT in a molecular en- 
counter, permanent non-dissociative capture is involved 
{A,4, + e — A;A3). In this case equilibrium is not 
obtained under usual experimental conditions and the 
quantities of most general interest are the capture cross- 
section as a function of electron energy and the cross- 
section for stabilization (removal of energy) by collisions. 
When. electrons are captured in a dissociative process 
(Aá; + e — A, + A;), collisional stabilization is not 
involved and the quantity of most importance is the cross- 
section for capture as a function of electron energy. 

In a series of papers, Lovelock et al.15-!7 have reported 
the measurement of a quantity variously described as the 
“relative electron affinity”! of a molecule or its “relative 
electron absorption coefficient’ 1’. The apparatus used 
was a plane parallel ionization chamber with a plate 
separation of 1 om which was continuously swept by a 
carrier gas stream of clean dry argon containing 0:3 per 
cent hydrogen and the organic vapour to be examined. 
(Argon containing 1 per cent hydrogen and 5 per cent 
methane was later used!%17,.) The chamber cathode was 
coated with a thin layer of titanium tritide which emitted 
soft 6 radiation, generating electrons in the chamber gas. 
Every 10 psec (10-20 usec!*, 50 usect”) a rectangular 50-V 
pulse (30-V**17) 0-5 usec long (1 psec, 0-5 usec!) was 
applied. This withdrew a saturation electron current but 
was too short to collect any negative ions. “Because the 
contribution to the total current flow by electrons liberated 
during the application of the pulse was only 5 per cent”, 
the authors considered that capture of electrons by the 
vapour was observed under field free conditions and while 
the electrons were thermal. The current decrease per unit 
concentration of C,H,Cl was taken to be.unity and the 
values for other molecules referred to this standard were 
listed as their: relative electron affinities. Afterwards, 
anthracene’* and pyrene’? were used as standards, but 
the ratios obtained were referred back to the C,H,Cl 
standard by multiplying them by the relative electron 

_affinities found for anthracene and pyrene in the original 
work}. 

Using a method which permits control of the distribution 
of electron energies within a swarm!®-, we have recently 
examined the interaction of electrons from thermal energies 
to approximately 10 eV with C,H,Cl and C,H,Br. Two 
distinct processes have been observed : (1) a permanent 
non-dissociative process in which thermal electrons are 
captured ; (2) a dissociative process peaking at an electron 
energy of about 0-76 eV for C,H,Cl and 0-7 eV for CHBr. 
Using a Bendix negative ion time-of-flight mass spectro- 
meter, the products of the latter reaction have been found 
to be Cl- and Br-. Using the swarm method, energy 


0 
integrated cross-sections foz (é)de for. dissociation of 
0 


C,H,Cl and C,H,Br have been estimated at 1-4 x 10-17 
cm? eV and 5-7 x 10-17 cm? eV, respectively. This work 
is described fully in ref. 22, where evidence is also presented 
to show that the electron energy distribution within a 
swarm in pure C,H, remains thermal for E/P < 01 V 
cm (mm mercury)". Table 1 lists values of the electron 
drift velocity, w, and attachment coefficient, « (probability 
of electron capture from a swarm per om travelled in the 
field direction and per mm mercury of the attaching gas) 
for C,H,Cl and C,H,Br in C,H.. The product wa is the 
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Table 1. ATTACHMENT OF THERMAL ELEOTRONS BY C,H;Cl AND C,H,Br 
EJP w a g 6(a) (*) 

Vem? em(ysec)"? com (mm Hg)! cm? (mm Hgy! ewa(t) 
(mm Hgy ' 
C.H;Cl(t) 

0-02 0-194 0:525 0-104 110 
0:03 0-293 0'322 0-080 1:02 
0-04 0-380 0-233 0-056 0°95 
-0-05 0:480 0'197 0-044 1:02 
0:07 0:832 0142 0:023 0-97 
0'1 0°88 0-100 0-020 0:95 
02 1-66 0-051 0-007 O91 
C.H.Br(§) 

0-02 0'194 1:86 0-166 0°95 
0-03 0-293 1:27 0°107 0:98 

04 0-380 0-984 0-131 0-98 
0-05 0-480 0-800 0-168 LOL 
0-07 0°632 0-588 0-154 0:08 
0-1 0-88 0-475 0-101 1:10 
0-2 1°66 0-291 0-069 1:27 


* For both C,H;Cl and C,H;Br, a is independent of f,P and fP within 
the experimental scatter indicated by the standard deviations é(a) from the 
mean or least squares value. 


je = constant = 1/(wa)average, where the average is taken over 
values of wa for 0-02 < EJP < 0'1, that is, within the range of E/P in 
C,H, where electrons are in thermal equilibrium with the gas molecules. 


$ For C,H,0l in C,H, 3 < (f,P/GP) x 104 < 50 and 
250 < fP < 800 mm Hg. f,P = C,H,Cl pressure in mm Hg. 
JaP = C,H, pressure in mm Hg. 


§ For C,H,Br in C,H, 1 <(fAP/f,P) x 104 < 12 and 
250 < fP < 800 mm Hg. 


fraction of electrons removed by capture per usec from 
a swarm in C,H, per mm mercury of C,H,Cl or C,H,Br. 
If the electron energy distribution in the swarm remains 
thermal, aw will remain constant as #/P is varied. Table 1 
shows this to be true for E/P < 0-1 and for the con- 
centrations of C,H,Cl and C,H,Br listed. 

From the results in Table 1 and the dissociative capture 
results", it is possible to estimate for C,H;Cl and C,H,Br 
in the Lovelock apparatus the: ratio, R, of the number, 
of electrons lost due to thermal capture to the number 
lost by the dissociative process. Assuming: (1) diffusion 
losses are small compared with electron production ; 
(2) electron production during the application of the pulse 
may be neglected; (3) the electron density is uniform 
throughout the chamber before application of the pulse ; 
(4) the electron energy distribution remains thermal until 
the pulse is applied when it immediately becomes the 
distribution prevailing in argon gas at E/P = 0-066 V 
cm (mm mercury)", R œ~ 2 x 10- for both C,H;Cl and 
C,H,;Br, that is, for these assumptions almost the total 
effect observed for C,H,Cl and C,H,Br is that due to 
dissociative capture caused by the perturbing effect of 
the collecting pulse. Even if the electron distribution 
were characteristic of thermal energy, the Lovelock method 
does not allow discrimination between two possible capture 
processes, namely, dissociative capture at thermal energies 
and non-dissociative capture with a high probability of 
stabilization (from our results temporary non-dissociative 
capture can be excluded). Further, the method neglects 
changes in diffusion losses caused by the introduction of 
differing compounds and the application of the collecting 
pulse, and no account is taken of the state of equilibration 
of the reaction. The errors introduced by these factors 
are probably less serious than those caused by perturbation, 
of the electron energy distribution, and the latter is prob- 
ably reduced in the later work where 1 per cent hydrogen 
and 5 per cent methane was added to the argon carrier 
gas'#17, Jt may be noted that at present no accurate 
calculations of electron energy distributions in these gas 
mixtures have been published. 

Using the data obtained by Lovelock et al., Wentworth 
and Becker®** developed a method for the determination 
of electron affinities of molecules. Here again it was 
assumed that the collecting field did not disturb the ratio 
of free electrons to negative ions at equilibrium. The 
current ratio was then interpreted by these authors to 
give the electron affinity. Theoretical calculations of 
electron affinities of phenanthrene, pyrene, and anthracene 
were published by Hoyland and Goodman*. Slifkin?é 
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reported electron affinities of hydrocarbons based on 
molecular orbital theory. Table 2 summarizes these 
results. The values given by Slifkin are higher than those 
calculated by Wentworth and Becker by a factor of 2-9-49. 


Table 2. ELECTRON AFFINITIES 
Wentworth Hoyland 


Molecule and Becker and Goodman Slifkin 
Triphenylene 014 eV — 0°69 eV 
Phenanthrene 0'20 0°25 0-69 
Chrysene 0:33 — 0-98 
Pyrene 0°39 0-56 1°23 
Anthracene 042 0:61 1-41 
Benz(a)anthracene 0-46 — 1:33 


In a recent controversy on the role of electron donor 
and electron acceptor properties of carcinogens by Allison 
and Nash”! on one hand, and Pullman and Pullman} 
on the other, reference was made to the data in refs. 16 
and 17 by both sides. Since it seems that further attention 
must be given to the physical basis of the Lovelock method 
one should be cautious when using the published data 
obtained by this method in any chemical or biological 
correlation. In fact, our results for C,H;Cl and C,H;Br 
suggest that in many cases the results obtained with the 
method have little connexion with electron affinity since 
the collecting field causes sufficient electron acceleration 
that dissociative capture is the dominating process for 
electron losses. Furthermore, when electron capture takes 
place only at thermal energies the often subtle distinction 


NATURE 


461 


between permanent and temporary non-dissociative 
capture must be considered. 
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SODIUM DEFICIENCY AND CORTICOSTEROID SECRETION 
IN CATTLE ~ 


By ELSPETH BOTT, D. A. DENTON and J. R. GODING 


Howard Florey Laboratories of Experimental Physiology, University of Melbourne 


AND 


J. R. SABINE 
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ELATIVE to other mammals, the volume of digestive 
secretions in ruminants is large. This is mainly 
because of the large continuous alkaline salivary secre- 
tion!-* which buffers the acid products of microbial formen- 
tation in the rumen. In sheep and goats the daily 
salivary secretion of 10-15 l. represents more than five 
times the sodium content of the blood plasms. In cattle 
the daily volume of salivary secretion of similar sodium’ 
content may be five to ten times this amount*. It is 
clear that ecological conditions, such as arid continental 
or mountain pastures, which reduced the sodium intake 
or increased the rate of digestive secretion and the volumes 
of fluid physiologically sequestrated in the gut, could 
involve considerable stress on sodium balance and circu- 
latory homceostasis. 

The normal cation content of ruminant parotid saliva 
is—sodium 160-175, potassium 4-6 m.equiv./l., Na/K 
ratio 25-40!.7:5.6, Jn a sheep with a permanent unilateral 
parotid fistula, the sodium deficit resulting from the loss 
of salivary secretion causes the salivary sodium concen- 
tration to fall and potassium to rise reciprocally so that 
the Na/K ratio of the continuous parotid secretion may 
decrease to 1-0 or lesst®7. Sheep may survive for weeks 
with a large residual sodium deficit, and with potassium 
as the predominant cation of the salivary secretions. The 
same finding was made with cattle and goats with a 
permanent unilateral parotid fistula®, and with sheep and 
cattle on a low sodium intake**. The change of parotid 
salivary Na/K ratio is caused by a five- to twenty-fold 
increase of aldosterone secretion together with the’ fact 


that the parotid gland becomes more sensitive to the 
effect of this adrenal hormone during sodium defi- 
ciency?°-12, 

It has been shown that the sodium content of rain-water 
decreases with distance from the ses coast to the interior 
of a continent##44, Correspondingly, the sodium content 
of soil and plants decreases and analyses have shown that 
sodium content of plants from areas of Central Australia, 
with seasonal monsoonal rains, may be very low (l- 
10 m.equiv./kg/dry wt.)*. We have previously advanced 
the theory that the laboratory experiments on parotid 
fistule have revealed an endocrine secretory mechanism 
which has been an important adaptation in the evolution 
of the ruminant-type animal!*. It has conferred survival 
advantage under stringent ecological conditions with 
pasture change and episodic feeding in regions with low 
sodium content of plants, a situation which results in 
stress on sodium balance of animals, because of the largo 
amount of sodium involved in digestive processes. As 
part of the investigation of the postulated role of this 
physiological mechanism under field conditions. investiga- 
tions have been conducted on cattle in circumstances where 
it seemed possible that sodium deficiency might occur. 

(1) Specimens were collected from the mouth near tho 
parotid duct orifice in cattle which were grazing on river- 
plain pastures irrigated at fortnightly intervals by water 
from the Murray River (sodium content <1 m.equiv./l.) 
in Victoria, Australia. Urine was collected also. 

(2) Saliva and urine were collected from cattle after 
three to four months summer grazing on mountain grass- 
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lands of Victoria. The grasslands are covered in winter 
by snow, which melts each spring. 

Table 1 records the analyses of parotid saliva and urine 
of two groups of one-year-old Aberdeen Angus cattle 
grazing on the irrigated pastures in Victoria. The first 
group (14) had access to a daily supplement of crushed 
oats and sodium chloride (about 1,500 m.equiv. sodium/ 
day). The Na/K ratio of the parotid saliva of this group 
was normal or near normal in contrast to all animals of 
the second group (1B), which ate only the irrigated 
pastures. Group 1B showed moderate to large reduction 
of salivary Na/K and the sodium concentration of the 
urine was very low, though the specific gravity was high 
in some instances. Analysis of the pasture the animals 
were eating showed: sodium 30-44, potassium 590- 
860 m.equiv-/kg/dry wt., which represents a sodium 
intake of approximately 10-12 m.equiv./kg/wet wt. of 
food. Table 2 records results from two groups of Hereford 
cattle in the mountains of Victoria. The control group 
(24—ten cows and one steer) were grazing on pastures in 
the foothills at 400 m. The results show normal parotid 
salivary Na/K ratio and a high urinary sodium excretion. 
. Analysis of the pasture eaten by the animals showed: 
sodium 283-290, potassium 683-566 m.equiv./kg/dry wt. 
This represents a sodium intake of approximately 84 
m.equiv./kg/wet wt. Group 2B (seven cows and five 
calves) had been grazing on mountain pastures at 1,300 m. 
for three months. 

The samples collected under these conditions showed a 
large reduction of salivary Na/K ratio, and in most 
instances a low urinary sodium excretion. Analysis of 
the pasture eaten by these animals showed: sodium 6, 
potassium 220 m.equiv./kg/dry wt. with a sodium intake 
of approximately 2 m.equiv./kg/wet wt. These mountain 


Table 1. ANALYSES OF PAROTID SALIVA AND URINE OF TWO GROUPS OF 
ABEBDEEN ANGUS CATTLE GRAZING ON IRRIGATED PASTURE (10-12 M.EQUIV. 
Na/KG/WET WT.) 


Group 4 had er to a supplement of crushed oats arid sodium chloride 


‘about 1,600 m.equiv. sodlum/day) 
Saliva Urine 

Group Na Na K 

A muequiv./L. m.equiv, jI. Na/K mvequiv./l. m.equiv./l. Sp. gr. 
G6 141 42 33:6 7 No sample 
G16 148 83 28-5 3-6 100 — 
G.20 117 15-4 768 53 67 1-008 
4.30 181 8-0 164 29 100 1-008 
G.33 140 6-2 22:6 23 174 1-018 
Group B 
Giz 181 26 5-0 0-9 108 1-007 
G28 122 23 53 1-7 350 1-030 
G37 106 87 29 1-7 410 1-037 
FAT 61 80 0-8 1:0 67 1-005 
z. 118 80 38 <10 210 1-019 
Y. 96 23 4:2 2-5 200 — 


Table 2. ANALYSES OF PAROTID SALIVA AND URINE OF TWO GROUPS OF 
HEREFORD CATTLE 


Group A were grazing on pasture in the foothills (84 m.equiv. sodium/kg/wet 


wt.). Group B were grazing on mountain grasslands (2 m.equiv. sodium/ 
r kg/wet wt.) 
Saliva Urine 
Group Na K. Na K., 
A m.equiv./l, mequiv./. Na/K maequiv./l. m.equiv./l. Sp. gr. 
1° 159 7 23 158 249 1-032 
2 147 5 30 126 90 1-016 
3 130 9 14 22 103 1-024 
4 141 8 18 46 175 1-020 
5 148 6 25 33 57 1008 
6 116 14 8 20 30 — 
7 128 10 13 74 200 — 
8 184 9 15 96 304 1-040 
9 138 10 14 140 260 1-033 
10 117 12 10 No sample 
11 140 8 18 23 138 _ 
Group B è 
1 74 63- 12 5 57 
2 No sample 4 113 
` 8 837 74 0-5 1 91 
4 44 40 Ld 15 52 
5 58 14 3-8 2 41 
6 21 11 19 1 49 
7 32 7 46 1 42 
8 17 59 0:3 1 90 
9 10 32 22 22 151 
10 33 105 0-3 2 61 
11 96 17 56 2 125 
12 93 60 1-6 J 30 
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cattle were difficult to handle, and, as the low sodium plus 
potassium total of three or four specimens indicated that 
saliva from mucous glands was included with parotid 
secretion, the observations recorded on Table 3 are 
relevant. Group 34 were mixed saliva specimens col- 
lected from 15-month-old cattle on coastal pastures by 
letting them chew on & sponge. The irrigated sea coast 
pasture on which the animals were grazing showed on 
analysis: sodium 500, potassium 650 m.equiv./kg/dry wt. 
indicating a large sodium intake of approximately 100 
m.equiv./kg/wet wt. The salivary Na/K ratio was much 
higher than similar mixed saliva specimens collected 
from 10- to 20-month-old heifers grazing on the irrigated 
river bank pastures described in Table 1, where the 
sodium intake was approximately 10 m.equiv./kg/wot wt. 
Even with contamination by mixed saliva of three or 
four of the specimens on Table 2B, the results indicate 
that the Na/K ratio of the parotid saliva of these cattle 
grazing on mountain pastures was much reduced, being, 
in naa lower than that of mixed saliva of sodium-replete 
animals. 


Table 3. ANALYSES OF MIXED ava AND URINE OF ONE-YEAR-OLÐ 
ATTLE 


Group A grazed on coastal pasture (100 m.equiv. pear a pad wt.) 
irrigated with water of high sodium content (16. m.equiv./l.). Group B 
grazed on pasture irrigated by river water as described in Table 1 


Saliva Urine 

Group Na a 

A m.equiy./L. m.equiv./1. Na/K m.equiv./1, mLequiv./i. 

16 67 12-3 5-4 43 272 

24 40 11-0 3-6 21 260 

65 40-5 6'8 6-0 2-7 285 

25 40 6-6 6-0 No sample 

38 73 70 104 No sample 

59 81-5 7-0 116 No sample 

88 85 87 6-7 No sample 
Group B 
F.393 47 49 Qi 15 273 
F.85 138 51 0-3 — 200 
F34 16-2 214 08 5-2 873 

„1 12-0 24 0-5 — 803 
F315 19-4 175 OL No sample 
G31 39 24 16 19-5 340 


The data recorded here show that in cattle grazing on 
pastures of low sodium content, sodium was conserved by 
the kidney and that there was a low salivary Na/K ratio 
indicative of a significant sodium deficit and hyper- 
secretion of aldosterone by the adrenal gland. The results 
substantially support the hypothesis that this endocrine 
mechanism involving reciprocal substitution of potassium 
for sodium in the large volumes of fluid obligatorily 
involved in the digestive cycles of the ruminant is an 
important factor in ecological adaptation by these animals. 
The stress on sodium balance caused by low sodium 
pasture would be greater in young growing animals, and 
may be aggravated by sodium loss in milk in the case of 
cows with calves. 

In considering the mechanisms producing sodium 
deficiency in animals eating a pasture with a sodium 
content of 10 m.equiv./kg/wet wt. a very important factor 
is fecal sodium loss. Brouwer!’ and van Weerden have 
shown that cattle may excrete 15-45 kg of feces/day, 
with 18 m.equiv. of sodium/kg of fecal water. Change of 
diet from moderate to low sodium content reduced loss of 
sodium in feces from 752 to 196 m.equiv./day’. These 
investigations demonstrate the large sodium loss in cattle 
fæces, the likelihood of sodium deficiency when pasture 
has a low sodium content, and the importance of sodium 
re-absorption from the lower intestine in control of 
sodium balance. Bailey and Balch‘ found that a daily 
sodium intake of 600-700 m.equiv. of sodium was required 
to prevent salivary changes indicative of sodium defi- 
ciency in cows. Reduction of sodium content of fæces in 
sodium deficiency and with administration of electrolyte- 
active corticosteroid has been shown in sheep, dogs and 
man, and it seems probable that fecal sodium conservation 
in cattle, like the conservation of sodium in ruminant 
saliva, is determined by increased secretion of aldosterone. 
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AUTOREGULATION OF INTAKE OF AMINO-ACIDS: REVERSAL OF AN 
‘UNWISE’ DIETARY PREFERENCE IN RATS UNDER CONDITIONS 
FAVOURABLE FOR LEARNING 


- By RONALD M. KRAUSS and Pror. JEAN MAYER 


Department of Nutrition, Harvard School of Public Health, Boston, Mass. 


HE ability of men and animals to select or actively 

seek out nutrients for which they have a physiological 
requirement has long been a subject of interest to nutrition- 
ists and psychologists alike. ‘Special appetites’ have been 
demonstrated under conditions of specifie deprivation for 
sodium!, calcium?, water, calories’ and for the B complex 
of vitamins®’5, Dove has shown in chicks? and Davis in 
human infants’ the ability to select from an array of 
natural nutrients a diet which is favourable for growth 
and maintenance. That rats are able to select a satis- 
factory diet from pure or partially purified dietary com- 
ponents was demonstrated by Richter*®, although these 
findings were questioned by Scott? and Pilgrim and 
Patton, who found wide individual variations in this 
ability, and emphasized factors other than physiological 
requirements, such as taste and consistency of the diet, 
which influenced the selection of specific nutrients. 

Among the foodstuffs for which no ‘special appetite’ 
has been convincingly demonstrated, at least among a 
large percentage of experimental animals, is protein. 
Young and Chaplin™ showed that rats which had endured 
a protein starvation of 32 days, with marked signs of 
deficiency, exhibited no exceptional craving for casein 
offered in a choice with sugar. Scott® found that more 
than 60 per cent of the rats in a self-selection experiment 
would not ingest sufficient quantities of casein, to maintain 
weight, despite the fact that this substance was offered 
freely. Halstead and Gallagher’? have reported, however, 
that in a survival situation, rats may demonstrate the 
capacity to discriminate and select quantities of the ‘indis- 
pensable’ amino-acid threonine in an amino-acid solution 
sufficient to maintain normal body-weight. The suggestion 
that the rat may possess the means of regulating its intake 
of amino-acids merits some attention, especially in the 
light of previous work which has shown no such ability for 
autoregulation of whole protein intake. 

In these experiments, we have tested the supposition 
that rats are able to discriminate and select required 
amino-acids in sufficient quantity to maintain normal body- 
weight. We created a physiological requirement for the 
‘indispensable’ amino-acids isoleucine and valine by feed- 
ing rats on an amino-acid ‘imbalanced’ diet containing 
excess leucine. It is known that the supplementation of 
a leucine ‘imbalanced’ diet with only several tenths of 
1 per cent of isoleucine and valine is sufficient to prevent 
the growth-depressing effects of the imbalanced diet”. 


Presumably excess leucine in the diet increases the require- 
ments for the ‘antagonists’ isoleucine and valine. 

In the first experiment, we offered ten rats (adult, 
female, albino, Charles River strain) a free choice between 
two low protein semi-synthetic diets: a leucine ‘im- 
balanced’ diet (L5) containing 9 per cent casein supple- 
mented with 0-3 per cent dl-methionine and 0-1 per cent 
dl-tryptophan, and containing 5 per cent added /-leucine ; 
and a ‘balanced’ diet (L6) containing 0-4 per cent dl-iso- 
leucine and 0-3 per cent di-valine substituted for sucrose 
in L5. The positions of the two food cups were alternated 
daily in order to expose any position preferences which may 
have developed. In the first two days, seven of the ten 
animals exhibited very strong preferences for diet L5, 
choosing an average of nearly 90 per cent of their total 
food intake from this diet, and by the second day avoiding 
the balanced diet almost entirely. Since loss of weight 
and depression of food intake were not severe in these 
animals, the possibility persisted that the chosen con- 
centrations of the balancing amino-acids were sufficiently 
large to permit adequate growth even if small quantities 
of diet L6 were selected. The concentrations were thus 
reduced to a critical level (0-25 per cent isoleucine and 
0-20 per cent valine), so that a strong preference for diet 
L6 was imperative for growth. In addition an anise 
flavouring was introduced into both diets in amounts 
which are neither preferred nor avoided by rats (0-5 c.c. /kg 
of diet) so as to mask any artificial taste which may 
have become attached to either of the diets. 

Finally, one of the food cup positions was made highly 
preferred (shaded from the light) so that, on alternate days, 
diet L6 was ingested in sufficient quantities to produce a 
marked temporary increase in food consumption and 
growth rate. During the six days in which this choice 
was offered, only two of the ten rats showed a preference 
for diet L6 (by breaking the position preference). The 
eight other rats all showed a strong position preference, 
eating more than 90 per cent from the preferred cup. 
The animals were then divided into two groups: half 
received diet L6 in the preferred position for three days 
(Group A), while half received diet L6 in the non-preferred 
position (Group B). At the fourth day, the food cup 
positions were equalized, and diets alternated daily, as 
in the first experiment. During the three days ‘forced 
preference’ period, four of the other eight rats developed 
a preference for diet L6, as evidenced by continued 
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selection after the fourth day. Two of these rats were 
from Group A and two from Group B. Of the 
remaining four animals, two—one from each group— 
developed a preference for diet L6 after the forced pre- 
ference period, eleven days after the beginning of the 
experiment. 

Thus, a reversal of preference from the balanced to the 
imbalanced diet was achieved in eight of ten animals, six 
of which required more than seven days of strong facilita- 
tion before the correct preference was shown. An indica- 
tion that this reversal was a permanent one was & per- 
sistence of the correct choice in these eight animals during 
a period of four days in which the anise flavouring was 
not present in the diets. It appears that a flavour 
associated with the presence of isoleucine and valine, 
which was apparently highly aversive to naive animals, 
was converted into a cue for strong dietary preference 
during the course of this experiment. That the concen- 
trations of isoleucine and valine used in diet L6 were 
indeed critical was evidenced by the fact that on nearly 
all occasions when the animals preferred L6, there was 
@ corresponding gain in weight while there was nearly 
always no gain or a loss of weight when the animals 
primarily ate D5. 

A series of experiments in which a choice was given 
between pure water and a water solution containing 
critical concentrations of isoleucine and valine (0-25 per 
cent isoleucine and 0:20 per cent valine) with diet L5 as 
the sole source of solid food, gave results which confirm 
those obtained in the previous experiments. Ten naive 
animals suffering loss of weight while feeding on the leucine 
imbalanced diet L5 drank only negligible amounts of the 
amino-acids solution, even when both solutions were 
flavoured with anise. Following a forced choice of the 
amino-acids solution for a period of five days, the intakes 
of this solution in a free choice situation were enhanced 
for most of the ten rats, but intakes were still not sufficient 
for adequate growth on diet L5. 

These experiments clearly demonstrate that rats are 
able to discriminate minute quantities of amino-acids, 
both in solid diet and in solution. All choices offered 
differed only in the presence or absence of less than one 
half of one per cent of the amino-acids isoleucine and 
valine.. The results show, however, a nearly universal 
avoidance of the required amino-acids by naive rats in 
a free choice situation, even while they are suffering weight 
loss as a consequence of their deficiency. Only after an 
extended period of forced preference for the amino-acid 
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containing diet, which allows the animal to experience 
the presumably beneficial effects concomitant with weight 
gain and increased food intake, is a reversal of preference 
achieved. When the amino-acids are offered in water 
solution, however, even such facilitation is not effective 
in producing a complete reversal of preference. Masking 
the apparently aversive flavour of the amino-acids with 
anise also appears to facilitate selection of the balanced 
diet although, once produced, this preference is not 
dependent on the anise taste. The results seem to indicate 
that an unacceptable taste of the amino-acid ‘balanced’ 
diet prevents ingestion of sufficient amounts of this diet 
to enable the animal to experience its presumably bene- 
ficial effects in the free choice situation. Only if palatability 
is temporarily enhanced, or if ingestion of large quantities 
of the balanced ‘diet is forced, does the animal obtain 
sufficient quantities of isoleucine and valine to overcome 
the deficiency. Afterwards, the animal is able to use the 
previously aversive taste of the amino-acids as a cue for 
learning an advantageous dietary preference. 
Autoregulation of amino-acids intake appears in these 
experiments to be an ability that is at best learned and 
often with great difficulty. That at least some of the well- 
documented ‘special appetites’—those for the B vitamins 
—are also learned has been demonstrated by several 
experimenters®»4, The results recorded here suggest that 
inborn or genetic factors may operate at most to determ- 
ine variations in the ability to detect small quantities 
of amino-acids ; or to determine variations in the animal’s 
generalized ability to acquire learned dietary preferences. 
Difficulty in acquiring ‘wise’ preferences may be enhanced, 
and may become insurmountable, when palatability 
factors do not operate in the animal’s favour. 
t Richter, ©. P., Amer. J. Physiol., 115, 155 (1936). 
2 Richter, C. P., and Eckart, J. F., Endocrinol., 21, 50 (1987). 
2 Richter, C. P., Amer. J. Physiol., 185, 781 (1042). 
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PATHWAYS OF GLUCOSE METABOLISM AND NUCLEIC ACID SYNTHESIS 


By Dr. PETER BEACONSFIELD and Dr. H. W. READING 
Medical Research Council Unit, Royal College of Surgeons, London, W.C.2 


LL cell functions—growing, defending, reinforcing, 
reproducing—are associated in some respect with 
activity of nucleic acid: and the production of these 
acids, in turn, depends on the ready availability of pentose 
sugars. 

Thentetivelly, the formation of pentose sugars should 
be possible through the medium of various anabolic and 
catabolic processes, but up to the present their formation 
has been found to result only as an end-product of glucose 
metabolism via the pentose phosphate pathway. Con- 
sequently, although there are possibly other biochemical 
mechanisms whereby pentose sugars can be produced 
for the biosynthesis of RNA and DNA, the pentose 
phosphate pathway is probably the principal route of 
supply. Thus, the availability of nucleic acids is apparently 
paralleled by the rate of the functioning of the pentose 
shunt. 


Many physiological and pathological conditions have 
been found to entrain glucose metabolism via the pentose 
phosphate pathway. In the stomach during digestion’, in 
the lactating mammary gland** and in any tissue during 
inflammation, local infection or repair!* there is a marked 
increase in the pentose shunt. 

The presence of high concentrations of enzymes of the 
pentose cycle in a particular tissue, for example, adrenal, 
does not imply a concomitant activity of this pathway 
under normal physiological conditions’. Conversely, 
tissues containing small quantities of these enzymes, for 
example, striated muscle, have demonstrated an extremely 
high shunt under conditions of injury or infection‘. 
Increased utilization of the pentose phosphate pathway 
for glucose catabolism thus constitutes a response to 
demand either in the tissue itself, or as a more general 
reaction coincident with the body’s defence mechanism. 
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That nucleic acids play a predominant part in the 
processes of development, hyperplasia and differentiation, 
as well as in controlling the mechanism of repair, growth 
and reproduction, is now becoming increasingly clear. It 
is consequently important to establish whether there is 
metabolic liaison between glucose catabolism via the 
pentose phosphate pathway and nucleic acid formation. 

This article presents the results of investigations 
designed to provide such: evidence. 

In the first instance, before the experiments could be 
undertaken, it was necessary to devise a method for 
depressing the activity of the pentose phosphate path- 
way. Little is known about specific inhibitors of the 
shunt, and one had to be found which would produce the 
desired effect without injuring or harming the tissues 
under investigation. This was finally achieved by incubat- 
ing a selected tissue in the presence of a TPNH generating 
system, and ethanol-alcohol dehydrogenase was the system 
chosen. Kini and Cooper® have shown recently that alcohol 
dehydrogenase (ADH) has an affinity for TPN, and not 
only for DPN, as had previously been thought. In some 
of our experiments, sodium metabisulphite was also used 
as a ‘trapping agent’ for the acetaldehyde produced as a 
result of the enzymatic action. The choice of the fore- 
going system was made on the grounds of its physiological 
acceptability, since the enzyme itself is present in most 
mammalian tissue (especially liver), and the substrate 
ethanol is well tolerated. There have been reports of 
depressant action with ethanol on carbohydrate metabol- 
ism™®, but this effect is primarily concerned with anabolic 
reactions which take place in the synthesis of glycogen 
from glucose. In our experiments, ethanol alone did cause 
slight reduction in the utilization of glucose via the pentose 
shunt in some tissues, but it was never so marked and 
constant as with the use of the enzyme. 

The addition of crystalline ADH and 50 per cent 
ethanol to the incubation medium (350 ug and 0-1 ml. 
respectively per ml.) produced a marked fall in the amount 
of CO, liberated from glucose-1-14C, while “CO, liberated 
from glucose-6-C remained unchanged, which indicates 
a reduction in the utilization of the pentose phosphate 
pathway. 

For example : the C~1 : C—6 ratio in experiments on the 
lactating mammary gland was found to be between 10-0 
and 7-6; after introduction of ethanol and ADH into the 
medium the ratio fell to between 4-5 and 3-5. The further 
addition of sodium metabisulphite (0-12 mg/ml. medium) 
did not materially change the metabolism of glucose via 
the pentose shunt. 

Increasing the pentose phosphate pathway in vitro has 
already been accomplished by the use of a variety of 
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compounds’. We used methylene blue (M.B.), which acts 
as an electron acceptor. It would appear that the alcohol 
dehydrogenase system functions by producing an excess 
of reduced TPN, thereby acting as a feed-back mechanism 
to depress the pentose phosphate pathway. 

The tissues studied were kidney, liver, and the lactating 
mammary gland obtained from rats after decapitation. 
After removal of the tissue it was cut immediately with 
a Stadie~Riggs slicer and the samples were transferred 
into Warburg flasks containing ice-chilled Krebs-Ringer 
bicarbonate buffered medium at pH 7-4 and with a glucose 
concentration of 0-1 per cent. In the experiments to 
determine utilization of the pentose phosphate pathway 
the tissue samples weighed 100 mg per 1-1 ml. of the 
medium (incubated for 120 min at 37° C in 95 per cent 
oxygen and 5 per cent carbon dioxide) ; whereas, in the 
experiments to estimate nucleic acids or protein, they 
weighed 500 mg per 3-3 ml. of the medium (incubated for 
180 min). 

Determinations of the ratio of fractional recoveries of 
radioactive carbon dioxide from glucose-1-"C and 
glucose-6-"C, indicating relative utilization of the 
glycolytic and direct oxidative pathways in glucose 
metabolism, were done after the method of Bloom and 
Stetten?®. Details of the procedure used have been de- 
scribed in an earlier communication“. Due to limitations 
inherent in this method the results can be properly inter- 
preted only in an indicative qualitative sense”; but as 
our experiments are of a strictly comparative nature the 
results obtained, within the limits stated, are valid. The 
quantitative estimations of RNA and DNA were done 
after the method of Schneider and their specific activity 
was determined according to the procedure of Davidson 
and Smellie415, The method described by Allen’! was 
used to evaluate the total phosphorus of the nucleic acids. 

Table 1 presents the values of glucose metabolism via 
the pentose phosphate pathway together with, in most 
experiments, simultaneous estimations of total RNA and 
DNA and their phosphorus-32 incorporation in the tissues 
studied. 

From the results it is evident that utilization of the 
pentose phosphate pathway in glucose catabolism is in 
parallel with the biosynthesis of nucleic acids. 

Additional information, particularly from experiments 
in vivo, will have to be obtained in order to confirm that 
nucleic acid formation is actually dependent on glucose 
being metabolized via the pentose phosphate pathway. 
The results of the present studies, however, seem to suggest 
strongly that this is so. 

The incubation conditions do not affect the concentra- 
tion of RNA to any great extent. However, from the 







































































Table 1. PENTOSE PHOSPHATE PATHWAY AND NUOLEIC AOM SYNTHESIS 
(All values represent the mean of two separate determinations) 
CO, production in o.p.m. less back- RNA | 
ground per 100 mg tissue 
Expt. Tissue Addition to medium (wet wt.) Ratio Hele tissue Spee. act. 
No. (wet weight) (c.p.m./mg P) 
G-1-4¢ G-6-4C 
1 as mammary none 17,307 3,414 53 862 1,453 
2 ee a ed ths RE 
ADH. 8,716 3,011 8'2 1,098 866 
ADH + Na.S:0, | 7,900 3,023 2-6 967 817 
2 Lactating mammary none 15,376 2,511 6-1 1,973 1,633 
ani m | 3 
ADH + Na-S.0; 8,131 2,307 35 | 2,011 832 
3 | Tactating mammary none 16,386 2,144 Tte | 5,605 1,438 
glan 
ADH 9,074 | 2,003 | 45 5,222 826 
4 | Liver i none 1,876 702 27 | = 1,403 
M.B. 2,400 714 3:3 asa 1,612 
5 Kidney none — — | — 2,690 1,304 
| ADH = — | -— 2,402 | 923 
MLB. | — | — | — | 2,768 1,480 
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Table 2. PROTEIN SYNTHESIS MEASURED AS THE RATE OF INCORPORATION 
or U-“C GLYCINE INTO TOTAL PROTEIN 




















Expt. Addition | 
No. Tissue to medium c.p.m./mg of dry protein* 

1 Liver none 5,361 
ADH 398 

2 Liver none 4,267 
ADH 911 

3 Lactating mammary none 357 
gland ADH 109 

4 f Tactating mammary none 951 
gland ADH 123 














* Each value is the mean of two separate determinations 


figures for incorporation of phosphorus-32 it is evident 
that the specific activity of the RNA is quite markedly 
altered when the shunt activity is lowered—the incorpora- 
tion of phosphorus-32 is reduced in parallel. This can only 
imply that de novo synthesis of RNA is depressed. Experi- 
mental evidence, derived in the main from studies on 
bacteria, has indicated that, of the various cellular RNA 
fractions, only the messenger RNA appears to have a 
rapid turnover rate, ribosomal RNA being virtually im- 
mortal and transfer RNA (sRNA) being re-utilized after 
passing on the activated amino-acids to the ribosomal 
RNA. It would appear, therefore, that our experiments 
indicate a possible reduction in the rate of biosynthesis 
of messenger RNA in the cell. The impairment of general 
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protein synthesis, as seen in Table 2, could be a reflexion 
of impaired nucleic acid synthesis, but the effects are so 
marked’ and immediate that one is led to speculate on 
a more direct effect, possibly on the amino-acid activating 
system in addition to the decreased messenger RNA. 

The DNA turnover in the tissues studied was small, as 
expected. To be able to make a significant evaluation 
of the extent to which DNA synthesis is reduced con- 
comitant with the decrease in glucose metabolism via the 
pentose phosphate pathway, investigations will have to 
be conducted on tissues which are actively regenerating 
or proliferating. 

This work was supported in part by grant SF 11,091 
of the U.S. National Heart Institute. 
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MILK OF MAMMALS FED AN AFLATOXIN-CONTAINING DIET 


By H. de IONGH, Dr, R. O. VLES and J. G. van PELT 
Unilever Research Laboratory, Vlaardingen, Holland 


LLCROFT and Carnaghan! have demonstrated that 
extracts of milk from cows fed aflatoxin-containing 
groundnut meal induce identical liver lesions as aflatoxin 
when administered to ducklings. An investigation of 
extracts of this toxic milk by thin-layer chromatography 
showed that there was no aflatoxin B, (the main aflatoxin 
in groundnut meal) present. 

After consultation with the Central Veterinary Labor- 
atory, Weybridge, a further investigation was made into 
the toxic factor in milk. 2,000 g dried milk (kindly sup- 
plied by the Central Veterinary Laboratory, Weybridge) 
from cows fed concentrate rations containing 15 per cent 
of a highly toxic groundnut meal was extracted to ex- 
haustion with methanol and chloroform successively. 

After evaporation of the solvents from the combined 
extracts, the residue was purified by partition between 
85 per cent methanol and light petroleum, in order to 
remove the apolar contaminants, being mainly fat. After 
addition of water (up to 40 per cent) to the methanolic 
phase, a further purification was obtained by extracting 
the aflatoxins, which were assumed to be present with 
chloroform, leaving behind the strongly polar con- 
taminants. 

Dried milk from grass-fed cows and a dried Aspergillus 
flavus culture on crushed groundnuts were extracted and 
worked up in the same way. 

Amounts of extract equivalent to about 250 mg dried 
cow’s milk, both toxic milk and grass milk, were spotted 
on to a chromatoplate? (adsorbent ‘Kieselgel G° (Merck), 
wet layer thickness = 0-3 mm; the plates were activated 
by heating at 90° C for 1 h). 

For comparison, pure aflatoxin B, (ref. 3) and an extract 

.of an A. flavus culture were also brought on to the plate. 
After development with 3 per cent methanol in chloroform 
the chromatograms as shown in Fig. la, 6, c, d were 
obtained (examination in ultra-violet light). The toxic 


milk extract (Fig. le) showed a fairly strong violet- 
fluorescent spot having an Ry value 0-4 at a position 
above a yellowish-green fluorescent spot. Only a very 
weak fluorescence (if any) could be observed at the 
position of aflatoxin B,. In the control milk extract only 
yellowish-green and yellow spots were present. 

On comparing the chromatograms of an extract from 
an A. flavus culture on groundnuts (Fig. 1d) and that of 
en extract from toxic cow’s milk (Fig. Ic) it appears that 


TOV 


By ~<—— Aflatoxin Bj 
Sak <— Aflatoxin G; 
LBL 





Fig. 1. rhin: -layer chromatography of milk extracts 
@, Pure aflatoxin B,; b, cow's milk extract (control); c, toxic cow's milk 
extract; d, A. flavus culture extract; e, rat’s milk extract (control); 
f, toxic rat's milk extract 
Fluorescence in ultra-violet: V, violet; LBL. light blue; GR, green; 


Y, yell ow 
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Fig. 2. Thin-layer chromatogram schematically showing the column 
fractions I, I, II 
Fluorescence in ultra-violet: V, violet; GR, green; YF, yellow 


at the same height as the violet spot in the milk extract 
there is also a spot of a violet-fluorescent minor com- 
ponent. 

In view of these corresponding Rp values the same 
substance is probably present in both extracts. 

In order to examine the various components in an 
extract of toxic milk for their toxicity, they were separated 
by column chromatography over silica gel. 

By bringing an extract of 2,000 g dried toxie cow’s milk 
(obtained from about 15 1. milk) dissolved in chloroform on 
to a silica-gel column (‘Mallinckrodt’ silica gel, particle 
size > 75u, activated by heating at 115° C for 16 h) and 
by subsequent elution with chloroform containing I per 
cent ethanol, chloroform containing 2 per cent methanol, 
and methanol, separation into the fractions as shown 
schematically in Fig. 2 was obtained. 

After evaporation of the solvent, fractions I, IT and 
III were prepared for dosing in a duckling test by dis- 
solving them in 5 ml. mono-diglyceride from groundnut 
oil. 

Three groups of four one-day-old Pekin ducklings 
received by stomach tube, during 5 days, a daily dose of 
0-2 ml./animal/day of fractions I, IT and IJI, respectively. 
Consequently, after 5 days, each duckling had received 
an amount of one of the fractions equivalent to 3 1. milk. 
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Two days after the last administration the animals 
that had survived were decapitated and autopsied. 
Specimens of all livers were taken for histological exam- 
ination. They were fixed in 10 per cent formaldehyde 
and embedded in paraffin. Sections were stained with 
hematoxylin and azophloxine. The results of the histo- 
logical investigation of the livers are shown in Table 1. 


Table 1. HISTOLOGIOAL CHANGES IN LIVERS OF DUCKLINGS AFTER AD- 
MINISTERING FRACTIONS OF A Toxic COW’S MILK EXTRACT 


Bile duct proliferations in livers of 


Fraction Mortality ducklings 1-4 
administered 1 2 8 4 
I Of4 - -= - z 
ii 2/4 +++ Fett ttt +44 
NI 0/4 - - - < 


From Table 1 it appears that only fraction II, whieh 
contained the violet-fluorescent material (Fig. 2), induced 
the typical bile duct proliferations. 

The results show that the toxicity of this milk is 
determined by the ‘milk toxin’ as present in fraction TI. 

Assuming that the ‘milk toxin’ is identical to the minor 
component found in an A. flavus culture, the question 
arose whether this substance preferably passes into the 
milk or whether the mammal is able to convert aflatoxin 
B, into the ‘milk toxin’. 

To find an answer to this question, the milk of lactating 
rats which had been administered pure aflatoxin B, and 
the milk of control rats was extracted and investigated 
by thin-layer chromatography. An extract of the milk of 
tats fed a diet which contained a dried pasteurized A. 
flavus culture on groundnuts was also investigated. In 
order to keep the required amount of pure aflatoxin B, 
as small as possible, rats were chosen for this purpose. 

Fig. 1f shows the chromatogram that was obtained 
both for the milk of rats administered pure aflatoxin B, 
and for the milk of rats fed a dried A. flavus culture. 
The chromatogram is practically the same as that for 
cow’s milk (Fig. le). Fig. le shows the chromatogram for 
the milk of control rats. 

From these results it may be concluded that the lac- 
tating rat is able to convert aflatoxin B, into the ‘milk 
toxin’. - 

We are grateful to the Central Veterinary Laboratory. 
Ministry of Agriculture, Fisheries and Food, Weybridge, 
for supplying the dried toxic milk samples. 
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POSSIBLE ROLE OF RHIZOSPHERE BACTERIA IN THE NITROGEN 
NUTRITION OF AMMOPHILA ARENARIA 


By M. G. HASSOUNA and Pror. P. F. WAREING 
Department of Botany, University College of Wales, Aberystwyth 


HE active growth of certain plant species in the fore- 

dunes of sand-dune habitats poses difficult questions 
regarding the mineral nutrition of such plants, since it is 
known that the sand of the mobile dunes is very deficient 
in mineral nutrients}. Although the sand of fore-dunes 
frequently contains appreciable amounts of phosphorus 
and potassium, probably derived from fragments of shell, 
it is normally very deficient in nitrogen”. We have carried 
out observations on the sand-dunes of Ynyslas, Cardigan- 
shire, in an attempt to determine the source of nitrogen 
for the plants growing in the fore-dunes. Analysis showed 
the fore-dune sand to have a nitrogen content of 0-06- 
0-08 mg nitrogen/g sand. That nitrogen deficiency is the 


major limiting factor for plant growth was shown by 
experiments in which a range of both economic plants 
(radish, cabbage, lettuce, spinach) and sand-dune species 
(Ammophila arenaria, Erigeron acris, Leontodon leysseri, 
Euphorbia paralias) were grown in pots of sand from the 
fore-dunes, with either: (1) n0 additional mineral nutrients ; 
(2) additional nitrogen, phosphorus and potassium; or 
(3) additional nitrogen (ammonium nitrate at 0-31 g/l.) 
only. It was found that whereas the growth of the plants 
with no additional mineral nutrients was very poor, growth 
was greatly stimulated by the addition of nitrogen, 
phosphorus and potassium, and the growth of plants 
receiving additional nitrogen only was only slightly less 
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than with nitrogen, phosphorus and potassium, indicating 
that nitrogen deficiency was the major factor limiting 
the growth of all the species tested, including the natural 
sand-dune species. Nevertheless, natural pioneer species 
of the fore-dunes, such as Ammophile arenaria, frequently 
grow luxuriantly, and the question therefore arises as to 
the source of nitrogen for these plants. It is known that 
the rhizosphere of sand-dune plants contains large numbers 
of bacteria which are present only in very low numbers 
in the main bulk of the sand*. It séemed possible that 
non-symbiotic nitrogen-fixing micro-organisms, such as 
Azotobacter and Nostoc, may be of significance in the 
nitrogen nutrition of sand-dune plants (although it is 


generally held that their role in soils with a high organic” 


content is relatively minor in temperate regions). Counts 
were therefore made of the nitrogen-fixing organisms 
present: (1) on the root-surface of Ammophila plants; 
(2) in the rhizosphere; and (3) the open sand, using the 
following method: samples of root, sand from rhizosphere 
and sand from the open dune were shaken for 20 min in 
Jensen’s medium (containing mineral salts other than 
nitrogen, and mannitol as a carbon source), then plating 


out on agar containing the same medium, and counting | 


the colonies after incubation at 28° C for 2-3 days. Fol- 
lowing this method very high counts of bacteria (7,980,000 
per g of root) were obtained from the rhizosphere and root- 
surface of Ammophila, whereas the sand away from the 
roots contained very much smaller numbers (73,000 
per g of sand). Whether all these micro-organisms were 
nitrogen-fixers is not certain, but sub-cultures from some 
of these colonies continued to grow on Jensen’s nitrogen- 
free medium in liquid culture, and morphological examina- 
tion of the colonies suggested that Azotobacter constituted 
the most frequent of these micro-organisms; Dr. M. Rhodes 
is, however, at present conducting a more critical in- 
vestigation of the organisms present on the roots of 
Ammophila. 

Since organisms able to grow on a nitrogen-free agar 
medium appeared to be associated with the roots of 
Ammophila in such high numbers, a series of experiments 
was carried out to investigate whether the presence of 
these micro-organisms had any stimulatory effect on the 
growth of seedlings of this species. This was done by 
sterilizing seeds of Ammophila in 10 per cent hydrogen 
peroxide for 30 min and growing them under sterile condi- 
tions. Such sterile seedlings were grown under three 
different arrangements, namely: (1) horticultural clay 
pots painted on the outer surface with bituminous paint, 
and containing dune-sand, the upper surface of which was 
completely covered and sealed with ‘Plasticine’; the whole 
unit was then steam sterilized; (2) flasks into which a 
length of wide glass tubing was inserted through a rubber 
bung; (3) boiling tubes containing fore-dune sand plugged 
with cotton-wool. 

A single sterilized seedling was inserted into each con- 
tainer and suitably plugged to ensure continued sterility. 
In each case the seedlings were supplied at intervals with 
sterilized water or with sterile culture solution as indicated 
below. In the first experiments with horticultural pots 
and boiling tubes, one series of seedlings was maintained. 
sterile and anothor series was inoculated with a culture of 
micro-organisms derived from Ammophila roots, by 
shaking pieces of root with Jensen’s nitrogen-free medium 
for 30 min and sub-culturing.on this medium for several 
months. (Although these cultures undoubtedly contained 
nitrogen-fixing organisms, it is possible that other bacteria 
were also present.) No exogenous nutrient was supplied 
in these first experiments. Under these conditions, growth 
and dry weights of the sterile and inoculeted seedlings 
were not significantly different even after some 6 or 12 
months, so that the presence of added root-surface bacteria 
apparently had no effect on the Ammophila. In a further 
series of experiments, however, Jensen’s medium, which 
contains mineral nutrients (except nitrogen) plus 2 per 
cent mannitol as a carbon source, was added to: (1) 
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sterile seedlings; (2) sterile seedlings inoculated with root- 
surface bacteria; (3) unsterilized seedlings planted in 
unsterilized sand. Under these conditions there was a 
marked stimulation of growth in the inoculated and un- 
sterilized seedlings as compared with the sterile seedlings 
(Table 1). Moreover, analysis of plants and sand at the 
start and end of the experiment showed that there had 
been a significant increase in nitrogen in the flasks con- 
taining inoculated and unsterilized seedlings. 

In a further experiment with seedlings grown in boiling 
tubes, 15 treatments were applied as follows: 

There were two main groups of treatments,-namely: 
(A) those with sterilized seedlings; (B) those with unsteril- 
ized seedlings. Within group A there were treatments in 
which (1) water only was added, (2) water and inorganic 
nitrogen (ammonium nitrate) were added; (3) water plus 
an inoculum of root-surface bacteria were added. These 
three treatments were applied either (1) with no other 
addition; (2) with phosphorus and potassium added; or 
(3) with phosphorus, potassium and mannitol added, thus 
giving 9 individual treatments within group A. The same 
treatments were applied to group B (unsterilized) except 
that there were no treatments with bacterial inoculum. 
These treatments are summarized in Table 2, in which 
the mean dry weights of the seedlings after five months of 
growth are given. The results may be summarized as 
follows: 

(A) Sterilized seedlings. (1) Growth in the sterilized 
seedlings receiving no inorganic nitrogen or inocula of 
bacteria was small and was further depressed by the 
additions of phosphorus, potassium and mannitol. (2) 
Inoculation with bacteria resulted in a great stimulation 
of growth when, but only when, mannitol was also added. 
(8) Addition of inorganic nitrogen alone greatly stimulated 
growth, but this effect was reduced when phosphorus, 
potassium or phosphorus + potassium + mannitol were 
also added. 

(B) Unsterilized seedlings. (1) Addition of phosphorus 
and potassium only had no significant effect, but addition 
of phosphorus + potassium + mannitol considerably in- 
creased the growth. (2) Addition of inorganic nitrogen 
significantly increased growth, especially when supplied 
with phosphorus, potassium + mannitol. 

(C) Inoculated versus unsterilized seedlings. In this last 
experiment, sterilized seedlings inoculated with root- 
surfaco micro-organisms gave greater growth than the 
unsterilized seedlings which received no inorganic nitrogen, 
whereas in the ‘flask’ experiment the reverse was true 
(Table 1). The reason for these differences is not known. 

Analysis of the nitrogen-content of the sand and of 
the plants at the start and at the end of the flask and 
tube experiments indicated that there had been an appre- 
ciable increase in the total nitrogen (sand + plant) in the 
treatments in which (1) the seedlings had been inoculated 
with root-surface micro-organisms, or (2) in unsterilized 
seedlings, whenever ‘mannitol also was added. 

It is thus seen that in both the ‘flask’ and ‘tube’ experi- 
ments described here, there was a marked increase in 
growth when sterilized seedlings were inoculated with 
root-surface bacteria able to grow on a nitrogen-free 
medium, but only when mannitol was added as an exogen- 
ous carbon source. In the presence of mannitol, unsteril- 
ized seedlings also showed an increase in growth compared 
with sterilized seedlings. It seems clear, from the fore- 
going results, that the presence of root-surface miero- 
organisms in the dune-sand can significantly stimulate 
the growth of a higher plant in the absence of added 
nitrogen when an exogenous carbon-source is added. 

The significance of these results for the nitrogen nutri- 
tion of A. arenaria under field conditions is not clear. 
Analysis of the sand of the fore-dunes, in which A. 
arenaria grows luxuriantly, showed that the sand has a 
low carbon content (loss on ignition of sand was 0-6-0-7 
per cent), which is unlikely to be sufficient to support the 
carbohydrate requirements of æ dense population of 
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Table 1. MEAN OVEN-DRY WEIGHTS (G) OF Ammophila SEEDLINGS GROWN 
IN DUNE SAND SUPPLIED WITH JENSEN’S NITROGEN-FREE MEDIUM + 
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MANNITOL 
(Means of 10 plants per treatment) 
Sterile and 
Non-sterile root-surface bacteria Sterile 
0:044 0-089 0-012 


L.S.D, for treatments at 1 per cent level = 0-015 g 


Table 2. AVERAGE OVEN-DRY WHIGHTS OF Ammophila SEEDLINGS PROVIDED 

WITH DIFFERENT SOUROES OF NITROGEN IN COMBINATION WITH THE THREE 

ADDITIONS: WATER (+ PHOSPHORUS AND POTASSIUM), (+ PHOSPHORUS 
AND POTASSIUM + MANNITOL) 


Sterile Non-sterile 
Sources of N + Inocu- 

Additions Water (+ N) lation) Water (+ N) 
None (water) 0-036 0-218 0-036 0-015 0'054 
( 0-030 0-139 0:049 0-020 0-088 
(+ PK +mannitol 0-021 0-068 0-229 0-042 0-057 
Least significant differences (at 1 %): 

(1) For means of additions =0:016 g 


(2) For means of sources of nitrogen = 0-020 g 
(3) For means of sterility =0:013 
(4) For means of additions X sources = 0-035 g 


Table 3. AVERAGE AMOUNTS OF TOTAL NITROGEN IN MG IN SAND AND 

PLANTS OF Ammophila GROWN IN 7-IN. POTS FILLED WITH DUNE SAND AND 

WATERED WITH DEIONIZED WATER, AT THE START OF THE EXPERIMENT 
AND AT THE END OF 2 YEARS 


At the start After 2 years 
Control With plant Control With plant 
Sand of a pot 225-1 225-1 241-7 368-9 
Whole plant — 4:7 — 49'8 
Total nitrogen present 225-1 229-8 241-7 418-7 


Azotobacter, a conclusion which was supported by bacterial < 


counts for the open sand of the fore-dunes. The observa- 
tion that bacterial counts are much higher ia the vicinity 
of the roots indicates that root exudates are probably 
supplying carbon sources. I+ is difficult to understand, 
therefore, why significant stimulation of growth did not 
occur in response to inoculation with root-surface bacteria 
under the experimental conditions, unless an exogenous 
carbon source was added. ` 
Nevertheless, the following simple experiment suggests 
that under field, conditions there is considerable fixation 
of nitrogen in the presence of A. arenaria. Fore-dune 
sand was placed in 7-in. pots, and a small piece of rhizome 
of A. arenaria was placed in each of 10 pots, while another 
3 pots were unplanted and kept as controls. The pots were 
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placed in a greenhouse to afford protection from rain, and 
both series of pots were watered regularly with deionized 
water. The experiment was allowed to run for more than 
two years. Nitrogen determinations of the sand and 
plants were carried out at the beginning and end of 
the experiment. The results (Table 3) indicated that, 
while there has been no significant gain in the total 
nitrogen in the unplanted pots, there had been a marked 
increase in the total nitrogen (sand + plant) in those 
pots in which A. arenaria had been grown. Thus, there 
seems little doubt that the fixation of atmospheric 
nitrogen is an important factor in the nutrition of A. 
arenaria. The failure to obtain detectable fixation when 
sterile seedlings were inoculated experimentally may have 
been due to the fact that the experimental conditions 
were unfavourable to the activity of nitrogen-fixing 
micro-organisms or to the fact that the light intensity was 
not high enough to allow sufficient exudation of carbo- 
hydrates from the roots of the higher plant. On the other 
hand, under field conditions plants of A. arenaria are 
heavily infected with mycorrhiza and it is possible that 
mycorrhizal associations play an essential part in nitrogen- 
fixation, as has been suggested recently for Pinus‘. 

The foregoing results are consistent with a number of 
reports regarding the interactions between rhizosphere 
bacteria and higher plants, which have been summarized 
by Krasinikov®. High counts of Azotobacter occur in the 
rhizosphere of a number of species of higher plant. The 
stimulation of growth after inoculation with Azotobacter 
has been reported for several species of crop plant; this 
stimulatory effect may not be due only to the nitrogen- 
fixing ability of Azotobacter, since stimulation has also been 
reported following inoculation with various bacteria 
which lack the ability to fix atmospheric nitrogen. Con- 
versely, the roots of certain species of higher plant appear 
to stimulate the growth of Azotobacter, whereas it is 
inhibited by the roots of other species. 


1 Willis, A. J., Folkes, B. F., Hope-Simpson, J. P., and Yemm, E. W., J. 
Ecol., 47, 1, 249 (1959). 

2 Willis, A. J., J. Ecol, 51, $53 (1968). 

7 Webey, D: M., Eastwood, D. J., and Gimingham, C. H., J. Ecol., 40, 168 


i Richards, B. N., and Voigt, G. K., Nature, 201, 810 (1984). 
5 Krasilnikov, N. A., Soil Microorganisms and Higher Plants (Moscow, 1958). 


SIGN AND STRENGTH OF 


GAMMA-TAXIS IN PLANARIANS 
By Pror. F. A. BROWN, jun., and Y. H. PARK 


Department of Biological Sciences, Northwestern University, Evanston, Illinois 


HE common planarian, Dugesia dorotocephala, initially 
directed geographical northward in Evanston, Dlinois, 
in a uniform, asymmetrical 3-light field', has been found 
to veer slightly, but statistically highly significantly, away 
from a cesium-137 gamma source when the increase in 
radiation is only 6 times the background?. This is in- 
dependent of whether the source is presented on the right 
or the left side. In addition, a graded strength of response 
to the gamma sources presented on the right was described 
for four gamma field strengths ranging from about 1-5 to 
about 9 times background. During that investigation, 
conducted over a 7-month period, the occurrence of a 
semi-monthly variation in the response to the gamma was 
demonstrated and it was suggested further that an annual 
variation in the response to gamma might also exist, 
especially for the weakest of the four field strengths. This 
article describes the results obtained from continuation of 
the investigation to a total period of 13 months, permitting 
additional conclusions. 
The planarians were collected in the field in Illinois on 
four occasions, during September—October, 1962, and June— 


October, 1963. In the laboratory they were maintaincd 
in white-enamelled steel pans with close-fitting aluminium 
covers. The pans were set in running tap water, the annual 
temperature variation of which ranged systematically 
between about 6° C in February and 20° C in September. 

The response to the gamma source was assayed in 
duplicate usually on six mornings a week between 8.30 
and 11.00 a.m., in water in Petri dishes at room tem- 
perature. The room was maintained at about 25° + 1° C 
except for July, August and early September when the 
temperature would occasionally rise even as high as 
30° C. 

Each morning two observers determined the mean turn- 
ing tendency for samples of 15 paths of initially north- 
bound worms under each of 8 conditions. Details of the 


- technique have been described previously*. The conditions 


comprised a gamma, source presented 6, 8, 14, and 24 in. 
to the right, alternated with a dummy source at the same 
distances to the right. The order of presentation of the 
distances was shuffled for each series. Whether a dummy 
or a gamma source commenced a series was determined 
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each day by lot and the observers were uninformed as to 
which came first. 

The strength of the gamma sources has been described 
earlier? in terms only of approximate multiples of the 
background radiation in that particular laboratory at 
Woods Hole, Massachusetts, where the calibration 
occurred. In view of the striking responsiveness of thé 
worms to the gamma fields the sources were more precisely 
calibrated, and specified relative to the regional back- 
ground radiation, on November 11, 1963, at the Argonne 
National Laboratory in Hlinois by Dr. J. Kastner and 
Dr. P. Failla using a Shonka electrometer with an 8-in. 
diameter, 2-mm wall-thickness, Shonka muscle equivalent 
plastic ionization chamber’. The field strengths were now 
expressed in ur./h. The fields that had been roughly 
described before as 1:5, 3, 6, and 9 times background 
on the basis of the earlier method and place of calibration 
were now determined to be, respectively, 26, 80, 240, and 
350 ur./h. Relative to the background radiation at the 
new calibration site these values were approximately 2, 6, 
18, and 25 times the background. 

Fig. 1 illustrates for the first 12 months the differences 
between the mean path of the worms when the gamma 
plate was placed to the right to give each of the four field 
strengths and the mean path when the worms were 
exposed only to the dummy. The high statistical signi- 
ficance of the general relationship is evident from a non- 
parametric consideration of the distributions of the month- 
by-month values illustrated in Fig. 2. However, standard 
errors of the means (N = 12) are included in Fig. 1. It is 
apparent that there is a graded relationship between 
response of the worms and the strength of the gamma 
fields over the experimental range. The response to the 
26 ur./b field is positive ; the worms tend to turn weakly 
toward the source. To the three stronger fields the 
response is weakly negative ; the worms turn increasingly 
strongly away from the source. The worms, on the 
average for this year-long period, appeared to change the 
sign of their response to the gamma source from positive 
to negative as the strength increased above about 48 ur. /h. 

Fig. 2 illustrates the mean monthly values obtained for 
the whole thirteen-month period. Double series were 
observed on 21-27 mornings a month except for August 
when series were observed for only 14 mornings over a 
24-week period in the latter part of the month. Especially 
noteworthy is the variation through the year of the pre- 
dominantly positive response to the 26 ur./h field. The 
worms turned away from the source in October 1962. 
This was true both for worms collected in September 
and in October of that year. Thereafter, from November 
until the following July the worms became increasingly 
positive to the weak gamma source. This gradual increase 
in strength of the positive response continued regularly 
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Fig. 2. Relationship found in a 18-month study between month of the 
year and mean orientational response of Dugesia to gamma fields of four 
strengths expressed in ur./h. ‘Solid curve, 26; dashed curve, 80; dot- 
dash curve, 240; and dotted curve, 350. Each point is the average 
difference for the month between paths of worms in an experimental 
gamma, field and paths of the same worms in the dummy fields 


Apr. Aug. 


despite the substitution of newly collected worms about 
the middle of June. There was a rapid reduction in 
strength of the positive response during August and 
September and a negative response for October in 1963 
just as had been observed for the corresponding month 
of the preceding year. The negative response for October 
1963 was shown both by the worms of the June 1963 
collection that were used during the first half of the month 
and freshly collected ones which were used during the 
second half of the month. 

The orderly and systematic variation from month to 
month through the year in response to this weakest field, 
together with the first recurrence of a negative response 
on the thirteenth month, seems highly improbable as an 
expected consequence of picking consecutively 13 random 
values encompassing the range observed here. Moreover, 
the mean difference between average paths of the worms 
in the experimental and the dummy fields was —0-373 + 
0-352° for October 1962, +1-105 + 0+342° for July 1962, 
and — 0-494 + 0-427° for October 1963, with N for the 
three being, respectively, 26, 26, and 22. Despite the 
large errors which are known to be in good measure a 
consequence of a substantial semi-monthly variation in 
response’, the mean response in July differed significantly 
(P < 0-005) from the mean for each October. 

The results in Fig. 2 also suggest that there is a semi- 
annual variation in the strength of the negative response 
to two of the three stronger gamma fields. For the 
80 pr./h field, a minimum in negative response—even 
possibly a positive response—tends to occur in April and 
again in late summer and early fall. A parallel variation 
(r = + 0:73; ¢ = 3-54; P < 0-005), but in this case 
always negative in sign, appears to obtain for the 240 ur./h 
field. A systematic variation with time of year is, how- 
ever, least evident for the strongest field which pro- 
duces the strongest average negative response. 

Since during this investigation the same 5 worms were 
used throughout each series of strengths on any given day 
and the order of presentation of the four field strengths 
was always shuffled, it seems probable that the gamma 
response is a simple, orientational one, or a gamma-taxis. 
Moreover, in so much as the response to the weaker 
fields seems to be capable of sign alteration between 
positive and negative the perceptive mechanism for 
gamma, seems to be related to the orientational mechanism 
of the worm as a whole. 
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Perhaps the most important single contribution of this 
work is to be derived from the relationship depicted in 
Fig. 1. It is obvious that although a positive organismic 
response is rapidly increasing as the gamma field strength 
drops to a value only about 2 times background, the 
response must ultimately fall back to zero. This clearly 
indicates that a maximum in positive orientational in- 
fluence or directional resolution, and possibly in intensity 
discrimination as well, lies at even lower intensities. This 
distinctive qualitative change in response appearing as 
the strength of the experimental field closely approaches 
the natural ambient field strength suggests strongly that 
the gamma, response mechanism, like that for magnetism‘, 
is remarkably and adaptively adjusted to the gamma 
intensity of the natural terrestrial environment. 

It is quite possible that the apparent variations through 
the year in the response of the organisms to the gamma 
fields are accountable in terms of some causal relationship 
with acclimation of the organisms to the wide annual 
temperature variation to which the stock culture was 
exposed. If this were the case, however, no simple re- 
lationship exists between the acclimating temperature and 
ponse. The apparent semi-annual variation in the 
2 e to the 80 and 240 pr. /h fields shows no correlation 
with the concurrent temperature variation, nor is there 
even a reasonably good correlation of the temperature 
change with the annual variation in response to the 26 
pr./h field. 

On the other hand, the form of the annual variation 
in response to the weakest gamma field shows a remark- 
able, even relatively detailed, resemblance to the annual 
variation®, under controlled constant conditions, of con- 
sumption of oxygen in sprouting beans? and of nitrate 
reduction in the alga, Ankistrodesmus’. The bean seeds 
had been stored in essentially constant conditions for 3-7 
years prior to the former work of 34 years duration ; the 
alga was maintained for about 2 years in controlled un- 
varying conditions in the latter study. This suggests 
that at least for the 26 ur./h field the influence of the 
radiation in producing a positive response may possibly 
be modified by the same pervasive factor or factors which 
are responsible for the annual variations in such pheno- 
mena as cellular oxidations reported to persist in constant 
conditions.® 

Nothing is known concerning the means by which the 
gamma, radiation is perceived. However, the capacity 
of the organism to resolve the direction of the source 
suggests that it is probably mediated by oriented, or by 
momentum-directed, electrons or free radicals resulting 
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from the gamma radiation. Supporting this probability 
are earlier reported, comparably extraordinary, orienta- 
tional responses of planarians to very weak magnetic’ and 
electrostatic® fields. Response mediated in some manner 
by electrons or free radicals within the organism, or in 
its adjacent medium, provides a basis for a possible 
common explanation for action of all three factors. That 
electrons or free radicals are involved in the response is 
suggested furthermore by the observed compass-directional 
variation in the response to an experimental gamma field?. 
The response occurs when the gamma field is presented at 
right angles to the Earth’s magnetic field, and response 
is absent when the gamma field is presented parallel to it. 
The magnitude of the particular measured parameter 
of response to these gamma fields is indeed very small. 
The specific method of investigation was designed only 
to learn whether living things possess a perceptive capacity 
for such weak gamma fields as exist in nature, and, if so, 
to learn whether there exists an ability to distinguish 
among them in strength and direction and to learn some- 
thing of the characteristics of the response. The evidence 
presented here, together with that offered earlier’, clearly 
indicates that an informational input reflecting changes in 
the external environment is available in terms of gamma 
radiation to at least two widely different kinds of organ- 
isms, mud-snails'® and planarians, and probably to living 
things in general. Along with such other stimuli such as 
light, sound, and odours, therefore, gamma radiation is a 
potential modifier of biological systems and activities. 
No attempt has been made as yet to discover possible 
normal ecological, physiological, or behavioural signific- 
ances of this newly disclosed sensory inflow. It could, con- 
ceivably. play subtle but important parts in still unex- 
plained aspects of such phenomena as biological clocks, 
animal homing and navigation, and human behaviour. 
This work was aided by a contract (1228-03) with the 
U.S. Office of Naval Research and by grants from the 
National Institutes of Health (RG-7405) and the National 
Science Foundation (G—15008). 
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OCCURRENCE OF TWO PENÆID SHRIMPS, ARTEMISIA LONGINARIS BATE AND 


HYMENOPENAEUS MULLERI (BATE), 


AND OF SOME LESSER-KNOWN 


SHRIMPS IN COASTAL WATERS OF SOUTH AMERICA 


By M. N. MISTAKIDIS 
U.N. Food and Agriculture Organization, Montevideo, Uruguay 
AND 
G. de S. NEIVA 


Sao Paulo State Research Group on Marine Fisheries, Santos, Brazil 


HE distribution of the commercial penzid shrimps 

along the east coast of South America has recently 
been reviewed by Boschi!. Among the species referred to 
are the shrimp or ‘camaron’, A. longinaris, and the ‘lango- 
stino’, H. miilleri. Boschi gives the distribution of the 
first from 32° to 43° §., approximately from Rio Grande, 
South Brazil, to Rawson, Argentina, and the second from 
23° to 48° S., Rio de Janeiro to Puerto Deseado, and points 
out that both species are limited to the temperate waters 


of the South Atlantic, not extending to the tropical zone. 
He also adds that records of H. miillert from sub-tropical 
waters are few, the species becoming more frequent 
towards the south. 

During an exploratory survey in February 1963, 
covering the whole coast of the State of Santa Catarina, 
a small number of A. longinaris were taken at two stations 
(27° 15’ and 27° 55’ S.}, 3 and 5 miles from the mainland, 
and in May 1963 a small number were found in trawl 
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hauls made near Santos (23° S.). Since then it has been 
recorded several times from the same area, among com- 
mercial catches of another penzid shrimp, Xiphopenaeus 
kroyert, known locally as ‘camarão sete barbas’. 

At first these were assumed to be new records of its 
distribution, farther north than 32° S., as Spence Bate’s? 
record from Fernando de Noronha (3° 47’ S., 32° 24’ W.), 
obtained during the R.R.S. Challenger Expedition, was 
based on the identification of a doubtful fragment of a 
pleon. Eventually it was found that Magalhaes**4 had pub- 
lished in 1944, in a semi-popular journal, a short note refer- 
ring to the occurrence of A. longinaris from the vicinity of 
Sant’Ana Island (approximately 22° 30’ 8.), and also from 
shrimp landings at Rio de Janeiro, where it was sold under 
the inappropriate name of ‘camaro sete barbas’. Since 
its general appearance was not unlike that of X. kroyeri, it 
could be easily confused. He also suspected a progressive 
increase in its abundance along the littoral waters of the 
most southern states of Brazil. 

When, in August 1961, A. longinaris was first recorded 
by one of us, near the entrance to the channel joining the 
Atlantic to Lagoa dos Patos (32° 11’ 8.) it was found to be 
very common in catches made by beach seines. It was 
also taken during a short survey in May 1962 at two 
stations 3 and 20 miles east by north of the entrance to 
the Rio Grande channel. H. mülleri was also taken at 
these two stations, but the abundance of both species 
decreased markedly farther out to sea. 

Since then we have recorded H. miilleri from various 
localities along the coast of south Brazil. In September 
1962, a number of specimens were found in the unidentified 
preserved material kept at the Fish and Wildlife Service 
Laboratory at Florianópolis, capital of the State of Santa 
Catarina. This species appeared to be known locally as 
‘camarão serro’, ‘c. vermelho’ or ‘c. barbado’. During 
the same period, occasional specimens were observed 
among catches of X. hroyert near Ganchos (27° 18’ §.), 
north of Santa Catarina Island, and also in catches made 
near Santos. According to information received, its 
distribution farther north appears to be more common 
than previously supposed, and in late 1962 a sample of 
H. miilleri was obtained from Praia de Sant’Ana (22° 25’ 
§.). This species is known locally as ‘camarao sete barbas 

- de Sant’Ana’, and appears to be quite common in the area. 
H. miilleri was also recorded at three stations (26° 45’, 
27° 15’, 27° 25’ &.), during the exploratory survey of 
February 1963 along the Santa Catarina coast. In all 
cases these were taken 2-3 miles off the coast. 

Although both species have been recorded as far as 
Rio de Janeiro, and a little farther north, nevertheless their 
distribution, at least at present, appears to be sporadic. 
The main concentration of both species is south of 35° S., 
suggesting that optimum conditions for their development 
are to be found in temperate zones. At present both species 
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are fished commercially along the Argentinian coast, 
particularly south of 37° S. It was of interest to observe 
that specimens of both species, obtained from Uruguayan. 
and Brazilian waters as far as Santos, were of smaller size 
than those observed at Rawson, Argentina. The only 
exception was the sample of H. miilleri from Praia de 
Sant’Ana, which included specimens considerably larger 
than those observed previously. 

Early in 1962 some unknown shrimps which had been 
obtained from commercial shrimp landings at Santos were 
sent to the Smithsonian Institute and were identified 
by Dr. F. A. Chace, jun., as Hippolysmata (Exhippolys- 
mata) oplophoroides Holthuis. Lindner’ stated that this 
shrimp was one of the most abundant commercial forms in 
British Guiana, the other being Palaemon schmitti, and, 
according to Holthuis*, H. oplophoroides is found in 
Surinam (Dutch Guiana) and caught by fishermen fishing 
for X. kroyert and Palaemon schmitti. Closer observations 
at Santos showed that H. oplophoroides was quite frequent, 
throughout the year, among catches of X. kroyert and the 
majority of them were ovigerous females. A small number 
has been also recorded from Ganchos, State of Santa 
Catarina. 

Another species appearing frequently in the cat, 2 
adult Penaeus brasiliensis and Penaeus aztecus, ioy ses 
north and south of Santos, is the rock-shrimp Sicy.!* 
typica (Boeck). Two specimens were also taken in Febru- 
ary 1963 at one station a few miles north of Santa Catarina 
Island. Holthuis? gives its distribution as from North 
Carolina, Florida to south Brazil as far as Rio de Janeiro. 
According to Magalhaes? this shrimp, classified by him as 
S. carinata (Olivier), was in the past quite common in the 
Rio de Janeiro area, but has been rather searce since 1942. 

Recently small-sized Sicyonia have been obtained from 
shallow waters near Santos. The specimens appear to be 
quite similar to S. dorsalis Kingsley, as described by 
Burkenroad’. The present specimens, however, have the 
ventral tooth of the rostrum well developed and not 
reduced to a blunt angle. 

Occasional specimens of Trachypeneus constrictus 
(Stimpson) were observed for the first time during a 
shrimp survey, in July 1961, covering the area from Santos 
to north of Ilha Sao Sebastian (23° 40’ §.). Since then 
it has been recorded several times from catches of X. 
kroyert landed at Santos. Holthuis? had recorded it from 
Surinam, but it appears that its distribution extends 
farther south than previously known. 
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ATTEMPTED ENZYMATIC DEAMINATION OF TOBACCO MOSAIC VIRUS 
RIBONUCLEIC ACID 


By Pror. O. P. SEHGAL* and Pror. ALBERT SIEGEL 


Department of Agricultural Biochemistry, University of Arizona, Tucson, Arizona 


F tho several reagonts known to modify chemically 
tobacco mosaic virus ribonucleic acid (TMV-RNA), 
the action of nitrous acid has been most intensively 
investigated'-4. It acts on amino bases of the intact 
nucleic acid resulting in the deamination of adenine, 
guanine and cytosine residues to hypoxanthine, xanthine 


* Present address: 203 Curtis Hall, University of Missouri, Columbia, 
‘Missouri. . 


and uracil, respectively. The discovery of an agent which 
would preferentially react with one of these bases would 
help in elucidating effects of single base changes on the 
behaviour of the viral genetic material. We attempted 
the possible use of an enzyme from takadiastase, adeno- 
sine aminohydrolase (H.C. 3.5.4.4.), to induce specific 
base conversions in several polynucleotides including 
TMV-RNA. Adenosine aminohydrolase was first de- 
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scribed by Mitchell and McElroy’, and afterwards 
‘Kaplan® purified it by. a procedure comprising ethanol, 
acetone and ammonium sulphate precipitations. The 
enzyme deaminates® various adenosine derivatives includ- 
ing 3’: 5’-diphosphoadenosine, the type of residue present 
in polynucleotides. We wish to report another method of 
purifying the enzyme and to present evidence to indicate 
‘that, while crude enzyme preparations can deaminate 
adenosine residues of polynucleotides by first depoly- 
merizing these by contaminating nucleases, purified 
enzyme is inactive toward intact polynucleotides. 

Takadiastase powder (Parke Davis and Co., Ann 
Arbor, Michigan) was the source of the enzyme. The 
enzymatic activity was measured spectrophotometrically 
by determining the decrease in optical density in the 
reaction mixture at 265 my at room temperature during 
the initial stages (1-4 min) of the reaction’. One enzyme 
unit was the amount converting 1 uM of adenosine to 
inosine per min. In routine assays, the reaction mixture 
contained appropriately diluted enzyme solution in 0-02 M 

_phosphate buffer (pH 7-0) and 55 pmoles of adenosine 
‘it a final volume of 1-1 ml. The specific activity of the 
enzyme was defined as units/mg protein. The protein 
concentration, was estimated by using a value of 1-000 at 
280 my. in a l-cm cell corresponding to 1 mg protein per 
ml. The results closely corresponded to those obtained 
by the method of Folin-Ciocalteu. Ribonucleases present 
as contaminants were estimated by the procedure of 
Takahashi*. TMV-RNA was purified from the virus 
nucleoprotein, strain TMV-U,, by modified procedure of 
Haselkorn®. After phenol extraction the nucleic acid was 
precipitated and washed several times with isopropanol 
to remove phenol, dissolved in water and centrifuged for 
l h at 105,000g to sediment undegraded virus. The 
nucleic acid solution was brought to a salt concentration 
of 1-2 M with the addition of sodium chloride and left 
overnight in an ice-bath. The precipitated nucleic acid 
was dissolved in 0-02 M phosphate buffer (pH 7-0) and 
dialysed in cold against several changes of the same buffer. 
This procedure gave highly viscous and infectious nucleic 
acid preparations. Purified yeast-RNA (Worthington 
Biochemical Corporation, Freehold, New Jersey) and 
polyadenylic acid (Miles Chemical Co., Elkhart, Indiana) 
- were dissolved to s concentration of 5 mg/ml. in 0-02 M 
phosphate buffer, adjusted to pH 7-0 and dialysed in cold 
for 2 days against several changes of the same buffer 
to remove low molecular weight components. Purified 
pancreatic ribonuclease (1 mg/ml.) was dissolved in 0-02 
M phosphate buffer (pH 7:0) and heated for 3 min in a 
boiling water-bath to inactivate proteases and other con- 
taminating proteins. Viscosity experiments were carried 
out at 23° in Cannon semi-micro viscometers., All bio- 
assays for TMV-RNA were performed on Nicotiana 
tabacum L. var. Xanthi-ne according to a Graeco-Latin 
square or incomplete block design. 

Purification and properties of the enzyme. All manipula- 
tions concerned in the purification of the enzyme were 
earried out at 4°. .A mixture of 150 g of takadiastase 
powder and 150 g of ‘Permutit’ in 1,500 ml. of distilled 
water was stirred for 2 h and then centrifuged at low speed. 
The supernatant was poured off and brought to the original 
volume by adding distilled water. Active enzyme was 
precipitated from the clarified water extract of takadias- 
tase by addition of absolute ethanol and collecting fraction 
precipitating between 33 and 66 per cent alcohol concén- 
tration. The precipitate was dissolved in distilled water 
and the insoluble material was removed by centrifugation. 
The ethanol precipitation was repeated once again and 
the final precipitate was dissolved in 0-005 M phosphate 
buffer (pH 7:0). The amber-coloured solution was 
dialysed against several changes of the same buffer. 
The enzyme solution was then loaded on 2 ‘DEAB’-cellu- 
lose column. equilibrated with 0-005 M phosphate buffer 
(pH 7-0) and elution was carried out by a gradient system 
comprising of a mixing chamber of 500 ml. of 0-005 M 
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phosphate buffer (pH 7-0) and an upper chamber of 1,000 
ml. of 0-02 M phosphate buffer containing 0-4 M sodium 
chloride adjusted to pH 7-0. The eluate fractions contain- 
ing the adenosine aminobydrolase activity were combined, 
dialysed and lyophilized. The dried material was dis- 
solved in 0-02 M phosphate buffer (pH 7:0) and dialysed 
against several changes of the same buffer. The enzyme 
solution was then passed through a ‘Sephadex G-100’ 
(140-400 mesh) column equilibrated with 0-02 M phos- 
phate buffer (pH 7:0). The enzyme was excluded by the 
gel and appeared in fractions immediately after the void 
volume of the column. These fractions were collected and 
stored at —10°. This purification procedure was per- 
formed at three different occasions and yielded final 
specific activities of the enzyme ranging from 830 to 1,100. 
A summary of a representative purification procedure is 
given in Table 1. 


Table 1. PURIFICATION OF ADENOSINE AMINOHYDROLASE FROM TAKA- 
DIASTASE POWDER 5 
Specific 
Total activity Yield 
Description units (units/mg (per cent) 
j protein) 
Step I: Water extract of takadiastase 45,500 4 100 
Step II: 66 per cent ethanol p.p.t. 25,900 12 57 
Step OI: DEAE-cellulose peak eluates 5,500 250 12 
Step IV: Gel-filtration peak eluates 2,200 1,100 4:8 


Purified enzyme preparations had typical ultra-violet 
absorption spectra of protein with a minimum at 250 mp 
and a maximum at 278-280 my; the max./min. ratio 
was 2-1-2-2. The enzyme had an optimal pH in the range 
of 6-7 in 0-02 M phosphate and 0-02 M sodium citrate— 
citric acid buffer. Besides deaminating adenosine, the 
enzyme was also active on adenosine 3’ : 5’-cyclic phos- 
phate, DPNH and 3-acetylpyridine DPNH, but did not 
deaminate adenine, cytidine or guanosine. KCN (20 
m.moles) completely inhibited the enzyme. ZnSO, 
CoNO, and NaAsO, (50 mmoles) reduced enzymatic 
activity to 63, 43 and 14 per cent respectively. N-Ethy]- 
maleimide (10 m.moles) reduced deamination to 40 per 
cent and p-chloromercuribenzoic acid (1 m-mole) decreased 
the activity to approximately 10 per cent. No marked 
reduction or stimulation of the enzymatic activity was 
observed with Mgt+, Mn++, Cat+, Nat, K+ (cone. 1-50 
m.moles) and penicillin (100 1.0./ml.). 

Incubation of polynucleotides with a crude enzyme 
preparation. Results of an experiment in which TMV- 
RNA, yeast-RNA and polyadenylic acid were incubated 
with a crude enzyme preparation (specific activity 13 
units/mg protein) and then analysed for deamination by 
acid hydrolysis and chromatographic separation of the 
bases are presented in Table 2. ' 

In all instances, a decrease in the amount of adenine 
was accompanied by a concurrent increase in the amount 


Table 2. DEAMINATION OF 3: 5'- DIPHOSPHOADENOSINE RESIMUES IN 
YEAST-RNA, TMV-RNA AND POLYADENYIIO ACID ON INOUBATION WITH 
A CRUDE PREPARATION* OF ADENOSINE AMINOHYDROLASE 


Yeast-RNA t TAMV-RNAt Polyadenylic acid 

Time of ypo- ypo- Hypo- 
incubation Adenine xanthine Adenine xanthine Adenine xanthine 

(b) (uM) (uM) (aM) (eM) (uM) (M) 

0 273 — 41: oon 45°0 — 

1 9'8 17-1 29-6 13-4 41:0 3-7 

3 7-6 21:2 12-9 82-4 89-0 65 

6 26 29-0 76 40:2 84-2 10-1 

9 26 80-0 5'3 36:8 20-1 18°5 

12 26 29-4 3'4 414 11-7 34:7 


* Specific activity of the enzyme, 18 units/mg protein. The enzyme used 
was from step II of the purification scheme (see Table 1). 


In the final cone. the reaction mixtures contained 2:5 mg/ml. of yeast- 
RNA, TMV-BNA and polyadenylic acid, 48 units offadenosine aminohydro- 
lase and approximately 10 units of contaminating nucleases, At indicated 
intervals of incubation period, 0-2 ml, of the reaction mixture were removed 
and hydrolysed with HCl (final conc. 1 N) in a boiling water-bath for 1 h 
and reduced to 0:1 ml. by evaporation. Aliquots of the hydrolysates were 
chromatographed by ascending chromatography on Whatman No. 3 MM 
papers in 0-1 M KOH. Adenine and hypoxanthine were located under 
ultra-violet light and the spots cut out and eluted in 1 N HCl. Quantitative 
estimations of the nucleotides were based on the values of their extinction 
coefficients as reported by Burton (ref. 10). 

t Aliquots from the reaction mixture were diluted to a concentration of 
3 pgjml. in 0-05 M tris-HCl buffer (pH 88) and assayed for infectivity. AH 
infectivity was lost in less than 5 min of incubation, 
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of hypoxanthine; the rate of adenosine deamination in the 
polyadenylic acid system was observed to be compara- 
tively slower than in the other two systems. It is also 
apparent that the deamination rate of adenosine residues 
of polynucleotides is considerably slower than that of the 
free nucleoside. It could not, however, be ascertained 
whether the enzyme deaminated diphosphoadenosine 
residues of intact polynucleotide or the latter were first 
degraded by contaminating nucleases in the enzyme 
preparation, and then deaminated. The results of 
infectivity tests with TMV-RNA suggested the presence 
of potent inactivators in the enzyme preparation. 

Incubation of polynucleotides with purified adenosine 
aminohydrolase. TMV-RNA and polyadenylic acid 
(2-0 mg/ml.) were incubated with about 100 units of 
purified enzyme (specific activity 1,100 units/mg protein) 
and then analysed for deamination. No hypoxanthine 
was detected nor any reduction in the amount of adenine 
observed even 30 h after incubation. The nuclease con- 
tent of the reaction mixture was less than 0-5 unit/ml. 
This suggested that diphosphoadenosine residues of intact 
polynucleotides were not deaminated by the enzyme. The 
level of nucleases in the reaction mixture, probably, was 
too low to hydrolyse the polymers to an extent to yield 
substrate units which could then be acted on by the 
enzyme. 

A possibility existed, however, that purified enzyme 
may act on the diphosphoadenosine residues of intact 
polynucleotides without any detectable formation of 
hypoxanthine. It has been demonstrated? that in TMV- 
RNA every deamination results in a detectable biological 
effect. The enzymatic deamination of diphosphoadeno- 
side residues of intact TMV-RNA, consequently, should 
result either in loss of its infectivity, the production of 
mutants, or both. These alternatives were tested by per- 
forming the following experiments. 

TMY-RNA (2-0 mg/ml.) was incubated with purified 
adenosine aminohydrolase (100 enzyme units) and aliquots 
removed at intervals and assayed for infectivity after 
appropriate dilutions. Concurrently, changes in the 
viscosity of the viral nucleic acid (which is a measure of 
the cleavage of polynucleotide chain and may be due to 
the action of nucleases still present as contaminants) 
were determined. For comparison, TMV-RNA was 
incubated with pancreatic ribonuclease under identical 
conditions and the relationship of the change of viscosity 
to loss of infectivity was determined. Results are pre- 
sented in Table 3. A close relationship seems to exist 
between decrease in viscosity and loss of biological 
activity on incubation of TMV-RNA with purified adenosine 
aminohydrolase and with pancreatic ribonuclease. If the 
diphosphoadenosine residues of the intact viral nucleic 
acid were enzymically deaminated and such a change were 
lethal, it would have resulted in an appreciably greater 
loss of infectivity in relation to the viscosity decrease. 
It appears that the inactivation of TMV-RNA as a result 
of incubation with a purified enzyme preparation can be 
ascribed én toto to the action of contaminating nucleases. 

The possible mutagenic effect of the enzyme adenosine 
aminohydrolase on TMV-RNA. was studied by looking 
for altered lesion-size and symptom-type mutants, two 
characters frequently affected in the virus?4. TMV- 
RNA (2:0 mg/ml.) was incubated in the presence of 100 
units of purified enzyme to about 10 per cent level of sur- 
vival, and after appropriate dilution it was inoculated on 
to one-half of Xanthi leaves at a concentration to incite 
15-20 lesions/Xanthi half-leaf. The opposite leaf-halves 
were inoculated with untreated nucleic acid at a concen- 
tration to cause approximately the same number of lesions. 
No differences in the sizes of the lesions from the two 
treatments were observed when compared visually. 
After the fifth day of the appearance of the lesions, these 
were macerated singly in a few drops of M/15 phosphate 
buffer (pH 7-0) and rubbed on to individual young 
tobacco, Nicotiana tabacum L. var. Samsun, seedlings. 
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Table 3, VISCOSITY VERSUS INFECTIVITY CORRELATION oF TMV-RNA 
INCUBATED WITH PURIFIED ADENOSINE AMINOHYDROLASE* AND PAN- 
OREATIC RIBONUCLEASE 


TMV-RNA “RNA 
Incubated with adenosine Incubated with pancreatic 
-aminohydrolase t ribonuclease} 
Reduced Reduced 
Time of viscosity viscosit 
incubation {n spc) Infectivity$ {7 sp/c. Infectivity 
(min) dl.jg (survival, % dl./g (survival, %) 
2 1-58 86:0 1:56 80-0 
15 1-54 81-0 1:46 52:9 
30 1:50 60-5 132 19-1 
45 1:42 67-7 1-28 140 
60 1:36 46-4 1:22 9-4 
90 135 42-0 1-13 1:2 


* Specific activity of the enzyme, 1,100 units/mg protein. The enzyme 
used was from step IV of the purification scheme (‘Table 1). 


t Final conc. of TMV-RNA, 2-0 mg/m). and 100 units of purified adenosine 
tema The nuclease content of the reaction mixture was less than 
-5 uni ġ 


ġ Final conc. of TMV-RNA, 2:0 mg/ml. and pancreatic ribonuclease 
25 x 10 pg/ml. 


§ Aliquots removed at indicated intervals, diluted to 3 ug/ml. in 005 M 
tris-HCl buffer (pH 8'6) and assayed. 


Out of 109 tobacco plants inoculated from lesions induced 


by untreated TMV-RNA, 107 became infected ang 


developed typical symptoms of the virus. A total of 
146 seedlings out of 149 inoculated with lesions from 
treated nucleic acid developed symptoms, all of which 
were characteristic TMV-U, type symptoms. It appears 
that adenosine aminohydrolase does not have a detectable 
mutagenic effect on TMV-RNA. 

Conclusions. Takadiastase powder is a convenient 
source of the enzyme adenosine aminohydrolase. A 275- 
fold purification of this enzyme was achieved by a pro- 
cedure involving differential ethanol precipitation, chroma- 
tography on ‘DEAE’-cellulose and gel-filtration through 
‘Sephadex G-100’. The striking inhibition by p-chloro- 
mercuribenzoic acid and n-ethylmaleimide indicates that 
probably free —SH groups are essential for enzymatic 
activity. Purified adenosine aminohydrolase cannot 
deaminate 3’ : 5’-diphosphoadenosine residues of intact 
polynucleotides. When the latter are depolymerized by 
nucleases, however, the enzyme can effectively deaminate 
the adenosine residues. The exact nature and size of the 
substrate units (whether mono-, di-, tri-, or oligo-nucleo- 
tides) which are deaminated by the enzyme after depoly- 
merization are not known. Several reports claim enzym- 
atic deamination of the amino bases of intact DNA and 
RNA by animal tissue homogenates" and bacterial auto- 
lysates**. No attempts were made in these studies, how- 
ever, to purify the enzymes involved. : 

Our attempts te modify enzymically highly polymerized 
polynucleotides have been unsuccessful. There are, so 
far, only two reports on the direct substitution of nucleic 
acids at a polynucleotide level by enzymes; one is by 
Kornberg et al.!3 on glucosylation of 5-hydroxymethyl 
cytosine in the DNA of certain bacteriophages by glucosyl 
transferases, and the other by Fleissner and Borek on - 
methylation of s-RNA by RNA methylase. 

This work was supported by a grant from the U.S. 
National Science Foundation and by Atomic Energy 
Commission contract AL—(11—-1)-878. 
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LETTERS TO THE EDITOR 


RADIO ASTRONOMY 


High-resolution Microwave Spectra of H and 
OH Absorption Lines of Cassiopeia A 


In a recent {communication Weinreb, Barrett, Meeks 
and Henry! reported the discovery of the 18-cm lines 
of the hydroxyl (OH) radical in the radio absorption 
spectra of Cassiopeia A, and the result was quickly 
confirmed by several others?-*. Here we present the 
results of investigations of the —0-8 km/sec absorption 
line from Cassiopeia A at both H and OH line frequencies 
with a frequency resolution as narrow as 1-87 ke/s. 
From these observations we can derive the kinetic 
temperature of the absorbing gas. The equipment used 
in the OH observations was the same as used previously!, 
except for the modification necessary to obtain the 
higher frequency resolution. In our earlier work a 
100-ke/s portion of the spectrum was examined with a 
resolution of 7:5 ke/s, and in the work reported here we 
also examined either a 50-kc/s portion with a resolu- 
tion of 3-75 ke/s or a 25-ke/s portion with a resolution of 
1-87 ke/s. It is found that the — 0-8 km/sec absorption 
line at OH frequencies is in reality composed of two lines, 
separated by 7:5 kejs, having approximately equal 
intensities, and having line-widths (full-width at half 
maximum) of 4:2 ke/s and 4-8 ke/s after correction for the 
receiver resolution. The observed spectra for the three 
frequency resolutions used are shown in Fig. 1. 

Following the OH observations, we examined the — 0-8 
km/sec absorption line at the H frequency with the same 
frequency resolutions, as we were unaware of any previous 
H-line observations having been made with a resolution 
smaller than 5 ke/s. The equipment used was the same as 
for the OH observations with the exception of the para- 
metric amplifier. The results of this investigation are 
shown in Fig. 2. It can be seen that the H line is asym- 
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Fig. 1. Observed absorption spectra of the 1,667-Mejs line of OH 

in the direction Cassiopeia A for the — 0'8 km/sec cloud, The features 

of the absorption spectra were measured with equivalent filter-widths 

of 7-5, 3-75 and 1:87 kejs as indicated. The observed antenna tem- 

perature of Cassiopela A om frequenoy was 110° K. To obtain frequency 

with respect to the local standard of rest, subtract 17 kejs from the 
value on the frequency scale 
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Fig. 2. Observed hydrogen-line absorption spectra for the — 0-8 km/sec 
cloud in the direction of Cassiopeia A (central curves), the nearby emis- 
sion spectra (upper curves), and the absorption profile with emission 
subtracted out £ ower curves), The spectra were obtained with equivalent 
filter-widths of 7:5, 3-75 and 1:87 ke/s as indicated. The standard 
deviation of the observed spectra are 0-5° E. in each case, The observed 
antenna temperature of Cassiopeia A off-frequency was 130° K. Fre- 
quency is specified with respect to the local standard of rest 


metrical and may be considered as composed of two, or 
more, lines. A similar asymmetry was noted by Clark, 
Radhakrishnan and Wilson from observations with a 
6-ke/s resolutions. 

High-resolution comparative studies of the H and OH 
lines such as those reported here afford the possibility of 
being able to separate, in a definitive manner, the thermal 
and turbulent velocities of the absorbing clouds, and 
therefore can yield a reliable determination of the kinetic 
temperature within the clouds. This conclusion is 
predicated on the assumption that the H and OH. occur in 
the same clouds, have the same kinetic temperature, and 
share in the same turbulent motions. Tho first assumption 
seems firmly based because of the agreement of the H and 
OH absorption spectra, and the last two assumptions can 
be tested by further high-resolution absorption observa- 
tions in other radio sources. If we attribute the widths of 
the OH lines entirely to thermal broadening. we derive 
a kinetic temperature of approximately 240° K. This 
interpretation cannot be correct, however, becauso with 
this value of the kinetic temperature the resultant H line 
would be in conflict with the observations shown in Fig. 2. 
An added difficulty, of course, is that a kinetic tempera- 


‘ture of 240° K is almost greater by a factor of two than the 


maximum temperature observed for H-line emission. 

The separation of the velocities into thermal and turbu- 
lent components can be accomplished after the optical 
depths of H and OH lines are determined from the obser- 
vations. For H this requires correcting the observed 


. 
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absorption profile for H. emission, in the usual manner‘. 
For OH we assumed that the observed absorption profile 
was a direct measure of the OH optical depth because 
thus far we have been unable to detect emission. This is 
consistent with the results of Weaver and Williams‘ and 
Penzias’, who have also been unable to detect OH emis- 
sion. This procedure leads us to conclude that the — 0-8 
km/sec cloud can be considered as composed of two 
clouds, one with a radial velocity of — 0-1 km/sec and an 
OH line-width of 4:8 ke/s and an H line-width of 11-5 ke/s, 
and a second cloud with a radial velocity of — 1-5 km/sec 
with an OH line-width of 4'2 ke/s and an H line-width of 
10 ke/s. We now make the assumption that the thermal 
and turbulent line-widths combine to give the observed 
line-width: 


{ Avobs.)* = (Avthermal)? + ( Aviurp.)? 
for both the OH and H line-widths and that the thermal 


components and turbulent components of the line-widths 
of H and OH are related by the equations: 


_ (Man N (vor 
(Avthermal)oH = Te) (=) ( Avinermal) E 


(Avterp.JoH = (28) (Aviarp,) H 


In these equations the mass ratio My/Moyq = 1/17 and 
the frequency ratio voy/vq = 1:17. This analysis leads 
to the component line-widths shown in Table 1. 


Table 1. H anp OH Lixe-wiptss* 


Observed Thermal Turbulent 
Cloud velocity line-width lne-width Une-width 
(km/sec) (ke/s) (ke/s) (ke/s) 
-01 OH 43 3-2 3-5 
H 11:5 11 3-0 
-15 OH 4:2 27 3-2 
H 10 96 27 


* Full width at half-maximum optical depth. 


The thermal line-widths can be interpreted in terms of 
kinetic temperatures 90° K and 120° K for the clouds with 
velocities — 1-5 km/sec and — 0-1 km/sec, respectively. 
These values are consistent with many previous H-line 
observations that have been interpreted in terms of 
kinetic temperatures 60°-125° K. The root mean square 
turbulent velocities derived from the turbulent line-widths 
are 0:24 km/sec and 0:27 km/sec for the clouds with veloci- 
ties — 1-5 km/sec and — 0-1 km/sec, respectively. 

The thermal broadening of OH absorption lines is 
smaller by a factor of 3-5 than the thermal broadening of 
the corresponding H lines. This gives the OH spectrum 
an intrinsically higher Doppler resolution for examining 
the detailed structure of individual features of the absorp- 
tion spectrum. TIt is clear from our results that observers 
planning H and OH spectral line radiometers for absorp- 
tion measurements should incorporate band-widths of 
1-2 kejs in their apparatus. 

In our previous communication, we reported the tran- 
sition probability of the 1,667-Me/s line as 2-86 x 10-1 
sect, This value is slightly in error and should be 2-66 
x 10-1) sec-!, a value confirmed independently by Dr. 
A. A. Penzias. For the 1,665-Mc/s line, we find the value 
of the transition probability to be 2-47 x 10-11 sec-1. 

We thank J. F. MacLeod for operation of the computer 
and the entire staff of the Millstoné Hill Observatory for 
assistance with the experiment. 

The work of one of us (A. H. B.) was supported in part 
by the U.S. Army, Navy, and Air Force under contract 
DA36-039—-AMO-03200(H), and in part by the National 
Aeronautics and Space Administration (grant NsG-419). 
Lincoln Laboratory is a centre for research and develop- 
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High-resolution Spectral Observations of 
Jupiter’s Decametric Radio Emission 


During the 1963 apparition of Jupiter, an experiment 
was carried out relating to the fine structure in the 
dynamic spectra of Jovian decametric radiation. The 
equipment used was a sweep-frequency receiveri, operated 
between 20 and 18 Me/s with a repetition frequency of 
10/sec. The 3 and 20 db. intermediate frequency band- 
widths were 80 and 150 ke/s, respectively, and the post- 
detection time constant 0-1 msec. The dynamic spectra 
were recorded photographically from the intensity- 
modulated cathode-ray tube display. The aerial instal- 
lation consisted of four identical three-element Yagi 
aerials, two of them connected in parallel to the spectro- 
graph and two others, separated by 7-5 wavo-lengths, to 
a phase-switching interferometer on 19-3 Me/s driving a 
pen recorder. All the Yagi aerials were directed 30° west 
of the meridian. ; 

The radio spectrograph was operated for 3 h each night 
over the observing period September 1~November 30, 
1963. Because of the low values of the ionospheric critical 
frequency there has been no interference on most nights. 
Almost always the spectral records can be identified with 
the interferometric ones, the deflexion phases matching 
the motion of Jupiter through the fringe pattern. 

The spectral phenomena recorded display strikingly the 
intermittent nature of the Jovian decametric radiation 
and its wide range of intensities. Most frequently the 
records have the appearance of diffused blobs of varying 
shapes that generally last from a few seconds to a few 
tens of seconds. In some cases they resolve into pips with 
durations down to 5 msec. Sometimes they take the 
form of a band, which usually drifts in frequency. These 
have the appearance of the ridge patterns described by 
Wild and Roberts*, which result from the frequency 
dispersion produced by irregularities in the terrestrial 
ionosphere. Many of the blobs may also belong to similar 
patterns that are more extended than the spectral width 
of the record. If all these phenomena are plotted on the 
System III longitudes? of the central meridian, their 
occurrence will show the three sources, as given by Carr 
et al.4, with the main peak between Ay, = 210° and 300°. 

On the nights of September 22, September 29 and 
October 30, in the absence of interferences, with Jupiter 
in the aerial beam and no sign of equipment malfunction, 
series of intense pips were recorded. They appeared with 
varying band-widths in more or less dense groups, often 
gathering into bands that drifted across the observing 
range at rates of less than 1 Mc/s per min. They were 
also seen as deflexions of proper phases on the interfero- 
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Fig. 1. High-resolution dynamic spectra of Jovian decametric radio bursts. The time between scans is 0:1 sec, and the scan duration over 


the spectra shown äpproximately 0-05 sec. 
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meter records at times when the group crossed the operat- 
ing frequency of the interferometer. These phenomena 
are presumably of Jovian origin. They occurred during 
the three nights at the radio longitudes? of the central 
meridian Ay; = 140° to 190°, with the highest intensity at 
150°-180°. It is of interest to comparo these figures with 
the longitudes of the maximum of average intensity on 
4:8 Mejs, as reported by Ellis’, and with the large-scale 
morphology of the Jovian radio storms derived by 
Warwick’. 

Typical spectra are reproduced in Fig. 1. A more 
detailed description of the observations is in preparation. 
Plans are being made to repeat this experiment at- higher 
resolution during the 1964 apparition. 
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GEOPHYSICS 


Rubidium/Strontium and Strontium-87/ 
Strontium-86 Ratios in Deep Crustal 
Material 


RecEnt work on the strontium isotopes, stimulated by 
a paper of Gast?, has shown variations in the initial 
878r]8tSr ratio of rocks. The interpretation of this obser- 
vation has not been clear but it has been implied that 
ratios similar to those in basalts define an origin more or 
less directly from mantle material?-*. Higher ratios have 
been interpreted as indicating crustal derivation of 
magmatic rocks. Recently, Hamilton’ stated that he did 
not necessarily assume that low *’Sr/®*Sr ratios observed in 
carbonatites implied a derivation of the material from 
the mantle. He postulated that deep crustal material 
might have Rb/Sr ratios similar to that of the mantle. 
This was also suggested by Hedge and Walthall*. 

Many rocks with low ®’Sr/*Sr ratios concentrate ele- 
ments considered by geologists, geochemists, and geo- 
physicists to be strongly concentrated in the crust, and 


depleted in the mantle. A derivation of such rocks from 
the mantle would be contrary to many of our goneral 
ideas about the Earth, and of rock-forming processes 
derived from some generations of geological work. In a 
lecture to the Australian New Zealand Association for the 
Advancement of Science in Canberra, January 1964, I 
showed how the observed low *’Sr/*Sr ratios in some 
magmatic rocks could well be consistent with a derivation 
from deep crustal material. This is a part of a more 
thorough discussion of the evidence for a chemical differen- 
tiation of the crust through metamorphic processes to be 
published later. 

Rb/Sr ratios in deep crustal material. It is assumed that 
the continental crust to a large extent consists of meta- 
morphic rocks that have been through the weathering and 
sedimentary cycle at least once’. The present data on 
heat flow and thickness of the continental crust indicate 
that the pressure/temperature conditions at the crust- 
mantle boundary is close to those conventionally assigned 
to granulite facies of metamorphism. It is proposed that 
the best information about chemical differentiation in the 
crust can be obtained through the study of trace element 
transfer in metamorphic mineral transitions. This 
principle will be discussed in more detail clsowhere. 
Mineral transitions occurring under progressive mota- 
morphism of rocks from the unmetamorphosed sediments 
through the different metamorphic facies into granulite 
facies are characterized by formation of mineral structures 
increasingly less favourable to rubidium. The transition 
from amphibolite facies to granulite facies is characterized 
by the final breakdown of mica. In rocks with excess 
quartz this can be described by the equation: 


K(Mg, Fe),AISi,0,.(OH), + 3810, — KAISI,0, + 
3(Mg, Fe)SiO, + H,0 f 


Existing data on K/Rb ratios in co-existing potassium 
feldspar and mica pairs show rubidium to be concentrated 
in the mica component. No new mineral which rubidium 
can enter, other than potassium feldspar, forms in granu- 
lite facies, and it is concluded that high-grade metamorphic 
rocks are depleted in rubidium. Analytical data to test 
this are largely lacking, but Heier® and Heier and Adams? 
showed that a trend towards depletion of rubidium with 
progressive metamorphism was indicated by the existing 
data. Further work to test this is needed, and is in pro- 
gress at the Australian National University. 

No case can be made for a corresponding decreaso in 
strontium with metamorphism, and it should be expected. 
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Fig. 1. Plots of Rb/Sr ratios versus potassium in high-grade meta- 
morphic rocks (data from Heier, ref. 8). O, High granulite facies: por- 
phyroblastic monzonitic granulites; the banded series; rocks associated 
with meta-limestone and gro hite schists in the banded series; 
@, transition between granulife and amphibolite facies: the char- 
nockite border serles; v, amphibolite facies: amphibolite facies 
veined gneisses; rocks associated with meta-lNmestone and graphite 
schist in amphibolite facies 


that Rb/Sr ratios decrease in rocks undorgoing meta- 
morphism. Again experimental work to demonstrate 
this is lacking, but data from Heier® show a tendency 
towards low Rb/Sr ratios in high granulite facies rocks. 
The ratios are plotted against potassium in Fig 1, and it is 
concluded that in rocks of similer potassium concentra- 
tions the Rb/Sr ratio is at a minimum in high granulite 
facies rocks. Faure and Hurley* estimated the Rb/Sr 
ratio of near-surface parts of the continental crust to be 
0-25. Heier and Adams’ assumed an average of 2-6 per 
cent potassium in the continental crust. Granulite facies 
rocks of this potassium content would be expected to 
have an Rb/Sr ratio slightly above 0-1. Potassium, like 
rubidium, is likely to be concentrated towards the higher 
part of the crust, indicating even lower Rb/Sr ratios for 
the average granulite facies rocks. 

Separation of "Sr and Sr in geological processes. 
Natural fractionation of strontium isotopes has not been 
reported for silicate rocks. As pointed out by Hamilton”, 
natural fractionation of magnesium and chromium isotopes 
has been described. In my opinion anatectic melting of 
crustal rocks disturbing the existing ®7Sr/®*Sr ratio and 
preferentially concentrating ®’Sr in the melt could operate 
under certain conditions. Anatectic melting of silicate 
rocks is possible under pressure/temperature conditions of 
amphibolite and granulite facies. Experiments have 
demonstrated that the first melt to form has a ‘granitic’ 
composition, that is, the potassium minerals in & rock are 
among the first to break down. As rubidium occurs in 
potassium minerals, this will also be the site of the ®’Sr 
generated after the last metamorphic homogenization of 
the rocks. Of the potassium minerals the micas are 
especially low in common strontium. Anatectic melting 
could, therefore, lead to a residual rock with a low ®’Sr/ 
Sr ratio provided previous exchange between radiogenic 
and common strontium did not occur. 

Whether diffusion processes in the crust can fractionate 
the strontium isotopes is more uncertain. However, in 
diffusion processes the rate determining step is the liber- 
ation of the ions from their initial lattice rather than their 
rate of diffusion. As ®’Sr generated by the decay of "Rb 
will oceupy lattice positions which are not favourable for 
it, it would be expected that the activation energy of this 
strontium is considerably less than for the common 
strontium atoms occupying more suitable positions. 
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In an investigation of the Skaergaard intrusion, Hamil- 
ton? demonstrated that high ®’Sr contents observed in the 
acid granophyres could not be entirely explained as the 
result of contamination by assimilation of average country 
rock by the magma. It seems that selective contamination 
of the magma by *’Sr must be postulated. In my opinion 
this indicates the existence of diffusion processes capable 
of producing selective movement of the ®Sr isotope. 
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Partial Magnetic Seif-reversal of Pyrrhotite 


Two cases are known of rocks containing pyrrhotite, 
Fe,S, where 0-80 < 2 < 1-0, which are reversely mag- 
netized in nature and where the laboratory or geological 
evidence suggests some form of self-reversing mechanism. 
These are the Jurassic tuff from Tasmania, studied by 
Almond, eż al.1 and the Carboniferous shale from Scotland, 
studied by Everitt?. Following this lead, the thermo- 
magnetic properties of natural massive pyrrhotite was 
studied and it was found that some specimens showed 
partial self-reversal phenomena. 

Of several natural samples, of unknown origin and 
consisting of a close-packed agglomeration of grains of 
various sizes up to a few millimetres, some contained a 
few per cent of chalcopyrite (CuFeS,) and up to 1 per cent 
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Fig. 1. Natural pyrrhotites. Cooling curves in H = 1,000 œ. Curve 
i, O, natural pyrrhotite No. 2; curve 2, @, natural pyrrhotite No. 3 
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of sphalerite (ZnS). Chemical analysis gave values of 
æ of 0-77-0-92 and up to 1-5 per cent of copper and up to 
1 per cent of zinc by weight. By electron probe analysis 
x varied from 0-85 to 0-89 from sample to sample, while 
in any grain the pyrrhotite had a single specific composi- 
tion approximately uniform throughout the crystal. 

Fig. 1 shows the decrease of the magnetization in 1,000 œ 
of two specimens, sealed in evacuated quartz tubes, as 
they are heated to 590° C. Both show two Curie tempera- 
tures, 310° C and 560° C, but with very different amounts 
of the high-temperature component. Since heating 
specimens in air increases the intensity of the high-tem- 
perature component, it seems likely that this component 
is some complex compound of iron, sulphur and oxygen, 
perhaps in the form of an impure hematite. Red hema- 
tite is observed in such heated specimens, but is probably 
too weakly magnetized to be magnetically important. The 
low-temperature component is probably'normal pyrrhotite. 
The metallic impurities copper and zinc probably play no 
significant part. 

In Fig. 2 is shown the growth of the thermomagnetic 
remanence, measured with an astatic magnetometer, 
as a sample is cooled from 590° C to 360° C in 0-5 œ, 
and then to room temperature in various fields as marked 
on the figure. Curve I, Fig. 2, showing the full thermo- 
magnetic remanence, that is when 0-5 œ is applied right 
down to room temperature, is of similar shape to the 
magnetic intensity shown in curve 2, Fig. 1. 

Curve 6, Fig. 2, gives the partial thermomeagnetic 
remanence when the specimen is cooled to 360° C in 0:5 œ 
and then in zero field to room temperature: the magnet- 
ization becomes negative below about 280° C. This 
behaviour is what one would expect if the low-temperature 
component B acquires its partial thermomagnetic 
remanence in the reverse field of the already magnetized 
high-temperature component A. 

When up to 2 œ (the largest available field with the 
astatic magnetometer) are applied down to 360° C and 
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Fig. 2. Natural pyrrhotite No. 8. Cooled from 560° to 350°C in H = 0:5 œ; 
cooled from 350° to 20° C in indicated fields. Measurements made on 
reheating in zero field 


NATURE 










479 
80 
20 
a] 
B 
4 
R 
s 
x 
la) 
Phase A reglon 
0 
100 200 300 400 600 
Temperature (°C) 
„Phases A -+B region 
-10 


Fig. 3. Room temperature moments of partial thermomagnetic reson- 
ances when 0:4 œ is applied only over the width of the column con- 
sidered. ‘The rest of the cooling is done in zero field 


correspondingly larger fields down to 20° C, the curves 
obteined are the same shape as those in Fig. 2 for 0-5 œ. 
but with all ordinates increased in the ratio of the increased 
applied field. This indicates that, over this range of weak 
fields, the thermomagnetic remanence acquired by each 
phase A and B increases linearly with the net field acting 
on it. If H, and H, are the external fields applied above 
and below 360° C, then component A acquires its thermo- 
magnetic remanence in field H, and component B in field 
H.-Hp, where Hp is the negative field due to the magnot- 
ization of A acting on B. The value of this negative inter- 
action field Hp is given by noting that value of H, which 
leaves component B unmagnetized, by directly annulling 
the negative interaction field Hp. When this happens 
there is no change of slope as the temperature falls below 
the Curie temperature 310° C of component B. From 
Fig. 2 this interaction is about 0-] œ, when H, is 0-5 œ. 

The distribution of the blocking temperature of the two 
components is revealed by measuring the intensity at 
room temperature of the partial thermomagnetic reman- 
ence produced by applying a weak field over only a narrow 
range of temperature. The results are shown in Fig. 3, 
where it is seen that the partial thermomagnetic remanence 
at room temperature is positive when the field is applied 
only around the Curie temperature of B. Thisisso because 
in this case component A is not magnetized at all, so B 
cools in the external field alone. When the field is applied 
around the Curie temperature of A, then this component 
magnetizes positively and so B magnotizes negatively in 
the reverse field due to A. Since B has a larger intensity 
than A, the net field at room temperature is negative. 

This thermomagnetic behaviour is close to that 
envisaged in Néel’s third self-reversing mechanism!. 
This envisages two magnetic phases coupled by a 
negative magnetostatic field, or conceivably super- 
exchange forces, but where the intensity at room tem- 
perature of B is less than A, so that full reversal occurs 
only for partial thermomagnetic remanence, and only 
partial reversal for full thermomagnetic remanence. 

Owing to the notorious complexities of pyrrhotite, the 
detailed identification of the physical nature of the two 
components and a quantitative explanation of the inter- 
action field will need further investigation. 
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PHYSICS 


Origin of Excessive lonization in Flames 


Ir has been known for a long time that combustion 
reactions of the type occurring in flames are sometimes 
accompanied by an extremely high degree of ionization 
and excitation of the flame gas!. In fact, electron concen- 
trations have been observed which are several orders of 
magnitude higher than the values given by Lindemann- 
Sahe’s equation which presupposes thermodynamic 
equilibrium. Moreover, to explain the observed radiation 
emitted from metal vapours introduced into the reacting 
gas, a considerable number of electrons of energy above 
the critical energy is required the mean energy of which 
appears to be well beyond the mean energy of the gas 
molecules. In short, the electron temperature is expected 
to exceed the gas temperature. 

Measurements of electron temperatures by Calcote? 
with single probes and those that we have made? by 
means of double probes have shown that in certain types 
or parts of flames the electron gas is at a temperature 
which is several times larger than that of the gas. The 
mechanism which leads to this ‘overheating’, however, has 
not been satisfactorily accounted for and explanations 
given so far, such as chemi-ionization, have not attached 
any importance to the special part which electrons play in 
conjunction with the combustion reaction itself. 

We suggest that the principal effect which causes the 
mean electron energy to rise above that of the gas mole- 
cules is associated with collisions between electrons and 
products of the combustion process. These products are 
molecules and radicals which are in states of vibrational 
and possibly also electronic excitation. In spite of the fact 
that the nature of the products is not yet known with 
certainty, an -overall picture can be given which will be 
supported by a numerical estimate. 

Let the population of excited states consist of one type 
of molecules or radicals, all being at the same onergy-level. 
If the concentration of the particles is N *, the energy-level 
e*, the electron concentration Ne, their average random 
velocity s, and if the average cross-section of electrons 
for collisions of the second kind is ga, the rate of collisions 
which increase the electron energy at the cost of the 
potential energy of the heavy particles can be found. On 
the other hand, this gain in energy must be balanced by 
elastic and inelastic losses of the electrons, described by x, 
the average fractional energy loss per electron collision, 
and the total collision cross-section for electrons‘, the 
latter being approximately equal to the elastic cross-seo- 
tiong,. Ifeis the mean electron energy in excess of that of 
the ordinary gas molecules of concentration Ny, we have: 


e* a De N* Ne a XE GQ, De Ne No 
and thus 
E as (1]%)(GaliMN */No) e * 


The relative concentration of excited species can be found 
thus: in a torch flame the chemical power released is of 
the order 50 W/cm? or 5 x 108 ergs/c.c.sec equal to 


e*(AN */dt) = e*N *]r 
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+ being the relaxation time for vibrational deactivation. 
Assume all excited states are at a level e* = 2 eV; tho 
precise value is, as seen later, of little importance. From 
these data the rate of production of excited states 
aN */dt = 10%°/e.c.sec. With a relaxation time’ of 10-5 sec, 
we obtain N* mœ 1015/c.c. and hence with a flame gas 
temperature of ~ 2,500° K, N*/N, œ 10-3. Finally with 
92/9, œ% 1, x = 10-3, we find that € ~ leV or œ 10,000° K. 
This rough calculation agrees with recently measured 
values of the electron temperature in flame gases. 

The result immediately suggests that the abnormally 
high electron concentration in flames is a consequence of 
the high electron temperature. In the flame gas, electrons 
and positive ions must be conserved in numbers and their 
rate of production must be balanced by their rate of loss. 
Since it is known that the electron-ion recombination is 
very small‘, and that products exist in the flame which 
form readily negative ions, the rate of ionization must be 
balanced both by the rate of attachment and by the rate 
of ion~ion recombination. Starting with the latter and 
assuming an electron concentration of Ne = 10%/c.¢., as 
has been observed, and a recombination coefficient 
ps = 10-7 c.c./sec, a value which allows for the high gas 
temperature’, the recombination rate is p;N;? = 10%/c.c. 
sec, which is equal to the ionization rate. The rate of 
attachment of electrons to form negative ions must be the 
same, therefore dN-/di = oe6-NeN, = 107. With Ny = 
1018/c.c., e = 6 x 107 cm/ses, it follows that Ge œ~ 10-*° cm?, 
being the average cross-section for electron attachment. 
Its value is consistent with published data‘. Moreover, 
comparing the rate of ionization (also directly calculable 
from electron ‘collisions, see ref. 4) with that of excitation 
we find that the latter is three orders of magnitude larger, 
again a reasonable result. 

It would be possible, in principle, to replace the average 
magnitudes used by integrals containing the distributions, 
and to include the dependence of the cross-section on the 
energy. However, this step seems to be premature, since 
details of combustion reactions and collision parameters 
are not sufficiently well known. We conclude that the 
excessive ionization in flames can be understood in terms 
of electron collisions of the second kind and the resulting 
high electron temperature. 
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Anti-matter in the Cosmic Radiation 


Tre question of the amount of anti-matter in the 
universe is an important one for cosmological theories. 
The cosmic radiation represents one sample of matter, 
which is mainly of galactic origin, and it is possible to set 
a limit to the concentration of energetic anti-matter, in 
this sample, in the form of anti-protons, from measure- 
ments on cosmic ray particles. 

At energies up to some tens of GeV the trajectories of 
the primary cosmic rays are affected by the Earth’s 
magnetic field and, in turn, measurements on the angular 
distribution of the primary particles enable the sign of 
charge of the primaries to be determined. The pronounced 
east-west asymmetry shows that the majority are posi- 
tively charged, an upper limit of some few per cent being 
set to the anti-proton intensity. The comparatively high 
value for this limit arises because of the uncertainty in 
the contribution to the ‘primary’ intensity from the 
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albedo, that is, secondary particles which have originated 
in interactions of the primaries in the atmosphere. 

At higher energies there appear to have been no measure- 
ments of the intensity of anti-protons, but Peters? has 
recently suggested that at these energies the ratio of 
anti-protons to protons in the primary flux would persist 
down. to ground-level and should therefore be directly 
measurable. (The method is not applicable at low energies, 
in the region of a few GeV, where the interaction cross- 
section of anti-protons is much higher than that of protons.) 

Ideally, an experiment should be carried out with a 
magnetic spectrograph to give the momentum and sign 
of the detected particles, and a Cerenkov detector to set 
limits on their masses. Although such an experiment has 
not been carried out, two experiments have been performed 
which are relevant. In the first, carried out by the Tata 
Institute group at Ootacamund*', the ratio of pions to 
charged nucleons of mean energy 30 GeV was found-at an 
atmospheric depth of 800 g cm-*. This experiment used a 
Cerenkov counter to distinguish between pions and 
protons (assuming that the kaon flux was negligible) 
and an ionization calorimeter to determine their energies. 
In the second experiment a magnetic spectrograph and 
a neutron monitor were used at sea-level to determine the 
momentum spectra of negative and positive particles 
which interacted to produce neutrons in the monitor. In 
both experiments the contribution from anti-protons was 
ignored, with the result that the ratio found at mountain 
altitude, Rm, was equated to the ratio of pions to protons. 
At sea-level the ‘proton’ intensity was found by subtracting 
the intensity of negative interacting particles from that 
of positive particles, and the ratio of pions to protons 
was taken as the ratio, Rs, of twice the intensity of 
negative interacting particles to the ‘proton’ intensity. 

Tf it is now assumed that there is a finite intensity of 


anti-protons, P, such that bsa (with « independent of 


+ as 
depth in the atmosphere) and writing B= pen where 


the symbols represent the intensities of the particles, 
then: 








atta tm 2(n-+P) 2(re+2a) 
het pep Ipo Pe PS Ise 
giving: 





Re (ts a \ (= + 2) 

Rn ta Pm k i- fed 
The ratio = can be computed following the method of 

m 

Barrett et al.5 if the values of the attenuation length of 
nucleons and pions in air are known. Using the values 
An=143 g cm- and Ap=127 g cm (ref. 4), the expression 
gives = =1:30. The determination of the attenuation 
lengths involves the assumption of a negligible value of 

E e 
a, but the value of = varies only slowly with « and, as 
will be seen later, the estimated value of « is very small. 

The observed values of the ratios at a mean energy of 
30 GeV, corresponding to primary energies of the order 
of 1,000 GeV, are: R:=0:50+0-10 and Rm=048 +40:11, 
R 

giving Rahs 0°30. This can be compared with the 
values predicted from the equation, which are, typically, 
1:30 for «=0 and 1-42 for «=0:02. 


It is immediately apparent that the results do not 
indicate a significant value for «; the expected value of 
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a for «=0 is achieved only through an upward fluctua- 
m 

tion by 0-9 standard deviations. Taking an upper limit 
of 1-96 standard deviations, corresponding to a probability 
of 2-5 per cent for the measured ratio to be greater than 
this value, the ratio of anti-protons to protons is 5 per 
cent. 

It is concluded that there is an upper limit of about 
5 per cent to the concentration of anti-protons in the flux 
of cosmic ray particles incident on the Earth’s atmosphere 
with energies of the order of 1,000 GeV. 

We thank Profs. G. D. Rochester and B. Peters, and 
Drs. B. V. Sreekantan and P. V. Ramana Murthy, for 
their advice. One of us (G. B.) also thanks the University 
of Durham for the award of an Imperial Chemical 
Industries fellowship. 
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Measuring the Extensibility of Liquids 


AN apparatus has been built with which the Gata 
1dV\ 

7 ap) 
in the negative pressure region—can be measured easily 
and accurately, for what is believed to be tho first time. 

Such measurements are needed to enable the truo tensile 
strength of liquids to be determined. Attempts to measure 
this property in water and other liquids have given widely 
varying values. These variations suggest that it has been 
the adhesive force between the liquid and some part of 
the solid boundary that-has been measured rather than the 
tensile strength of the liquid. It is still an open question 
whether or not the lowest negative pressure recorded for 
any liquid is anywhere near the true tensile strength of 
the liquid. A consideration of any theoretical equation 
of state reveals that the tensile strength of a liquid corre- 
sponds to a condition where dP/dV tends to zero, Extensi- 
bility measurements should, therefore, indicate when a 
liquid under negative pressure is approaching tho limit 
of its tensile strength. Molecular fluctuations will prevent 
the limiting value of dP/dV from being fully attained, but 
it should be possible to reach quite low values which 
would indicate fairly closely the true tensile strength. 
Meyer! measured the extensibility of three liquids in 1911, 
but no further measurements appear to have becn made. 
He used a Berthelot tube (that is, a sealed glass capillary 
completely filled with liquid, in which nogative pressures 
are generated by differential thermal expansion when the 
tube is cooled) to which he attached 2 glass spiral pressure 
gauge. His apparatus cannot have been very scnsitive; 
although he reached pressures between — 25 and — 35 
atm. he did not detect any curvature in the P-Y graphs of 
water or alcohol, and with ether the scatter of his oxpuri- 
mental points was of the same order as their deviation 
from a straight line. 

The apparatus described here uses a strain-gauged 
bomb. The test liquid is sealed inside a thin-walled tube 
(0-25 in. diam.) of hardened steel by screwing on two 
caps. Afterwards the tube is heated in a constant- 
temperature bath to generate a pressure of about 200 atm. 
in the liquid; this ensures that any undissolved air present 
in crevices becomes dissolved. When the tube is cooled 
below its filling temperature negative pressures are 
generated. A second bomb, identical except that caps are 


bility’ of a liquid—that is, its compressibility ( 
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pressure 


not fitted, is placed in the same constant-temperature 
bath, and the strain gauges on the sealed and unsealed 
tubes are connected as two arms of a bridge. In this 
way thermal effects are reduced to a minimum and can 
easily be allowed for. The unbalance in the bridge is a 
sensitive measure of pressure, both positive and negative. 
Volume changes are caloulated from temperature changes 
and coefficients of thermal expansion, after allowing for 
the elasticity of the bomb. 

So far experiments have been confined to mineral oil to 
avoid the problem of corrosion of the steel bomb. With 
this liquid it has been shown both that the P-Y graph is 
curved, and that its curvature increases with increasing 
negative pressure. Differentiating the P-V curve leads to 


the curve of bulk modulus (- y 


Although this curve represents a considerable step for- 
ward, it obviously would need to be taken much further 
into the negative pressure range before it could be extra- 
polated to zero to give an estimate of the true tensile 
strength of the liquid. As it does not seem possible to 
reach negative pressures beyond about — 20 atm. with 
the present apparatus, an improved apparatus is being 
built in an attempt to approach closer to the ultimate 
tensile strength of liquids. Stainless steel is being used in 
the new apparatus, so that a wide range of liquids can be 
tested. 
I thank Mr. J. T. Dallas for his assistance. 


A. T. J. HAYWARD 
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ENGINEERING 


Internal Welding of Stainless-steel Tubes 


PRELIMINARY experiments have recently been performed 
to investigate a novel method of welding together cylin- 
. drical non-magnetic stainless steel tubes, using an electric 
are. The two tubes to be joined were spigoted together, and 
an are was struck between the interface of the tubes and a 
concentric internal electrode. By means of a magnetic 
field applied transverse to the axis of the arc it was possible 
to keep the are roots in continuous motion! on the contral 
electrode and at the join of the tubes. Ifa suitable choico 
of electrode geometry and polarity, arc current and gas 
atmosphere were made, those parts of the tubes adjacent 
to the internal electrode could be brought to a red- and 
then white-heat, following which welding occurred. Since 
the complete cylindrical region adjacent to the join was 
uniformly heated there was little danger of introducing 
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thermal stresses, and where necessary the are could be 
run at reduced current, following welding, so that the 
welded section cooled less rapidly, and was partly 
annealed. 

A. diagram of the working section of the rather crude 
test rig is shown in Fig. 1. The tube supporting the central 
electrode was made hollow, so that cooling water could 
pass through it, and a screwed joint was introduced in 
the necked central portion so that the annular electrode 
‘button’ could easily be replaced. Copper was used for 
the electrode support in order to assist the flow of heat 
away from the button. Two rod-type ‘Alnico’ permanent 
magnets were also fitted in the hollow support tubes to 
provide a magnetic field at the electrode zone which was 
essentially directed along the tube axis. 
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Fig. 1. Section through tube-welding equipment 

The central electrode was made from brass since it was 
known. that this material could consistently support high- 
current arcs moving at speed, without suffering significant 
surface damage’, while at the same time it was capable of 
conducting away the large input of thermal energy. The 
satisfactory behaviour of brass in this connexion was 
undoubtedly related to the ease with which it forms a thin. 
oxide layer and maintains a relatively high electron 
emission$, 

In order to limit excursions of the arc root or the 
column, the electrode button was flanked by two annular 
insulators. Since these were subjected to intense heating, 
the arc column. having a temperature of several thousand 
deg C, the choice of material was strictly limited. It was 
felt that a glazed ceramic might have been satisfactory 
for this duty, but as no suitably shaped specimens were 
immediately available, other temperature-resistant 
materials were used. Asbestos-based products were 
found to give off large quantities of vapour and gas, which 
caused contamination of the tubes in the region of the 
join, and gave rise to erratic arcing and welding. However, 
very satisfactory insulators were made from dental plaster, 
into which a reinforcing metal ring was inserted just prior 
to the setting of the plaster. Tho insulators were baked 
in an oven at 200° C before use. 

Initial tests were carried out in a nitrogen atmosphere, 
since this gas was known to give rise to high aro velocities 
on brass‘, while at the same time providing the ‘inert’ or 
reducing atmosphere necessary to promote welding. Tests 
were also carried out in argon and carbon dioxide. 

Previous investigations’ appeared to indicate that the 
anode of the arc becamo hotter than the cathode, so the 
central electrode was connected to the negative terminal 
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of a direct voltage supply. This polarity arrangement was 
also preferred since it caused the cathode spot to operate 
on a material known to give very satisfactory electron 
emission under are conditions, and also positively located 
the arc, by strictly limiting the possible vertical excursions 

` of the cathode root®. The electrical connexion to the 
electrode support was made to its upper end, so that the 
magnetic field set up by current flow would oppose any 
tendency of the arc to move up the tube due to convection 
effects’. Electrical connexion to the outer tubes was by 
means of clamps above and below the join, the supply 
current being divided and fed through two balancing 
resistors, to encourage the aro to continue operating with 
its root on the interface of the tubes’. 

The arc was initiated by means of a fine fuse-wire 
bridging the tubes and the central electrode, and the 
current could then be gradually increased in stages. The 
flow of nitrogen gas through the system was increased 
after are initiation both to remove fumes, and to give a 
more intense anode spot by constriction of the are column. 
In the present system 4-in. long tubes of 1 in. outside 
diameter and with 0-080-in. thick walls required about 
1 min of arcing to effect the weld with an arc current of 
55 amp. At higher currents heat was not conducted 
away sufficiently rapidly from the central electrode, 
which would become badly pitted or even melt. 

The onset of pitting was accompanied by significant 
transfer of metal from the button electrode to the tube 
surface. Under correct conditions the same central elec- 
trode and insulators could be used for several welds, it 
being observed that there was negligible surface damage 
or marking on the electrode button. It was found that 
holes were blown in the white-hot region of the tubes 
unless the gas pressures inside and outside were equalized. 
Unfortunately, the appearance of a ‘blow-hole’ not only 
spoilt the weld, but also caused the arc to become fixed to 
the side of the hole. This stationary mode gave rise to 
almost instantaneous destruction of the central button 
and insulators. 

The use of nitrogen as the gas atmosphere gave rise to 
considerable tube-hardening in the region of the weld, 
and further tests were therefore carried out using argon 
gas. In this case, somewhat surprisingly, it was found that 
better localized heating was obtained by reversing the 
polarity of the supply. This suggests that the aro in 
argon must be rather diffuse near the anode root, so 
giving a relatively low-power input density to the anode 
electrode. While the inner surface of the tube would 
probably not have formed so good an emitter as the brass 
button, it seems that this disadvantage may have been 
partly offset by the surface discontinuity at the join in the 
tubes on which the cathode spot could root. Rather 
higher currents than in the case of nitrogen were required 
to raiso the tube to white heat, and under these conditions 
melting of the button electrode was quite common, thus 
giving a low percentage of satisfactory welds. 

With carbon dioxide gas and the original electrode 
polarities, good tube heating occurred for currents as low 
as 30 amp, but no welding occurred. This was thought to 
be due to the considerable amounts of ‘soot’ deposited 
inside the tubes in these tests, resulting from dissociation 
and oxidation reactions between gas and electrodes under 
are conditions. 

It would appear that tube welding using a magnetically 
blown electric arc could be developed satisfactorily if an 
adequately cooled button electrode were employed. In 
addition it would be necessary to specify a gas atmosphere 
which did not result in undesirable processing of the tube 
material and which either did not decompose or gave 
clean products under are conditions. Up to the present 
it has been difficult to obtain satisfactory penetration in 
the weld without giving rise to blow-outs in the tube wall. 
This difficulty might be overcome by supporting the 
outside of the tube wall with a sleeve of refractory 
material. 
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We thank Prof. M. W. Humphrey Davies for facilities 
provided and our colleagues for practical help and advice. 
A patent application’? for an are-welding torch using 
an are driven magnetically in a manner similer to that 
described here has been filed by Messrs. Foster Wheeler, 
Ltd. We also thank Mr. A. E. Stevens of that Company 
for initially bringing this problem to our notice. 
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Earth Pressure Cell 


Aw earth pressure cell is being developed at the Road 
Research Laboratory for the measurement of static or 
slowly changing stresses in sub-soils beneath road embank- 
ments. The measurement of earth pressures is one of the 
most difficult site measurements in soil mechanics, and as a 
result of this many workerst-8 have devised earth pressure 
cells for particular applications, but none of these colls has 
been found to be entirely suitable for our requirements. 

To overcome some of the limitations of previous systems 
we are developing a cell which incorporates a simple 
pressure-sensitive device not previously used in this 
application. The cell is designed to measure any magni- 
tude of earth pressure likely to be encountered in earth- 
work construction (commonly up to 30 Ib./in.? beneath 
road embankments). 

The overall dimensions of the cell are 7 in. diameter 
and 1-125 in. thick which gives a diameter/thickness ratio 
greater than 5 : 1, thus conforming with the recommenda- 
tions of Benkelman and Lancaster? and the U.S. Water- 
ways Experiment Station®. Earth pressure is transmitted 
through a thin metal diaphragm on the upper surface of 
the cell to a fluid-filled chamber beneath, containing a 
bourdon tube. A deflexion of the free end of the bourdon 
tube from its unstrained position of more than 0-0015 in. 
in either direction, caused by an increasing or decreasing 
earth pressure, completes an electrical circuit. This 
actuates a force-balancing system which returns the 
bourdon tube to its unstrained position by changing the 
air pressure applied to the interior of the tube. Thus, the 
balancing air pressure is a direct indication of the earth 
pressure. The length of the compressed air line and 
electrical wiring connecting the buried cell to the pressure 
indicator have no influence on the accuracy of the cell. 

Early prototypes, when calibrated hydraulically to a 
pressure of 30 lb./in.*, gave an indicated pressure within 
+ 0-2 lb./in.? of the applied pressuro irrespective of the 
magnitude of the applied pressure. When tested under a 
constant fluid pressure of 30 Ib./in.* for a period of 6 
months at constant temperature tho differences between 
applied and indicated pressures were again within these 
same limits. It is anticipated that this accuracy will bo 
improved in later versions of the cell by the use of a more 
sensitive bourdon tube and balancing system. The enli- 
bration is unaffected by changes of temperature within 
the range 10°-30° C, which corresponds to changes which 
the cell is likely to experience in use. 

Tests are now in progress to check the calibration and 
the long-term stability of the cell under field condi- 
tions. 
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CRYSTALLOGRAPHY 


Molecular Structure of 2-(4’-amino-5’- 
azametheny! pyrimidyl)-3 pentene-4-ol 


Wr have recently completed an X-ray analysis of the 
molecular and crystal structure of 2-(4’-amino-5’-aza- 
methenyl pyrimidyl)-3 pentene-4-ol. 

Significant results of this work include the determination 
of the structural parameters of the pyrimidine ring with 
an accuracy hitherto unavailable in the chemical litera- 
ture, and the elucidation of a comprehensive system 
of hydrogen bonds which, in large part, are responsible 
for the molecular packing as it exists in the crystal. Each 
molecule participates in a total of six hydrogen bonds. 
Two amino hydrogen atoms and one hydroxyl hydrogen 
atom participate in hydrogen bonds to other molecules 
and three nitrogen atoms (two in the ring and one in the 
long side-chain) participate in hydrogen bonds which have 
ty hydrogen atom chemically bound to adjacent mole- 
cules. 

The 2,3-benzo-1,4-diazepines (I) were first synthesized 
by Thiele? and subsequent analyses of these materials»? 
have provided support based on spectral and other 
chemical evidence for the seven-membered ring structure. 
The compound under study is the result of a synthesis 
between 4,5-diaminopyrimidine and acetylacetone. (We 
thank 8. Chatterjee and E. J. Modest, Children’s Cancer 
Research Foundation, Boston, Mass., for supplying us with 
this compound as well as other pertinent chemical inform- 
ation‘.) The reaction product was expected to be a new 
aromatic system, (LI), the pyrimidine analogue of the 
benzo-diazepine with R = R’ = CH, However, the 
compound proved to be ITI, a 4-amino-pyrimidine deriva- 
tive with a seven-atom side-chain. 

The crystal is monoclinic, space group P2,/c. There 
are four molecules in the unit cell. The dimensions as 
measured from precession photographs are as follows: 
a = 7-024 + 0-009 A, b = 12-42 + 0:04 A, c = 12-26 + 
0-03 A, B = 1084+ 0-1°. Tho intensity photographs 
were taken with a Weissenberg camera in the equi- 
inclination geometry. Levels hk0 to hk10 were recorded 
on multiple films and measured visually by comparison 
with a calibrated intensity standard. Data from Okl and 
Ikl precession photographs were used to place the 
Weissenberg levels on a common scale. Lorentz and 
polarization corrections were applied; absorption cor- 
rections were unnecessary. 1,010 independent reflexions, 
51 per cent of the total number possible, were observed. 

The rough structure was obtained from an analysis of 
the three-dimensional Patterson function and trial 
minimum function superpositions on this Patterson. The 
consistency of these trials led to a partially correct 12- 
atom molecular fragment. This fragment, in combination 
with stereochemical hypotheses, yielded, from successive 
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Fourior syntheses, the complete set of 14 atoms in the 
asymmetric unit. 

The structure was refined by the method of least- 
squares. Anisotropic temperature factors were introduced 
for the final cycles. Hydrogen atoms were not included. 
The final R-factor based on the observed reflexions was 
12-8 per cont. At this point a difference Fourier was 
calculated in an attempt to locate the hydrogen atoms. 
This map proved to have rather diffuse peaks. Thirteen 
peaks had reasonable electron density values for hydrogen 
atoms. However, only six were stereochemically reason- 
able (but see discussion below of hydrogen bonding near 
centre of symmetry). Most of the spurious peaks were 
grouped about the methyl carbons, especially C,, (this 
methyl is in an open part of the structure and may be 
rotating freely). 
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Fig. 1. Conformation of 2-(4’-amino-5’-azamethenyl pyrimidine)-3 


pentene-4-ol 


In Fig. 1, the conformation of the molecule is shown, 
and in Tables 1 and 2 the bond-lengths and angles are 
presented. The molecule lies in two planes. One plane 
contains the ring as well as the amino and side-chain 
nitrogen atoms. The other plane contains the long side- 
chain as well as C; and N,. The dihedral angle of the two 
planes is 68°. Representative errors in bond distances 
and bond angles are + 0-003 A and + 0°1°, respectively. 
There are significant deviations from planarity in the 
pyrimidine ring system. 

There are relatively few accurate dimensions available 
for the pyrimidine ring. It is of interest to compare the 
dimensions of the ring as it occurs in this compound with 
the dimensions of the ring as it is observed in the structure 
of pure pyrimidine determined at — 20°C (ref. 5) (Fig. 2). 
Wheatley estimates a standard deviation of 0-007 A in 
the bond-lengths and 05° in the bond angles. There is an 
additional uncertainty of + 0-015 A in the bond-lengths 
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Table 1 
n Bond-lengths in compound III 
Bond Length (A) Bond Length (A) 
NicC; 1-314 Cs—N; 1-418 
Cy—Ns 1:334 N,y—-O, 1-369 
Ns—C, 1:342 Cyr—Cr0 1-530 
Cts 1-397 Cs—Û0n 1-371 
Cs—C 1:373 Cir—Cis 1-414 
CN, 1-361 a2 Org 1-255 
C.—N, 1-371 Ci—Cy, 1-517 
Table 2 
Bond angles in compound III 
Bond angle Angle (°) Bond angle Angle (°) 
Ne—Cs—N, 127-0 Ce—0s—N 119-9 
Cr—Ni—Ce 115-7 O—Ny—Cs 123-1 
N,C,—C, 122-2 Ny—-G—Ci 121-1 
e — O — 4 117:0 Ne— aio 117-8 
Cs—CO—N; 120-8 CroO 121-1 
NU, 116-8 Cy-—Crr—Cig 125-0 
N,—C,—_N, 120-8 Cirina 120-2 
s—C,—N, 121-8 Cys—Cig—O13 122-6 
CCN, 122-9 19-Crs Cg 117-2 


caused by considerable thermal motion. The ortho- 
substituents, the temperature difference, and the quite 
different crystal environments of the two structures are 
soen to have little effect on the ring dimensions, 

The structure is held together by an extensive network 
of hydrogen bonds. Each of the two amino hydrogen 
atoms is linked to ring nitrogen atoms of other molecules, 
an arrangement commonly found in amino-pyrimidines*-°. 
The observed NH - ++ N bond distances are 3-021 A and 
3-073 A, respectively, in close agreement with other 
hydrogen bonds of this type”. There is additional hydro- 
gen bonding involving the oxygen and N, near a centre of 
symmetry. - It is difficult to determine whether there is 
intra- or inter-molecular hydrogen bonding. The N-O 
distances involved are 2-673 A and 2-984 A, respectively. 
A closely related problem concerns the position of the 
hydrogen atom involved here; that is, whether the oxygen 
atom is in the keto or enol form. Spectral results indicate 
the presence of a hydroxyl hydrogen atom. The com- 
pound has been named in the enol form which places 
double bonds between ©,,-C,, (1-414 A) and N,-C, 
(1:369 A). However, the somewhat unreliable difference 
Fourier has a possible hydrogen atom peak associated 
with N, in & position suggesting sharing with both the 
intra- and inter-molecular oxygen atoms. On the other 
hand, there is a peak of equal height, associated with the 
oxygen but in a quite unreasonable position for hydrogen 
bonding. An imino hydrogen would place double bonds 
between C,-C,, (1:371 A) and C,,-O,, (1-255 A). It is 
possible to account for the partial double and single bond 
character in these bonds in terms of contributions from one 


of these two tautomers plus its associated charged reson- - 


ance forms. Another possible explanation is tautomerism 
across the hydrogen bond followed by electronic rearrange- 
ment within the molecule, the process being either in 
dynamic or static equilibrium throughout the crystal. 
Such a mechanism was first suggested by Hunter’? and 
given the name ‘mesohydric tautomerism’. An accurate 
location of the hydrogen atoms in this crystal by neutron 
diffraction would clarify this point. A more elaborate 





Side Chain 


Fig. 2, Comparison of ring dimensions of pure pyrimidine (ref. 6) (left) 
with present compound 
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description of the hydrogen-bonding, as well as complete 
details on the structure analysis, the molecular conforma- 
tion and the thermal motion, will be published shortly. 
N. F. YANNONI 
JERRY SILVERMAN 
Crystallography Scction, 
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Bedford, Mass. 
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Tyndall Figures formed in Crystallographic 
Plane Perpendicular to Basal Plane of Ice 
Crystals 


Sos the classical work by Tyndall', the liquid figures 
in ice crystals caused by internal melting have been well 
known as ‘Tyndall figures’. Recently, Nakaya? and 
Krüger? examined in detail the Tyndall figures formed 
in the crystallographic basal plane of ice crystals, namely, 
dendritic figures with such hexagonal symmetry as a six- 
petalled flower or a plane dendritic snow crystal. How- 
ever, no attention has been paid to the Tyndall figure with 
no hexagonal symmetry but rather tetragonal, in spito of 
the fact that such figures can be seen in the original sketch 
by Tyndall as shown by the arrows in Fig. 1. (Since the 
original book by Tyndall is not available, this figure is 
reproduced, from Kriiger’s paperi.) I had a chance to 
observe such figures during experiments on internal 
melting of ice samples cut from the stratified ice of 
Fletcher’s Ice Island, T-3 (ref. 5). The production and 
observation of Tyndall figures were carried out by the same 
method as that of Nakaya*. The temperature of the ice 





Fig. 1. Original sketch of Tyndall figures drawn by Tyndall. The 
arrows indicate figures mth no hexagonal symmetry but rather 
etragona 
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samples was considered to be nearly equal to 0° C, since 
melting occurred on the surfaces of ice samples during 
the experiments carried out in a room warmer than 0° C. 
Fig. 2 shows an example of figures similar to those in 
Tyndall’s sketch. The crystallographical determination 
of the plane in which such figures formed was made by the 
observation of a figure from two directions. Fig. 3a is 
another example of a similar figure, and Fig. 3b is a side 
view of it from the direction perpendicular to that of Fig. 
3a. As shown in the sketches under the photographs, the 
horizontal stripes were the side view of ordinary Tyndall 
figures with hexagonal symmetry, which formed in the 
basal plane of an ice crystal. It can be concluded, there- 
fore, that the figure in Fig. 3a formed in the crystallo- 
graphic plane perpendicular to the basal plane, namely, 
parallel to the ‘c’ axis of ice crystal. Besides, the direction 
of the main branches has an inclination of about 45° to the 
‘© axis. Due to difficulties in observation, determination 
was not carried out on the relation between ‘a’ axes of ice 
crystal and the érystallographic plane in which. this figure 
formed. It was found from observation of other figures, 
however, that the plane parallel to the ‘c’ axis in which such 
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Fig, 3. Tyndall figure formed in the crystallographic plane perpendicular to the basal 
plane of ice crystal: a, plane view; 6, side view. In the sketches under the photographs, 
the side views of the Tyndall figures in the basal plane are indicated by the broad stripes 
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Fig. 4. Development of Tyndall figure from the basal plane into the 

_ plane perpendicular to it. A indicates the side view of the Tyndall 

figure in the basal plane, and fen ae view of the one in the plane 
vertical to 


figures formed is not parallel to one of the ‘a’ axes, but 
nearly perpendicular to it. 

The angle between the main branches of the figure and 
the twigs along them was 90° in the case of the figure in 
Fig. 2; less than 90° in the case of that in Fig. 3. Such 
difference was not caused by the direction of observations, 
but is considered to be due to some crystallographic 
property of ice. The growth of the Tyndall figures in the 
plane perpendicular to the basal plane occurred not only 
from a point in the ice crystal, but also from a part of an 
ordinary Tyndall figure in the basal plane in such a manner 
as development of twigs, an example being indicated in 
Fig. 4. This process is similar to the growth of spatial 
dendritic form of snow crystals*. It should also be noticed 
in Fig. 4 that the directions of twigs of each figure are 
parallel to each other within the same ice grain. The 
mechanism of occurrence of such Tyndall figures as 
described, here is not clarified yet, but seems to have some 
relation to such local defect in ice crystals as caused by 
existence of air bubbles, dust particles or sub-boundaries 
in ice grain. 

Kerr HicucHr 

Department of Geophysics, 

Hokkaido University, 
Sapporo, Japan. 
}fyndall, J., Proc. Roy. Soc., A, 9, 76 (1858). 
2? Nakaya, U., Res. Paper 18, Snow Ice and Permafrost Research Estab- 
lishment (1956). 
3 Krüger, G., unpublished report (1), Physikalisches Institut der Technischen 
ochschule, Stuttgart t1956). i 
4 Krüger, G., Photographie und Forschung, 8, 3 (1955). 
$ Muguruma, J., and Higuchi, K., J. Glaciology, 4, 709 (1963). 
‘t Nakaya, U., Snow Crystals (Harvard Univ. Press, 1954). 


RADIOCHEMISTRY 


Re-activation Analysis of Mercury 


In previous papers we discussed re-activation analysis 
in which the chemical yield is easily corrected by re- 
activation of the counted sample, and reported its appli- 
cation to the determination of aluminium’, vanadium’ 
and magnesium‘, 

This method has the advantage of determining precisely 
the chemical yield after counting without loss of the 
sample. 

This method consists of the first irradiation, addition 
of carrier, solvent extraction, counting, the second 
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irradiation, cooling and counting. The foregoing procedure 
was repeated for each sample experiment under the same 
stationary state of a reactor. The yield of radiochemical 
separation was easily corrected by the induced activity 
from the second irradiation. In other words, the technique 
of non-destructive activation analysis was applied to 
determine the yield of radiochemical separation in 
normal destructive activation analysis. 

We have applied this method to the determination of 
mercury. The sample solution irradiated for 4 min in 
the JRR-1 reactor at a neutron flux of about 3 x 10€ n/ 
cm?/sec was transferred into a separating funnel. Twenty 
mal. of 15 per cent potassium thiocyanate solution contain- 
ing 96:8 ug of mercury (pH 5-0) was added to this solution. 
Mercury was extracted with 5 ml. of ethylacetate-isoamy]— 
alcohol mixture (3:1). Organic phase was transferred 
into a polyethylene tube, which was then mounted in a 
1-75 in. x 2 in. sodium iodide (Tl) crystal 4 min after 
the end of irradiation, counted for 2 min and the resultant 
y-spectrum measured. The polyethylene tube con- 
taining organic phase was sealed again and was kept cool- 
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Fig. 1. y-Eay spectrum after the first irradiation 
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Fig. 2. y-Ray spectrum after the second irradiation 
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Fig. 3. Calibration curves of mercury for the first (©) and second (@) 
irradiations 


ing for a sufficient time to allow the mereury-205, mercury- 
197m and mercury-197 activities to decay to a negligible 
amount. It was irradiated again for 20 min, cooled for 
4 days and the y-ray spectrum of mercury-197 meas- 
ured for 100 see. In the first irradiation the standard 
sample (48-4 ug) was irradiated for 4 min and measured 
4 min after irradiation for the y-ray spectrum in the 
same manner as for the unknown sample. In the second 
irradiation, the standard sample was irradiated for 20 min, 
cooled for 4 days and counted for 100 sec. 

In each of the resultant y-ray spectra (Figs. 1 and 2), 
the height of photopeaks due to 0-203-MeV y-ray from 
mercury-205 was measured about the induced activity 
from the first irradiation, and 0-07-MeV y-ray from 
mercury-197 about the second irradiation. 

Solvent extraction was adopted for the radiochemical 
separation of mercury. In this method, the carrier to be 
added is limited, to a rather small amount. Therefore, 
the amount of mercury in the sample cannot be neglected 
in the calculation of the chemical yield. From these 
considerations, the amount of mercury in the unknown 
sample was calculated by equation (1) (ref. 2). 


Asam x We x Wst 
Ast x A’sam x Wst 
A’st 
where W is weight of mercury in the sample (g); Ast, the 
induced activity of mercury-205 of the standard mercury 
from the first irradiation ; Wst, weight of the standard 
mercury for the first irradiation (g); Asam, activity of 
mercury-205 isolated from the first irradiation sample ; 
We, weight of mercury carrier added to the irradiated 





W = (1) 


— Asam x Wst 





Table 1. RESULTS OF ANALYSES OF MERCURY 



































Sample 
Sample No: Hg added (ug) Other elements Hg fonna (ag) 
added (mg) 
1 194 0 1. 192 
2 48-4 0 44-2 
3 96-8 0 98-6 
4 145:2 0 211 
5 96°8 Pb 1 | 96-2 
6 96:8 Cd 1 | 81-2 * 
f oes, ' mat PO detersutiatia 
8 96:8 Na 1 96-7 | 
9 96°83 : Au 1 non- 
j determinable | 
l 











La 





* This value was calculated from peak height due to 0:07-MeV y-ray as 
Asam and Ast in equation (1). 
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sample; A’sam, the induced activity of mercury-197 from 
the second irradiation; Ast, the induced activity of 
mercury-197 of the standard mercury from the second 
irradiation ; W’st, weight of standard mercury for the 
second irradiation (g). 

Some results of analyses by this method are shown in 
Table 1. The upper and lower limits of determination 
of mercury are about 200 ug and about 5 ug, respectively. 

The calibration curves of mercury for the first and 
second irradiation are shown in Fig. 3. In the concentra- 
tion ranges of mercury of 0~ 200 pg and 0~ 400 ug, re- 
spectively, the relation between activity and concentra- 
tion of mercury was linear. Therefore, in these con- 
centration ranges mereury could be determined with each 
standard sample in the first and second irradiation. 


Yuroutro Kamemoro 
SHIGERU YAMAGISHI 


Japan Atomic Energy Research Institute, 
Division of Nuclear Engineering, 
Tokai-mura, Naka-gun, Ibaraki, Japan. 
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84, 291 (1963). 

*Kemempto. Y., and Yamagishi, S., Bull. Chem. Soc. (Japan), 36, 1411 
32 Kamemoto, Y., and Yamagishi, S., Talanta (in the press). 

i Kamemoto, Y., and Yamagishi, S., Nature, 201, 65 (1964). 


CHEMISTRY 


Enzymatic Galactosylation and Fucosylation 
of Phenols 


PHENOLIC §-D-glucopyranosides have been synthesized 
by incubating phenols with plant enzymes in the presence 
of uridine diphosphate glucose!-*. All attempts to form 
§-p-glucosides by the enzymatic transfer of p-glucose from 
‘low-energy’ donors (such as disaccharides, «-p-glucose-1- 
phosphate and simple B-p-glucosides) have so far failed 
using higher plants as the source of enzymes**-*®. B-D- 
Glucosides of resorcinol and other phenols have, however, 
been prepared from maltose (or isomaltose), as a source of 
glucose, and an intracellular enzyme preparation from 
Aspergillus niger®. 

We now wish to report the enzymatic synthesis of 
phenolic 6-p-galactosides and @-p-fucosides using Æ. coli 
6-galactosidase?. 

Lactose (180 uM), resorcinol (140 pM), f-galactosidase 
(0-02 ml.; 1:6 x 108 units) in M/15-sodium phosphate 
buffer (pH 7-0; 1-0 ml.) were incubated together at 30° 
and aliquots withdrawn at intervals up to 1 h and exam- 
ined on paper chromatograms (butan 1-ol/ethdnol/water 
(40 : 11 : 19, by vol.), solvent A; diazotized p-nitro- 
aniline/sodium hydroxide spray reagent"). After incuba- 
tion for 3 min a compound (I; Rr 0-53) giving an intense 
pink spot was detected on the chromatogram. At 15 min 
two slower moving compounds (Rr 0:31 and 0-41) giving 
pink colorations were also discernible. The reaction was 
stopped after 60 min by heating the remaining mixture 
at 80° for 5 min. Compound (I) was isolated by chroma- 
tography on thick paper (solvent A) and characterized by 
further paper chromatography, paper electrophoresis, 


” ultra-violet spectroscopy and hydrolysis with @-galacto- 


sidase. The results are given in Table 1 together with 
those for authentic m-hydroxyphenyl-$-p-glucopyranoside, 
for comparative purposes. 

The experiment was repeated using sodium phosphate 
buffer (0-75 ml.) and o-nitropheny]-§-p-fucopyranoside 
solution (0-5 ml. saturated solution in phosphate buffer) 
in place of lactose. The reaction was again followed by 
paper chromatography and this showed the gradual form- 
ation of a compound (II) (Rr 0-68; solvent A) which 
gave the same pink colour with the diazonium spray 
reagent as compound (I). Compound (II) was isolated and 
examined by the same methods used with (I) (Table 1). 
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Table 1. PROPERTIES OF RESORCINOL GLYCOSIDES 











MSA* 
Rp OIM Amax $-Galactos- 
[$e | sodium in in idase 
Compound | Solvent Solvent| borate |H,O NaOH | hydrolysis 
A Bt buffer |/~————_——| products{ 
(pH 10-0) 
m-Hydroxy- 
phenyl-f-p- 
glucopyran- 
oside 0-56 0-49 0-50 271 285 _— 
I 0-53 0:46 0-68 270 286 | Resorcinol, 
galactose 
It 0-68 0°64 0-62 270 286 | Resorcinol, 
fucose 














* Electrophoretic mobility relative to salicyclic acid. 
B, ethylacetate/acetic acid/water (9 : 2:2, by vol). 
$ Hydrolysis products detected on paper chromatograms. Sugars, solvent 
B (silver nitrate/sodium hydroxide spray reagent); resorcinol, solvent A 
(diazotized p-nitroaniline/sodium hydroxide spray reagent). 


The results show clearly that (I) and (IT) are m-hydroxy- 
phenyl-$-p-galactoside and m-hydroxyphenyl-f-p-fucoside, 
respectively, both glycosyl groups presumably occurring 
in the stable pyranoid form. The two higher molecular 
weight compounds produced from lactose and resorcinol 
were probably O-digalactosyl derivatives of the phenol. 

One of us (J. B. P.) thanks the Department of 
Chemistry, University of Freiburg, for supplying facilities. 


J. B. Prmwam 


Department of Chemistry, 
Royal Holloway College (University of London), 
Englefield Green, Surrey. 
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. Chalcon Formation of Different Substituted 
Acetophenones and p-Hydroxy-benzaldehyde 


WE have already reported attompts to carry out the 
chalcon-forming condensation reaction of three isomeric 
nitro- and several nitro-hydroxy-acetophenones (2-nitro- 
3-hydroxy-, 3-nitro-4-hydroxy-, 4-nitro-2-hydroxy-, 4- 
nitro-3-hydroxy-, 5-nitro-2-hydroxy and 6-nitro-3- 
hydroxy-acetophenone) and p-hydroxy-benzaldehyde in 
presence of sodium hydroxide and hydrochloric acid cata- 
lysts'3, It was shown that in absolute ethanol saturated 
with hydrochloric acid gas, p-hydroxy-benzaldehyde 
readily reacts at room temperature with three isomeric 
acetophenones. It also reacts with several nitro-hydroxy- 
acetophenones (3-nitro-4-hydroxy-, 4-nitro-2-hydroxy-, 
4-nitro-3-hydroxy-, 6-nitro-3-hydroxy-acetophenone and 
with- 5-nitro-2-hydroxy-acetophenone at high tempera- 
tures) as well as with 4-hydroxy-acetophenone. The same 
substituted acetophenones in the presence of sodium 
hydroxide as catalyst do not react with p-hydroxy-benz- 
aldehyde at room temperature; moreover, on heating, con- 
densation occurs only with 3-nitro-4-hydroxy-acetophe- 
none. According to the reactions the greater reactivity of 
p-hydroxy-benzaldehyde in acidic medium can be inter- 
preted as follows. 

It is known that the rate of chalcon formation in alka- 
line medium depends on the electrophilic properties of 
benzaldehyde and on the nucleophilic properties of the 
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acetophenone component. The electrophilic and nucleo- 
philic substituents exert a corresponding influence on 
reactivity. 

The carbonyl group of phenolaldehydes and phenol- 
ketones, attracting ortho- or para-situated electrons, 
decreases the electron density of the oxygen of the 
phenolic hydroxy] group by a mesomeric effect, promoting 
the dissociation of hydrogen of the phenolic hydroxyl 
group. In alkaline medium the shift of the electrons is 
more pronounced, for example, p-hydroxy-benzaldehyde 
can be expressed by the following mesomeric oxtreme 
structures: 


(0) 
=f G 
Z N 
BL y H 


Do nn 
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¢ 

HO—/ SY—Cc 
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Taking into consideration that the mesomeric electron 
shift (+ M effect) changes in the order O < OR <OtR, 
(refs. 4-6), a chinoid structure and consequently a lower 
reactivity seem more likely. This phenomenon leads to 
the absence of chalcon formation. In acidic medium the 
proton catalysis renders the formation of the carbonium 
ion easier, and as the dissociation of the phenol is restric- 
ted, it probably reacts with the non-chinoid, that is, more 
reactive structure: 


pe aces 0H 
wo Se $38 St Ho Xo o 


Results obtained in acidic medium support this 
assumption, 
Gy. Sros 
F. SmoxsAn 
Institute of Applied Chemistry 
and Central Isotope Laboratory, 
University of Szeged, 
Hungary. 
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Note on Gas Chromatographic Injection 


Ix the course of investigations of the accurate determ- 
ination of gas chromatographic retention times, several 
causes of errors in these measurements have been 
this communication is concerned with the 
errors which may be due to the finite concentration of 
any one component observed, even when the isotherms 
are practically linear for that concentration. 

The primary effect is that, as the flow of gas within the 
column is higher at the places where retained com- 
ponents are present, any given retained component will 
travel at a velocity greater than v,/1 + k, where va 
designates the carrier gas velocity in the immediate 
vicinity of that component, and k the capacity ratio of the 
column for it. ` i 

Secondary effects are caused by the increased, pressure 
gradient at the instantaneous location of the various com- 
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ponents due to that increased velocity, or due to their 
influence on gas viscosity. These secondary effects have a 
lower order of magnitude in long columns in which any 
one component under consideration does not constitute a 
negligibly small mole fraction of the total sample injected, 
and the purpose of this communication is to give an 
expression for the limitation imposed by the primary 
effect on the amount of any one such component in each 
injection. 

A quantitative expression for the increased gas velocity 
can be obtained as follows. Let v, designate the carrier 
gas velocity in the immediate vicinity of a given com- 
ponent, and let ve designate the gas velocity where that 
component has a concentration c in mole fraction in the 


gas phase. The requirement of gas flow continuity 
demands that: 
CVe 
v = 77k + (1 — C)ve 
from which: 
v 
Ve = A B7 = Uy + Avy 
l+k 
where: 
ke 
Ay, = ey? Vo 


Designate by oa(<1) the precision with which the 
position of an eluted band is measured, as a fraction of that 
band variance. 


al 24 ie oa Jh ‘ 
As this variance itself is a fraction N, Tof the elution 


time, for a column of length } and the height equivalent to 
a theoretical plate h, the requirement that the velocity 
effects do not affect adversely the required accuracy can 


be written: 
Avg th 
EINE 


th h 

eta ae 
We can couple this requirement with the other require- 
ment that the length of an injected ‘box-car’, as expanded 
at the column exit, be not appreciably greater, within the 
column, than the space variance, afih. We obtain thus, for 


the tolerable equivalent amount of the component 
observed, per injection: 
(1 + kje+/lh = (1 + k) ah 

that is, for highly accurate gas chromatography, that 
amount, divided by 1 + k, must not be appreciably larger 
than a fraction a of the amount of that component vapour 
which would fill a single plate of the column at elution 
pressure, where « designates the precision with which the 
position of a band is measured relatively to its variance, 

I thank Dr. v. Swaay and Dr. J. K. F. Huber for their 
advice. 

This work was carried out in the Technical University of 
Eindhoven. : 
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BIOCHEMISTRY 


Analytical Equilibrium Density Gradient 
Ultracentrifugation of Human Plasma 
Lipoproteins 
Meselson, Stahl and Vinograd: first described the 
equilibrium density gradient technique for the examina- 
tion of DNA in the analytical ultracentrifuge, and the 
technique has since been used to investigate a number of 
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Density (g/c.c.) 


1-035 


Fig. 1. A hypothetical lipoprotein banded in a density gradient. 

a, Concentration of lipoprotein plotted against density of the sucrose- 

sodium bromide gradient; b, comparable Schlieren pattern, demonstrat- 
ing the diphasie curve 


macromolecules*. In the past, density gradient investiga- 
tions of lipoproteins have been limited to the preparative 
ultracentrifuge. This communication reports the banding 
of human plasma lipoproteins in sucrose-sodium bromide 
density gradients at equilibrium in the analytical ultra- 
centrifuge. 

Fresh venous blood was the source of lipoproteins, 
which were isolated in the preparative ultracentrifuge 
using essentially the technique of DeLalla and Gofman?. 
All centrifugation was performed at 100,000g for 18 h at 
10° in sodium bromide solutions of appropriate densities. 
Isolated material represented the low-density class of 
human plasma lipoproteins, 1-019-1-:063 g/c.c. Throughout 
preparation and analysis all solutions contained 10-3 M 
ethylenediamine tetraacetic acid (disodium salt) and 
1: 10,000 (w/v) merthiolate to enhance stability of the 
molecules and to prevent bacterial contamination’. The 
material was dialysed for 48 h until the concentration of 
sodium bromide was 0150 M and then diluted with 0-150 
M sodium bromide to a final lipoprotein concentration of 
10-15 mg/c.c. 

The lipoproteins were suspended in sucrose solutions of 
appropriate initial density and investigated in the 
analytical ultracentrifuge. The entire density range of 
the lipoproteins could not be spanned at one time, and 
two runs at different initial sucrose concentrations were 
necessary. For an initial concentration of 0:1185 M 
sucrose the gradient limits were 1-015-1-036 g/c.c., while 
for an initial concentration of 0-380 M sucrose the gradient 
limits were 1-033—1-:099 g/c.c. The material was run in a 
Spinco model # analytical ultracentrifuge at 200,000g at 
26° until successive Schlieren pattern photographs, taken 
64 min apart, showed no differences. At this time, 20-24 h 
after the start of the run, we assumed that equilibrium 
had been reached. Similar solutions lacking lipoprotein 
were also run to obtain a Schlieren pattern base-line. The 
base-line was subtracted from the lipoprotein pattern to 
give the corrected Schlieren pattern. 
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Fig. 2. Human low-density (1:019-1-063 fice? lipoproteins banded 
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1-015 1:035 


in a sucrose-sodium bromide density gra . a, Schlieren pattern 


corrected for solvent base-line showing two maxima and two minima; 

b, Schlieren pattern resolved by reflecting peak ¥ to Yr and subtract: 

this solid curve from the total experimental curve, 2a (the dotte 

curve represents the second component); c, concentration of lipo- 
protein plotted against density along the gradient 


From certain basic thermodynamic considerations, we 
have derived an expression to calculate the density at any 
point in the analytical cell. The gradient formed is non- 
linear and depends on rotor speed, temperature and various 
parameters of the solutes. 

A single component banding in a density gradient 
produces a peak similar to Fig. la. This is approximately 
a Gaussian curve the width of which is a measure of 
molecular weight and diffusion coefficient of the banded 
materiel. At equilibrium the tendency of the molecules 
to diffuse away from the peak centre is offset by the 
tendency to remain at the point in the cell corresponding 
to their hydrated density. The Schlieren optical system, 
in essence, produces a pattern similar to Fig. 1b. In this 
diagram, however, the horizontal axis is in units of density 
along the gradient rather than distance from the centre 
of rotation, since molecules band at a particular place in 
the cell because of their density. The ordinate at any 
point is proportional to dyu/dr, the refractive index 
gradient, and if we assume a constant relation between 
refractive index and concentration, the ordinate is also 
proportional to de/dr, the concentration gradient. Because 
of the various magnification factors in the Schlieren 
system, the ordinate is designated de’/dr. As the first 
derivative of Fig. la, Fig. 16 is a diphasic curve, the 
maximum and minimum points of which correspond to 
the points of inflexion of the original curve. The point 
where the Schlieren diagram crosses the horizontal axis 
corresponds to the maximum point on the concentration 
curve. . 

Fig. 2a shows the corrected Schlieren pattern of the low- 
density lipoproteins banded in a sucrose-sodium bromide 
gradient. All material banded below a density of 1-036 
gic.c., and only the density range 1-015-1-036 g/c.c. is 
shown. Since there are 2 maxima and 2 minima, more than 
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one component must be present. If two components are 
present without much overlap, the positive peak, X, 
should represent one-half of the diphasic curve of the low- 
density component. If peak X is reflected in such a way 
so as to yield a curve similar to Fig. 1b, and if this new 
curve is subtracted from the total experimental curve, the 
difference should represent the second component. In 
other words, the total curve is the algebraic sum of its 
component curves. Reflexion and subtraction yield 
Fig. 2b, where the difference is a second diphasie curve. 
The negative peak, L, is not symmetrical with its positive 
half, K. This distortion probably results, at least in part, 
from using a cell of finite length, a factor which would 
affect the pattern near the meniscus and cell bottom. 
The mean densities of the components so generated are 
1-026 and 1-030 g/e.c. : 

The Schlieren optical system makes it possible to 
record events in the analytical cell at any time before and 
after reaching equilibrium. For equilibrium density 
gradient investigations in the preparative ultracentrifuge, 
the machine must be stopped, fractions removed, and each 
fraction then analysed. Ags Ifft, Voet and Vinograd* have 
pointed out, merely slowing the centrifuge will alter the 
gradient somewhat. Furthermore, there is no assurance 
that the gradient is not disturbed by the physical manipu- 
lations involved in collecting fractions. 

The properties of the Schlieren optical system also 
make it sensitive to small changes of concentration within 
the cell. Compare Figs. 2a and 2c. The upper diagram is 
the corrected Schlieren pattern, while the lower is a plot 
of lipoprotein concentration along the gradient. The 
Schlieren pattern can readily be interpreted as having at 
least two components. Fig. 2c, the concentration curve, 
is similar to the curve which would be obtained if succes- 
sive fractions were taken from an equilibrium density 
gradient run in a preparative ultracentrifuge under ideal 
conditions, and then the concentration of lipoprotein 
plotted against the density of the fraction. 

This method of reflexion and subtraction may be some- 
what arbitrary; but it provides a first approximation. 
Further experimental work is in progress, and æ more 
precise treatment of the data.is being attempted. 
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Citrate Inhibition of Alkaline Phosphatase 


More than 130 compounds have been screened recently 
for their effect on the activity of rat intestinal alkaline 
phosphatase! (HC.3.1.3.1). Some intermediates of the tri- 
carboxylic acid cycle were without effect on the enzyme, 
but citrate was not included in these tests. In the work 
recorded here, citrate was found to inhibit intestinal alka- 
line phosphatase in the absence of added magnesium ions. 
Assays were performed, in duplicate, by measuring the 
inorganic phosphate? liberated from {-glycerophosphate 
at pH 9-8 (0-05 M barbitone), that is, near the pH optimum 
for this enzyme. A progress curve was linear for an 
incubation time of 30 min. Hence the experimental time 
period of 15 min was well within the phase of initial 
velocity. The enzyme was a commercial purified product 
prepared from calf intestinal mucosa (L. Light and Co., 
Ltd.). 
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Varying the substrate concentration revealed inhibition 
of the competitive type (Fig. 1). Addition of relatively 
high concentrations of magnesium ions completely re- 
moved this inhibition (Fig. 1). Apparently this sample 
of enzyme did not contain sufficient magnesium ions for 
optimal activity in the absence of citrate (Fig. 1). Flame 
photometry (kindly performed by Dr. R. R. McSwiney) 
revealed that the enzyme contained 21 ug magnesium/mg 
of enzyme. 
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0°10 
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[8-glycerophosphate] (M) 
Fig. 1. Lineweaver-Burk plot of the inhibition of intestinal alkaline 
phosphatase by citrate at pH 9-8 (0°05 M barbitone buffer). All tubes 


contained intestinal alkaline phosphatase (1 mg) and the given con- 
centration of 6-glycerophosphate in buffer, with the following additions : 
@, No addition; x, 0-08 M magnesium acetate; O, 0:02 M sodium 
citrate; A, 0°02 M sodium citrate + 0-08 M magnesium acetate 
The reactions were carried out in duplicate and stopped with trichloro- 
acetic acid. Controls roceiyed trichlordacetig acid before the addition of 
e enzyme 


Citrate inhibition was not restricted to the pH optimum 
of the enzyme since complete inhibition occurred when 
assays with enzyme of a technical grade (British Drug 
Houses, Ltd.) were attempted in 0-05 M citrate at pH 6-5, 
yet activity was obtained in 0:05 M barbitone at pH 6-5. 

A likely explanation of this phenomenon is that citrate 
chelates the ionized magnesium which is required as an 
activator. It has long been known that magnesium ions 
activate alkaline phosphatase from diverse sources*. These 
findings are of interest in fundamental mechanisms of 
metal-ion activation of alkaline phosphatase, but they 
also have practical implications. Citrate should not be 
used as an anti-coagulant for blood plasma samples to be 
assayed for alkaline phosphatase activity, although this 
has been advocated’. Buffer solutions at this extreme of 
the pH range do not normally contain citrate, but clearly 
citrate should be excluded from all media used for alkaline 
phosphatase assays, especially if magnesium ions are de- 
ficient. Furthermore, it is thought that a major portion 
of the serum alkaline phosphatase is derived from the 
intestine of the rat+*. Our preliminary experiments do 
suggest a similar inhibition by citrate of alkaline phos- 
phatase activity in blood serum, from healthy human 
adults’. 
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Isolation of D-Fucosamine from Bacillus 
cereus 


Crumpton and Davies? first reported the isolation. and 
characterization of p-fucosamine (2-amino-, 2 : 6-dideoxy- 
D-galactose) from the soluble polysaccharide moiety of the 
lipopolysaccharide obtained from the gram negative 
bacterium, Chromobacterium violaceum (N.C.T.C. 7917). 
More recently u-fucosamine has been found in the soluble 
polysaccharides of type V pneumococcus? and Citrobacter 
freundii 05 : H30. (In a personal communication, Prof. 
G. T. Barry stated that a sample of fucosamine isolated by 
him from Citrobacter freundii 05 : H30 exhibited an infra- 
red spectrum that was identical to that of a sample of 
p-fucosamine isolated by us from C. violaceum. Specific 
rotations of the two compounds were of similar value 
but of opposite sign. (See following communication). ) 
Preliminary reports of the occurrence of p-fucosamine in 
various species of the genus Bacillus have also recently 
appeared’, We now wish to report the isolation and 
characterization of p-fucosamine from the insoluble cell- 
wall residue of an organism identified as Bacillus cereus. 
The occurrence of both D- and 1-fucosamine in both Gram- 
positive and Gram-negative bacterial species is, therefore, 
established. 

Whole cells of several spore-forming organisms were 
examined for fucosamine content by the procedure of 
Crumpton and Davies? after isolation of pure cultures from 
laboratory air dust by continued restreaking of colonies 
on nutrient agar plates. Two isolates, No. 1 and No. 5, 
produced fucosamine, but isolate No. 1 lost the ability to 
produce fucosamine®. However, isolate No. 6 was found 
to be stablo with regard to fucosamine production and 
was identified as Bacillus cereus according to the follow- 
ing criteria’. The organism is a Gram-positive, aerobic, 
vacuolated rod which formed non-swollen sporangia and 
thin-walled ellipsoidal spores. Acid (no gas) is produced 
from glucose only in ammonium salts media. Acetyl- 
methylearbinol is produced, nitrate is reduced to nitrite, 
gelatin is liquefied and starch is hydrolysed. The organ- 
ism grows down into nutrient agar and produces a 
yellowish pigment. In addition, Dr. Walter Guild, of our 
department, determined the deoxyribonucleic acid density 
of this organism to be 1-695, equivalent to a guanosine 
cytosine content of 36 + 0-5 per cent, which agrees with 
other data recently published for B. cereus®. 

For isolation of fucosamine, the organism was grown ona 
previously described salts, yeast extract medium’, using 
1 per cent sucrose instead of glucose. Fucosamine, as well 
as glucosamine, galactosamine and muramic acid, was 
found in the cell wall residue of trypsin- and chymotrypsin- 
digested, chloroform-extracted (to remove §-hydroxy- 
butyrate), 45 per cent and 90 per cent (pH 7-0) phenol- 
extracted acetone-dried cells and sonicated whole cell 
residues. The use of 45 per cent and 90 per cent phenol 
extraction for the preparation of cell wall residues from 
C. violaceum has been previously reported’. Therefore, 
50 g phenol-extracted cell residues were hydrolysed with 
2 N hydrochloric acid for 3 h at 100°, the hydrolysate 
filtered, dried in vacuo to remove hydrochloric acid and the 
fucosamine and other amino sugars separated by cation- 
exchange chromatography on ‘Dowex 50-H+ by elution 
with 0-33 N hydrochloric acid as previously described’. 
Paper chromatography revealed the presence of amino- 
acids in the isolated fucosamine sample. Fucosamine was 
separated from the amino-acids by selective absorption 
of the amino sugar on to ‘Dowex 50-K’ at pH 6-6 in 0-1 M 
potassium acetate buffer. After washing off the amino- 
acids in the effluent, the column was further washed with 
water and the fucosamine was then eluted from the resin 
with 10 column bed volumes of 0:5 N hydrochloric acid, 
dried in vacuo to remove the hydrochloric acid and re- 
chromatographed to remove salts. Fucosamine was then . 
crystallized from water—-acetone’. Yield was 2:5 mg. 
Er values on alkaline silver-stained paper chromatograms 
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yielded R-glucosamine values (compared with values given 
in parentheses for authentic p-fucosamine isolated from 
C. violaceum” of 1-29 (1-3), 1-95 (1:93), and 2-4 (2-4), using 
n-butanol/pyridine/water (6 : 4 : 3, v/v/v), n-butanol/ 
HOAc/water (5: 1 : 2, v/v/v), and phenol/water (73 : 27, 
viv), respectively). Per cent glucosamine colour for the 
B. cereus and C. violaceum fucosamine samples as 2-amino 
sugars by the Rondle-Morgan assay® and a modified 
Levvy—McAllen assay’ were 81 per cent (82 per cent), and 
34 per cent (33 per cent), and the glucosamine equivalents 
in the Park-Johnson reducing sugar assay!” were 63 per 
cent (65 per cent), respectively. Acetaldehyde, 0-52 mole 
per mole fucosamine, was obtained from periodate treated 
material, indicating a 6-deoxy group. The infra-red 
spectrum of the compound isolated from B. cereus was 
identical to that of p-fucosamine isolated from C. viola- 
ceum (Fig: 1). In addition, an [«]p" of + 90 + 3°(C = 0-5 
per cent, in water, lh, in a 5 cm, 0-1 ml. cell) indicated the 
p-configuration. 
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Fig. 1. Infra-red spectra of fucosamine samples isolated from Bacillus 
cereus and from Chromobacterium violaceum 


We thank Mr. R. Price for assistance in identifying 
isolate No. 5 as B. cereus, and Dr. Ruth Gordon, Institute 
of Microbiology, Rutgers, the State University, New 
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work was supported by a grant, A41-01659, from the 
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U.S. National Institutes of Health. 
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L-Fucosamine and 4-Oxo-norleucine as _ 
Constituents in Mucopolysaccharides of Certain 
Enteric Bacteria 

Tue presence of p-fucosamine (2-amino-2,6-dideoxy-p- 
galactose) in materials of bacterial origin? was first estab- 
lished in 1958. This amino sugar was isolated from a lipo- 
polysaccharide obtained from Chromobacterium violaceum 
(N.C.T.C. 7917) and has been detected in a few other 
strains of Rhizobiaceae. »-Fucosamine’ has also been 
found in Bacillus cereus of the family Bacillaceae*, On the 
other hand, t-fucosamine (2-amino-2,6-dideoxy-1-galac- 
tose) has been obtained from the capsule of Diplococcus 
pneumoniae type V of the Lactobacillaceae*. This com- 
munication concerns the isolation of x-fucosamine from a 
mucopolysaccharide obtained from Citrobacter freundii 
05 : H30 of the Enterobacteriaceae. Thus, t-fucosamine is 
found for the first time in a Gram-negative bacterium. 

The monomer. unit of the mucopolysaccharide obtained 
from C. freundii 05: H30 was shown previously? to 
consist of four residues: a unit of neuraminic acid, two 
of glucosamine and one of an unidentified acid-labile 
nitrogenous constituent. All nitrogen atoms appear to be 
acetylated from the analytical data. The isolation of the 
unknown, constituent was achieved by ion-exchange 
chromatography, prior to its characterization as 1-fucos- 
amine, from dilute acid hydrolysates of the mucopoly- 
saccharide by a modification of the method! reported 
by Crumpton and Davies for isolation of p-fucosamine. 

The purified’ mucopolysaccharide (1:7 g), which con- 
tains less than 0-2 per cent of protein, was hydrolysed at 
100° C for 16 h in 0-5 N hydrochloric acid (100 ml.) in 
sealed tubes. The hydrolysate was filtered to remove 
humin and concentrated in vacuo at 40° C to dryness. 
Water (50 ml.) was added to the residue and the solution 
again evaporated to dryness. This procedure, repeated 
several times, served to remove excess acid. The residue 
was finally dissolved in water (30 ml.) and placed on a 
‘Dowex AG 50W x 4’ resin column (4:5 em diam. x 50 cm) 
in the H+ form. After the sample had absorbed, the 
column. was eluted with water (500 ml.) followed by 0-25 —> 
1-5 N hydrochloric acid (2-5 1.) by the gradient elution 
technique. Fractions (15 ml.) were collected over 30-min 
intervals and analyses for amino sugars made by paper 
partition chromatography, run for 12 h, using n-butanol/ 
acetic acid/water (4 : 1 : 5) as the development solvent. 
The chromatograms, after drying, were stained with a 
ninhydrin reagent’. Two peaks (max. at tubes 128 and 
154) emerged from the column. By pooling appropriate 
fractions, the material in each peak was separately 
recovered, after evaporation of the solvent at 40° C in 
vacuo. Each residue was dissolved in water (50 ml.) and 
again evaporated in vacuo at 40° C to dryness. After 
repeating this procedure several times, the residues were 
dissolved in water (2 ml.) and acetone added until the 
solutions became turbid. On standing at 4° C, crystals 
formed which were collected by filtration. Each fraction 
was recrystallized several times from aqueous acetone and 
the final products dried in a desiccator in vacuo over 
calcium chloride, A recovery of 262 mg was obtained 
from the first peak and 55 mg from the second. 

The material from the first peak was identified as 
p-glucosamine hydrochloride from paper chromatographic 
analysis, infra-red spectrum and optical rotation [a] = 
+ 72 + 2° (cone. 1:39 in water). 

The material from the second peak has the following 
elemental analysis: C, 36-06; H, 7-07; N, 6-83; Cl, 17-62. 
These values are in agreement with the formula, C,Hy, 
NO,CI, for fucosamine hydrochloride: C, 36:09; H, 7-01; 
N, 7-01; Cl, 17-79. p-Fucosamine hydrochloride and the 
isolated material discolour on heating at 155° and show 
extensive decomposition at high temperature. Infra-red 
absorption spectra of the isolated material and of p-fucos- 
amine hydrochloride shown in Fig. 1 are identical at every 
major point of reference. However, the specific rotation of 


494 


Relative absorption 





15 14 18 12 1 109 8 7 65 4 8 
Wave-length (u) 
Fig. 1, Infra-red spectrograms taken on 2-0 mg of substance in 800 mg 


of potassium bromide pellet. Curve A, D-fucosamine hydrochloride; 
curve B, amino sugar hydrochloride isolated from hydrolysate of 
C. freundii polysaccharide 


the isolated material is [a] 5 = — 93-4 + 2° (cone. 1-29 
in water) whereas that of p-fucosamine hydrochloride (1) 
is [a]}’.= + 91 + 2°. It is obvious from the data that 
the second amino sugar, separated from the products of 
hydrolysis of the mucopolysaccharide obtained from 
C. freundit 05 : H30, is L-fucosamine hydrochloride. 

Fucosamine is-readily detectable by paper partition 
chromatographic analysis in 0-5 N hydrochloric acid 
hydrolysates of mucopolysaccharides obtained from 
Salmonella dahlem 048 : Hk-e, n, zs, Arizona 05 : H26-31, 
Arizona 029 : 132-31, and in the lipopolysaccharide of C. 
violaceum (N.C.T.C. 7917). 

The amino-acid, 4-oxo-norleucine’, was isolated previ- 
ously from 6 N hydrochloric acid hydrolysates of the 
C. freundii 05 : H30 mucopolysaccharide. The structure of 
the isolated amino-acid was established recently by com- 
parison with the synthetic product®. 4-Oxo-norleucine is 
also detectable by paper partition chromatography® in 
6 N hydrochloric acid hydrolysates of the mucopoly- 
saccharides obtained from S. dahlem 048 : Hh-e, n, Zis 
Arizona 05 : H26-31, Arizona 029 : H32~-31, and in the 
lipopolysaccharide of O. violaceum (N.C.T.C. 7917). More- 
over, the amino-acid is not detectable in 0-5 N hydrochlorie 
acid hydrolysates of these materials. It might appear, 
therefore, that 4-oxo-norleucine is a product of degradation. 
of fucosamine. The amino-acid may arise by a mechanism 
of hydrolysis analogous to that which yields levulinic 
acid (4-oxopentanoic) on heating aldohexoses in acid. 
However, 4-oxo-norleucine (2-amino-4-oxohexanoic) may 
exist as a natural amino-acid and 0-5 N hydrochloric acid 
is, perhaps, too weak an acid concentration to effect 
hydrolysis of the peptide linkage through which it presum- 
ably is linked to other elements in the intact mucopoly- 
saccharide. It is noteworthy to mention that attempts to 
convert L- or D-fucosamine directly to 4-oxo-norleucine by 
heating in 6 or 12 N hydrochloric acid were unsuccessful. 

It is concluded from the results of the present and 
earlier’ investigations that the complex mucopolysaccha- 
ride isolated from ©. freundii 05 : H30 is composed 
principally of units of N-acetyIneuraminic acid, N-acetyl- 
glucosamine and of N-acetylfucosamine in approximately 
al:2:1molarratio. Mucopolysaccharides isolated from 
S. dahlem 048: Hk-e, n, 25, Arizona 05 : H26-31 and 
Arizona 029 : H32-31 are constituted of similar amino 
sugars. As all other strains of Salmonella 048, Arizona 05 
and Arizona 029 serotypes contain a derivative of neur- 
aminic acid’ and are related serologically**®, it appears 
that they also possess a similarly constituted mucopoly- 
saccharide. Thus, the distribution of this newly discovered 
mucopolysaccharide among bacterial species is not unique 
to C. freundiit 05 : H30, but includes strains in three 
genera of Enterobacteriaceae. Furthermore, it is sugges- 
ted that this mucopolysaccharide constitutes the ‘back- 
bone’ structure! of the cell wall matrix of these bacteria. 

The present investigations have, in particular, given new 
information about the distribution of fucosamine among 
bacterial species. Thus, D- or L-fucosamine is present in 
Gram-negative and Gram-positive bacteria. The strains 
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containing fucosamine are presently known to exist in six 
genera classified into four families. : 

We thank Dr. D. A. L. Davies, of the Microbiological 
Research Establishment, Porton, Salisbury, Wilts, and 
Prof. R. W. Wheat, of Duke University, Durham, North 
Carolina, for samples of p-fucosamine hydrochloride. We 
also thank the latter for a sample of C. violacewm (N.C.T.C. 
7917) lipopolysaccharide. This work was supported by a 
grant from the U.S. National Institutes of Health. 
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Oxidation of Reduced Nicotinamide Nucleo- 
tides in the Central Nervous System of 
some Marine Invertebrates 


INVESTIGATIONS carried out chiefly with mammalian 
brain have revealed the presence of several enzymatic 
systems catalysing the oxidation of reduced nicotinamide 
nucleotides the properties of which are briefly outlined as 
follows: (1) a mitochondrial system which catalyses the 
oxidation of NADH but not NADPH by oxygen the activ- 
ity of which is inhibited by antimycin A and amytal! 
(NADH and NADPH stand respectively for the reduced 
forms of nicotinamide adenine dinucleotide and nicotin- 
amide adenine dinucleotide phosphate); (2) two micro- 
somal systems which catalyse respectively the oxidation 
of NADH and NADPH by cytochrome ¢ and are not 
inhibited by these drugs!; (3) two NAD(P)H dehydro- 
genases capable of acting on both nicotinamide nucleotides 
when certain quinones are added and which are strongly 
inhibited by low concentrations of dicumarol?-*; (4) an 
NADH-ferricyanide reductase relatively insensitive to 
dicumarol5; (5) an NADPH-glutathione reductase*. The 
mitochondrial and the microsomal pathways are multi- 
component systems bound to these sub-cellular particles, 
while the remaining enzymes are soluble or readily 
solubilized proteins. With the exception of the mito- 
chondrial NADH oxidase, which is known to be coupled 
to the process of oxidative phosphorylation, only scanty 
information is available on the part played by these 
oxidative systems. The complexity of mammalian brain 
presents additional difficulties in attempts to define the 
biological significance of these enzyme systems. 

In the hope of finding a relatively simpler pattern of 
NADH and NADPH dehydrogenases in the central 
nervous system of less-developed species an investigation 
has been started to obtain information on the system of 
oxidation of reduced nicotinamide nucleotides in some 
cephalopods (marine invertebrates). Enzymatic activities 
were measured spectrophotometrically in the Beckman 
DU instrument according to minor modifications of 
methods already described'-°. Whole homogenates of 
brain and optic lobes from Octopus vulgaris, Sepia 
officinalis and Loligo vulgaris were prepared in a Potter 
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Table 1. RATES OF OXIDATION OF REDUCED NICOTINAMIDE NUCLEOTIDES IN THE CENTRAL NERVOUS SYSTEM OF SOME CEPHALOPODS 
k I 
Octopus vulgaris Loligo vulgaris Sepia officinalis ' 
Brain Optic lobes Optic lobes Brain Optic lobes 
NADH oxidasc | 
Sensitive — @ 0-59 (4) O85 (2 1:00 (3) O72 2) — 
7 Insensitive — (4 me (4) — 82 — (3) om (2) ; 
NADH oxidase in presence of cytochrome ¢ 
Sensitive 0:30 R 0:36 ‘ 0-90 2 0-56 B 1-26 B 1-01 (2) 
Insensitive _ 4 — 3 — 4 — 2 — 8 —— (2) 
NADH-cytochrome ¢ reductase l 
Sensitive 0-08 (2) 0:06 (3) 0:07 2 trace (2) 010 (3) 012 (2) 
g . Insensitive 0-11 (2) 016 (3 0-24 (4 trace (2) 0:09 (3) 0-08 (2) 
NADH-ferricyanide reductase 
Sensitive 8-00 a 750 (3) 1500 (1) 9°75 B 4-50 (3) "70 (4) | 
Insensitive 80:00 (3 87-50 (8) 30-00 (1) 26°30 (2 80:00 (3) 21:00 (4) 
NADPH-cytochrome ¢ reductase { 
Sensitive — (2 0°03 2 trace @ 0-02 2 — (2) — (2) 
Ta Toa — (2 0-09 (2, trace (2 0-04 (2) — (2) —— (2) 
NADPH-ferricyanide reductase 
Sensitive trace (2) 1:35 (2) 0-90 2 0-53 0-75 B 0:88 (2) 
Insensitive trace (2) — (2) 1-65 (2) 225 (2 0-22 (2) 277 (2) 





Values are expressed in moles of NADH or NADPH oxidized/min/g wet wt. 








Sensitivity of ferricyanide reductases refers to the inhibition produced 


by dicumarol 2' x 10“ M, of the other enzymatic activities to the inhibition produced b by. antimycin A 3-3y/ml. The final concentrations of the following 


reagents used in the assays are mentioned in parentheses: NADH (1:0 x 10+ M); 


ADPH (1:0 x 10*+M); cytochrome e (2:37 x 10-* M); potassium 


ferricyanide (6-0 x 10+ M); menadione {1'0 x 10*M); glutathione (3°38 x 10+ M); TON (1-0 x 10° M). The number of experiments is indicated iu 


parentheses. 


homogenizer with & ‘Teflon’ pestle by grinding the tissue 
with 9 vol. 0-05 M potassium phosphate buffer pH. 7-3. 
The results obtained are presented in Table 1. 

An enzymatic system catalysing the oxidation of 
NADE by either oxygen or cytochrome c, which is 
sensitive to antimycin A, was found in the brain and 
optic lobes of Octopus, Loligo and Sepia. Only traces of 
cytochrome e reductase activity could be detected in the 
lobes of Loligo. 

The lower rate observed in these species with cytochrome 
c as acceptor in comparison to the NADH oxidase assay 
might be in part explained by an inhibitory action of this 
hemoprotein, which decreases the NADH oxidase activity 
of brain and optie lobes of Loligo and optie lobes of 
Octopus, and in part by a low affinity of the oxidase 
system for mammalian cytochrome c. It has to be pointed 
out that in some instances (Octopus brain, optic lobes and 
brain of Sepia) the addition of cytochrome c produced a 
definite stimulation of the NADH oxidase activity. 

The causes of this different behaviour in preparations 
derived from similar species or even from different portions 
of the central nervous system of the same species remain 
to be investigated. NADH oxidase activity insensitive to 
antimycin A was not detected in any of these animals, 
even when cytochrome c was added to the reaction mixture. 
An NADH oxidation resistant to the action of this drug 
was, however, evident when cytochrome c was used as 
electron acceptor.” This system might be similar to the 
microsomal NADH-cytochrome c reductase identified in 
mammalian braint. Menadione did not oxidize NADH in 
any of these species, thus suggesting that the NAD(P)H 
dehydrogenases of mammalian brain were absent?*. This 
result was confirmed by the absence of NADPH-mena- 
dione reductase activity, which is also catalysed by the 
same enzyme. 

An. active oxidation of NADH by potassium ferricyanide 
was observed in all tissues examined. Most of this activity 
was present in the supernatant fraction obtained after 
centrifugation of the homogenate at 105,000g for 1 h, and 
could be inhibited only partially by dicumarol in relatively 
high concentrations. 

Preliminary experiments carried out with the soluble 
fraction obtained from the optic lobes of Sepia have 
permitted the separation of a dicumarol sensitive and a 
dicumarol insensitive fraction by calcium phosphate-gel 
adsorption. Experiments are in progress to ascertain the 
properties of these enzymes. 

No oxidation of NADPH was observed when oxygen 
was used as final acceptor even with cytochrome c added, 
in conformity with similar results obtained with mam- 
malian brain. In the optic lobes of Octopus and Loligo, 
only a weak NADPH-cytochrome c reductase activity 


was y presshi, which was largely insensitive to antimycin A. 
A trace or no activity was found in the other tissues. 
Similarly no NADPH-glutathione reductase activity 
could be detected in any of these species. ‘On the other 
hand, as with NADH, oxidstion of NADPH was observed 
with ferricyanide. Such activity was also mostly found in 
the supernatant fraction and could be inhibited by dicu- 
marol only to a very limited degree. This activity was 
completely inhibited by this drug in the optic lobes of 
Octopus. This finding might suggest the presence of more 
than one NADPH-ferricyanide reductase. These results 
indicate that the pattern of oxidation of reduced nico- 
tinamide nucleotides in the central nervous system of 
marine invertebrates is only partially similar to that 
observed in mammalian brain, and that substantial 
differences exist in the nature and properties of the 
NADH and NADPH dehydrogenases present in these 


organisms. 
E. Anos 
A. Groprrra 


Zoological Station and International Laboratory 
of Genetics and Biophysics, 
Naples. 
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Brain Serotonin in Experimental Tyrosinosis 


THERE is general agreement that 5-hydroxytryptamine 
(5H{T) is formed from 5-hydroxytryptophan (5HTP) in 
the presence of 5-hydroxytryptophan decarboxylese 
(5HTPD). It is then oxidized to 5-hydroxyindolylacetic 
acid (SHIAH) with monoamine oxidase (MAO). A number 
of theories have been suggested to explain the decrease of 
brain 5HT in experimental phenylketonuria. First, 
the excessive phenylalanine might inhibit the hydroxy- 
lation of tryptophan in the liver: or brain®, and thus 
reduce the amount of 5HTP available. Second, this 
excess might inhibit the active transport of tryptophan® 
or 5HTP?-* across the blood brain barrier or brain. cell 
membrane. Third, the excess of phenylalanine and its 
metabolites might inhibit the decarboxylation of 
5HTP!o11, 

When animals are made phenylketonuric by means of a 
diet high in phenylalanine content, there is an increase of 
both phenylalanine and tyrosine in the serum. In most 
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Table 1. LEVELS OF SERUM PHENYLALANINE AND TYROSINE AND BRAIN 5-HYDROXYTRYPTAMINE (5HT), 5HTP DEOARBOXYLASE (5ATPD) AND MONO- 


E OXIDASE (MAO) IN EXPERDYENTAL TYROSINOSIS AND PHENYLKETONURIA IN GUINEA 


AMINE 
The values are expressed as means and standard deviations with the number of experiments done given in parentheses 
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§ ug SHT forme 


d 
published results, it is not possible to determine whether 
the changes reflect an excess of phenylalanine, tyrosine, 
or both. In order to assess properly the mechanisms 
responsible for the decrease of brain 5HT, it appears im- 
portant that we should examine separately the effects 
of the two amino-acids. This communication reports 
observations made in animals with experimental tyro- 
sinosis. 

For this work, weanling guinea pigs were divided into 
four groups and placed on different diets for 2-3 weeks. 
Those in Group I received a regular diet. Those in Group 
TI had 6 per cent t-tyrosine added to the diet and received 
500 mg ascorbic acid daily, Those in Group IIT had 6 per 
cent L-tyrosine added to the diet, but received no supple- 
mentary ascorbic acid. Those in Group IV had 6 per cent 
L-phenylalanine added to the diet. The animals were 
killed by decapitation and the brains quickly removed for 
analysis. The brain 5HT was determined by the method 
of Bogdanski e¢ al.12 and the brain 5HTPD and MAO 
were assayed by the procedure of Kuntzman et al.15 using 
iproniazid as the MAO inhibitor. Also, the serum phenyl- 
alanine and tyrosine levels were measured by the method 
of Wong, O’F lynn and Inouye". 

The resulis are summarized in Table 1. The animals in 
Group IT showed a moderate increase of tyrosine but not 
of phenylalanine in the serum. Those in Group ITI showed 
a marked increase of tyrosine associated with a moderate 
increase of phenylalanine. Finally, those in Group IV 
showed a marked increase of both phenylalanine and 
tyrosine, 

The brain 6HT was decreased in the animals in Groups 
III and IV, but not in Group IT. There was a significant 
negative correlation between the brain 5HT and the 
amino-acid levels in the serum. The values were as 
follows: brain 5HT: phenylalanine — 0-53, brain 5HT : 
tyrosine — 0-37, brain 5HT : phenylalanine + tyrosine 
— 0-78. 

There was no difference in the brain 5HTPD and MAO 
activity between the four groups. 

‘Recently, Boggs, Rosenberg and Waisman? have 
published data showing a decrease of brain 5HT in 
animals fed 7 per cent L-tyrosine, but this difference could 
no longer be detected when the animals were pair fed. In 
the present study, we have shown that there is a signifi- 
cant decrease of brain 5HT associated with a marked 
increase of tyrosine and only a slight increase of phenyl- 
alanine in the serum. Furthermore, a closer correlation 
exists between the brain 5HT and the sum of the phenyl- 
alanine and tyrosine values than with the values for the 
individual amino-acids, indicating that phenylalanine and 
tyrosine exert at the same concentrations a comparable 
effect. 

As was shown with experimental phenylketonuria’, the 
excessive levels of phenylalanine and tyrosine had no 
effect on 5HTPD and MAO in the brain. Recently, 
evidence has been published showing that excessive 
tyrosine does not interfere with the hydroxylation of 
tryptophan'*, This would lead one to believe that the 
decrease of brain 5HT seen in experimental phenyl- 
ketonuria and tyrosinosis primarily results from the inter- 
ference with the active transport of either tryptophan or 
HTP across the blood brain barrier or brain cell mem- 


*I, N 
wet weight. g wet weight/h. {xg 5HT destroyed, 





er cent L-tyrosine + 500 mg vitamin C; II, 
lg wet 











Pies 
Brain 
bHTt 5HTPD§ MAOT 
0-64 + 0-15 ee 16-0 + 26 {8} 2,211 + 1,071 (8) 
0-61 + 0-09 (17 16-8 + 2:6 (6, 1,884 + 920 (6) 
0-46 + 0°08 ‘ot as 14-9 + 2-9 (6) 1,804 + 460 (6) 
0-38 + 013 (21)** 18:0 + 58 (6) 1,764 + 475 (6) 


} Mg/100 ml; ¢ ug/g 


6 per cent L-tyrosine; Mon 6 per cent L-phenylalanine. 


weight/h. ** P < 0 

brane. The relative importance of the parts played by 
tryptophan and 5H'TP in transport is being investigated 
by means of labelled compounds. 

This work was supported by U.S. Public Health Service 
grant HD-00330-06. One of us (J. L. B.) is a trainee 
under U.S. Public Health Service grant 24-5186. 
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Properties of Components of Myoglobin of 
the Sperm Whale 


Rumen? isolated from seal, by chromatography on 
CiM-cellulose in ¿ris buffer at pH 8'5, five myoglobins all 
with the same. iron content and the same N-terminal, but 
showed differences in isoelectric points. Akeson and 
Theorell? isolated, from horse muscle, three myoglobins 
with similar amino-acid compositions but had charge 
differences. Sperm whale myoglobin was fractionated by 
Edmundson and Hirs’, on ‘IRC-50’, into four components, 
using citrate—-chloride buffer at pH 5:86-5:88. However, 
they encountered zone tailing which, as they pointed out, 
might have masked the presence of minor components. 
We havo resolved crystalline sperm whale myoglobin into 
at least twelve components by chromatography. Some 
properties of these components have been investigated. 
These included their amino-acid compositions, spectral and 
electrophoretic behaviour, their molecular weights, and 
their antigenic character. 

Myoglobin was isolated from the skeletal muscle of 
sperm whale by the procedure of Perkoff and Tyler‘ and 
crystallized twice by the method of Luginbuhl’. Spectral 
analysis of these preparations showed that the myoglobin 
was in the ferri- or met- form. This was also observed by 
Perkoff et al. for human myoglobin. The preparations 
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Fig. 1. 


Chromatogram of CN-MetMb (80 mg) on a carboxymethyl-cellulose column (0-9 cm x 65 cm), using gradient elution from 
pH 6:5 to pH 77 in 0-01 M phosphate buffers containing 0-01 per cent potassium cyanide. 


@, optical density at 412 my; 


O, optical density at 280 mz 


were homogeneous by electrophoresis on cellulose acetate? 
in barbiturate, pH 8-6. On starch-gel electrophoresis, in 
the discontinuous buffer system of Poulik®, in gels and 
buffers containing 0-008 M (0-05 per cent) potassium 
cyanide, they were, however, resolved into four distinct 
components having mobilities A, 0-29; B, 0-60; C, 0-83; 
D, 1 (5-6 cm in 16 h at 5 V/em). Cyanide was used in the 
buffers, since Perkoff et al. showed that electrophoretic 
differences between the fractions of human myoglobin 
disappeared when the latter were analysed in the cyan- 
metmyoglobin (CN-MetMb) forms in 0-001 M potassium 
cyanide. The gels were stained with amido black. Chroma- 
tography on small Ci/-cellulose columns (0-9 cm x 65 em) 
resolved the material (20-25 mg) into twelve well-defined 
peaks. One or two more minor components were revealed 
in the preparative (0:8-1 g CN-MetMb) chromatography 
on large columns (3-7 em x 60 cm). Columns were eluted 
with 0-01 M phosphate containing 0-01 per cent potassium 
cyanide, using gradient elution from pH 6-5 to pH 7-7 and 
the fractions collected were analysed by determining their 
optical densities at 280, 420 and 540 mu. 

The result of one such separation is shown in Fig. 1. 
Spectral analyses were carried out in the range 230-700 
my in a Cary model 14 spectrophotometer. Fractions 
belonging to one component were combined, dialysed 
against 0-01 M phosphate, 0-01 per cent potassium 
cyanide at pH 7-0, and concentrated on short CM-cellulose 
columns (2:2 em x 7 em) by applying at pH 7-0 and then 
eluting with a similar buffer at pH 7:7. Component I, 
a non-liem protein with an absorption maximum at 273 
my, accounted for 1-4 per cent of the total 280 my recovery. 
Components II-XII were all hemoproteins. Recoveries 
based, on the optical density at 280 my were (per cent): 
II, 1-3; III, 15; IV, 31; V, 1-3; VI, 2-1; VII, 5-3; 
VIII, 14:5; IX, 0-9; X, 65:5; XI, 14; XII, 0-6. 
Components II-IV were in the met fofm (Amax at 635, 
540, 409-5 and 274 my) despite their presence in 0-01 per 
cent potassium cyanide. II gave a typical cyanmet 
spectrum after simply standing at room temperature for 
20 hin 0-01 M phosphate, 0-01 per cent potassium cyanide, 
pH 7:2. IIT and IV showed a cyanmet spectrum only after 
further addition of cyanide (ITI, 0-02 per cent; IV, 0-04 
per cent potassium cyanide). Myoglobins V-XII all 
showed Amax at 540, 422, 360 and 278 mu. 

Amino-acid analyses of the salt-free hydrolysates 
(constant boiling hydrochloric acid, nitrogen flushed, 
evacuated, sealed tubes, 110°, 22 or 72 h) were carried out 
on an automatic amino-acid analyser, similar to that 


described by Spackman et al.1°, Fractions II-XIII had 
identical amino-acid compositions which agreed well with 
those obtained by Edmundson and Hirs? for their major 
myoglobin component obtained at ‘TRC-50’ chromato- 
graphy. The non-hem protein (I) obtained here appeared 
to have an amino-acid composition completely different 
from that of myoglobin. Characterization of this protein 
is in progress and will be reported in detail later. 
Correlation between the components isolated by chroma- 
tography and those isolated. by electrophoresis was 
determined. A, in starch-gel electrophoresis, corresponded. 
to X; B,to VII and VIIL; ©, to III; and D corresponded 
to TI. Components V and VI appeared, on electrophoresis, 
as a, distinct band between B and C with an electrophoretic 
mobility of 0-73 (D=1). The non-hem protein, I, appeared 
also as a new band (which did not ordinarily show in the 
mixture due to its presence in low amounts) ahead of D 
with a mobility of 1-09. After standing for a few hours, at 
2°, in 0-01M phosphate, 0-01 per cent potassium cyanide, 
pH 7-2, component II (D) appeared, on electrophoresis, to 
have suffered conversion into the slower components, The 
conversion reached its maximum in 2-3 days, with C being 
the major product, but B, D and traces of A were also 
present. This transformation was also confirmed by 
chromatography on OM-cellulose showing all components 
II-X, with IV and V being the major products. This 
tendency towards splitting of one component, giving rise 
to all the others, was a general property of all components 
TI-X, and could be revealed by both chromatography and 
electrophoresis. The extent of conversion in a given timo 
was dependent on the particular component (II was the 
fastest and VIII and X, being the most stable, were the 
slowest to reveal any conversion). It might be significant 
to mention that we have recently found" that the two 
forms of normal human adult hemoglobin, A, and Ag, 
interconverted freely in aqueous solutions. It is not yet 
clear whether related mechanisms are responsible for the 
two phenomena observed in hemoglobin and myoglobin. 
The possibility of an equilibrium involving different 
aggregates of the monomer was investigated by determ- 
ining the molecular weights of certain components by 
means of sedimentation equilibrium!*. Experiments were 
carried out in a Spinco model # analytical centrifuge, using 
a red filter and infra-red film, in 0-01 M phosphate, 
0-01 per cent potassium cyanide, pH 7-2 (density p at 
25°, 0-9986 by pycnometry) and a speed of 20,410 rev. ‘min. 
The curves obtained were read on a shadowgraph. The 
partial specific volume » of CN-MetMb was determined by 
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pycnometry, and the value of 0-7398 ml./g (an average of 
6 determinations) was used. The results of these molecular 
weight determinations are shown in Table 1. Since the 
values for Mw and M, obtained in each case corresponded 
to the molecular weight of the monomer, an equilibrium 
involving different polymeric forms may be ruled out. 
Interference of rotor vibrations, at lower speeds necessary 
to achieve sedimentation equilibrium for the higher 
molecular weight of the non-hem protein (I), made it 
difficult to obtain an accurate value for its molecular 
weight. Preliminary sedimentation investigations, how- 
ever, point to 3-3-3 times the molecular weight of 
myoglobin. 


Table 1. MOLEOULAR WEIGHTS OF SPERM WHALE MYOGLOBIN COMPONENTS 
BY EQUILIBRIUM SEDIMENTATION * 


Component Concentration, Time at My Ma 
(mg/ml.) equilibrium 

i 4:52 15 h 57 min 18,100 17,670 

Til 3°67 15 30 18,200 17,900 

VI 4:33 16 19 18,820 18,480 
VIIT 6°35 16 03 18,210 18,360 

X 7-88 8 17,900 17,240 

XI 3:92 16 0 18,000 18,100 


* Speed, 20,410 rev./min, 


Components I-XII were analysed by the agar double 
diffusion technique! against rabbit antiserum to compo- 
nent X. By using gels containing 0-05 per cent potassium 
cyanide the lines were made considerably sharper. Compo- 
nent I failed to react with the antiserum to myoglobin. Com- 
ponents IT-XTI each showed at least 2~3 lines of identity. 
Immunoelectrophoresis (1 per cent agar, 0-05 M veronal, 
pH 8-6 containing 0-05 per cent potassium cyanide) of 
CN-MetMb and its various chromatographic components 
revealed that the multiplicity of the lines could arise from 
the conversion of each component to all the others. 
Therefore, II was always heterogeneous, due to its fast 
conversion perhaps even in the gel. At positions corre- 
sponding to VIII and X, single lines could be observed. All 
lines obtained fused at their ends, indicating complete 
antigenic similarity. Complement fixation was performed 
on all the chromatographic components according to the 
method of Wasserman and Levine" in buffers containing 
0-01 per cent potassium cyanide. The non-hem protein 
did not- react with the antiserum to myoglobin. Com- 
ponents IJ~XII fixed equal amounts of complement, 


giving (over a wide antigen concentration up to 22 ug) a 


single peak at an antigen concentration of 0-25—-0-28 pg. 
I thank Dr. Ray K. Brown for his advice and encourage- 
ment. This work was supported in part by a grant, 
5T1 ATI 140-04, from the National Institutes of Health, 
Bethesda, Maryland. 
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An Enzyme Cascade in the Blood Clotting 
Mechanism, and its Function as a Biochemical 
Amplifier 


AFTER years of confusion, it seems that a relatively 
simple pattern is emerging from present theories of blood 
coagulation. Its recognition is assisted by tho Roman 
numeral terminology of the International Committee on 
Blood Clotting Factors, which, by displacing a profusion 
of synonyms, allows the basis of factual agreement to be 
seon. Physiological clotting seems to be initiated by 
contact of the blood with the ‘foreign’ surfaces presented 
by many substances and tissues other than normal 
vascular endothelium. Ratnoff et al.'-*, Margolis, and 
others*-* have established that contact activates Factor 
XII (Hageman factor) perhaps by unfolding its molecule, 
which leads successively to the activation of Factors XT 
(PTA) and TX (Christmas factor). It has now been shown 
that this is followed by the activation of Factors VIII 
(Antihemophilic factor), and X (Stuart—Prower factor)’, 
the evidence suggesting that all these reactions are 
enzymatic. 

Investigation of the activation of Factor X suggests a 
parallel with the activation of prothrombin (Factor IT), 
and may provide a model for the whole mechanism. It 
was found that the coagulant effect of Russell’s viper 
venom is due to its specific action on Factor X to form a 
product which, with Factor V, phospholipid and calcium, 
activates prothrombin”. Esnouf and Williams" showed 
that a venom esterase splits the Factor X molecule to 
yield the coagulant derivative which, like thrombin, is 
itself an esterase. It seems that Factor X is also activated 
in a similar way by an active product of the contact- 
sensitive plasma system", and that this product is derived 
from Factor VIL. Esnouf has used the abbreviation 
‘Xa’ to denote ‘activated Factor X’, and, though the 
International Committee has not considered the naming 
of derived products, the use of the suffix ‘a’ is a convenient 
device to indicate activation of a factor, and its more 
general (but unofficiel) application would allow the 
sequence of clotting reactions from surface contact to 
fibrin formation to be set out as follows: 


Surface contact 
(1) ATA 
(2) XI—>XIa 
(3) IX—+IXa 
(4) ae ae 
(5) ERT 
(6) V—Va? 
(7) mitta (Thrombin) 
(8) I——+Ia (Fibrin) 


The clotting mechanism is thus inferred to be a cascade 
of proenzyme-enzyme transformations, each enzyme 
activating the next until the final substrate, fibrinogen, is 
réached. Each stage represented is fairly well supported 
by evidence, with the exception of the supposed activation 
of Factor V, which is included for completeness despite 
Jack of information. In stages 5, 7 and 8 the evidence 
suggests a proteolytic mode of activation, and less direct 
evidence suggests that proteolysis is also involved in other 
stages. The role of calcium and phospholipid is still 
undefined, though it appears that the latter acts as a 
surface catalyst"4, and Vroman’ has described protein- 
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phospholipid interactions. Phospholipid is required at 
Stage 6 or 7, and a different phospholipid? may be required 
at Stage 4, these phospholipids probably being derived 
from the platelets during normal clotting. Factor X can 
also be activated by tissue factor in the presence of 
Factor VII. 

In physiological clotting most of the active enzymes 
` produced, must be rapidly inactivated since they are not 
found in serum. Seegers!* quotes an estimate of 24 sec 
for the mean life-span of a thrombin molecule, and it is 
probable that other products are equally short-lived so 
that, at each stage, a level sufficient to activate the next 
is maintained for only a few minutes. This short duration 
of action may account for the incomplete activation of 
cortain faetors during normal clotting, so that the 
unconsumed residue remains in the serum. Factor X, for 
example, is incompletely consumed unless the plasma 
‘level of Factor VIII is artificially raised". 

If this repetitivo pattern is the basis of clotting, the 
often-asked question: “Why is coagulation so compli- 
cated? ” resolves itself into the question: ‘“‘Why are there 
so many stages 7?” Such teleological enquiries have 
meaning if they can be answered by reference to the 
natural selection of more efficient biological mechanisms. 
Hemostatic efficiency seems to depend on the sudden 
conversion of fibrinogen to fibrin, and this is brought about 
by an explosive generation of thrombin; a more gradual 
generation of thrombin is hemostatically ineffective’. In 
100 ml. of plasma, about 250 mg of fibrinogen is converted 
to fibrin in a few seconds, and, from available data on 
specific activities!!+16.18, it can be estimated that not more 
than 15 mg of prothrombin, 1-8 mg of Factor X, and 0-17 
mg of Factor VIII and probably much less Factor IX 
are involved in this process. Thus from one stage to the 
next a greater amount of proenzyme is activated, and it 
may be suggested that the physiological need to link the 
minute physical stimulus of surface contact with the final 
enzymatic explosion has resulted in the evolution of a 
biochemical amplifier in which enzymes are analogous to 
photomultiplier or transistor stages. If, for example, each 
enzyme activates 10 times its own weight of pro-enzyme 
during its time of operation, then the overall ‘gain’ in 
response is 1 x 10% in the cascade. It is tempting to suppose 
that the increasing demands on hemostatic efficiency 
imposed by the greater blood pressures and activity of 
higher animals might have been met by ‘plugging-in’ 
additional stages in the form of competitive substrate- 
proenzymes between existing stages, and that similar 
evolutionary devices may have operated in other complex 
reactions to injury, such as those involving the ‘fibrinolytic 
and kinin systems, which are linked with clotting through 
Factor XII (ref. 5). 

The analogy of an electronic amplifier naturally prompts 
speculations on the existence of positive and negative 
feed-back mechanisms in the clotting system. Auto- 
catalytic effects have long been observed, and are often 
attributed to thrombin, which seems to accelerate reactions 
involving Factors V and VIII, and the platelets. These 
effects may be related indirectly to the action of thrombin 
on fibrinogen, or to its direct action on these other 
substrates. However, if it is postulated that other enzymes 
are produced during clotting, it must also be considered 
that these may contaminate the preparations of thrombin 
used experimentally, and their presence will be difficult to 
detect. If they were present, their specific actions might 
well be attributed to thrombin. 

Negative feed-back would be represented by any 
inhibition of earlier reactions by the products of later 
ones, if this occurs. But the rapid disappearance of 
coagulant enzymes, and perhaps Factor VII, almost 
co-incidentally with the appearance of fibrin is more 
analogous to a circuit breaker actuated by the last in a 
series of operations which stops the whole process and 
prevents over-running. A safeguard of this sort is a 
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biological necessity, since clotting must be limited to 
areas of injury and not invade other parts of the vascular 
system, if disastrous thrombosis is to be avoided. 

R. Q. MACFARLANE 
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Effect of Iron-deficiency Anzmia on the 
Metabolism of the Heterogenic Hamoglobins 
in Sickle Celi Trait 


Hamoaztosr § is found in a concentration of 35-45 per 
cent of the total hæmoglobin in most individuals with 
sickle cell trait under non-stress conditions*, It is be- 
lieved that the relative concentrations of the heterogenic 
hemoglobins, hemoglobin § and hemoglobin A, in these 
individuals jremain fairly constant throughout life. How- 
ever, on rare occasions, changes in these relative concen- 
trations have been demonstrated. In 1956, Zuelzer, Neel 
and Robinson? described an 8-month-old infant with sickle 
cell trait and severe iron-deficiency anemia in whom hemo- 
globin S could not be demonstrated by paper electro- 
phoresis until the anemia had been corrected with iron 
therapy. More recently, Heller, Yakulis, Epstein and 
Friedland‘ have described a patient with sickle cell trait 
and coexistent megaloblastic anemia in whom the hemo- 
globin § concentration increased from an initial level of 
10-6 per cent to a concentration of 38-5 per cent following 
therapy with folic acid. 

The patient with sickle cell trait described here was 
examined during investigation of the rates of synthesis 
of heterogenic hemoglobins. This afforded the opportunity 
to determine serially the relative concentrations of hamo- 
globin § and hemoglobin A while simultaneously measur- 
ing the rates of incorporation of iron-59 into each hemo- 
globin fraction during a period of recovery from iron- 
deficiency anzemia. 

The patient was a 32-year-old Negro woman with severe 
iron-deficiency anzemia secondary to chronic menorrhagia 
and multiple pregnancies. Except for pallor of the mucus 
membranes the physical examination was within normal 
limits. Her initial hemoglobin concentration was 4:8 g 
per cent; hematocrit 22 per cent; red blood cell count 
3,910,000 per mm? ; mean corpuscular volume 56:3 yu}; 
mean corpuscular hemoglobin concentration 21:8 per 
cent ; reticulocytes 0-5 per cent ; serum iron 28y per cent ; 
unbound iron binding capacity 246y per cent. The foetal 
hemoglobin (alkali resistant) level was 0-8 per cent, and 
a sickle cell preparation made with sodium metabisul- 
phate was positive. Electrophoresis of the patient’s hæmo- 
globin on starch block revealed an SA pattern with 30 
per cent hæmoglobin § and 70 per cent hemoglobin A. 
Six days after admission a 20-me. dose of iron-59 citrate 
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Table 1. THE RELATIVE CONCENTRATIONS OF H&MOGLOBIN A AND HÆMOGLOBIN S MEASURED SERIALLY OVER A PERIOD OF 42 DAYS. PARENTERAL 
IRON THERAPY STARTED ON DAY 5 

Days after Days after : 
administration Total Hb Hemoglobin Per cent of administration Total Hb Hemoglobin Per cent of 
of Fe (g %) fraction total Hb of "Fe (e %) fraction total Hb 
A 70 A 59 
0 4'8 17 65 
N 8 30 S 41 
A 69 A 59 
2 4:6 19 j 82 
S 31 8 41 
A 67 A 58 
5 46 21 8'4 
8 33 8. 42 
A 69 A 62 
7 ded 23 8'4 
8 81 8 38 
A 65 A 60 
9 4:8 26 84 
S 35 i S 40 
A 65 A 58 
10 4:5 29 8-6 
S 35 S 42 
A 63 A 56 
12 52 36 10:2 
8 37 8 44 
k A 60 A 58 
16 6-3 42 11:0 
S 40 8 42 














(specific activity 32-6 mc./mg iron) was administered 
intravenously and 12-ml. aliquots of blood were then 
drawn periodically over the next 42 days. Each sample 
was prepared for electrophoresis by washing the red cells 
. three times with saline, hemolysing with distilled water 
and shaking with toluene. Following centrifugation at 
17,000g for 20 min the hemoglobin was converted to 
the carbonmonoxy derivative and brought to a concen- 
tration of 6 g per cent. Electrophoresis was performed 
on a starch block at pH 8-6 according to the method of 
Kunkel and Wallenius®. Each hemoglobin fraction was 
then cut from the block, eluted from the starch with 
distilled water, and the hemoglobin concentration determ- 
ined spectrophotometrically. After precipitation of the 
hemoglobin with trichloroacetic acid, the iron-59 activity 
of each hemoglobin fraction was determined in a well-type 
scintillation counter. The results are expressed in c.p.m. 
iron-59/mg hæmoglobin and recorded as the specific 
activity of each hemoglobin. 


Specific activity (c.p.m./mg Hb) 


Days 


Tig. 1. ——@, HbA; ---- x, HbS;---- O, reticulocytes 




















Therapy with intramuscular iron dextran was initiated 
1l days after admission and 5 days after the iron-59. 
The patient received a total dose of 44-5 ml. (2,225 mg 
iron) over the next 12 days. Forty-two days after the 
administration of the tracer iron-89 the patient’s hemo- 
globin concentration was 11-0 g per cent, and the serum 
iron 127y per cent. As shown in Table 1, the concentration 
of hemoglobin §, determined prior to the administration 
of the tracer dose of iron-59, was 30 per cent.- During 
the course of the 42-day investigation, there was a gradual 
rise in the concentration of hemoglobin S to a final level 
of 42 per cent, at which time the circulating hemoglobin 
had reached a level of 11 g per cent. This was 35 days 
after the initiation of parenteral iron therapy. 

The iron-59 administered prior to initiation of therapy 
with parenteral iron exhibited a rapid plasma half-life 
($ T = 15-52 min) and its activity was greater in hemo- 
globin S than in hemoglobin A during the initial 10 days 
of the study (Fig. 1). The loss of iron-59 activity in 

hemoglobin S, compared with hemoglobin 

A, after day 10 is temporarily related to the 

reticulocytosis and recovery from anemia 

following treatment with parenteral non- 
radioactive iron. This therapy was begun 

5 days after the administration of the tracer 

dose of iron-59. The fall in the specific 

activity of hemoglobin S is believed to be 
caused by dilution of the iron-59 activity of 
this hemoglobin to a greater extent than 
that of hemoglobin A as a result of the 
synthesis of non-isotopically labelled hemo- 
globin S in greater quantities than non- 
tagged hemoglobin A. This ‘concept is 
supported by the finding of a progressive 
increase in the relative proportion of hemo- 
globin § associated with a fall in the propor- 
tion of hemoglobin A as the total hemo- 
globin concentration rose from 4°6 g per cent 

- to 11:0 g per cent during the period of investi- 
gation. 

The inequality in the concentrations of 
the heterogenic hemoglobins in sickle cell . 
trait is usually attributed to a decreased 
rate of synthesis of hemoglobin § compared 
with hemoglobin A. However, there is 
some evidence® to suggest that hemoglobin 


Reticulocytes (per cent) 
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S is synthesized at a rate at least equal to that of hemo- 
globin A, but is then selectively lost in the circulation. 
This implies that hemoglobin A and hæmoglobin § 
may be found in the erythrocytes in a spectrum. of 
relative concentrations and those erythrocytes con- 
taining the highest concentrations of hemoglobin S 
exhibit decreased survival times. The finding in the 
present patient of an initially greater iron-59 incor- 
poration into hemoglobin § than hemoglobin A. 
coupled with the subsequent rise in the relative concen- 
tration of hemoglobin S appears to be further evidence 
supporting the hypothesis that hemoglobin S is not 
necessarily synthesized at a rate less than that of hemo- 
globin A. This finding must also mean that during the 
period of recovery from anæmia, the erythrocytes which 
were produced contained hemoglobin S in greater con- 
centrations than hemoglobin A. 

The situation which existed during the period of anemia 
prior to therapy is more speculative. It is possible that 
most of the erythrocytes produced during this period 
contained low concentrations of hemoglobin S secondary 
to a selective decrease in the rate of synthesis of this 
hemoglobin. However, it is also possible that the 
abnormal erythrocytes, containing the highest concen- 
trations of hemoglobin S, which were produced during 
the iron-deficiency state, underwent more rapid destruction. 
than similar cells produced during non-stress states. This 
would lead to an even lower concentration of haemoglobin 
S during the anemic period compared with the non-stress 
situation. Unfortunately, in the work recorded here, the 
use of iron-59 did not allow investigation of the rates of 
synthesis of the- heterogenic hemoglobins during this 
ansemic period, as the iron was rapidly utilized for hemo- 
globin synthesis. An investigation of hemoglobin syn- 
thesis in similar individuals with sickle cell trait and iron- 
deficiency anemia, using glycine-2-“C as the hemoglobin 
tag, would appear to be helpful in elucidating the changes 
in hemoglobin § concentration during anzmia. 

This work was supported in part by a U.S. Public 
Health Service grant, H#-07346- 01, from the National 
Heart Institute. 
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PATHOLOGY 


Spectroscopic Analysis of Tissues from 
Patients with Cystic Fibrosis and Controls 

Swear, urine, plasma, serum, duodenal fluid, teeth, 
finger and toe nails and hair taken from patients with 
cystic fibrosis and controls were subjected to spectro- 
graphic analysis to determine qualitative and quantitative 
alterations in elemental composition. 

Significant differences in the levels of somo inorganic 
elements, mostly metals, were found in eccrine sweat, 
duodenal fluid, hair and nails. 

Four eccrine sweat specimens from patients with cystic 
fibrosis exhibited increased levels of sodium (2-5 times 
normal) and potassium (1-3 times normal). Smaller 
increases were detected in magnesium, silicon, phosphorus, 
and manganeso. Little or no alterations were observed in 


NATURE 


501 


copper, aluminium, titanium and boron, the last three 
being possible contaminants. 

In duodenal fluid from a patient with cystic fibrosis the 
level of calcium was many times higher than from a 
control, whereas zinc in the former was almost entirely 
absent. The patient with cystic fibrosis also had higher 
concentrations of sodium, potassium, silicon, phosphorus 
and magnosium. Iron and manganese did not differ 
appreciably. No differences were detected in two serum 
and plasma specimens and six urine specimens from each 
of the two groups. The following elements were compared: 
sodium, potassium, calcium, magnesium. manganese, 
copper, silicon and phosphorus. 

Hair and nails proved of considerable interest breause 
of: (1) The striking difference qualitatively and quantita- 
tively between the patients with cystic fibrosis and 
controls; (2) the large number of detected elements which, 
served as a basis of comparison. Sixty-seven specimens 
of hair and nail clippings were cxamined spectroscopically 
in accordance with established techniques!*, Specimens 
obtained were as follows: (1) Patients with cystic fibrosis. 
30; (2) asymptomatie siblings of above, 6; (3) parents of 
above, 8; (4) healthy children, 13; (5) healthy adults, 
10. a 

Fourteen to eighteon elements were detected in cach 
specimen. The metabolically active elements were always 
present in nails and hair: sodium, potassium, calcium, 
magnesium, copper, iron, cobalt, and zinc. Hair and nails 
were found to be similar in their inorganic composition. 


‘Hair specimens taken from the same person varied in 


accordance with their distance from the scalp. ‘Thero 
fluctuations were not observed in nails, thus making the 
latter more suitable for quantitative analysis. With only 
two exceptions, all thirty specimens of hair and nails taken 
from patients with cystic fibrosis had higher concentra- 
tions of sodium and potassium. The levels of sodium and ° 
potassium in twenty nail specimens taken from the various 
controls groups and patients with cystic fibrosis were 
measured, separately by flame photometry. Group median 
values were found to be: for patients with cystic fibrosis 
135 m.equiv./kg sodium and 48 m.equiv./kg potassium ; 
for controls 35 m.equiv./kg sodium and 18 m.equiv.jkg 
potassium. There was a considerable overlap region in tho 
potassium values but practically no overlap in the sodium 
values, thus permitting easy differentiation of the patients 
with cystic fibrosis from the controls. 

In nail and hair specimens from the patients with 
cystic fibrosis, magnesium and manganese were higher and 
zine was lower. There wore minor differences in calcium. 
iron, copper and cobalt. 

As a group, the specimens from the patients with cystic 
fibrosis exhibited higher concentrations of silver, alumin- 
ium, titanium, lead and silicon. There were no appreciable 
differences in chromium, boron, nickel, vanadium and tin. 
The last-mentioned group of elements are of questionable 
biological significance*+. Some are believed to be cum- 
ulative as environmental- contaminants and some may be 
possible experimental contaminants. 

The finding of hair and nails as storage sites for a 
great number of metallic elements has been previously 
mentioned’. The considerable quantitative alterations in 
some of these elements. especially the metabolically active 
ones, in duodenal fluid, hair and nails of patients with 
cystic fibrosis suggest further investigation. 

Weare at present investigating the possibility of applying 
the aforementioned findings as a supplementary diagnostic 
tool in the investigation of cystic fibrosis. Detection of 
cystic fibrosis by hair or nail anelysis may be useful where 
the ‘sweat test’ is not applicable. in cases of borderline 
sweat sodium and chloride values and where a patient is 
far removed from a hospital or clinic and unable to obtain 
a reliable sweat test. It is also possible that this informa- 
tion will assist in a better understanding of the genetic 
aspects of cystic fibrosis. 
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Renal Tumours in Rats following injection of 
` Dimethylnitrosamine at Birth 


A HIGH incidence of renal tumours in rats has been 
induced in this laboratory by a short and intensive feeding 
with dimethylnitrosamine (DMN), that is, 100 or 200 parts 
per million (p.p.m.) in the diet for 4 weeks or 1 week respect- 
ively?. Longer exposures than these to such doses will pro- 
duce fatal liver necrosis. Renal tumours were also observed 
in about 20 to 30 per cent of rats surviving a single intra- 
peritoneal injection of 30 or more mg/kg of DMN’. The 
carcinogenic action of a single administration of DMN has 
recently been confirmed in another laboratory on rats of a 
different strain and tumours of the kidney were induced 
by single doses of diethylnitrosamine*?. Renal tumours, 
as well as lung tumours, have been observed by Zak et al.? 
in Sprague-Dawley rats given a diet containing 125 p.p.m. 
of DMN for more than 80 days. 

Two histological types of renal tumour have been induced 
by DMN?%. Some were relatively well differentiated, 
adenomatous, non-metastasizing tumours presumably 
deriving from the tubular epithelium. Others were ana- 
plastic, of uncertain histogenesis, with much more complex 
features. In these tumours, tubular and cystic structures 
were irregularly intermingled with frankly sarcomatous 
tissue, showing myxomatous appearances, cartilaginous 
metaplasia, and scirrhous areas. Some morphological 
similarities to the human nephroblastoma were observed!. 
It was decided, therefore, to investigate the susceptibility 
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of the new-born rat to the carcinogenic action of DMN, 
since it has long been known‘ that some of the metanephros 
remains present in the kidney of the rat at birth. The 
susceptibility of new-born animals to chemical carcino- 
genesis has been repeatedly reported®-’, but so far only 
very few renal adenomas have been observed”. 

In the present report, preliminary results of experiments 
on the effects of a single administration of DMN to new- 
born and 1-week-old Wistar Porton rats are presented. 
Some observations on the metabolism of the compound 
are also included., 

Table 1 shows the results observed up to the 58rd week 
of age. The animals were given an injection of either 0-05 
or 0-1 ml. of a 0-25 per cent solution of DMN in water, that 
is, respectively 125 and 250 ug of DMN. All rats receiving 
the higher dose died before the end of the second week. 

Out of the 44 animals given 125 wg of DMN at less than 
24 h of age, 29 were alive at weaning. Of these, 19 
are still alive and under observation at 53 weeks old and 
10 died or were killed because of a palpable abdominal 
mass. In the only litter injected with 125 pg of DMN 
at 1 week of age, 4 out of 8 rats are still under observation. 
Among the 14 animals, so far, dying after weaning, 11 
bore-tumours. Renal tumours were found in nine rats, 
one of which had both kidneys involved and another also 
had a hepatoma. Another animal died with a hepatoma 
and the remaining tumour-bearing animal had an abdom- 
inal malignant lymphoma. The first renal tumour was 
observed in a rat dying at 36 weeks of age. The renal 
tumours were very large, up to 8 cm in diameter, and 
were all of the anaplastic type. No renal or liver tumours 
have been observed in untreated rats in this laboratory. 

The different sensitivity of new-born animals to chemical 
carcinogenesis has not been fully explained; however, it 
has been recently shown that the potent carcinogen 
9,10-dimethy]-1,2-benzanthracene is metabolized more 
slowly by the new-born mouse than by the adult®. In 
Table 2, results of the rate of disappearance of DMN from 
the body of new-born rats are presented. The experi- 
mental conditions are included in Table 2. The amount 
of DMN in the whole animal was measured by the method 
of Heath and Jarvis*. Although variations from litter 
to litter were observed, possibly related to the exact age 
at the time of injection, the present observations are 
essentially in agreement with the previous result that no 
DMN could be recovered from adult rats 24 h after 
administration’. The rate of disappearance during the 
first 12 h is slower, however. Some of this loss of DMN 


Table 1. SURVIVAL RATE AND TUMOUR INCIDENOE IN RATS INJECTED WITH DMN AT BIRTA OR AT 1 WEEK OF AGE 
Total No. 
of animals Animals with 
No. Age at Dose No. survivors (weeks) dying after renal liver other no 
litters injection of DMN Route 0 1 3 10 30 53 weaning tumours tumours tumours tumours 
4 <24 h 125 ug 8.C. 44 34 29 28 28 19 10 6 1 1 2 
1 7 days 125 ag S.C. 9 8 8 8 T 4 4 8 1 0 1 
Table 2, RECOVERY OF DMN (ug) FROM NEW-BORN RATS INJECTED SUBCUTANEOUSLY WITH DMN (125 ug) (each figure refers to an 
individual animal) 7 
Litter 4/22 A/23 Al24 A/25 A/26 A/27 A/28 A/29 
Age at injection (h) <16 <16 <16 <16 12 5 3 3 
Time after injection (h) 
0 123 ~ - - - - - - 
126 
1 125 91 109 - - - - - 
106 118 
4 92 99 96 - - - ~ - 
101 116 
6 106 68 103 - - - - - 
112 87 103 
12 - = = 7 = 120 - - 
138 
a - - - - 6 188 35 51 
15-16 7i 87 
1 - - - 0 ~- 28 68 
18-19 0 78 
23-24 20 0 0 0 ~ - 8 57 
) 
- = = - - 1 
40 j 2 
0 0 - 0 0 
= “ 0 0 


May 2, 1964 


must represent metabolism of the carcinogen because 
injection of rats less than 24 h old with similar doses of 
(C) DMN was rapidly followed by the expiration of 
radioactive carbon dioxide which was shown by the 
method of Godfrey and Snyder". 

Other animals from the same litters were used for 
histological investigation Liver necrosis was consistently 
found among those killed at 53 h or more after the injection. 
Necrosis was not so uniformly and obviously centrolobular 
as in the adults” but rather patchy, involving large areas 
in which occasional centrolobular veins but no portal 
spaces could be recognized. 

While a full evaluation of the susceptibility of the 
new-born rat to renal carcinogenesis by DMN is not yet 
possible and further investigations are being undertaken 
on the metabolism of DMN by new-born rats, the present 
experimental system appears to be a valuable model for 
the chemical induction of anaplastic renal tumours. 
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New Experimental Evidence of Tumorigenic 
Hormonal Imbalances 


In comparative experiments in mice with ovarian 
grafts into the spleen, or into the kidney and liver, it has 
been shown that the tumours originating in the latter are 
microtumours as compared to the macrotumours in the 
spleen. ‘The difference is not due to influences from the 
site itself: when grafting one ovary into the spleen and the 
other into the kidney (or liver) of the same animal (‘com- 
bined’ grafts) in both the intrasplenic and intrarenal (or 
intrahepatic) grafts no more than microtumours appear!” 
(Fig. 1). 

It may reasonably be supposed that the ovary present 
in the kidney or liver counteracts, though indeed only to a 
certain degree, the hypophyseal imbalance and the 
abnormal flow of gonadotrophins from which ovarian 
tumours arise in a graft. Our results fully corroborate the 
original concept with regard to the dynamics of ovarian 
tumorigenesis in intrasplenic grafts?. But our results 
allow for a widening of the original concept; they show 
that there are differential degrees of hypophyseal 
imbalances on which the evolution of tumours depends. 

However, one may raise the objection that the result 
obtained in combined grafts (two microtumours belated in 
their growth and development) is due to a competition 
between the intrarenal (or intrahepatic) ovarian graft and 
the intrasplenic one, a competition for hypophyseal 
gonadotrophins present in normal quantities only. One 
may thus object that our results are not to be explained 
by the control of the hypophyseal function due to the 
presence of an intrarenal, or intrahepatic graft, simul- 
taneously with an intrasplenic one. 

The question of a competition between two grafts 
simultaneously present in the body has been examined 
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Fig. 1. A, Tutrasplenic ovarian graft; somewhat more than the average 

size of macrotumours in a series of 60 animals, Granulosa cell tumour 

with luteomatous nodules. Intrasplenic ovarian graft, a second 

ovarian graft being present in ie kidney: ‘combined’ grafts. One of 

the largest microtumours in a series of 15 animals. Luteomatous nodules 

breaking through rt surface of the spleen. Duration of all experiments 
in Figs. 1 and 2, one year (x 3-7) 


in experiments with ‘double’ intrasplenic grafts in mice 
of the same strain as before (BALB). One half of an 
ovary was placed into the apical pole of the spleen, and 
the other half into the caudal pole; the second ovary was 
removed. In another series of experiments a whole 
ovary was placed into each of the splenic poles. At 12 
months macrotumours were present in most of the 
animals. In many cases there were even two macro- 
tumours in the same spleen (Fig. 2). 

These new results (double intrasplenic grafts) taken 
together with the former ones (combined intrarenal, or 
intrahepatic, and intrasplenic grafts) leave no doubt that 
the differential tumorigenesis in ovarian grafts at different 
sites is not due simply to local. conditions, or influences 
prevailing at the respective site, but to tumorigenic bodily 
conditions outside the site of the graft. The second ovary 
in the kidney, or liver, acting at a distance from the site, 
that is, controlling to a certain degree the hypophyseal 
gonadotrophic function, does not permit the evolution 
of a macrotumour in the intrasplenic graft (combined 
grafts). On the contrary, when both ovaries are grafted 
into the spleen (double grafts) and both are unable to 
control the hypophyseal function, ovarian macrotumours 
arise in the spleen. 


I 
i 
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Fig. 2. ‘Double’ intrasplenic grafts. A, Half an ovary grafted into 

each of the poles of the spleen. Two macrotumours: apical, luteoma, 

with nodules of granulosa tumour cells; caudal, granulosa cell tumour 

with luteomatous nodules. B, Entire ovaries grafted into the splenic 

poles: apical, enormous granulosa cell tumour surrounded by luteo- 
matous nodules; caudal, luteoms of smaller size 
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Thus there can scarcely be any doubt that in experi- 
ments with ovarian grafts tumorigenesis arises out of a 
hypophyseal functional imbalance. 

It has also been shown that intrasplenic ovarian tumours 
in rats enter into regression after hypophysectomy*. 
Likewise, tumorous growth in intrasplenic grafts in mice 
is inhibited by the administration of an antigonadotrophic 
serum as obtained by the injection of an extract of sheep 
hypophysis into rabbits*. One may argue that all these 
results may be due simply to the absence of gonadotrophins 
as produced by a normal hypophysis (non-significant 
dependency’). But this argumentation would not hold 
in experiments in which ovarian tumours have been 
induced in mice by the application of dimethylhenzan- 
thracene to the skin§. When the ovary of an animal 
treated during only 10-20 days is grafted into a non- 
treated ovariectomized animal, a tumour appears in the 
ovarian graft; but when one ovary is left intact in 
the non-treated animal the tumour does not appear 
in the grafted ovary®. One cannot ignore the idea that also 
here ovarian tumorigenesis presupposes an uncontrolled or 
miscontrolled hypophyseal gonadotrophic function. 

It is most probable that tumorigenic hypophyseal 
imbalances may be induced by primary gonadal changes. 
In experiments with irradiation of the ovaries in rats or 
mice there is an increase of gonadotrophins in the hypo- 
physis’*-4, One may then tentatively assume that an 
inereased flow of gonadotrophins was responsible for 
ovarian tumours in classical work with irradiation of 
ovaries in mice", as also in work with sub-total castration 
in mice”, 

Ovarian tumours also appear in intratesticular grafts" ; 
these tumours are macrotumours though not reaching the 
average of intrasplenic ovarian tumours’. In similar 
experiments, a considerable part of seminiferous tubules 
undergoes degeneration and disappears. It is known that 
the fate of an ovarian graft at different sites is favoured by 
operative interferences on the testicle which stimulate 
degeneration of seminiferous tubules*17. One may then 
suppose (and no more than suppose) that autolytic sub- 
stances originating in the injured testicle with an ovarian 
graft favour tumorous. growth by interfering in the 
hypophyseal gonadotrophic function. 

This work was supported by a grant from the Popula- 
tion Council, New York. 
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IMMUNOLOGY 


Fibrin-clot Formation by Extracts of Rabbit- 
skin Homografts 


PROTEOLYTIC processes activated by immune reactions 
were doscribed in anaphylaxis! and delayed hypersensi- 
tivity?. 

This communication deals with a finding which seems 
to us related to a proteolytic mechanism in skin homo- 
grafting. 

Full thickness dorsal skin grafts were exchanged between 
pairs of local wild-strain rabbits and second grafts were 
exchanged 20-24 days after the first operation. Biopsies 
were taken from the homografts during the rejection 
period, 13-15 days after the first and 7 and 9 days after 
the second graft. Normal skin biopsies from the same 
rabbits were taken once. Non-immune skin necrosis was 
produced by three methods. A skin flap was cut on the 
dorsum of the rabbits and allowed to necrotize. An area 
of skin was burned by means of a thermocauter and & 
similar area of necrosis was induced by applying concen- 
trated nitric acid to the skin. Biopsies were taken 48 h 
after the ischemic and 72 h after the thermal and chemical 
necrosis. Biopsies from occasional non-successful grafts, 
as expressed by early destruction, were taken 120 h after 
the operation and considered as another example of non- 
immune necrosis. Extracts were prepared from the biopsy 
samples, washed free of blood, and homogenized with 
normal saline in a weight/volume ratio of 1:10. The 
suspensions were centrifuged at 600g for 5 min and the 
supernatant diluted 1:3 with saline. 0-3 c.c. of the 
following skin extracts, normal skin, first and second 
graft biopsies and necrotic skin biopsies obtained by the 
previously indicated methods, were placed in small test- 
tubes. A control tube containing 0-3 c.c. of normal saline 
was also added. To each tube, 0:7 o.c. of bovine plasma 
fraction I (‘Fibrinogen’, Armour), 0-45 per cent in selino, 
was added. The tubes were shaken and incubated at 37° C 
for 5h. 

In the tubes containing extracts from the graft biopsies 
taken during the immune rejection period, we always 
observed massive clotting or an obvious formation of 
fibrin flocculi. No clot was ever observed in the tubes 
containing normal skin, necrotic skin and salino. The 
clotting was evident after 15 min-5 h of incubation and 
became even firmer later. After 18 h of incubation the 
tubes with the rejected graft extracts always showed 
compact clotting, whereas the controls were still negative, 

In the samples where fibrin formation, was Sparse an 
intermediate step in the conversion of fibrinogen to 
fibrin, the ‘heparin precipitable fraction’, was examined. 
The graft biopsy extract was diluted until no fibrin form- 
ation was evident after 5 h of incubation. The controls 
were similarly diluted, At the end of 5 h, 100 units 
heparin in 0-1 c.c. were added to the test-tubes containing 
0-3 c.c. diluted skin extract and 0-7 c.c. fibrinogen. The 
mixtures were left at 4° C for 30 min and the quantity of 
precipitate appreciated visually. The graft extracts 
yielded a heavy precipitate or coarse flocculation whereas 
controls and fibrinogen alone showed uniform clouding. 

Evidence exists that immune mechanisms may activate 
blood clotting®*, The heparin precipitable fraction was 
found in the plasma of patients with allergic arteriolitis®* 
and after intravenous injection of soluble antigen-antibody 
complexes in animals®. 

Incubation of plasma Fraction I with trypsin resulted 
in the appearance of the heparin precipitable fibrinogen 
and after prolonged incubation in clot formation’. Trypsin 
also activates prothrombin to thrombin’. These observa- 
tions link proteolysis to clotting through at least two 
possible ways. 

Trypsin-like enzymes originating from the plasma, the 
leucocytes or the tissue cells might be activated or released. 
at the host-graft contact surface and conserved in an 
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active state in the graft biopsy material. The presence of 
proformed thrombin in the same material is also possible. 
The fibrin-clot formation by the graft biopsy extracts 
might well be an in vitro artefact merely reflecting the 
activity of proteolytic enzymes, but it might equally well 
have its equivalent in vivo; thrombotic mechanisms could 
account for at least a part of the graft rejection itself. The 
most recent findings of prolonged graft survival after 
treatment of the hosts with trypsin inhibitors’? may 
woll be explained by our hypothesis. 
This work was supported by a grant, 02018, from the 
U.S. National Institutes of Health. 
E. Pick 
J. COHEN 
D. NELKEN 


Department of Clinical Microbiology, 
Hebrew University-Hadassah Medical School, 
Jerusalem. 
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Department of Surgery, 
Hadassah University Hospital, 
‘ Jerusalem. 

1 Ungar, G., and Hayashi, H., Ann. Allergy, 16, 542 (1958). 
4Johanovsky, J., Immunology, 5, 469 (1962). 
3? Lee, L., J. Exp. Med., 117, 365 (1963). 
t Robbins, J., and Stetson, C. A. J. Bap. Med., 108, 1 (1959). 
> Ruiter, M., and’ Oswald, F. H., Der Hautarzt, 14, 6 (1963). 
* Ruiter, M., J. Invest. Derm., 38, 85 (1962). 
7 Godal, H. C., Scand. J. Clin. and Lab, Invest., 12, 56 (1960), 
* Schultze, H. EB., and Schwick, G., Z. physiol. Chem., 289, 26 (1951). 


, Berea W., Findley, A., and Conway, H., Transplantation, 1, 116 


1° Bertelli, A., and Frontino, G., Nature, 197, 510 (1963). 


Comparative Susceptibility to Adenovirus 
Infection of Children of Blood Groups A and O 


Many workers have investigated the relationship be- 
tween blood group and susceptibility to certain diseases*. 
The validity of the conclusions is dependent on the 
application of appropriate statistical analysis. Recently 
susceptibility to certain virus infections has been shown 
to be related to blood groups. McDonald and Zuckerman? 
reported their findings in 1,875 airmen admitted to sick 
quarters during the period 1956-61 with respiratory 
disease. They found that the incidence of infection with 
influenze A, virus was significantly higher in persons of 
blood group O than in persons of blood group A. The 
incidence of infection with adenoviruses, however, showed 
an opposite trend. The authors suggest that the apparent 
susceptibility of persons of blood group A to adenovirus 
infection might be the result of failure to acquire antibodies 
in childhood due to raised-natural resistance. 

To test this hypothesis we determined the presence or 
absence of neutralizing antibody for adenovirus serotypes 
1, 2, 3, 5, 6 and 7 in sera obtained from children aged 
5 months to 8 years. A total of 132 sera were tested. Of 
these 72 were from children of blood group A and 60 from 
children of blood group O. 

The immunological response to adenovirus infections in 
children as determined by the virus neutralization test is 
both homotypic and long sustained. It follows that the 
presence of neutralizing antibody against a virus serotype 
represents previous experience of homologous adenovirus 
infection. The total incidence of adenovirus antibody in 
the group of children studied is taken as representing the 
incidence of adenovirus infection. 

The results of this study were analysed in 6 age-groups 
(Table 1), the y? test being applied separately to each age- 
group.. Neutralizing antibodies for adenovirus serotypes 
1, 2, 3, 5, 6 and 7 occurred oftener than expected in 
children of blood group O, and less often than expected 
in children of blood group A. This difference is statistically 
significant in the 60-95 month age group (y? = 3-8774; 
n* = l; P = <0-05). 
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Table 1. ANALYSIS OF THH RELATIVE INCIDENCE OF NEUTRALIZING ANTI- 
BODY FOR ADENOVIRUS SEROTYPES 1, 2, 3, 5, 6 AND 7 IN CHILDREN oF 
BLOOD GROUPS A AND O 


No. 


Age serum AY. No. of neutralization tests 
group Blood specimens age $ Total 
(months) group tested (months) Positive Negative No. 
of tests z? 

5-11 A 13 7:8 4(5:0)* 74 ueo 78 0:5692 
ce) 8. 775 4(3-0) 44 (45.0) 43 

12-17 A 18 14-6 7 (%3) 71 (68-7) T3 16988 
(0) 8 15:0 8 (5-7) 40 (42°3) 43 

18-35 A 22 26-8 28(27-4) 104(104-6) 132 0-04007 
ne) 15 249 18(186) 72 (71-4) 90 

36-59 A 11 47-7 18. (16-7) 53 (49°38) G6 1:9582 
0 14 503 25(21:3) 59 (62-7) 84 

60-95 A 13 828 24(802) 54 (47-8) 78 38774 
(63 15 805  41(348) 49 (55-2) 90 


* Expected values in brackets. 


Not all adenovirus serotypes show identical epidemio- 
logical behaviour. Serotypes 1, 2, 5 and 6 are endemic 
in the population of Sheffield’ and serotypes 3 and 7 give 
rise to epidemics of infection. Tables 2 and 3 show the 
relative incidence of infection by the ‘endemic’ serotypes 
(1, 2, 5 and 6) and by the epidemic serotypes (3 and 7) 
in the group of children examined. No significant difference 
in distribution of neutralizing antibodies for the ‘endemic’ 
serotypes was shown. Neutralizing antibodies for the 
‘epidemic’ serotypes occurred significantly more often in 
children aged 60-95 months of blood group O than in 
children of blood group A in the same age-group (x? = 
56236 ; n* = 1; P = <0-08). 


Table 2. ANALYSIS OF THE RELATIVE INCIDENCE OF ANTIBODIES FOR 
ADENOVIRUS SEROTYPES 1, 2, 5 AND 6 IN CHILDREN OF BLOOD GROUPS 
A ANDO 

Age group Blood No. of Total No. 
(months) group neutralization tests of tests z 
Positive Negative 
511 A 4 (5:0)* 48 (47-0) 52 0-58908 
o 4 (3'0) 28 (29-0) 32 
12-17 A 6 (8-7) 46 a 52 2-6547 
oO 8 (5:3) 24 (26:7 32 
18-85 A 27 eau 61 (62-4) 88 036318 
o 16 (17-4) 44 (42-6) 80 
36-59 A 12 (14-1) 32 (29-9) 44 0-8223 
o 20 (17-9) 36 (38-1) 56 
60-95 A 22 a} 30 ar) 52 0:9734 
0 31 (28-4, 29 (31-86) 60 


* Expected values in brackets. 


Table 3. ANALYSIS OF THE RELATIVE INCIDENCH OF ANTIBODIES FOR 
ADENOVIRUS SEROTYPES 3 AND 7 IN CHILDREN OF BLOOD GROUPS A AND O 
Age grow Blood No. of Total No. 
(months group neutralization tests of tests Fea 
Positive Negative 
5-11 A 0 26 
(0) 0 16 
12-17 A 1(0°6)* 25 (25-4) 26 0-6832 
0 0 (0-4) 16 (15-6) 16 
18-85 A 1 (1°8) 43 (42-2) 44 0-9263 
0 2 (1-2) 28 (288) 30 
86-59 A 1 (2-6) 21 (19-4) 22 1:9735 
oO 5 (3-4) 23 (24°6) 235 
60-95 A 2 (5:6) 24 208 26 5-5236 
o 10 (6-4) 20 (23-6 30 
* Expected values in brackets. 


The population is frequently exposed to adenovirus 
infection. and the number of immunologically susceptible 
individuals diminishes with increasing age®. Relative re- 
sistance to adenovirus infection in childhood may be a 
factor in determining immunological susceptibility in later 
life. As the incidence of infection in childhood by the 
adenovirus serotypes studied is lower in children of blood 
group A than in children of blood group O, the highest 
number of immunologically susceptible adults would be 
expected to occur in blood group A. This hypothesis is 
supported by the results reported by McDonald and 
Zuckerman. In the environment imposed by service life, 
the non-specific relative insusceptibility to adenovirus 
infections of individuals of blood group A broke down. 
Hence the incidence of adenovirus infection in this group 
was higher than in persons of blood group O. 
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No opinion can as yet be expressed as to the precise 
mechanism conferring apparent relative resistance to in- 
fection on persons of blood group A. 

W. I. H. SHEDDEN 
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. Aggression and Population Regulation in 
Red Grouse 


~ Recent work on red grouse (Lagopus lagopus scoticus) 
on a moor at about 300 m altitude in Scotland! indicates 
that the spring breeding stock is largely determined the 
previous autumn. Each year, cock grouse established a 
new pattern of territories in August-September, and the 
number and shape of these territories was maintained 
with only minor changes till the next breeding season in 
April-May. Any cocks which did not obtain territories 
in autumn did not breed the next summer, and mostly 
died before April. Thus the size of the breeding stock 
was annually determined through the birds’ competition 
for territories. The chief problem was to find what controls 
the size of the territories. 

This problem was investigated on a 56-hectare area 
where most grouse were individually marked. Neighbouring 
cocks defended their territories by making aggressive song- 
flights towards each other and by threatening each other 
50 cm apart on the ground along the perimeter of the 
territories. By continual daily visits, the boundaries of 
the territories were plotted on large-scale detailed vegeta- 
tion maps, and the territory sizes were measured by 
planimeter. 

During the first two years of this investigation, it was 
noticed that less-dominant cocks had small territories, 
and that territories on flat ground where the cover was 
poor and where the birds could readily see each other 
were apparently larger than in hillocky areas. 

Aggression was measured in the second two years by 
recording the numbers and results of fights and other 
aggressive encounters. The data were scored by allotting 
a bird three points if it won an encounter, two points for 
a draw, one point if it lost, and no points for no attempts. 
An ‘index of aggression’ was then calculated to give the 
number of points for each bird per 100 min observation 
time. i 

Cover (that is, the visibility of one grouse to another) 
was estimated by placing cardboard models of grouse (a 
similar method has been illustrated by photographs’) at 
50, 100, 150, 200, 250 and 300 m north, south, east and 
west from the centre of each territory, and recording how 
many were seen by the observer at grouse-eye level and 
at observer-eye level. The total-which could possibly be 
seen at both levels was 48, and thus a high number of 
models visible meant open ground with poor cover. If N 
is the recorded figure for the number of models visible, 


(48 —-N 
then the percentage cover is given by =u x 100). 


Fig. 1 compares territory size with the cover and with 
the aggression of the territory-owners in 1961. There were 
highly significant correlations (notes below Fig. 1) between 
a high index of aggression, large territory size, and poor 
cover. These associations were also significant in other 
years when the samples were smaller. The question re- 
mains : Is territory size determined primarily by the bird’s 
aggression or by the cover? These two factors were 
separated statistically by the method of partial correlations 
(notes below Fig. 1), and it appears that territory size is 
primarily related to the bird’s aggression which in turn 
varies inversely with the index of cover. 
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Fig. 1. Territory size, cover, and the aggression of cock grouse 
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4. Between aggression and territory size, 
eliminating the effect of cover 

Between cover and territory size, 
eliminating the effect of aggression 


+ 0661 P< 0-01 
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Whenever the same bird has a territory two years 
running in the same area, there is an opportunity to 
investigate changes in territory size and aggression 
independently of changes in cover. Table 1 shows that 
when such a bird was less aggressive in the second year, its 
territory was smaller, and vice versa. These cases where 
the cover did not change from one year to the next con- 
firm that territory size was primarily influenced by the 
degree of aggression. Future work will test whether 


Table 1. CHANGES IN TERRITORY SIZE AND AGGRESSION OF THE SAME 
: COOK GROUSE LIVING IN THE SANE AREA Two YEARS RUNNING 
1960 1961 

Territory Index of Territory Index of 

Bird size (hectare) aggression size (hectare) aggression 
A 13-8 6-0 47 85 
B 9-1 4:9 44 4'3 
¢ 8-7 55 32 27 
D 6-6 3-5 2-0 21 
E 59 3-5 45 33 
F 46 2-5 08 v9 
G 3:2 2-7 8-4 42 
H 2'8 26 17 20 
I 28 2-5 3-3 40 
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aggression and territory size vary with other factors, such 
as the food supply in the territory. 
Anam WATSON 

Nature Conservancy Unit of Grouse 

and Moorland Ecology, 

Natural History Department, 
University of Aberdeen. 
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Spectrophotometric Identification of Feather 
Pigments in the Brown Leghorn Fowl 


Brown Leghorn fowl show a strong sexual dimorphism 
in the plumage pigmentation, the female colouring being 
developed only in presence of the ovary whereas the male 
shades characterize intact or castrate bird alike. All 
feather tracts differ in some respects between the sexes ; 
the present discussion centres on the pectoral (breast) 
region which is salmon in the hen and black in the cock. 
In early studies of hormonal mechanisms in birds, Brown 
Leghorn cocks or capons with enforced feather regenera- 
tion were injected with an extract of human placenta, 
the preparation having been tested on the pullet oviduct 
for avian cestrogenic properties'. With this procedure the 
treated males developed a salmon female breast feathering 
which was indistinguishable in colour from that of the 
corresponding area in the normal hen. In later experi- 
ments synthetic oestrogens were employed, and here, it 
appeared, a pigmentation was produced resembling, but 
clearly darker than, the usual female. This shade was 
variously thought a matter of dosage? ; a matter of dosage 
but transitory? ; and as indicative of a genetic difference 
in the test fowl’. The last interpretation is not discounted, 
but it will be shown that two distinctly different modified 
breast feather pigments may follow from one single course 
of diethylstilbcestro] treatment in one and the same Brown 
Leghorn capon. This is so because of the range of dosage 
requirements for feminization of the male breast feather 
tracts, the increase occurring in antero-posterior direction’. 
In favourable material, modified bars resembling the true 
fernale salmon were found in association with bars of a 
darker shade in feathers of more posterior location. This 
‘darker’ shade, however, appeared more akin to the red 
which invades the breast tracts after thyroidectomy and 
which corresponds more closely with the red of the normal 
male saddle feather’. It seemed possible, therefore, that 
at certain levels the synthetic cestrogen produced effects 
comparable to thyroidectomy and that the darker pig- 
mentation was in fact similar to if not identical with this 
male red. The foregoing inferences are now confirmed by 
spectrophotometric differentiation of the normal female 
salmon from the normal red male and identification of 
each of these with modified breast feathers of the same 
capon following short-term cestrogen treatment. 

All feathers examined were from Brown Leghorn birds. 
The normal feathers included : male saddle, orange red 
(of capon origin) ; female breast, salmon. The modified 
feathers came from a capon recording as a transverse bar 
the respective pigment responses to æ single brief course 
of diethylstilbcestrol treatment (0-5 mg/day for 5 days) ; 
bar in a feather from the posterior breast region, a region 
having comparatively high hormone requirements for 
feminization ; bar in a feather from the anterior breast 
region, a region in which relatively low hormone con- 
centrations are required for modification. 

Spectrophotometric determinations of reflectance spectra 
of the four specimens were carried out by C. H. Greene- 
walt, following essentially the procedures developed by 
Greenewalt et al. for the examination of the iridescence 
of humming bird feathers’. 

Maximum observed reflectances were of the order of 
15-20 per cent. These relatively low values can be attri- 
buted to the fact that any area of the feather presents, 
not a uniformly coloured surface, but one with many 
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Fig. 3. Reflectance curves of normal female breast feather (solid line) 
and modified bar in anterior breast feather (broken line) 
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intervening spaces between the pigmented barbs and 
associated barbules. It seems a reasonable guess that the 
ratio between maximal reflectance in the red and 100 per 
cent is a fair measure of the proportion of the slit covered 
by pigmented surfaces. 

The normal male saddle feather carries a reasonably 
saturated pigment, essentially a deep red (solid line, Fig. 1). 
The pigment of the normal female breast feather, on the 
other hand, is quite dilute (solid line, Fig. 3). If we assume 
the diluting pigment to be a pure white, the coloured pig- 
ment should be approximately characterized by subtract- 
ing a constant percentage reflectance at each wave-length. 
The original reflectance values (solid line, Fig. 3), thus 
reduced by 8-5 per cent, are represented by the broken 
line of Fig. 1. Comparing the curves for the normal male 
saddle feather and the normal female breast feather, the 
pigments are seen to be indeed different, the pigment of 
the female breast feather being substantially more yellow 
than is that of the male saddle feather. It may then be 
concluded that, while the pigment of the female breast 
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feather is much less saturated than that of the male saddle 
feather, the underlying pigments are also distinguishably 
different. 

Curves for pigments of the male saddle feather and the 
modified bar of the posterior breast feather are compared 
in Fig. 2. The pigment of the modified bar was found to 
be dilute, but to not nearly the same extent as that of 
the normal female breast feather. Making a correction 
for dilution (observed values less 2-5 per cent reflectance) 
gives the curve (broken line) shown in Fig. 2. The pigment 
of the modified bar is seen to be a fair match for that of the 
male saddle feather, although the ‘cut off’ is not so sharp. 

Directly observed reflectance values of the salmon breast 
feather of the normal female and of the modified bar in 
the anterior breast feather of the capon are represented 
in Fig. 3. The pigments in the two specimens are clearly 
almost identical. Since the pigmentation of the normal 
female breast feather has been shown to differ distinguish- 
ably from that of the male saddle feather (Fig. 1), so must 
the pigmentation of the modified region of the capon’s 
anterior breast feather differ from that of the male saddle 
feather; and since the modified bar of the posterior breast 
feather is much like that of the male saddle feather (Fig. 2), 
it follows that some qualitative difference exists in the 
pigments of simultaneously modified bars in anterior and 
posterior feathers of the cestrogen-treated capon. 

These observations, in summary, confirm thesupposition 
that while a given dosage of diethylstilbcestrol may repro- 
duce the salmon of the normal female breast feather in the 
anterior breast tracts, it may simultaneously evoke, in 
feathers of the posterior tracts, a pigmentation comparable 
with that produced in the breast tracts following thyroidec- 
tomy and very similar to that of the red of the normal 
male saddle. It appears unlikely, therefore, that differ- 
ences elicited by extracts of human placentz and diethyl- 
stilbcestrol need be attributed to genetic differences in the 
test birds. 

I thank Crawford H. Greenewalt for making the spectro- 
photometric analyses. The success of the method suggests 
its possibilities in other areas of interest. I also thank 
R. M. Fraps for assistance in the preparation of this 
communication. 

Mary JUEN 

(Mrs. Richard M. Fraps) 
Beltsville, Maryland. 
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Split Tolerance 


EARLY experiments by Billingham and Brent! have 
demonstrated that mice of the A strain injected at birth 
with spleen cells from either (AU x CBA) or (C57BL/6 x 
GBA) F, hybrids elicited tolerance of CBA strain skin 
grafts but not of the C57BL/6, AU or F, hybrid tissue. 
Billingham and Silvers? and Lustgraaf et al. have made 
similar observations in female mice of the C57BL strain 
injected at birth with allogeneic cells derived from A 
strain males. Under these conditions the injected females 
did not become tolerant of allogeneic A strain grafts but 
did accept syngeneic C57BLmale skin grafts. This divided 
tolerance for only maleness was called by Lustgraaf et al. 
“gplit tolerance”, a term which has been extended to 
include the hybrid to pure strain system}. 

The experiment reported in this communication will 
demonstrate that ‘‘split tolerance” in mice can be induced 
by injecting these animals at birth with subcellular anti- 
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genic materials obtained from spleen cells previously dis- 
rupted by several cycles of freezing and thawing, thus 
indicating that the induction of this phenomenon does not 
require the presence in the tolerant host of intact cells from 
the original inoculum as has been recently postulated’. 

In one group of experiments female mice of the C67BL/1 
strain were injected at birth with either a single intra- 
venous injection of 4-5 million viable spleen cells derived 
from allogeneic male mice of the A strain or by a series 
of intraperitoneal injections of similar cells previously dis- 
integrated by several cycles of freezing and thawing. 
Disrupted spleen cell suspensions were prepared by the 
technique recently described® and the dose of this material 
injected intraperitoneally was as follows : 10 million spleen 
cells equivalent per mouse twice a week for the first week 
after birth and 20 million cells equivalent twice a week 
from the second throughout the seventh week of life. When. 
treated mice were 60 days of age they received skin grafts 
from either allogeneic A strain donors or from syngeneic 
C57BL/1 male mice. Control groups consisting of C57BL/1 
females which had been either not injected or injected at 
birth with viable cells from allogeneic A strain female 
mice were also grafted with syngeneic male or allogeneic 
skin grafts. 

In another set of experiments BADB/e strain mice were 
injected at birth with either viable or disrupted spleen 
cell preparations taken from adult (4 x DBA/2) F, hybrid 
donors. The doses employed and the routes of adminis- 
tration were the same as in the former experiment. When 
mice were 60 days old they were grafted with allogeneic 
skin from either (A x DBA)2 F,, A or DBA/2 strain 
donors. A group of non-conditioned control BALB/c mice 
were similarly grafted-with skin from either (A x DBA/2) 
F, A or DBA/2 allogeneic donors. Skin grafts were 
performed by the technique previously described® and the 
incidence of successful ‘takes’ in all groups was assessed 
5 months after grafting. 

Results of these experiments are shown in Tables 1 
and 2. As can be seen in Table 1, a significant number 
of female mice of the C57BL/1 strain injected at birth 
with either intact or disrupted spleen cells from allogeneic 
male donors were tolerant of syngeneic C57BL/1 male 
grafts but not of the allogeneic grafts derived from A strain 
donors. Similarly, the data shown in Table 2 demonstrate 
that a significant proportion of BALB/c mice treated at 
Table 1. TOLERANCE OF SYNGENEIC MALE SKIN GRAFTS IN FEMALE MICE 
OF THE C57BL/1 STRAIN INJECTED AT BIRTH WITH EITHER VIABLE OR 


DISRUPTED SPLEEN CELLS DERIVED FROM ADULT MALE DONORS OF THE 
HOMOLOGOUS A STRAIN (SPLIT TOLERANOE) 


No. of mice accepting No. of mice accepting 


allogenele A skin syngeneic C57BL/1 
Host Spleen donor grafts male grafts 

C57 BL A (male) 0/10 (0%) 6/10 (80%) 
(females) (viable cells)* 

i A (female) 0/11 (0%) 8/13 (28%) 
(viable cells)* 

Sn A (male) 0/10 (0%) 5/9 (56%) 

(disrupted cells)t 
ú None 0/10 (0%) 4/19 (21%) 


*Dose of viable spleen cells injected at birth was 4-5 million/mouse, 
intravenously. 
{Dose of disrupted spleen cells injected was: 
lat week after birth : 10 million spleen cells equivalent/mouse, intra- 
peritoneally. 
2nd week throughout 7th week after birth: 20 million spleen cells 
equivalent/mouse intraperitoneally. 


Table 2. TOLERANCE OF DBA/2 SKIN GRAFTS IN ALLOGENEIC MIOE OF THE 
Balb!C STRAIN INJECTED AT BIRTH WITH EITHER VIABLE OR DISRUPTED 
SPLEEN CEILS TAKEN FROM (4 x DBA/2) F, HYBRIDS (SPLIT TOLERANOR) 

No, of BALB/c No, of BALBJe 


mice accepting No. of BALB/e mice ere 
Host (4 x DBA/2) F, mice accepting DBA ‘2 skin 
strain Spleen donor skin grafts Æ skin grafts grafts 
BalbiQ (A wating F, 0/9 (0%) 0/6 (0%) 6/7 (86%) 
e 
m (A x DBA]2) F; 0/15 (0%) 0/16 (0%) 4/15 (27%) 
(disrupted)t 
PA None 0/10 (0%) 0/10 (0%) 0/22 (0%) 


*Dose of viable spleen cells injected at birth was 4-5 million/mouse, 
intravenously, 
+Dose of disrupted spleen cells injected was: 
1st week after-birth: 10 million spleen cells equivalent/mouse, intra- 
peritoneally. . 
2nd week throughout 7th week after birth: 20 million spleen cells 
equivalent/mouse, intraperitoneally, 
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birth with either intact or disrupted spleen cells derived 
from (A x DBA/2) F, hybrid donors became tolerant of 
DBA/2 skin grafts but not of either (A x DBA/2) F, or 
A strain donors. As was expected, none of the non-injected 
controls accepted either F,, A or DBA/2 skin grafts. 

These findings confirm previous observations demon- 
strating that tolerance of tissue grafts can be induced in 
mice injected at birth or during adult life with large doses 
of previously disintegrated cells from the spleen, liver, or 
kidney of adult mice of the prospective skin donor strain’, 
They also confirm the observations made previously on the 
puzzling phenomenon of split tolerance*. 

Brent and Courtenay* have postulated that the mechan- 
ism operating in split tolerance for CBA allogeneic skin 
grafts in A strain mice injected at birth with (OBA x C57) 
F, hybrid intact cells might be related to the persistence 
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.in the A strain recipient of a rather small proportion of 


hybrid cells resisting the immunological attack of the host. 
However, the results of the experiments presented here 
demonstrating that split tolerance could also be obtained 
in mice pre-treated with sub-cellular antigenic materials 
derived from the spleen of appropriate donors seem to 
indicate that this phenomenon when induced by injection 
of viable cells could very well be consistent with the 
possibility that the injected cells may indeed be completely 
destroyed by the host with release of transplantation 
antigens in enough quantity as to overcome the host’s 
resistance to the genetically closer skin donor strain. 

This work was supported by grants from the U.S. 
National Institutes of Health (C-3511 and CRT-5023) and 
the American Cancer Society, Inc. 

CARLOS MARTINEZ * 
JUNE M. SMITH 
Department of Physiology, 
University of Minnesota Medical School, 
Minneapolis, Minnesota. 
* American Cancer Society research professor of physiology. 
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A Globular Substructure of the Retinal Receptor 
Outer Segment Membranes and some other 
Cell Membranes in the Tadpole 


A RIPLE-LAYERED structure of membranes after 
potassium permanganate fixation was discovered by 
Robertson'. A globular substructure of mouse kidney 
tubular cell mitochondrial membranes and smooth- 
surfaced cytomembranes after potassium permanganate 
fixation and section staining was demonstrated by 
Sjostrand?-*. <A similar pattern was found in «-cyto- 
membranes of frozen-dried mouse pancreatic cells by 
Sjostrand and Elfvin®. Ferndéndez-Mordén® described an 
intermediate dense line in the disks of osmium-cryofixed 
retinal rod outer segments, in which the disk membranes 
were closely packed. With respect to the structure of 
potassium permanganate-fixed retinal receptor outer seg- 
ment disks, the membranes are triple-layered when 
separated. In case they are closely packed, they form 
a five-layered structure, which was independently shown 
by Moody and Robertson’ and by Sjéstrand®. The same 
structural pattern of the disks could also be obtained 
just as clearly and regularly after routine fixation in 
osmium tetroxide, if section staining were used®-11, In this 
communication, a globular substructure observed in cross- 
sectioned outer segment disk membranes of tadpole 
retin will be described. 
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Young tadpoles were fixed in 1 per cent osmium tetroxide 
and dehydrated in acetone. Their eyes were embedded in 
‘Vestopal W’. Very thin longitudinal sections (dark grey on 
a liquid surface inreflected light) of the retinal receptor outer 
and inner segments were cut. The sections were stained first 
in saturated aqueous solution of uranyl acetate at 60° © 
for 2 h and then, after having been rinsed thoroughly, in 
lead citrate at room temperature for 3-4 min". 

In the developing outer segments of both rods and cones, 
triple-layered membrane elements were found. In the 
rods the two membranes of a disk were generally separated 
by a light interspace, but in the cones they were almost 
invariably closely packed to a five-layered structure. The 
same tendency toward separation in rod disks was found, 
although to a much less degree, in adult frog retinal outer 
segments", For both rods and cones of the developing 
retin, it could be shown that the disks were formed by 
invaginations of the plasma membrane at the vitreal end 
of the outer segment'4. The single membrane element had 
a thickness of 60-70 A. When two membranes were 
closely packed, the disk was 120-125 A thick. A consider- 
able amount of stained material was found between the 
two opaque layers of each membrane element. In most 
cases it was oriented like cross-bridges between the latter 
(Fig. 1). In some areas of both rods and cones, the mem- 
brane elements showed a globular substructure between 
the two opaque layers (Figs. 1-3). The globules appeared 
as spherical light regions with a diameter of approximately 
20-30 A, They were separated by opaque septa with a thick- 
ness of the order of 15-25 A. When two membranes were 
closely packed, the globules sometimes appeared slightly 
flattened, the long axis being parallel to the disk (Fig. 3). 

A globular substructure was also found in the plasma 
membrane of the outer segment and in the mitochondrial 
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Fig. 1. Tadpole retinal rod outer segment disks, Stained material in 

form of cross bridges is seen between the two opaque layers of each mem- 

brane element. In some places, indicated by arrows, globular sub-unit 
can be seen. (x c. 185,000) 

Fig. 2, Part of Fig. 1 at higher magnification. (x ec. 400,000} 
Fig. 3. Cross bridges between the two opaque layers of each membrane 
element in a tadpole retinal rod disk, where the membrane elements are 

closely packed. (x e. 825,000) 
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membranes, «-cytomembranes (rough-surfaced cytomem- 
branes) and Golgi membranes (smooth-surfaced cyto- 
membranes) of the inner segment. The plasma membrane 
of the inner segment contained some stained material 
between the two opaque layers, but a definite globular 
structure has so far not been revealed here. Sjéstrand?-4 
also did not observe a globular substructure in the plesma 
membrane of mouse kidney tubular cells that had been 
fixed in potassium permanganate. 

It should be pointed out that so far the section staining 
used in this investigation is the only one by which this 
globular structure has been clearly obtained after osmium 
tetroxide fixation. With section staining in uranyl acetate 
at room temperature followed by lead hydroxide, which 
combination was used in an investigation of adult frog 
outer segments'!, staining of material between the two 
opaque layers of the membrane element occurred, but the 
staining was much less intense. However, in some areas 
indications of a globular substructure could be seen. 
Using lead staining involves a certain risk of getting 
clusters of stain molecules on membranes and other stained 
structures. These clusters can be seen only at high resolu- 
tion. (The precipitation of large crystals can easily be 
avoided by techniques described by several authors.) As 
has already been pointed out by Sjéstrand’, lead staining 
enhances the contrast in a desirable way at fair resolution, 
but may seriously interfere in high-resolution work be- 
cause of these clusters. However, in the present investi- 
gation it was possible to avoid almost entirely the for- 
mation of clusters. The reason for this seemed to be the 
thorough rinsing after the uranyl acetate staining and the 
use of lead as a citrate. 

Since the globules are so small, even very thin sections 
contain several of them superimposed. It is probable that 
in most places, therefore, the septa are superimposed more 
or less randomly, accounting for more diffusely distributed 
stained material between the surface layers. However, 
areas can be found where the globules appear to line up 
in rows parallel to the electron beam. which enables one 
to see the globular structure Through-focus series of 
pictures show that the globules are not produced by & 
phase-contrast effect. 

It is not easy to interpret the molecular structure 
underlying this globuler pattern. On the basis of these 
observations, however, it appears difficult to account 
for the bimolecular leaflet of oriented lipid molecules as 
a basic component of these membranes. Sjöstrand? pro- 
posed an interpretation with respect to mitochondrial and 
cytoplasmic membranes according to which themembranes 
consisted of a sheet of globular lipid micelles surrounded 
by protein. Robertson! found a geometrical pattern in 
certain synaptic disks fixed in potassium permanganate or 
in osmium tetroxide in combination with potassium, per- 
manganate and lead staining. He describes a hexagonal 
pattern for tangential sections. In cross-sections the 
structure is five-layered with a regular beading. He also 
states that there is a suggestion of a density traversing 
the two light zones. There is a striking resemblance 
between his cross-section pictures and Fig. 3 here with 
respect to the structural pattern of the membrane elements. 
The relatively good contrast of the septa in the outer 
segment disk membranes has been made possible by the 
subsequent use of uranyl acetate at 60° C and lead 
citrate as section stains. Robertson suggests that the 
synaptic disk pattern might represent a cylindrical state 
of orientation of the membrane lipids, but he favours the 
interpretation that the hexagonal pattern is restricted 
mainly to the surface of the membrane. He discusses 
the risk of the pattern being an artefact, and points out 
that potassium permanganate has been used in all cases, 
also after the fixation in osmium tetroxide. 
investigations»? as well as the present investigation favour 
a model with light globules separated by septa. Obser- 
vations made on frozen-dried material’ further support 
such a model. The fact that in the present investigation 
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the pattern was obtained after osmium, tetroxide fixation 
without staining in potassium permanganate is an addi- 
tional argument favouring the idea that this structure is 
a@ real one. Robertson!® has also shown a picture of 
isolated fragments of potassium permanganate-fixed 
retinal outer segment disks, in which he found indications 
of a hexagonal surface pattern. 

The globular substructures demonstrated in this in- 
vestigation do not correspond to the 20-30 A dense 
particles described by Fernéindez-Mordn!’. These dense 
particles might correspond, however, to.the dense points 
that arise where the septa meet the opaque layers of the 
membrane element. 

I thank Prof. F. S. Sjöstrand for advice. 

This work was supported by a U.S. Public Health 
Service grant, NB-02889. ; 
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Demonstration of the Nervous System in 
the Monogenetic Trematode Diplozoon 
paradoxum Nordmann by the Indoxyl 

Acetate Method for Esterases 

DvrRine investigations into the nutrition of the mono- 
genetic trematode Diplozoon paradoxum (parasitic on the 
gills of minnow, roach, rudd, ete.), it was noted that 
portions of the nervous system gave a strong positive 
reaction for non-specific esterase. This observation led 
to the development of a simple but effective method for 
demonstrating the entire nervous system in the intact 
animal. 

Individuals of D. paradoxum are removed from the host 
gill and fixed immediately in 10 per cent formalin buffered 
to pH 7-0 at 4° ©. During fixation the specimens are 
flattened to an extent necessary to display the internal 
organs to their best advantage. After fixation for 6 h the 
specimens are washed in several changes of distilled water 
at 10° C and then incubated at this temperature for 12 h 
in the standard indoxyl acetate medium! freshly prepared 
as follows: i 


O-Acetyl-5-bromoindoxy] 13 mg 

Ethanol O-1 ml. 
Allow to dissolve and'’add: 

0-1 M tris buffer (pH 6-8. 2-0 ml. 

0-05 BL potassium ferricyanide 1:0 ml. 

0-05 M potassium ferrocyanide 1-0 ml. 

0-1 M calcinm chloride 1-0 ml. 


Add distilled water to 10 ml. Final pH 6-0 

Following incubation the specimens are washed in 
distilled water and counterstained, if required, in aqueous 
eosin or Mayer’s carmalum. Generally, however, the 
natural colour of the specimen provides an adequate 
background for the display of the nervous system. The 
specimen may then be mounted directly in glycerine 
jelly or dehydrated in alcohol, cleared in xylene and 
mounted in Canada, balsam. 

The nervous system is stained a deep indigo blue and 
details of the cerebral ganglia and commissures, longitud- 
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Fig. 1. Whole mount of Diplozoon paradoxum showing the nervous 

system. 12 h incubation in the standard indoxy! acetate medium (x 50). 

The dark objects scattered throughout the body aro intestinal cells 

containing hematin which is formed in D. paradoxum, as in some 

other blood feeding Monogenea (ref. 2), during intracellular degradation 
of hæmoglobin 


inal cords and transverse connectives, and nerves supply- 
ing the pharynx and adhesive organs are clearly visible 
(Fig. 1). 

The reaction of the nervous tissue in D. paradoxum to 
this method is due presumably to the presence of esterases. 
Preincubation for 1 h in buffered 10-7 M ‘#600’ (diethyl-p- 
nitrophenyl phosphate) inhibits the reaction, however, and 
this indicates that the esterase responsible is, in fact, a 
cholinesterase of the type commonly found in nervous 
tissue?. 

An unusual feature of this reaction is that while it has 
given positive results with every specimen of D. paradoxzum 
examined no such reaction has been observed in the 
nervous system of closely related species such as Disco- 
cotyle sagittaia. Relatively few individuals of D. sagittata 
were available for test, however, and it is possible that a 
positive reaction will be given at temperature or pH 
optima different from those used for D. paradoxum. 

D. W. Harton 

Department of Zoology, J. B. JENNINGS 
University of Leeds. 


1 Pearse, A. G. E., Histochemistry, Pure and Applied, second ed. (J. and 
A. Churchill, Lid., London, 1980). 


* Jennings, J. B., J. Helminth., 33, 197 (1959), 


Plant-growth Inhibition by some Fatty Acids 
and their Analogues 


Farry acids per se were found to affect respiratory 
activity, phosphorylation, and several other metabolic 
processes in studies with animal! tissues!. Many specific 
inhibitory effects of fatty acids, such as inhibition of 
kidney enzyme activity, bacteria and virus growth, and 
cholesterol synthesis are also reported. 

Several vegetable oils, especially those of high unsatura- 
ted fatty acid content, can inhibit axillary bud growth of 
tobacco plants®. Straight oleic and linoleic acids, however, 
destroyed maturing leaf tissues as well as axillary buds 
when applied to tobacco plants. 

Many lower alkyl esters, including methyl, ethyl, 
propyl, and butyl, of C, to Cs saturated and unsaturated 
fatty acids with straight, branched, or eyele chain 
structure were tested for their inhibitory ability on 
axillary bud development of Nicotiana tabacum plants. 
Other analogues, with aldehydes or glycol, and several 
odd-number fatty acids were included in such inhibitory 
studies. They all showed various degrees of offectiveness, 
but methyl esters were tested most intensively in the 
greenhouse and field plants. 


NATURE 


51] 


100 


Percentage of growth inhibition 





8 10 12 14 16 18 
Carbon chain-length of fatty acid 


Fig. 1. Inhibition of axillary bud growth with methyl esters of fatty acids 


The percentage of inhibition of axillary bud growth by 
methyl esters of saturated fatty acids of various chain- 
lengths is shown in Fig. 1. Each point is an average from 
200 plants of four types of field-grown tobacco. Cs to C,, 
materials appeared to be very effective in inhibiting 
axillary bud growth, and methyl caprate, Cio, resulted in 
almost complete control. This constant relation between. 
carbon chain-lengths and effectiveness in axillary growth 
inhibition agrees surprisingly well with published data on 
respiratory effects of fatty acids on animal tissue’ in that 
the effect of fatty acids increased with an increase of each 
C atom from 7 to 12 and then decreased with further 
increase in length of the carbon chain. However, the 
concentrations of materials used and the offectiveness 
regarding changes in carbon chain-length between previous 
experiments with animal tissue and the present study with 
plant material are quite different. 
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The test compound was emulsified with water and the 
wetting agent and was sprayed in an 8-in. diameter on top 
of the stalk portion of decapitated plants with a hand- 
operated sprayer under 25 Ib./in.?. The rate of application 
varied from greenhouse to field plants ranging from 0-1 
to 0-4 M, 20-40 ml. per plant. The material usually 
drained down along the stem and came in contact with 
axillary buds. Within 30-60 min of such application the 
axillary buds had wilted and dried. Figs. 2 A and B show 
the axillary buds of tobacco plants before and after treat- 
ment, respectively, with methyl caprate. 

Intact tobacco plants with flower buds in early stage 
of development were also treated with methyl caprate 
in the same way as decapitated plants were. The develop- 
ment of flowers, of young top leaves, and of axillary buds 
was inhibited. 

It appears that meristematic and differentiating young 
tissues are damaged when plants are treated with methyl 
ester, and that tissues in advanced stage of maturity are 
not affected. It is not clear whether the result is due to 
physical effects resulting from the change in surface 
tension of the cell membrane or to penetration of the 
compound into the young tissue and thus affecting the 
metabolic system. 


T. C. Tso 
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U.S. Department of Agriculture, 
Beltsville, Maryland. 
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Carotenoid Pigments in a Mutant Strain of 
Verticillium albo-atrum Reinke and Berthold 


Tue only pigment known to be produced by wild-type 
strains of V. albo-atrum is of a dark melanoid type’. In 
an investigation involving the production of biochemical 
mutants in this fungus (using a strain originally isolated 
from wilted lucerne, 1962), an orange pigmented colony, 
which had a partial requirement for biotin, developed 
on plates of complete medium spread with conidia 
irradiated with ultra-violet at a dosage allowing for 
approximately 5 per cent survival. The irradiation 
was carried out using a sterile distilled water suspension 
of conidia in an open Petri dish at a distance of 20 cm 
from a 2537 A ‘Hanovia’ bactericidal tube model 11 (with 
ozone reducing filter). The close resemblance of this 
colony (designated 31.5) in morphological details to wild- 
type led us to conclude that it is a mutant rather than a 
chance contaminant. The results of a preliminary extrac- 
tion of M.5 suggested that several different carotenoids 
were present, and from further work, reported here, we 
have been able to identify some of these pigments. 

Cultures of M.5 were grown on Wickerham’s MYGP 
liquid medium? on a reciprocating shaker at 20° C, in the 
light. The pigments were extracted from 10-day-old 
cultures with methanol and transferred into diethyl 
ether by addition of water. The ethereal fraction was 
saponified’, freeze-dried and the pigments taken up in a 
small volume of n-hexane. This was then chromato- 
graphed on a magnesium oxide/‘Celite’ (1 : 1) column and 
development effected by washing with increasing concen- 
trations of ether in n-hexane, and finally with acid 
methanol (0-5 per cent glacial acetic acid in methanol). 

Ten fractions were separated out (Table 1). The 
colourless fraction 1 contained sterols (B. H. Davies, 
personal communication) and these were removed accord- 
ing to the method of Mercer et al.4. Phytoene was identified 
spectrophotometrically in this fraction and fractions 
2, 3, 4, 5 and 10 identified as B-, y-carotene, neo-lycopene 
A, lycopene and neurosporaxanthin, respectively. The 
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Table 1. CHROMATOGRAPHY OF PIGMENT EXTRACTED FROM V. albo-atrum 
(M.5) ON A MAGNESIUM OxIDE/‘OBLITE’ 1: 1 (v/¥) COLUMN 
Fraction Appearance (my) in n-hexane Probable nature 
1 Colourless ~ 277, 291, ~ 303 Phytoene 
2 Orange ~ 425, 452, 480 #-Carotene 
3 Orange 485, 460, 490 y-Carotene 
4 Red-orange 440, 470, 600 Neo-lycopene A 
5 Red-pink 445, 470, 504 Lycopene 
6 Blue ~ 460, 480, ~ 500 = 
7 Pink-orange ~ 445, 478, ~ 502 — 
8 Red ~ 450, 482, ~ 505 — 
9 Red ~ 450, 476, 506 — 
10 Brown-orange ~ 440, 474, ~ 505 Neurosporaxanthin 


~ indicates an inflexion. 


same extraction procedure was used for wild-type cultures 
and only phytoene was found to be present. 

The presence in M.5 of a number of different pigments 
which were not detectable in wild-type is, so far as we are 
aware, the first record of the simultaneous appearance of 
several carotenoid pigments in a hitherto colourless 
fungus. Several investigators, however, have reported 
changes in the balance and nature of carotenoids produced 
by mutant strains of coloured organisms, for example, in 
Neurospora crassa®, Rhodotorula rubra’, and Rhodopseudo- 
monas spheroides?. The genetic basis for the enzyme 
system involved in carotenoid production must be already 
present in the wild-type and the result of the mutation in 
M.5 apparently serves as a ‘trigger’ to the synthesis of 
these pigments. It may be significant that phytoene, a 
colourless polyene thought to be a possible precursor of 
carotenoids®, is present in both wild-type and mutant. 

Conidia of M.5 were further irradiated with ultra- 
violet, and, as well as obtaining a range of coloured 
mutants which remain the subject for further investiga- 
tion, a number of colourless revertants were produced. 
These revertants appear to have lost the ability to synthe- 
size carotenoids but retain their partial requirements for 
biotin, and phytoene was again present. During this 
work it was noted that suspensions of M.5 conidia required 
irradiation for almost twice as long as those of wild-type 
to achieve the same ‘killing effect’ (5 per cent survival). 
This observation was confirmed when mixed suspensions 
of both types of conidia (that is, wild-type and M.5) 
were irradiated for varying periods and plated out on to 
complete medium. At the higher dosages only M.5 
types developed. with the exception of a few colourless 
colonies which appeared with the same frequency as the 
revertants in parallel tests with M.5 alone. The difference 
in sensitivity to ultra-violet may be explained by the 
presence in M.5 of compounds which ‘screen’ the harmful 
effects of ultra-violet light. Further work will involve 
estimation of the relative proportions of ultra-violet 
absorbing substances such as ergosterol and phytoene 
shown to be present in conidia of both wild type and M.5. 

Thanks are due to Dr. B. H. Davies for his advice on 
extraction procedure. This research has been aided by 
grants from the Central Research Fund of the University 
of London. 

L. R. G. VALADON 
Botany Department, 
Royal Holloway College 
{University of London), 
Englefield Green, Surrey. ~ 
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VETERINARY SCIENCE 


Biliary and Hepatic Carcinomas in Bears at the 
San Diego Zoological Gardens 

OPPORTUNTITES for investigating, within narrow ecologi- 
cal limits, the natural occurrence of cancer in animals are 
not often available due to infrequency of disease, lack of 
diagnosis and environmental variation. A unique situation 
without these inadequacies has been observed at the San 
Diego Zoological Gardens. Since 1956 one grizzly bear 
(Ursus. horribilis) and four sloth bears (Melursus ursinus) 
have been afflicted with carcinoma of the biliary tract and 
liver. These five bears were confined to the same grotto 
for long periods of their lives. This grotto, indicated as 
No. 5, is one of eight bear grottoes at the Zoo (Fig. 1). 
Since 1931 the only other bears to occupy this grotto were 
a male grizzly named ‘Alec’, which revealed no tumour 
on autopsy, and five cubs which died soon after birth. 
Consequently, five of the six mature bears housed in this 
grotto during the 31-year period (1931-62) have developed 
a similar tumour. 

At the same Zoo two other cases with this type of 
tumour were found at autopsy and confirmed histopatho- 
logically. One was a 20-year-old female Malay sun bear 
(Helarctos malayanus) with an adenocarcinoma of the 
livert, She remained at the Zoo from 1929 until her death 
in 1947, but never inhabited No. 5 grotto. In 1962 a 
young male peaked mangabey (Cercocebus atterrimus) died 
with bile-duct adenocarcinoma. The mangabey had been 
housed in an area of the Zoo separate from No. 5 and 
other grottoes. Although these cases could share the same 
causation with grizzly and sloth bear cases, this communi- 
cation is confined only to those bears from No. 5 grotto. 

Pathological descriptions of the one grizzly bear case 
and the first sloth bear case have been previously re- 
ported®*, A review of the literature of neoplasms in wild 
and captive wild animals revealed only three other cases 
of biliary or liver tumours in bears. One was diagnosed 
as hepatoma in a male Kodiak bear (Ursus middendorfi)*. 
The remaining two cases were reported as carcinomas of 
the liver, both in bears at the London Zoological Gardens ; 
one died in 1914 and the other in 1916 (refs. 5, 6). It is 
interesting to note that Lombard and Witte’ do not report 
any tumours of the biliary system or liver in the 87 bears 
autopsied at the Philadelphia Zoological Gardens during 
1901-55. Likewise, earlier accounts from this same 
Zoo by Fox® and Ratcliffe’ do not include this disease 
of bears. As a result, five cases in the same grotto at the 
San Diego Zoo since 1956 seemed to be more than would 
be expected by chance and called for a more detailed 
examination. 

Table 1 lists pertinent features of the five cases. The 
order of listing is from top to bottom according to dates 
of death. After a similar history of inappetence, pro- 
gressive weakness and icterus, the bears were either killed 
or died as a result of the disease. In all these cases, 
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Fig. 1. Plan of bear grottoes 


autopsy revealed primary tumours of the liver and some 
part of the biliary system with metastasis to one or more 
other*sites. Subsequent microscopic examination con- 
firmed in each case that the tumour was a carcinoma. 

Two of the five cases, ‘Lottie’ and ‘Junior’, were born 
at the Zoo (Table 1). The three sloth bears, ‘Wynken’, 
‘Blynken’ and ‘Nod’, were captured in the Himalayan 
Mountains near the Tibet~India border. They were still 
cubs when received at the Zoo on April 15, 1953. The 
unaffected occupant of No. 5 grotto, ‘Alec’, was captured 
in the Yellowstone National Park and sent to the Zoo 
when approximately two years of age. 

The eight bear grottoes are located in a wooded area 
which provides a simulated natural habitat. Their physical 
relationship is shown in Fig. 1. Seven of the grottoes are 
situated in a canyon along the sides of a road. The No. 8 
grotto is more elevated and on level terrain, approximately 
50 yards from the nearest of the other grottoes. All are 
of similar construction with no recognizable physical 
feature to distinguish No. 5 grotto from the others. 

Fig. 2 schematically illustrates the duration of oceu- 
pancy in No. 6 grotto since 1931. A line for each adult 
bear represents the period starting with time of entry and 
ending with time of removal. ‘Alec’ was the first of this 
group to occupy the grotto and the only one to remain 
free of a tumour. He was placed there soon after being 
received in November 1931. When ‘Lottie’ attained 
maturity, she was moved to the grotto and mated with 
‘Alec’. They remained as sole inhabitants of the grotto 
for 19 years, except for a few days when four cubs were 
born. After their death and removal, ‘Lottie’ in May 1956 
and ‘Alec’ in June 1956, the grotto remained empty for a 
short period during which it was cleaned and disinfected. 

Next, the three sloth bears, ‘Wynken’, ‘Blynken’ and 
‘Nod’, were moved to No. 5 grotto from No. 8. They 
occupied No. 5 grotto until their deaths, the first of which 
occurred three years after the move. During this time 
other occupants were two offspring of ‘Nod’ and ‘Blynken’ 
mating. One cub died within 36 h after birth, and the 


CASE DESCRIPTIONS * 












Date of birth 
Name Species Sex or date Date of Age at Gross pathology Histopathological 
received at Zoo death death diagnosis 
‘Lottie’ Grizzly . Female Born May 16, 1956 21 years | Tumour of bile ducts and liver | Bile duct 
bear January 10, 1936 with widespread metastases carcinoma 
‘Nod’ Sloth bear | Male Received October 21, 1959 6 years , Tumour of liver and bile duct | Bile duct 
April 15, 1953 with metastases to omen- carcinoma 
i tum, pancreas and lungs | 
‘Wynken’ Sloth bear | Female Received January 23, 1961 | 8 years Tumour of liver and gall | Adenocarcinoma : 
- April 15, 1953 bladder with metastases to 
pancreas 
‘Blynken’ Sloth bear Female Received June 29, 1962 9 years Tumour of liver and gall | Adenocarcinoma 
April 15, 1953 bladder with metastatic 
peritoneal tumour plaques 
‘Junior’ Sloth bear | Male Born November 8, 1962 3 years Tumour of gall bladder and | Adenocarcinoma 
December 6, 1958 liver with widespread of biliary 
metastases tract 





* Source : San Diego Zoological Gardens’ records. 
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Fig. 2. Duration (years) of bear occupancy in No. 5 grotto 


other, ‘Junior’, survived almost four years, but was re- 
moved in October 1962 about a month before his death. 

It is evident that there was no direct contact between 
prizzly bears and sloth bears since death and removal of 
both grizzly bears occurred before the sloth bears were 
moved to No. 5 grotto (Fig. 2). However, indirect trans- 
mission of xtiological agents, via equipment used in both 
grottoes or animal keepers caring for both groups, cannot 
be ruled out. Such a mechanism could have operated 
during the 3-year period when grizzly bears were domiciled 
in No. 5 grotto and the three sloth bears in No. 8. In 
addition, influences from the general environment outside 
both grottoes were quite likely the same for each group. 
Although grizzly and sloth bears never lived together in 
No. 5 grotto, influences indigenous to this grotto and 
existent before and after the change were experienced by 
both groups of bears. 

Direct contact was possible between bears inhabiting 
No. 5 grotto and bears in No. 6 grotto through cracks 
around the dividing door. Also, bears were occasionally 
shifted between No. 5 and No. 6 grottoes for short periods 
of time. The grottoes were not routinely cleaned after 
such movements, thereby allowing reciprocal exposure to 
fresh body excretions. This is a greater degree of contact 
than was possible between the grizzly and sloth bears, 
yet there have been no tumours found in bears from 
No. 6 grotto. 

The San Diego Zoo case series appears to be a strikingly 
frequent occurrence of this disease. Since affected bears 
were confined to the same environment for most of their 
lives, a common causation is probable. Several hypotheses 
of causation have been considered and are now being tested. 

This work was supported by U.S. Public Health Service 
research grant CA 05924, from the National Cancer 
Institute. 

Note added in proof. Two recent articles have also 
described this condition in bears. Kronberger!’ reports a 
carcinoma of the liver and an adenocarcinoma of the liver 
in two Malay bears. A carcinoma of the gall bladder in a 
polar bear was described by Chiba et a@J.1}. 

C. RICHARD Dorn 
Cancer Field Research Program, 
State of California, Department of Public Health, 
Berkeley, California. 
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* Moulton, J. E, Cornell Vet., 51, 285 (1961). 
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424 (1960). 

$ Plimmer, H. G., Proc. Zool. Soc. London, 123 (1915). 
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A Rapid Procedure for Screening Unusual 
Penicillin-resistant Clinical Strains of 
Staphylococci 


THe increased number of resistant Staphylococci 
occurring in many parts of the world has led to the recont 
introduction of novel penicillins!-*, These penicillins are 
clinically effective against strains producing penicillinase 
(8-lactamase)*>, However, it has been shown that 
another means of resistance to penicillin, namely acylaso 
activity, exists in some bacteria’. Knox and Smith’ in- 
troduced a rapid screening test, differentiating penicil- 
linase producers from non-producers in a mixed popu- 
lation, based on the detection of acid formed from peni- 
cilin by penicillinase. This was rather non-specific, 
since acid could also be formed if any acylase were opera- 
tive? In consideration of this possibility, Foley and 
Porrot? reported a further test which involved absorption 
of iodine by penicilloic acid formed in the presence of 
B-lactamase. They suggested that the production of acid 
could be effected hy metabolic products, whereas iodine 
absorption would be a reaction specific for the detection of 
penicilloic acid. It may be possible, nevertheless, that 
some non-specific iodine absorption occurs when a very 
low concentration of iodine is used!*. Therefore, it 
seomed that some modifications in these methods of testing 
resistant strains were needed. Furthermore, such modifi- 
cations should be able to differentiate between B-lactamase 
and any other mechanism(s) of resistance. The presence 
of another mechanism might render ineffective the action 
of the novel penicillins. Thus, resistant mutants of 
clinical importance may be selected out, as has occurred 
with penicillin G. Methicillin resistance in Staphylococci 
has already been reported to be on the increase?!. 

This communication proposes a screening test for 
penicillin-resistant Staphylococci, which represents a 
combination and extension of the methods of Knox and 
Smith’ and of Foley and Perret”. Acid production and 
iodine absorption observed in the cultures after induc- 
tion are determined for a constant reaction time. 

Penicillin-resistant isolates are inoculated on a ‘Milli- 
pore’ filter (pore size, 0-3y.; Millipore Filter Corp., Bedford, 
Mass.) membrane which had been previously laid on a 
nutrient agar plate containing 5 1.0. of penicillin @ per ml. 
After overnight incubation at 37° C, the ‘millipore filter’ 
membrane is removed and placed on Whatman No. 1 
filter paper, previously saturated with ‘Orbenin’ (cloxa- 
cillin) at a concentration of 0-1 yg/ml., contained in a 
Petri dish. Enzyme induction!? is effected by maintaining 
contact for 1 h at room temperature. The ‘Millipore’ filter 
membrane is then placed in another Petri dish on to a 
filter paper saturated with a solution containing 25,000 
RU. penicillin G/ml. and 2 per cent Andrade’s indicator. 
The appearance of a pink colour in the vicinity of the 
developed colonies, within 30 min, indicates acid forma- 
tion. The location of these areas is marked on the bottom 
of the Petri dish. The ‘Millipore’ filter membrane is 
removed and the filter paper then re-used for the iodine 
absorption test. Iodine at a concentration of 0-08 M is 
mixed with an equal volume of 1 per cent starch solution. 
A volume of 0-02 ml. is then pipetted on to the filter paper 
at the positions above tho marked areas on the Petri dish. 
The disappearance of the blue colour at each position, 


Table 1. SCREENING OF PENIOILLIN-RESISTANT Staphylococci 
Modified method after induction 


Aola production Iodine absorption Acid production Iodine absorption 
No. of strains 
0 493 


Previous methods 


490 10 500 5 493 : 
Per cent 
98 2 100 0 89 J 98-6 1-4 
* Ref. 7. t Ref. 9. 
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Table 2. GROUPING OF UNUSUAL PENIOILLIN-RESISTANT Staphylococci 
Penicillin inactivation 
Strain ‘ — Penicillinase 
Group YO. Origin Source 9 Type ci Todine p i activi y * 
production absorption | Bioassay 
I FLQ3t Toronto, Ontario nasal swab I 29/52/80/82 + - | - : uit i 
A235 Edmonton, Alberta toe IIL 83.4 + /53 + - - nul 
Ir TGS + Toronto, Ontario nasal swab II 55/71 ~ - - nil 
A167 Barrhead, Alberta calf | IIL 428/78 - - - ni 
A236 Edmonton, Alberta incision It 3A - - - mi ' 
nr A34 Consort, Alberta abscess in ear Il 3B+ = - + nil 
$250 Battleford, Sask. sores I 62/81/82 ~ - + nil 
Control 755 Typical penicillinase producer I 8i + + + bo 








ta induction with penicillin, ug penicillin G potassium hydrol./min/ųag bact. N, Tucker’s iodometric method (ref. 18). 
arriers, 


within 15 min, denotes iodine absorption. The original 
penicillin-agar plate, which was used to incubate the 
penicillin-resistant strains on the ‘Millipore’ filter mem- 
brane, is now spread with a penicillin-sensitive strain’. 
The strain used is Staphylococcus aureus A.T.C.C. 6538, 
‘Peoria’ (sensitive to 0-05 1.c. penicillin G/ml.). If the 
penicillin in the vicinity of the colonies grown previously 
on the membrane were inactivated by these organisms to a 
level of less than 0-05 r.v. penicillin G/ml., ‘Peoria’ would 
grow on these areas. 

The procedure described would rapidly indicate: (a) 
acid production due to the formation of extra carboxyl 
groups which characterize B-lactamase or acylase activity ; 
(6) iodine absorption due to the formation of penicilloic 
acid as a result of B-lactamase activity; (c) inducibility of 
the enzymes responsible for these reactions; (d) destruc- 
tion of the anti-bacterial activity of the penicillin as 
determined by a biological method. 

The proposed combined test and the two original tests™? 
were carried out on 500 penicillin-resistant clinical 
isolates, of which 17 were obtained from carriers. These 
isolates were received from different regions in Canada. 
All strains wore positive for coagulase, gelatinase, mannitol 
fermentation and DNase, confirming their potential 
pathogenicity. The results of the screening tests are given 
in Table 1. 

The acid production method (A) was recommended for 
screening a mixed population of penicillinase producers 
and non-producers. However, using this test, 10 penicillin- 
resistant strains (2 per cent) would have escaped detec- 
tion since no acidity was observed for these strains within 
the recommended reaction time (2 h). Using only the 
iodine absorption method (B), all the strains would 
have been taken for penicillinase producers. 

By the combined method described here, it was found 
that, out of the 10 strains which were negative by method 
A, 2 strains could be induced to produce acid but not to 
absorb iodine, whereas 5 strains could not be induced to 
carry out either of these reactions. In these 7 strains, a 
mechanism other than penicillinase (8-lactamase) can be 
suspected. The remaining 3 strains were induced to 
produce acid and absorb iodine, and could, therefore, be 
classed among the @-lactamase producers. The 7 unusual 
penicillin-resistant strains are listed in Table 2. Those 
which were induced to form acid but not to absorb iodine, 
and are bioassay negative showing no apparent destruc- 
tion of penicillin, comprise Group I. The strains which 
could not be induced to either of these reactions, and were 
also bioassay negative, are placed in Group II, whereas 


those similar to Group II, but giving a positive bioassay’ 


result, indicating penicillin inactivation, form Group TII. 
The lack of B-lactamase activity in all the unusual strains 
was confirmed by a quantitative iodometric methods, 
Thus, the strains of Group I certainly do not exhibit 
B-lactamase activity, but can be suspected of producing 
an acylase. However, strains belonging to Groups II and 
IIT produce neither 6-lactamase nor acylase and therefore, 
according to our tests, must be suspected of possossing a 
unique mechanism of counteracting penicillin. Lack of 
penicillinase in penicillin-resistant Staphylococci (coagu- 


lase-positive) was also noted by Borowski" using a bio- 
assay method. 

Since the 7 unusual penicillin-resistant strains would be 
of particular interest, their places of origin and phage 
types are also given in Table 2. It can bo seen that they 
originated from different localities, and were isolated from. 
both carriers and patients. No common source of isola- 
tion or phage group could be assigned to them. 

The strains listed in Table 2 were found to be highly 
resistant to the novel penicillins, methicillin and cloxa- 
cillin, as determined by a plate-dilution method*. 

The possible clinical significance of the 7 unusual strains 
detected among the 500 screened (1-4 per cent) cannot be 
disregarded. The importance of the recommended seroen- 
ing method given here is further emphasized by tho fact 
that these poenicillin-resistant strains were also highly 
resistant to the novel penicillins. Unless such strains are 
detected, and note is taken of their unique means of 
resistance, the novel penicillins may favour thoir distri- 
bution. 

HANNAH FARKAS-HMSIEY 
S. DOEMILAH SOEPRIHATIN 


Department of Microbiology, 
School of Hygiene, 
University of Toronto, 
Toronto, Ontario. 


MORRIS GOLDNER 
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Immunofluorescent Identification of Clostridium 
botulinum 


Tue detection of Clostridium botulinum usually involves 
culturing the suspect sample, and then testing the culture 
for the presence of botulinum toxin. The toxin is identified 
by mouse protection tests using specific botulinum anti- 
toxins', a procedure complicated by the known existence 
of six different types of Cl. botulinum’, each with its specific 
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Table 1. STAINING or Cl. botulinum WITH UNABSORBED VEGETATIVE CELL 
ANTISERA 
Cultures Cl. botulinum Cl. botulinum Cl. botulinum 

Type 4 Type B Type D 

Antisera 

Cl. botulinum Type A +++ ++ +4 

CL botulinum Type B ++ +++ ++ 

Ci. botulinum Type D _ ++ +++ 


toxin. These culture and mouse inoculation procedures 
require much time and special animal facilities, and greatly 
hinder experimental work with Cl. botulinum. 

The immunofluorescence technique has been useful in 
shortening lengthy test procedures for other pathogens**. 
We therefore investigated its possible application to the 
rapid identification of Cl. botulinum. Antisera were pre- 
pared in rabbits against heated vegetative cells of Cl. 
botulinum Types A, B and D, according to the method of 
Starin and Dack’, Using the indirect immunofluorescence 
technique’ each of the three antisera were tested for stain- 
ing of the three Cl. botulinum types. Table 1 records the 
intensity of staining of vegetative cells. In some cases 
the antisera also stained the flagella of the cells, but this 
flagellar, staining was ignored as it seemed less likely to 
permit type identification. Spores of the three botulinum 
types were only slightly stained by the vegetative cell 
antisera. The most striking feature noted at this stage 
was the strong cross-staining between Types A and B. 
This feature, together with the appearance of spores and 
flagella, were also reported by Walker and Batty’, who, 
however, did not obtain cross-staining between Types D 
and B. Our botulinum antisera were also tested for stain- 
ing of other clostridia, namely, Cl. welchit, Cl. bifermentans, 
three strains of Cl. sporogenes, Cl. septicum, Cl. tetanus 
and Cl. butyricum. One of the three Cl. sporogenes showed 
signs of cross-staining with the botulinum Types A and 
B antisera. None of the other clostridia was stained by 
the three botulinum antisera. 

Selective absorption was then tried as a means of 
eliminating unwanted cross-staining of vegetative cells, 
for example, Type A antiserum was absorbed with Type 
B cells, and Type B antiserum was absorbed with Type 4 
cells. Where necessary absorption was also used to remove 
staining of Cl. sporogenes. Best absorptions resulted when 





Fig. 1. Cl. botulinum Type A stained by the indirect immunofluorescence 

technique, using Type A vegetative cell antiserum absorbed with Type B 

cells. Photographed on Kodak Tri-X with the Reichert fluorescence 

microscope, using dark ground ilumination BG 12/4 mm exciter and 
an orange barrier filter. (x 3,000) 
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serum plus cell suspension mixtures were slowly agitated 
for 18 h at 30° C. Stationary absorptions were some- 
times unsuccessful, as the cells tended to settle out of the 
serum before the absorption was complete. 


Table 2. STAINING oF Cl, botulinum WITH ABSORBED VEGETATIVE CELL 
Cultures Cl. botulinum Cl. botulinum Cl, botulinum 
s Type A Type B Type D 
Antisera 
Cl. botulinum Type A +++ = = 
Cl. botulinum Type B — +++ eE 
Cl. botulinum Type D — = t+ 


Table 2 shows the staining obtained with absorbed 
antisera. The strong cross-reactions between Types A 
and B were completely eliminated, although specific stain- 
ing of the homologous types was still as strong as before 
(Fig. 1). Absorption with Cl. sporogenes also eliminated 
staining of this organism, without impairing staining of 
the botulinum cells. 
The specific staining obtained with our absorbed antisera 
suggests that the immunofluorescence technique would be 
useful for the rapid identification of Cl. botulinum in 
culture media or in foodstuffs. For example, we have 
successfully detected vegetative cells of Cl. botulinum A 
in toxic meat, previously inoculated with spores of this 
organism. This examination was made on smears taken 
directly from the meat, and provided the identification 
within 1 h of sampling, as opposed to the 12—24 h that 
is required for the demonstration of botulinum toxin by 
mouse inoculation tests. 
This technique might also be valuable for the very 
rapid detection and typing of Cl. botulinum in foods 
examined during suspected incidents of botulism. 
MARGERY Boorwroyp 
D. L. GEORGALA 

Unilever Research Laboratory, 

Colworth House, 
Sharnbrook, Bedford. 
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CYTOLOGY 


Isolation of a HeLa Sub-strain exhibiting 
Stem-lines of 138 and 148 Chromosomes 


In Hela strains, the lowest stem-line reported is 68 
(refs. 1 and 2), and the highest stem-lines recorded havo 
been 81-90 (refs. 1, 3 and 4), whereas the highest stem-line 
reported for long-term cultures of human cells (originally 
obtained from human synovial lining) is 133 (ref. 5). In 
this laboratory investigations are being undertaken on the 
possibility of ‘transformation’ of mammalian cells in 
culture by treating HeLa cells with cell-free preparations 
obtairied from characteristic sub-lines. 

In contrast to the above data, one of the treated HeLa 
cultures herein reported exhibited stem-lines of 138 and 
148 chromosomes, and an average chromosome number of 
144. These characteristics remained stable without 
further treatment over many months of culture. 

HeLa cells were grown on a glass surface in milk- 
dilution bottles in the medium of Eagle! supplemented 
with 10 per cent human serum, after an initial inoculation 
of 50,000 cells per 8 ml. medium as previously described’. 
Cell strain Hu, inhibited in growth by several steroid 
hormones including testosterone, and a sub-line (é) 
selected from it which is resistant to the presence of 
testosterone’? were cultured. Four bottles of sub-line ż 
(approximately 20 x 10° cells) were collected, suspended 
in 5 ml. of Hagle’s medium in a small, tightly stoppered 
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plastic tube, and disrupted by sonication for 10 min in a 
Raytheon model DF 101, 250-W 10-ke/s sonic oscillator. 
The clear cell extract was freed from debris by centrifuga- 
tion, and then sterilized by filtration through a ‘Millipore’ 
filter adapted to a glass syringe. 1-0-ml. volumes of tho 
sterile extract were then added to newly inoculated 
cultures of strain Hu. In one particular culture the 
majority of the newly inoculated cells died and only a 
few individual cells and scattered colonies were observed 
five days later. However, at the end of two weeks, suffi- 
cient growth was present for collecting. The cells were 
re-cultured in milk-dilution bottles once again, and then 
inoculated into 6 Leighton tubes for chromosome studies 
by methods previously described*. Strain HuH was used 
for comparative examination. 

It has been previously reported that from a HeLa cell 
strain (strain Hu) containing a stem-line of 68 chromo- 
somes, sub-lines have been selected which exhibit 74 
chromosome stem-lines; one such sub-line is HuH-t (ref. 
2). In the work recorded here, strain Hu has been 
cultured in the presence of cell-free extracts of sub-line 
HuE-t for a period of 3 days, and thereafter grown in the 
absence of further treatment. It was observed that, in 
comparison with control, untreated cultures, relatively few 
cells of this particular treated culture stuck to the glass 
surface, and only a few colonies were observed after 6—7 
days, at which time the control culture had sufficient 
growth for gathering. Growth, however, did occur and 
cultures were obtained in which the cells were significantly 
larger than the controls, and which grew at approximately 
half the rate of the untreated cultures: this culture has 
been called HuH-t2. Chromosome counting was carried 
out on 100 metaphase cells of sub-strain HuH-i2 and 300 
cells of strain Hu, selected at random from the total 
populations. Because of the large chromosome numbers 
in the cells of sub-strain HuH-t2 and, in consequence, the 
unavoidable errors in counting, chromosome numbers have 
been grouped in fives, so that a chromosome number of 68 


Table 1. NUMBERS OF CHROMOSOMES IN CELLS OF HELA STRAINS HuE 
AND HuE-t2 
No. of 
chromosomes Percentage of cells* 
per cell Strain ZuE Sub-strain HuE-t2 
48 — — 
53 0-3 — 
58 87 — 
63 11-0 10. 
68 54:3 — 
73 18-3 108 
78 70 — 
83 8-0 — 
88 0'3 1-0 
93 03 — 
98 0-3 — 
103 0:7 — 
108 — 1-0 
118 — — 
118 0-3 3-0 
123 — 5-0 
128 — 5:0 
133 03 5-0 
138 ~— 15°0 
143 — 10-0 
148 — 19-0 
153 — 13-0 
158 — 11-0 
163 _ 40 
168 — 2-0 
173 — — 
178 aod — 
183 -— 1-0 
188 — 20 
193 — 1:0 
198 — — 


* Strain HuE, 300 counted; strain HuF-t2, 100 counted. 

The numbers refer to the combined values within a group of five actual 
counts. Examples: cells with 68 chromosomes refers to the total number 
of cells with actual counts of 66, 67, 68, 69 and 70 chromosomes. Similarly, 
cells with 148 chromosomes refers to cells with actual counts of 146, 147, 
148, 149 and 150 chromosomes. 


Table 2. CHROMOSOME CHARAOCTERISTIC8 OF HELA STRAIN Hu AND 
SUB-STRAIN HuE-t2 
No. of Percentage No. Average Variation 
Cell cells Stem-lines of cells with chromosome of 
strain counted stem-lines No. extremes 
HuE 300 68 54-8 70 53-183 
HukE-12 100 138 ; 148 15-0 ; 19-0 144 63-193 
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is represented by the total number of cells having actual 
counts of 66, 67, 68, 69 and 70. Such groupings causo no 
significant differences to the data published previously on 
strain HuE and HuE-t (ref. 2), except that in the latter 
sub-line while actual counting showed a peak at 74. the 
scheme of grouping into five would give rise to a chromo- 
some peak at 73. It has, however, been done for purposes 
of comparison with sub-strain #2. Table 1 compares the 
chromosome numbers of the cell population of strain Hu 
and HuH-i2, and is plotted in Fig. 1. The results show 
(Table 2) that in comparison with the untreated culture 
which has a stem-line of 68 and an average chromosome 
number of 70, the sub-strain #2 exhibits two peaks at 138 
and 148, with an average chromosome number of 
approximately 144. Table 2 also shows the variation of 
extremes in chromosome number, 53-133 and 63-193 for 
the control and the treated cells, respectively. Such 
results are in contrast to the highest HeLa stem-line of 
81-90 previously reported!-?4, and also to the highest 
chromosome number (150) recorded for HeLa cellst4, 
with the exception of a previous report on sub-line Hult, 
in which one cell with 220 and one cell with 570 chromo- 
somes were observed in 200 cells counted?. In sub-strain 
t-2, 34 per cent of the cell population have chromosome 
numbers greater than 150. 

The mechanism underlying the influence of the cellular 
extract on the chromosome number of the HeLa cells is 
not known. The cells of sub-strain t-2 were mononuclea- 
ted, and, while DNA estimations were not undertaken. 
the chromatin masses in the division phases of sub-strain 
t2 were much larger than those observed in the untreated 
cells of strain-HuZH, or indeed of sub-line#. In strain HuH 
approximately 2 per cent of the cells have chromosome 
numbers of more than 100, the greatest number being 133. 
It is possible that the early cellular environment was toxic 
to the majority of the cells and resulted in cell selection and 
increased polyploidy to give cultures characteristic of ¢-2, 
wherein 97 per cent of the cells contain more than 100 
chromosomes, with approximately 80 per cent having 
more than 133 chromosomes. On the other hand, it 
should be pointed out that in several experiments, treat- 
ment of strain Hui (68 stem-line) with cell-free extracts 
of sub-lines having a 74 stem-line, resulted in cultures 
exhibiting a bimodal character with peaks at both 68 and 
74, without significant alterations in growth rate or delays 
in growth upon treatment’. In this respect, and because 
of the relatively low initial population of cells containing 
74 chromosomes in strain Hu, such changes may not be 
due solely to a process of cell selection, but might involve 
cellular alterations stimulated by the components in tho 
extract, perhaps in ways similar to transformation in 
micro-organisms. It is, therefore, of interest that the 
sub-strain #2 contains stem-lines of 138 + 2 and 148 + 2; 
that is double the 68 and 74 stem-lines. 
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Lineage of Embryonic Chick Erythrocytes 
by Means of Autoradiography 


Iy an atlas of avian blood cell formation, Lucas and 
Jamroz! have illustrated the erythrocytes of the chicken 
embryo during the course of development. I have 
reported similar observations? and have extended the 
examination of these cells to include histochemical data’. 
The undisputed conclusion from these investigations is 
that there are two lines of erythroid colls during chicken 
embryogeny, with the definitive line replacing the primitive 
one at 6-8 days of development, except for some mature 
elements of the primitive sories which persist until 
approximately the thirteenth day. 

The work recorded here arose from an observation 
made previously‘ that there persists in chick embryos an 
erythrocyte stem cell capable of synthesizing DNA beyond 
the time whon division of red blood cells ceases. Since 
these cells take up DNA, precursors but no longer undergo 
mitosis, the opportunity of studying their fate through an 
autoradiographic analysis prosented itself. This work 
reveals information supplementing that obtained prev- 
iously based on cell counts. 

Blood samples were withdrawn from yolk sac or 
chorioallantoic vessels of White Leghorn chick embryos of 
ages 5-9 days in a manner described previously, and 
incubated in the presence of tritiated thymidine for a 
period of 1 h (ref. 4). The blood cells were then isolated 
by centrifugation, washed on three occasions with cold 
Ringer’s solution to got rid of plasma radioactivity, and 
mixod with a volume of fresh, unlabolled plasma equal to 
that in the original samples. Five to twenty ul. (depending 
on the stage of embryos) of the reconstituted blood con- 
taining the labelled cells were injected into yolk sac 
(5-day embryos) or chorioallantoic (6- to 9-day embryos) 
venous circulation in ovo. Donor and recipient embryos 
were always the same age. Tho holes in the shells of the 
recipients were sealed with a transparent tape and the 
embryos were permitted to develop for additional periods. 
Wo have examined the blood of 5-8-day recipients during 
tho first 2 days after injection, and have extended the post- 
operative investigation up to 10 days on 9-day recipients. 
Smears of blood were made, the cells were fixed with 
absolute methanol, and the slides were dipped in NTB-2 
(Kodak) emulsion at 39° C. After an exposure period of 
6 days in the cold, the autoradiograms were developed in 
D-19 (Kodak), fixed, and stained with either toluidine 
blue or fast green. 

The results are illustrated in Figs. 1-8. Approximately 
30-35 per cent of the red blood cells of 5-day donors con- 
tained labelled DNA. Figs. 3, 5, and 6 reveal that small, 
basophilic cells in the blood of 7-, 8-, and 9-day embryos, 
respectively, also took up the precursor. These cells have 
lost the ability to divide but have retained the capacity 
to synthesize DNA*. These are the cells which were 
injected into hosts of the same age as the embryos from 
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Fig. 1. Red blood cells of the 5-day embryo. Wright's stain 


Fig. 2. Smear showing labelled erythrocytes from the circulating blood 

of a 5-day embryo given labelled 5-day cells and incubated for an 

additional 2 days. Cella labelled are mature, primitive erythrocytes. 
Fast green stain 


Fig. 3. Blood of a 7-day embryo following incubation in the presence 

of tritiated thymidine, washing and the addition of fresh plasma. 

The blood is ready for injection into 7-day host circulation. Note 
that only small cells are labelled. Toluidine blue stain 


Fig. 4. A smear of 8-day embryo blood. The arrow indicates the type 
of cell shown in Figs. 3 and 5 that becomes labelled through the synthesis 
of DNA. Wright’s stain 


Fig. 5. Type of blood (from 8-day embryo) injected into 8-day hosts. 
Again note that small cells with basophilic cytoplasm are the only ones 
labelled. Toluidine blue stain 


Fig. 6. A labelled 9-day sere: at time of injection, Fast green 
sta 


Vig. 7. Labelled mature, primitive erythrocytes among non-labelled 
definitive erythrocytes from a 9-day recipient injected with 9-day cells 
1 day previously. Toluidine blue stain 


Fig. 8. Smear of blood from a 9-day recipient injected with labelled 
9-day embryo cells and incubated for an additional 5 days. Total 
age of the embryo was thus 14 days. Note that silver grains are over 
a mature cell of the definitive line. Fast green stain 
il Figs. are x 90) 


which they were taken. Figs. 1 and 4 show the general 
features of erythrocytes from normal 5- and 8-day 
embryos for comparison. 

An examination of Figs. 2, 6, and 7 will reveal that after 
1 and 2 days in circulation the blast cella have become 
transformed in all instances into the large mature erythro- 
cytes of the primitivo cell line. Finally, in Fig. 8, there is 
evidence that, on further culture in ovo, these mature cells 
of the early line have the capacity to become mature colls 
of the definitive cell line. 

Thero is no evidenco in the present work that all poly- 
chromatic cells of the primitive cell line aro transformed 
into mature cells of the early series and then into mature 
cells of the definitive line. An extremely tedious counting 
procedure would be necessary before any conclusion in 
this regard could be reached. Evidence is presented here. 
however, that certain blast celis found in the blood -of 
embryos, at the timo of the eclipse of the primitive series, 
mature into cells which are indistinguishable from the 
mature, primitive erythrocytes, and then differentiate 
further into mature, definitive red blood cells. The assump- 
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tion that one might make that the primitive erythrocyte 
line is entirely replaced, through loss, by the definitive 
line, is not valid. 

This work was supported by U.S. Public Health Service 
grant H 7027-02. 
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PSYCHIATRY 


Failure to detect 3,4-Dimethoxyphenylethyl- 
amine in the Urine of Schizophrenics 


Friedhoff and Van Winkle’? have reported the presence 
of 3,4-dimethoxyphenylethylamine in the urine of 15 of 19 
schizophrenic patients, while they could not find this 
amine in the urine of 14 normal subjects. More recently 
these authors’ have reported the urinary excretion of 
radioactive 3,4-dimethoxyphenylethylamine and 3,4-di- 
methoxyphenylacetic acid by 5 schizophrenic patients 
after the intravenous administration of radioactive 
3,4-dihydroxyphenylethylamine (dopamine). Takesada 
et al.4, using a different technique for the recovery of 
amines from urine, found 3,4-dimethoxyphenylethyl- 

_ amine in the urines of 70 of 78 schizophrenic patients, but 
detected it also in the urines of 21 of 46 normai subjects. 

We have been interested in exploring further the 
relationship between schizophrenia and the urinary 
excretion of 8,4-dimethoxyphenylethylamine, both be- 
cause it seems probable that metabolic errors underlie some 
forms of psychosis, and because this particular amine is 
known to have a marked effect on the central nervous 
system when administered to experimental animals*-®. 
In our earlier investigations, 3,4-dimethoxyphenylethyl- 
amine had not been detected in the urines of 18 non-' 
hospitalized juvenile psychotics’, nor had it been found in 
the-urines of normal children®. 

Urine was collected over a 48-h period from 10 schizo- 
phrenic patients who had recently been admitted to a 
hospital for the mentally ill. These patients, equally 
divided between men and women, ranged in age from 13 
to 50 years. Each patient was acutely psychotic, and the 
diagnosis of schizophrenia was confirmed by two or more 
competent psychiatrists. Urine was collected from 9 of 
the patients after they had been maintained for at least 
5 days on a diet which excluded all fruits, vegetables, and 
flavouring agents. These 9 patients received no drugs, 
except paraldehydo or chloral hydrate, but several had 
been given chlorpromazine as recently as 7 days before 
urines were collected. The remaining patient consumed a 
normal diet, and was receiving phenelzine as a monoamine 
oxidase inhibitor. Great care was taken to freeze each 
urine specimen immediately after it was voided, and all 
urines were kept continuously frozen at — 20° C until 
they were analysed for their amine content. 

Amines were analysed in each of the schizophrenic 
urinos, using the procedure of Perry et al.*. Briefly, the 
freo amines in a 500 mg creatinine equivalent of urine 
(that volume of urine containing 500 mg of creatinins) 
were adsorbed on the cation oxchange resin ‘Amberlite 
CG-50’, type 2, H+, and after the acidic and neutral 
compounds of urine had been washed off the resin in a 
column with water, the adsorbed amines were eluted with 
4 N acetic acid. The spent urine was adjusted to pH 0-5, 
and was hydrolysed for 1 h at 120° C in order to free con- 
jugated amines present in urine. After the hydrolysed 
urine had been adjusted to pH 6-5, it was again treated 
with ‘Amberlite CG—50’, the resin was washed with water, 


NATURE 


519 


and the adsorbed amines were eluted with 4 N acetic acid. 
Eluates were lyophilized to dryness, and the resulting 
amine concentrates were desalted by extraction with 
ethanol and acetone. The concentrates of the frec and of 
the conjugated amines in urine were each subjected to 
two-dimensional paper chromatography, using the solvent 
systems 2-methyl-3-butyn-2-ol/formic acid/water (75 
5 : 20) followed by n-butanol/acetic acid/water (12 : 3 : 5), 
and n-butanol/acetic acid/water (12 : 3 : 5) followed by 
isopropanol/jammonium hydroxide/water (8 : 1 1). 
Compounds were located on paper chromatograms with 
ninhydrin-lutidine reagent. 
3,4-Dimethoxyphenylethylamine was not detected in 
either the free or conjugated amine concentrates of any of 
the 10 schizophrenic urines. In two of those urine concen- 
trates, ninhydrin-positive compounds were present which 
had Rp’s in each of the three solvents almost identical 
to that of authentic 3,4-dimethoxyphenylethylamine. 
Appropriate sprays indicated that these were neither 
phenolic nor indole amines. Subsequent ion-exchange 
column chromatography®, however, clearly demonstrated 
that these ninhydrin-positive compounds were not 3,4- 
dimethoxyphenylethylamine. 

At this point it seemed possible that 3,4-dimethoxy- 
phenylethylamine had not been detected in the 10 schizo- 
phrenic fines studied, either because the compound was 
not recovered from urine by adsorption onto ‘Amberlite 
CG-50’, or because insufficient amounts of the amine con- 
centrates had been. applied to paper chromatograms. It 
was found that 50 per cent of authentic 3,4-dimethoxy- 
phenylethylamine added to raw urine could be recovered 
by the technique employed. Since the urinary amine 
concentrates prepared in this manner contained consider- 
able amounts of a large variety of amines, it was not 
practical to apply more than a 25-mg creatinine equivalent 
to a single chromatogram. It was estimated that tho 
schizophrenic patients would have had to excrete not less 
than 100 ug of 3,4-dimethoxyphenylethylamine daily for 
the compound to have been detected by the technique 
described above. This is 2-5 times greater than that 
reported by Friedhoff and Van Winkle? for their patients. 

Each of the 10 urines collected from schizophrenic 
patients was then processed by the method of Friedhoff 
and Van Winkle??, in which amines are extracted from 
urine into chloroform at pH 9. The recovery of authentic 
3,4-dimethoxyphenylethylamine added to urine and 
extracted by this method was found to be about 85 per 
cent. Since the number of urinary amines extracted into 
chloroform is less than that recovered by adsorption on to 
‘Amberlite OG—50’, it was possible to place on each chroma- 
togram extract equivalent to a volume of urine containing 
100 mg of creatinine. Chromatograms were developed 
both with ninhydrin-lutidine, and with the combination of 
reagents recommended for 6-phenylethylamines by 
Friedhoff and Van Winkle”, 3,4-Dimethoxyphenylethyl. ` 
amine could not be detected by two-dimensional paper 
chromatography in any of the schizophrenic urines. 

Finally, equal portions of the chloroform extracts from 
each of the 10 schizophrenic urines were pooled, and tho 
whole, representing an original volume of urino containing 
approximately 2,000 mg of creatinine, was subjected to 
ion-exchange column chromatography’. ‘Amberlito CG@-- 
50° was buffered at pH 6-32 with pyridine acetate, 0-1 
normal in respect to acetic acid. A 45 cm x 0-9 cm 
column of this resin was poured in a jacketed column, and 
the chromatogram was developed with pH 6-32-0-1 N 
pyridine acetate, at a flow rate of 10 ml./h and at a tem- 
perature of 40° C. Under these conditions, authentic 3.4- 
dimethoxyphenylethylamine was always eluted from the 
resin column at an effluent volume of 112-126 ml.. and 
recovery of the authentic compound was about 95 per cent. 
A number of urinary amines which are very difficult to 
separate by means of two-dimensional paper chromato- 
graphy are eluted from the ion-exchange column at widely 
different effluent volumes, a property which has been 
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helpful in confirming their identification. An additional 
advantage of this technique is that since individual 
amines are separated from & complex mixture of urinary 
amines, material derived from a much greater quantity of 
original urine can later be subjected to paper chroma- 
tography. 

When. the pooled chloroform extracts of 10 schizo- 
phrenic urines were subjected to ion-exchange column 
chromatography, no 3,4-dimethoxyphenylethylamine was 
detected in the effluent zone in which the compound should 
have been eluted had it been present in the extracts. Since 
as little as 1 or 2 ug could have been detected in this 
effluent zone, it is likely that if 3,4-dimethoxyphenyl- 
ethylamine was present in the urines of the 10 schizo- 
phrenic patients at all, it occurred in an average concen- 
tration of not more than 1 pg/1,000 mg creatinine equiva- 
lent. 

Other experiments in progress have demonstrated that 
many amines excreted in normal human urine are derived 
from dietary plant sources, or as a result of enzymatic 
activity’ by intestinal bacteria. Unlike the subjects 
examined by Friedhoff and Van Winkle’? and by Takesada 
et al.4, all except one of our patients had been on a 
strictly plant-free diet for some time before, as well as 
during, the period of urine collection. In addition, all of 
them had very recently been admitted to hospital, and 
they may have had insufficient opportunity to acquire an 
intestinal flora, characteristic of chronically hospitalized 
psychotics. This may account for our failure to detect 
3,4-dimethoxyphenylethylamine in the urine of schizo- 
phrenics, 

Since Friedhoff and Van Winkle? have reported the 
conversion of intravenously injected dopamine to 3,4- 
dimethoxyphenylethylamine in schizophrenics, and since 
banana is known to contain appreciable quantities of 
dopamine", it seemed possible that this fruit might serve 
as an indirect dietary source of urinary 3,4-dimethoxy- 
phenylethylamine. A normal adult male was fed 1,054 g of 
banana pulp (12 bananas) during a 30-min period, after 
having been for 5 days on a plant-free diet. Urine was 
collected for 12 h after the ingestion of banana, and a 
300-mg creatinine equivalent was extracted by the 
method of Friedhoff and Van Winkle!*. The extract was 
subjected to ion-exchange column chromatography as 
described above, and appropriate zones of the column 
effluent were then chromatographed two-dimensionally on 
paper. No 3,4-dimethoxyphenylethylamine was detected, 
although the dopamine metabolite 3-methoxy-4-hydroxy- 
phenylethylamine was present in the extract. i 

Although the number of patients we have examined is 
small, we think it unlikely that the urinary excretion of 
3,4-dimethoxyphenylethylamine is characteristic of schizo- 
phrenia, or that this amine is causally related to the mental 
dysfunction of schizophrenia. ; 

This work was supported by grants from the Medical 
Research Council of Canada, and the Richard W. Lippman 
Memorial Fund. We thank Dr. James G. Foulks for 
advice. THOMAS L. PERRY 

SHIRLEY HANSEN 
LYNN MACINTYRE 
Department of Pharmacology, 
University of British Columbia, 
Vancouver 8. 
1 Friedhoff, A. J., and Van Winkle, E., Nature, 194, 897 (1962). 
ig Friedhof, A. J., and Van Winkle, E., J. Nerv. and Ment. Dis., 135, 550 
‘yoda A, J., and Van Winkle, E., Nature, 199, 1271 (1963). 
1 Takesada, M., Kakimoto, Y., Sano, I., and Kaneko, Z., Nature, 189, 203 
me Ds Gunn, J. A., and Virden, C. J., J. Physiol., 76, 224 (1932). 
* Ernst, A. M., Nature, 198, 178 (1962). 
? Perry, T. L., Science, 189, 587 (1963). 
" Perry, T. L., Shaw, K. N. F., Walker, D., and Redlich, D., Pediatrics, 
30, 576 (1962). 
? Perry, T. L., and Schroeder, W. A., J. Chromatography, 12, 358 (1963). 
19 Friedhoff, A. J., and Van Winkle, E., J. Chromatography, 11, 272 (1968). 


u Udenfriend, S., Lovenberg, W., and Sjoerdsma, À., Arch. Biochem, Bio- 
Phys., 85, 487 (1959). i 
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TuE identification of 3,4-dimethoxyphenylethylamine in 
human urine! has been confirmed by published reports 
from two other laboratories, each using methods different 
from ours??, We have now analysed more than 250 urine 
samples from acute schizophrenic patients. The findings in 
these studies are consistent with our original data. In 
addition we have isolated sufficient quantity of 3,4- 
dimethoxyphenylethylamine from pooled urine obtained 
from schizophrenic patients to obtain a melting point 
(hydrochloride m.p. 152°-154° C). Therefore, the presence 
of this compound in urine would seem to be well estab- 
lished. Perry etal. imply that their failure to find 3,4-dimeth- 
oxyphenylethylamine in 10 patients on a plant-free diet 
demonstrates that this compound is of plant origin. 
However, they have not shown that they are able to detect 
3,4-dimethoxyphenylethylamine in subjects eating a diet 
that includes plants. It is, therefore, not possible to 
assess their techniques in the face of the many analytical 
hazards involved in detecting a few micrograms of an 
amine in large volumes of urine. Our own in vivo and 
in vitro investigations using isotopes provide evidence that 
3,4-dimethoxyphenylethylamine is of endogenous origin‘. 
As we have pointed out previously, the significance of 
these findings in the genesis of schizophrenia cannot at 
present be assessed. 

ARNOLD J. FRUEDHOFF 
Exyora Van WINKLE _ 


Department of Psychiatry and Neurology, 

New York University 

School of Medicine, 

New York. 

1 Friedhoff, A. J., and Van Winkle, E., Nature, 194, 897 (1962). 
Takoni M., Kakimoto, Y., Sano, I., and Kaneko, Z., Nature; 199, 203 
eat? an and MocGeer, P. L., Biochem. Biophys. Res. Comm., 14, 227 
“Friedhoff, A. J., and Van Winkle, E., Nature, 199, 1271 (1963), 


MISCELLANEOUS 


“Preservation of Starch-gel Electrophoresis 
Strips 


In their recent communication!, Dangerfield and 
Faulkner state that for plasticizing of starch gels “the use 
of glycerol—acetic acid solution without gelatin or agar is 
possible, but leads-to contraction and distortion.” 

A method which avoids distortion of pherograms on 
starch gels during plasticizing with glycerol-acetic acid 
solution has recently been published?. According to this 
method the thin gel layer which has been rinsed free of 
background stain is immersed in an aqueous solution of 
15 per cént glycerol and 2 per cent acetic acid for 30 min, 
then placed on a glass plate and covered with a thin, 
water-permeable, transparent or translucent cellulose 
sheet for drying in a warm air stream (at 50° C to 55° C). 
The borders of the cellulose-covered gel should be weighted 
for the first fow hours of drying in order to avoid warping. 
The drying process is accompanied by a slight but three- 
dimensionally uniform contraction, and there is no dis- 
tortion at all. For interpretation of a pherogram a slight, 
uniform contraction is non-interfering and insignifi- 
cant, 


Ernst W. Baur 


Mental Health Research Institute, 
Fort Steilacoom, 
State of Washington. 
t! Dangerfield, W. G., and Faulkner, Gillian, Nature, 200, 388 (1963), 
2 J. Lab. Clin. Med., 40, 166 (1963). 


WHEN a conventional starch strip washed in glycerol 
solution is placed on a glass or ‘Perspex’ plate and dried, 


mep 
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one of two difficulties almost always arises: either the 
strip adheres firmly to the rigid base, comes under increas- 
ing tension as it dries and finally tears or, alternatively, it 
becomes detached along its edges which curl up and the 
strips become distorted. The method we published for 
overcoming these difficulties is to strengthen the gel by 
impregnation with gelatin. Dr. Baur’s method of starch- 
gel electrophoresis affords an alternative solution to this 
problem. He prepares his starch gel as a relatively large 
thin sheet on a cellulose backing and several hemoglobin 
or serum specimens are run side by side on this sheet. The 
cellulose backing supports the gel and prevents tearing 
during manipulation and drying, and having several strips 
united in one sheet reduces the difficulty that arises from 
the curling edges. 

It is possible to dry conventionally prepared strips by 
an adaptation of Dr. Baur’s technique. The strips are 
soaked for a few hours in a solution containing 15 per 
cent glycerol and 3 per cent acetic acid, then placed 
between two strips of cellulose dialysis membrane, for 
example, ‘Visking’ tubing, which have been wetted in the 
same glycerol-acetic acid solution. The cellulose should 
overlap the starch by about 2 cm in all directions. The 
‘sandwich’ of cellulose and starch is laid on a glass plate, 
air bubbles are squeezed out, and the cellulose fastened 
at its borders to the glass with spring clips. 

Drying can be accelerated by the use of a warm air 
current, but the sandwich should be turned over once or 
twice during drying so that evaporation will occur altern- 
ately from the two surfaces; this is done to prevent the 
dried strips from curling. Strong pliable transparent 
strips are obtained in this manner, which is simpler than 
the gelatin method. 


W. G. DANGERFIELD 


Department of Pathology, 
North Middlesex Hospital, 
Edmonton, 
London, N.18. 


~ Double-exposure Photography 


THE velocity of a moving object may be determined by 
taking two photographs of it on the same photographic 
emulsion separated by a known interval of time and 
measuring the distance through which the image has 
moved. Double-exposure photography of non-luminous 
objects can be carried out with transmitted light where the 
camera lens is presented with a silhouette of the object 
against a light background, or with some other type of 
lighting such as frontal illumination, where the object 
appears bright against a dark background. 

Where transmitted light is used, double exposures 
cause each image to be partially fogged by the other 
exposure. The negative is consequently degraded, and 
the resulting increase in graininess limits the accuracy to 
which the edges of the images may be identified. This 
difficulty is obviated with the second type of lighting, but 
with the limitation that the displacement of the image must 
be greater than its dimension in the direction of movement. 
Because of their nature certain types of events require 
the two images to be partially or completely superimposed. 
For example, the movement of closely spaced particles 
produces a negative which is difficult to interpret if the 
displacement of each image is greater than its size. 
With other phenomena, such as crystal growth or dissolu- 
tion, stationary objects grow or contract in size. 

This problem can be resolved by using some form of 
colour separation!“ whereby each image may be indi- 
vidually examined. However, a simpler solution consists 
of using both forms of lighting according to the following 

‘ procedure. 

In Fig. 1, A is an object moving in the direction shown. 

A photograph is first taken with lamp (1) so that only the 
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POSITION. L 


PROCESSED NEGATIVE 


Fig.f1. Lighting arrangement for double-exposure photography 





Direction of movement 
Fig. 2. Double-exposure photograph of moving rod (negative print) 


image of the object exposes the photographic emulsion in 
the camera. The second photograph is taken with lamp (2). 
This exposes the previously unexposed parts of the 
emulsion except for the silhouette of the second image. 
By this means, each image of the advancing boundary is 
unaffected by the other exposure. An example of a 
double-exposure photograph of a moving rod taken in 
this way is shown in Fig. 2. Corresponding photographs 
of the receding edge would be taken with the lamps 
employed in reverse order. 


N. DOMBROWSKI 
A. Levy 


Department of Chemical Engineering 
and Chemical Technology, 
Imperial College, 
London, S.W.7. 
1 Dombrowski, N., Brit. J. App. Phys., 6, 17 (1955). 


3 Aspden, R. L., Proc. Third Intern. Cong. High Speed Photography, 370 
(Butterworths Scientific Publications” London, 1957). Ogre p nus S 
3 Courtney-Pratt, J. S, J. Phot. Sci., 7, 18 (1959). 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Monday, May 4 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (at 
Savoy Place, London, W.0C.2), at 5.30 p.m.—Mr. E. D. R. Shearman and 
Dr. J. W. King: “The Engineering and Scientific Aspects of the Canadian 
Ionospheric Satellite”. 


SOCIETY OF ENGINEERS (at the Geological Society, Burlington House, 


Piccadilly, London, W.1), at 5.30 p.m.—Mr. D, S. Bennett: “The Laser”. 


UNIVERSITY COLLEGE (in the Chemistry Theatre, Gower Street, London, 
W.C.1), at 5.30 p.m.—Prof. Carolina H. MacGillavry (University of Amster- 
dam): “Acids and Acid Oxides”. 


INSTITUTION OF ELECTRICAL ENGINEERS, LONDON GRADUATE AND 
STUDENT SECTION (at Savoy Place, London, W.0.2), at 6.30 p.m.—Annual 
General Meeting, followed by Mr. H. Stanesby: “Research in Telecom- 
munications’ (Annual Graduates’ and Students’ Lecture), 


Soormety oF CHEMIOAL INDUSTRY, LONDON SECTION (at 14 Belgrave 
Square, London, S.W.1), at 6.30 pega rine General Meeting, followed 
by Dr. J. Egli (Société Suisse des Industries Chimiques): “The Swiss 
Chemical Industry”, 


ROYAL GEOGRAPHIOAL SOCIETY (at 1 Kensington Gore, London, S.W.7), 
at 8.15 p,m.—Prof, C. D. Buchanan: ‘‘Britain’s Road Problems”. 


Tuesday, May 5 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, Westminster, 
London, §.W.1), at 5.30 p.m,—Mr. C. Scruton and Mr. A. R. Flint: ‘“Wind- 
Excited Oscillations of Structures”. 


INSTITUTION OF ELECTRICAL ENGINEERS, SCIENCE AND GENERAL DIVISION 
(at Savoy Place, London, W.C.2), at 5.80 p.m.—Prof. P. M. S. Blackett, 
F.R.S.: “Rock Magnetism and Continental Drift’ (Second Annual Lecture). 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 6.30 pm 

—Prof. R. King: “Heat”. (Lecture for Sixth Form Boys and Girls from 

Soot m London and the Home Counties. Further lectures on May 6, 
an i 


PLASTICOS INSTITUTE (at the Wellcome Building, Euston Road, London, 
N.W.1), at 6.15 p.m.—aAnnual General Meeting and Chairman’s Lecture. 


Wednesday, May 6 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION 
Savoy- Place, London, W.C.2), at 5.30 p.m.—Prof. R. L. Beurle: “ 
ensifiers’’. 


BRITISH INSTITUTION OF RADIO ENGINEERS, RADAR GROUP (at the 
London School of Hygiene and Tropical Medicine, Keppel Street, Gower 
Street, London, W.C.1), at 6 p.m.—Mr. H. Jessell: “Long Term Air Traffic 
Control Systems Concepts”. 


INSTITUTION OF MECHANICAL ENGINERRS, EDUCATION AND TRAINING 
GROUP (at 1 Birdcage Walk, Westminster, London, S.W.1), at 6 a 
Mr. M. C. de Malherbe and Mr. P. J. B. Soloman: “Engineering Design 
Tuition at Universities”. 


SOCIETY FOR ANALYTICAL CHEMISTRY (at the Chemical Society, Burling- 
ton House, Piccadilly, London, W.1), at 7 p.m.—Mr. P. E. Arnold: “The 
Application of Pyrolysis/Gas Chromatography to the Analysis of Polymeric 
Materials’; Mr. ©. V. Gibson: “The Identification of Polymers and other 
High Molecular Weight Compounds by a Combined Pyrolysis/Gas Chromato- 
graphie Technique’, 


Wednesday, May 6—Thursday, May 7 


IRON AND STEEL INSTITUTE (at the Institution of Civil Engineers, Great 
George Street, London, S.W.1, and the Iron and Steel Institute, 4 Grosvenor 
Gardens, London, 8.W.1}—Annual General Mecting. 


Thursday, May 7 


INSTITUTE OF BIOLOGY, LONDON BRANCH (at Sir John Atkins Laboratories, 
Queen Elizabeth College, Campden Hill, London, W.8), at 5.30 p.m— 
Mr. A. D, Greenwood: “The Ultrastructure of Cells—a Decade of Dis- 
covery” (Ninth Annual Research Survey). 


INSTITUTION OF CIVIL ENGINEERS, ENGINEERING MANAGEMENT GROUP 
(at Great George Street, Westminster, London, S.W.1), at 5.80 p.m— 
Informal Discussion on “Education and Monnroment of Engineers in the 
U.S.A.” introduced by Mr. F. H. Barker-Benfield 


INSTITUTION OF ELECTRICAL ENGINEERS, SOIENCE AND GENERAL DIVISION 
(at Savoy Place, London, wee at 5.30 p.m.— Dr. J. K. Lubbock: “Finite 
Expansions and Orthogonalisation’”’. 


BRITISH INSTITUTION OF RADIO ENGINEERS, TELEVISION GROUP [(at 
the London School of Hygiene and Tropical Medicine, Keppel Street, Gower 
Street, London, W.C.1), at 6 p.m.—Papers on “The New Test Cards D and E”. 


CHEMOAL Sooty (at Burlington House, Piccadilly, London, W.1), at 
6 p.m.—Scientific Papers. 


INSTITUTE OF REFRIGERATION (at the National College for Heating, 
Ventilating, Refrigeration and Fan Engineering, Southwark Bridge Road, 


London, 8.8.1), af 6 p.m—Mr. M. S. Ware: “Refrigeration for Frozen 
Foods in the Retail Trade”. - 


(at 
€ 


Friday, May 8 


BRITISH INTERPLANETARY SocrerTy (at the Botany Lecture Theatre, 
Biological Sciences Building, University College, Gower Street, London, 
W.C.1), at 2 p.m.—Symposium on ‘'Extra-terrestrial Life”. 


INSTITUTION OF ELECTRICAL ENGINEERS, SOLENOE AND GENERAL DIVISION 
(at Savoy Place, London, W.C.2), at 2.30 p.m. and 5.30 p.m.—Colloquium 
on “Equipment for Standards Laboratories”. 


UNIVERSITY COLLEGE (in the Botany Theatre, Gower Street, London, 
W.C.1), at 5.30 p.m.—Prof. James Bonner (California Institute of Techno- 
logy): “Molecular Botany”. * 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 9 p.m.— 
Sir Eric Rideal, F.R.S.: “Surface Chemistry”. 
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Monday, May 11 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, $.W.7), 
at 5 p.m.—Prof. M. J. Wise, M.C.: “The Impact of a Channel Tunnel on 
the Planning of S.B. England”. 


INSTITUTE OF BIOLOGY AND THE EuGENIcS SOCIETY (at the British 
Museum (Natural History), Cromwell Road, London, 8.W.7), at 6.16 p.m.— 
Dr. P. B, Medawar, F.R.S.: “Natural Selection and the Concept of Fitness” 
(Fourth Darwin Lecture). 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS, DIVISION (at 
Savoy Place, London, W.C,2), at 5.30 p.m.—Discussion on “Are Transistors 
Reliable Enough ?” 


ROYAL INSTITUTION, LIBRARY CIRCLE (at 21 Albemarle Street, London, 
W.1), at 5.30 p.m—Mr. A. H. Ewen: “The Letters of Count Rumford”. 


UNIVERSITY OF LONDON (in the Eugenics Theatre, University College, 
Gower Street, London, W.C.1), at 5.80 p.m.—Prof. J. Hemelrijk (Univer- 
sity of Amsterdam): “Designing an Orange Crate—a Statistical Packing 

robiem”, 


APPOINTMENTS VACANT 


APPLIOATIONS are invited for the following appointments on or before 
the dates mentioned: 

ASSISTANT LECTURER (with special Interests in petrology and teaching 
and research experience) IN GEOLOGY—The Registrar, The University, 
Sheffield (May 9). 

LECTURERS or ASSISTANT LECTURERS (with research experience in in- 
organic for one post, and in physical chemistry for the other) IN CHEMISTRY 
—The Registrar (Room 22, O.R.B.), The University, Reading (May 9). 

LEOTURER or ASSISTANT LECTURER IN ANIMAL PHYSIOLOGY; and a 
LECTURER or ASSISTANT LECTURER IN BIOCHEMISTRY IN THE FACULTY OF 
AGRICULTURE, Makerere University College, Uganda—The Secretary, Inter- 
University Council for Higher Education Overseas, 33 Bedford Place, 
London, W.C.1 (May 10). : 

READER IN PSYOHOLOGY at Birkbeck College—The Academic Registrar, 
University of London, Senate House, London, W.C.i (May 11). 

SENIOR RESEARCH ASSISTANT (graduate in botany, biochemistry or miero- 
biology), for work on free-cell culture derived from higher plants: and a 
RESHAROH ASSISTANT (graduate in botany, biochemistry or microbiology), 
to assist in the maintenance of a collection of sterile plant tissue cultures 
and to engage on research involving these cultures—The Registrar, Univer- 
sity of Swansea, Singleton Park, Swansea (May 11). | 

READER IN PHYSICAL CHEMISTRY at Queen Elizabeth College—The 
anne Registrar, University of London, Senate House, London, W.C.1 

ay 13). . 

LECTURER/SENIOR LECTURER IN HISTOLOGY AND EMBRYOLOGY at the 
University of Sydney, Australia—The Secretary, Association of Common- 
wealth Universities (Branch Office), Marlborough House, Pall Mall, London, 
8.W.1 (Australia and London, May 15). 

LECTURER or ASSISTANT LECTURER (qualified in either experimental or 
theoretical gara) IN THE DEPARTMENT OF PEYsIos—-The Registrar, 
University College of Swansea, Singleton Park, Swansea (May 18). 

LECTURER (preferably climatologist) IN THE DEPARTMENT OF GEOGRAPHY, 
University of Tasmania—The Secretary, Association of Commonwealth 
Universities (Branch Office), Marlborough House, Pall Mall, London, $.W.1 
(Australia, May 18). 

LECTURER (with a registrable medical qualification) IN THE DEPARTMENT 
OF ANATOMY, University of Ibadan, Nigeria—The Secretary, Senate Com- 
mittee on Colleges Overseas in Special Relation, University of London, 
Senate House, London, W.C.1 (May 18). 

HIsTOLOGIST (with an honours university science degree or equivalent, 
and suitable postgraduate research experience) IN THE MEAT RESEARCH 
DEPARTMENT OF THE ANIMAL PRODUCTION DIVISION, for research on muscle 

‘owth—The Director, An Foras Taluntais, 33 Merrion Road, Dublin, 

public of Ireland (May 20). 

SCIENTIFIC OFFICER/SENIOR SorENTIEIO OFFIOER (with a good honours 
degree in physiology or biochemistry, and preferably an additional veter- 
inary qualification and research experience in the field of animal meta- 
bolism) IN THE PHYSIOLOGY DEPARTMENT—The Secretary, Rowett Research 
Institute, Bucksburn, Aberdeen, Scotland (May 20). 

LECTURER (with special interests in the geography of Africa) IN GEO- 
GRAPHY at the University College, Dar es Salaam, University of Hast Africa 
-—The Secretary, Inter-University Council for Higher Education Overseas, 
33 Bedford Place, London, W.C.1 (May 22). 


CHAIR OF MATHEMATICS at the Royal University of Malta—The Secre- i 


tary, Inter-University Council for Higher Education Overseas, 33 Bedford 
Place, London, W.C.1 (May 24). lee 

CHAIR OF PHARMACY; and a CHAIR OF CHEMISTRY at the University 
of Ife, Nigeria—The Secretary, Inter-University Council for Higher Educa- 
tion Overseas, 33 Bedford Piace, London, W.C.1 (May 28). 

ORGANIO CHEMIST (graduate or student about to graduate), for synthetic 
work on fungicides and systemic fungicides; and a BIOCHEMIST or PLANT 
PHYSIOLOGIST (graduate or student about to graduate), to study the effects 
of plant hormones on enzyme activity in plants—Prof. R. L. Wain, F.R.S., 
Wye College, near Ashford, Kent (May 30). 
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CLASSIFIED ADVERTISEMENTS 


ate charged at 12s. for the first line and 
63. per line thereafter. Lines in capitals or 
containing words in capitals 12s. per line. 
Semi-displayed £4 16s. per single column 
inch. Colour (orange) £15 extra. 1s. is 


charged for the re-direction of replies to 
advertisements with a box number, 


ADVERTISEMENTS SHOULD BE 
ADDRESSED TO: T. G. Scott and Son, 
Limited, 1 Clement's Inn, Strand, London, 
W.C.2. Telephone: HOLborn 4743. Tele- 
grams: Textualist, Estrand, London. 


APPOINTMENTS VACANT 


COMMONWEALTH BUREAU OF 


SOILS 


ROTHAMSTED EXPERIMENTAL STATION, 
HARPENDEN 


SCIENTIFIC INFORMATION OFFICER 


Applications are invited for a post in this 
grade (£791 to £1,242 (bar) to £1,772 (bar) to 
£2,061). The work involves abstracting, review- 
ing and classifying the world literature of soil 
science, and the storage and retrieval of scien- 
tile information. Applicants should possess a 
science degree, a reading Knowledge of one or 
more foreign languages, and the ability to write 
clear, concise English. Age, qualifications and 
experience considered when fixing starting salary. 
Two extra increments after two years’ satisfac- 
tory service if aged 32 or under at time of 
appointment. Superannuation under F.S.S.U. 

Applications, stating age, qualifications and 
experience and names of two referees, should be 
submitted to the Director at the above address. 


UNIVERSITY OF OXFORD 


SENIOR RESEARCH OFFICER IN 
INORGANIC CHEMISTRY 


The University proposes to appoint, with effect 
from January 1, 1965, or some earlier date as 
may be arranged, a Senior Research Officer in 
the Inorganic Chemistry Laboratory. Stipend 
according to age in the range £1,250 (under age 
28) to £2,285 with F.S.S.U. Three copies of ap- 
plications, with the names of two referees, by 
May 23 to Professor J. S. Anderson, Inorganic 
Chemistry Laboratory, South Parks Road, 
Oxford, from whom further particulars can be 
obtained. 

The post can be held jointly with a college 
Fellowship and attention is drawn to the vacancy 
for a Fellow in Chemistry at Oriel College, 
Oxford, which is advertised below. 








ORIEL COLLEGE 


FELLOWSHIP IN CHEMISTRY 


The college proposes, if a sultable candidate 
presents himself, to appoint a fellow and tutor 
in chemistry to take up his duties at a date to 
be arranged. The fellow will be required to 
teach inorganic and/or physical chemistry to 
final honours school standards. The fellowship 
may be held in conjunction with a university post 
and the attention of applicants is drawn to the 
advertisement for a senior research officer in 
chemistry which also appears in this issue. 

Further details may be obtained from the 
Provost, Oriel College, Oxford, to whom applica- 
tions, accompanied by a curriculum vitae and the 
names of three referees, should be sent by May 
23. 





UNIVERSITY OF TASMANIA 
CHAIR OF BIOCHEMISTRY 


A Faculty of Medicine is currently being estab- 
Jished in the University and applications are in- 
vited for appointment as first Professor of Bio- 
chemistry. It is anticipated that the first pre- 
clinical courses (following pre-medical courses in 
the basic sciences) will be offered in 1966. Ar 
pogintments have already been made to the Chairs 
of Anatomy and Physiology, the appointees being 
Dr. C. H., Barnett, formerly Reader in Anatomy 
at St. Thomas’s Hospital Medical School, 
London, and. Dr. A. F. Cobbold, formerly 
Reader in Experimental Physiology at St. 
Thomas’s Hospital Medical School. The present 
professorial salary is £44,600 per annum. 

Further particulars and information as to the 
method of- application should be obtained from 
the Secretary, Association of Commonwealth Uni- 
yersities (Branch Office), Marlborough House, 
Pall Mall, London, S.W.1. Applications close in 
Australia and London on June 30, 1964. The 
University reserves the right not to make an 
appointment or to fill the Chair by invitation. 





RESEARCH FELLOWSHIPS 


PRINCIPAL RESEARCH FELLOWSHIP 
between £1,890 to £2,640 annually. 
Tenable for one year to three years (with 
Possibility of extension to five years). 


SENIOR RESEARCH FELLOWSHIP be- 
tween £1,420 to £1,755 annually. 


JUNIOR RESEARCH FELLOWSHIP be- 
tween £975 to £1,310 annually. 
Both tenable for three years, 


EXAMPLES OF CURRENT VACANCIES 


CHEMICAL DEFENCE EXPERIMENTAL 
ESTABLISHMENT, Porton, near 
Salisbury; 


Research on physiological, pharmacological 
and/or biochemical problems relevant to 
TOXICOLOGY. Some research is linked 
with chemical research aimed at seeking 
compounds to provide THERAPEUTIC 
TREATMENTS. (Principal). 


RADIO RESEARCH STATION, Slough, 
Bucks: 

Physicist for work on the development of 
LASERS and their use in problems of 
atmospheric physics and in communications. 


FOREST PRODUCTS RESEARCH 
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Advanced analysis of structural units in 
wood with special reference to STRESS 
DISTRIBUTION IN RIGID JOINTS 
arisiag from induced secondary movement. 
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Dollis Hill, London, N.W.2: 


To investigate the production, simulation 
and perception of HUMAN SPEECH in 
contexts relevant to telecommunications or 
to employ MATHEMATICAL LOGIC 
AND THEORY OF GAMES to study the 
pattermn-transforming properties of networks 
of threshold gates. (Senior/Junior). 


Fellowships in these and other establish- 
ments are available in most scientific disci- 
Plines. For a Principal Fellowship a candi- 
date must produce evidence (including pub- 
lished work) of a considerable period of 
fruitful research and be accepted as a 
leading worker in his/her field. For a 
Senior or Junior Fellowship a first- or 
second-class honours degree is normally re- 
quired, plus two years’ postgraduate re- 
search (three years for Senior Fellowships) 
during which a high standard of reseatch 
ability must have been demonstrated. 
F.S.S.U. terms. Inquiries to Civil Service 
Commission, Savile Row, London, W.1, 
stating age and qualifications and quoting 
S/570. 
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ANTI-LOCUST RESEARCH CENTRE, 
London W.8. 


PHYSICIST or CHEMIST (graded Scien- 
tific Officer/Senior Scientific Officer) with 
interest in biology, to investigate prob- 
lems in APPLICATION OF INSECTI- 
CIDES in LOCUST CONTROL. For in- 
stance: the effectiveness and persistence of 
insecticide formulations ; effect of evapora- 
tion on the toxicity of insecticide sprays ; 
behaviour of spray droplets, including 
diffusion and impaction. Laboratory 
work in London, with opportunities for 
work in the field with locust control org- 
anizations. 

WRITE (preferably by postcard) to Civil 
Service Commission, Savile Row, London, 
W.1, for application form quoting S/52- 
53/ ALRC. 
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MICROBIOLOGICAL RESEARCH 
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in the behaviour of naturally occurring 
macromolecules) to work on the separation 
and characterization of proteins, 

Gi) BIOLOGIST (preferably with some ex- 
perience in microbiology) to work in the 
Biophysics Section on factors affecting the 
survival of  air-borne micro-organisms, 
F.I.M.L.T. an acceptable qualification. 
Appointments will be in the grade of Ex- 
perimental Officer or Assistant Experimen- 
tal Officer. The posts are unestablished but 
there will be opportunities to compete for 
established posts. 

APPLICATION ForRMS from Ministry of De- 
fence, C.E.2F(AD), Northumberland 
House, Northumberland Avenue, W.C.2. 


DS.LR. 


TROPICAL PRODUCTS INSTITUTE, 
Grays Inn Road, London, W.C.1. 


ASSISTANT EXPERIMENTAL OFFICER 
for work in Scientific Liaison Group involv- 
ing technical writing, editing Scientific re- 
ports and publicity, and exchange of in- 
formation with other organizations. 
Chemical, biochemical or micro-biological 
background experience an advantage, some 
ad ability essential. (Reference: 707/ 
r 


NATIONAL PHYSICAL LABORATORY, 
Teddington, Middx. 

Assistant Experimental Officer to work in 
METALLURGY DIVISION on the use of 
modern melting techniques and physical 
methods in the preparation and examination 
of alloys of the newer metals. Candidates 
should be at least 22 with a degree (or 
equivalent) in Metallurgy. (Reference: E/ 
AA/105). 

APPLICATION Form from Directors at above 
addresses, quoting appropriate reference. 
Closing date in each case May 12, 1964, 








SCIENTIFIC OFFICER/SENIOR 
SCIENTIFIC OFFICER 


SALARIES: S.O, £791-£1309 
{Increments and special £95 award for 
approved post-grad. experience). 
S.S.O. £1438-£1772 
(Starting salary may be above minimum). 
Salaries are supplemented in the London Area. 


QUALIFICATIONS: 


$.O.: Ist or 2nd Class Hons, Degree or 
Dip.Tech. in appropriate subject, 
Age under 29, 

S.8.0.: As above plus at least 3 years post- 
graduate research. Age normally 
26 to 31. 





ASST. EXPERIMENTAL 
OFFICER/EXPERIMENTAL 
OFFICER 


SALARIES: A.E.O. £490 (age 18) ~ £691 
{age 22) — £858 {age 26) - £1053. 
eo E.O. £1164-£1431. 
Salaries are supplemented in the London Area. 
QUALIFICATIONS: 


Degree, Dip.Tech., H.N.C. or equivalent 
in appropriate subject. Under age 22, 
minimum qualification is 2 G.C.E. ‘A’ levels 
in Scientific subjects. A.E.O.: age 18-27. 
E.O. normally 26-30. 
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A free booklet entitled ‘‘The Scientific Civil Service” is available 
on request from Civil Service Commission, Savile Row, W.1. 
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PURSE-STRINGS OF BRITISH SCIENCE 


HE report of the University Grants Committee on 

University Development 1957-1962*, dated Septem- 
ber 1963, while addressed like previous rəports to the 
Lords Commissioners of the Treasury, was presented to 
Parliament by the Lord President of the Council, to 
whom the Committee became responsible on December 
10, 1963. In that sense, the report represents the end of a 
distinct phase in the work of the Committee, and in this 
and in other ways the Committee recognizes that its work 
is reaching the close of a phase and entering on new and 
wider responsibilities. The report is, in fact, a document 
of some historical significance and deals with university 
development in retrospect as well as in prospect, discus- 
sing or recapitulating topics which have been considered 
in the interim report on university development presented 
in April 1962, or in the surveys accompanying the Com- 
mittee’s annual returns. 

y This recapitulation, with the consequent convenience 
of reference which makes the report self-contained, 
effectively prevents it from being overshadowed by 
those of the Committee on Higher Education or of the 
Committee of Enquiry into the Organization of Civil 
Science, though there is much matter in common, some 
of which has from time to time been discussed in these 
columns. The general scope and contents of the report. 
are summarized on p. 547 of this issue of Nature. Here 
it can only be said that the chapters on university expan- 
sion 1946-73, on the new universities and the universities 
and national needs, give a very different impression of 
response to that which some critics of the universities 
often suggest. : 

There are two matters, however, on which particular 
comment seems desirable here. The first concerns teaching 
and research, the research effort of the universities gener- 
ally and their relations with the research councils. The 
second is that of the role of the Committee and the 
working of the quinquennial system under the present 
conditions. Wisely, the Committee devotes a whole 
chapter to a review of the system and to the changes 
which may be required to meet the growing demands of 
university expansion. 

The balance between teaching and research was dis- 
cussed in the Committee’s previous quinquennial report 
when it firmly rejected the assumption that research and 
teaching were in conflict. Since then, it has attempted to 
obtain some evidence of departmental time and expendi- 
ture on research in the sciences for the Advisory Council 
on Scientific Policy, and it has also applied the results of 
its enquiry to data on university expenditure in later 
years to provide estimates for both the Robbins Com- 
mittee and the Trend Committee. The past five years 
have seen a marked growth in the universities of advanced 
study and research. Payments for research, for example, 
have increased from £2-7 million to £8-2 million, and the 
Committee estimates that the total recurrent expenditure 
on research increased from £15:3 million in 1956-57 to 
£27-7 million in 1961-62. Moreover, the staff and advanced. 
students of the universities have access to other facilities, 
the cost of which is met elsewhere, such as the National 


* University Grants Committee. University Development 1957-62, Pp. 
x+230+11 photographs. (Cmnd. peel (London: H.M. Stationery Office, 
1964.) 15s. net. (See also p. 547 of this issue of Nature.) 


-Institute for Research in Nuclear Science, 


and the 
European Organization for Nuclear Research. Of the £7 
million a year budgeted expenditure of the National 
Institute at Harwell, about two-thirds is devoted to 
university research activities. 

The major research expenditure of the universities is 
in the pure and applied sciences, while that in the arts 
and social sciences is estimated at £7 million—an increase 
of 70 per cent over the five years, though these are fields 
where increased expenditure is desirable, and the Com- 


` mittee welcomes the appointment of Lord Heyworth’s 


committee to review the present position of research in 
social studies and its support. In spite, however, of the 
increased support for research coming from the Research 
Councils and other outside services, the University Grants 
Committee does not believe that the autonomy of the 
universities is at present being endangered. Something 
like 75 per cent of university research is still financed 
from the universities’ own general income, while most of 
the outside money comes in the form of grants, as distinct 
from research contracts and for projects initiated by the 
universities themselves. 

In its previous quinquennial report, the Committee 
argued that it was desirable that newly emerging lines of 
research should have sources of funds alternative to 
general university income. Moreover, it gave four reasons 
why the Committee itself should not be the source of 
earmarked grants which would render such projects 
independent of the hazards of interdepartmental com- 
petition for funds: within the university. While the 
objection to earmarked funds in general is maintained, 
these four reasons are re-stated because the Committee is 
still convinced that it should not be the sole source of 
funds for the universities. It believes, on the contrary, 
that the partnership with the Research Councils is a 
safeguard for the autonomy of university research rather 
than a possible encroachment, and that the system of 
earmarked grants from the Research Councils caters for 
definite needs. It enables new fields of research to be 
entered and individual projects undertaken as well as 
unpredictable and often very expensive developments 
which would not otherwise be easily possible in a 
university environment, however desirable. 

This is clearly a factor for which it is essential that 
due provision should be made in the new arrangements 
for civil research. The Committee, however, has further 
observations on earmarked grants which should be noted 
in this connexion, although in the report itself they are 
placed in the discussion of what the universities are doing 
to meet national needs in particular fields—for example, 
in medicine and dentistry, in veterinary science, agricul- 
ture and forestry, in oriental, African, Slavonic and East 
European studies, in social and economic research gener- 
ally, as well as in educational research, and in conservation. 
studies. The Committee regards earmarked grants as an 
effective and rapid way of securing a development which 
is required in the national interest, and especially one 
which arises within a quinquennium. However, it still 
does not think that it is in the best interests of a subject 
of study that developments in it should be protected by 
earmarked grants for any prolonged period. Such an 
arrangement undermines the source of responsibility 
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which a university governing body should feel for fos- 
tering every subject of study undertaken by its university 
and without which no subject can be regarded as satis- 
factorily established. 

The earmarked grants for specific fields of study and 
research in the 1962-67 quinquennium are expected to 
amount to only some £5 million in recurrent grants 
totalling £385 million, or 1:3 per cent of the total. This 
is approximately the same as that in the 1952-57 quin- 
quennium—1-4 per cent—and compares with 0-04 per 
cent in 1957~62 quinquennium and 29 per cent in the 
immediate post-war quinquennium when earmarked 
grants amounted to £18:7 million out of recurrent grants 
totalling £64-6 million. There is, in fact, no evidence that 
so far any of the special developments have been adversely 
affected by absorption within the block-grant system, 
but there is the possible exception of those recommended 
by the Scarborough Committee. Even here there was no 
difficulty in later arranging with the universities for the 
full expenditure recommended by the Hayter Com- 
mittee for the present quinquennium. However, as 
already noted, the University Grants Committee welcomes 
the appointment of Lord Heyworth’s Committee to 
review the present position—and the future development 
of research in social studies. 

For the rest, the Committee believes that an extension 
of earmarking to research in general would encourage an 
artificial cleavage between teaching and research. If 
applied to research in the sciences alone it would accent- 
uate internal stresses and strains within the universities, 
and might isolate completely university research from 
wide fields of applied research and development. Such 
an extension would change the nature of the relation 
between the universities and the University Grants Com- 
mittee and might impair the autonomy of the universities 
themselves. For such reasons the University Grants 
Committee does not wish to assume the role of the 
Research Councils. It has, however, initiated discussions 
with the Councils to arrive at some procedure whereby 
universities could assume financial responsibility for work 
financed by the Councils when the work could be regarded. 
as established and ready for transfer. 

As criteria by which any work might be judged appro- 
priately in the third year of a quinquennium, as estab- 
lished and ready for transfer, the Committee suggested: 
(1) projects financed by a Research Council which had 
clearly become an integral part of the universities’ work; 
(2) projects financed in some universities by a Research 
Council and in other universities out of general revenue; 
(3) projects which it was clear the universities must 
finance themselves if the Research Councils had not 
done so. After such discussions the Committee asked the 
universities to indicate in their quinquennial applications 
the priorities they would give to those projects for which 
the Councils proposed to drop financial responsibility. 
The Committee indicated that it would accept as a charge 
ranking immediately after existing commitments the cost 
of all projects which the universities thought important 
enough to give priority with, or immediately after, existing 
commitments, ahead of any new developments. More- 
over, it would take into account the aggregate cost of all 
those projects which the universities would like to con- 
tinue if funds permitted in arriving at the provision to be 
recommended for new developments in the next quin- 
quennium. . 

All but five of the universities made use of the firs 
category in stating their financial needs for the new 
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quinquennium, and the sums involved totalled £638,000 
for 1966-67 compared with £560,000 in 1962-63; of these 
sums, £449,000 and £390,000 concerned the Department of 
Scientific and Industrial Research, and £135,000 and 
£123,000, the Medical Research Council, respectively. The 
totals in this category amount to about 16 per cent of the 
Research Council’s expenditure on scientific research in 
the universities in 1961-62. For the second category the 
totals are £471,000 for 1966-67 and £341,000 for 1962-63. 
While the amount of money available for new develop- 
ments has limited the ability of universities to take over 
responsibility for projects in this category, the University 
Grants Committee seems confident that the arrangements 
have generally worked satisfactorily. 

Probably the most important chapter in the report, 
however, in view of the changes already made in the 
organization of civil research and of higher education, and 
of further changes still under discussion, is that in which 
the role of the Committee and the working of the quin- 
quennial system are discussed. This is true no less for 
the statement of the Committee’s own views, which, 
however much some crities may wish to discount them as 
ex parte, cannot be regarded as other than authoritative, 
as for the lucid and concise summary of the development 
and functioning of the present system. The evolution of 
relations between the State and the universities is first re- 
viewed, through the establishment, first, of the quinquennial 
system in 1889, and then, on the recommendation of the 
Haldane Committee, of the Standing Committee itself in 
1906, down to the role and procedures of the Committee 
since the Second World War. 

It is this fourth period, to which most space is given, 
that is most relevant to the present-day debate: here the 
Committee’s own observations are important in view of 
pending developments in the relations between the State 
and institutions of higher education. First, the Com- 
mittee believes that the present number of members and 
distribution of interests are about adequate so far as its 
monthly meetings are concerned. Over the past five 
years the average attendance has been 84 per cent of the 
full membership, and this is undoubtedly dependent on 
members feeling that they can play a personal and active 
pert in important discussions and decisions. While this 
is a main argument against any substantial increase in 
size, it is considered that one or two additional members 
could be added to the Committee without impairing its _ 
effectiveness. oo 

This is visualized as enabling the Committee to take 
care of other forms of higher education such as the recom- 
mendations of the Robbins Report might indicate. The 
questions of higher technological education and of the 
teacher training colleges are obvious examples. It is 
certainly for consideration whether such a small addition 
to its membership would of itself enable the Committee 
to assume responsibility effectively for higher technological 
education when, for example, the colleges of advanced 
technology acquire university status. Moreover, at this 
point the arrangements for the colleges of technology 
demand some closer and impartial attention. The 
Committee seems to be in some doubt itself as to how far 
its present constitution and procedure could stand the 
pressure of a substantial increase in university population, 
up to some 200,000-250,000 places. Nevertheless, it does 
not consider that expansion on the scale at present 
contemplated would in itself necessitate a major overhaul 
of its procedure, though it should be emphasized here 
that there is no reference in the report to what might be 
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involved in the assumption of heavy responsibilities for 
technological education. 

Appointment of at least one full-time deputy-chairman 
is recognized as inevitable if a greater use is to be made of 
sub-committees, and the Treasury has already agreed to 
the appointment of a full-time academic deputy-chairman. 
The Committee does not, however, think that its academic 
members should be full-time instead of part-time; the 
active pursuit of their professions keeps its members in 
touch with present-day thought and developments in 
their particular field, and it is even open to argument 
whether full-time membership is necessary during most 
of the quinquennium. It is also noted that while the 
normal length of membership—two periods of five years— 
constitutes a severe demand, it is a necessary accompani- 
ment of the quinquennial system. The combination of 
advisory and executive functions is also regarded as a 
great source of strength. 

The report describes the procedures of the Committee 
under the quinquonnial system in some detail, stressing 
particularly the essential nature of its quinquennial 
visitations, which have five main objectives. They 
enable the Committee to obtain background information 
on the position of the universities preparatory to advising 
the Chancellor of the Exchequer on their financial needs 
during the next quinquennium. They provide an oppor- 
tunity of ascertaining at first hand the prevailing feeling 
and opinion in the universities as well as an opportunity 
for some members, at least, of university staffs to meet 
the Committee in person. The visitations also provide 
another opportunity for the Committee to give to the 
universities the ‘national’ picture as they see it, while the 
knowledge gained during the visitations should be a 
source of strength when the Committee has to make 
representations to the Chancellor of the Exchequer or to 
other departments or bodies. 

The Committee shows clearly how the basis of its 
allocation of recurrent grant involves areas of fact and 
areas of judgment, and it does not seem likely that the 
need for the exercise of judgment and discretion could 
ever be eliminated. This is one reason for the existence 
of the system. However, the Committee points out that 
the quinquennial system has three main weaknesses: its 
inability to meet major and expensive unpredictable needs 
arising during the quinquennium; the eroding effect, of 
rising prices on quinquennial allocations; and. the failure 
to provide sufficient overlap between the last year or years 
of one quinquennium and the opening years of the next. 

The first of these disadvantages is found mainly in the 
physical and applied sciences and has been met in two 
ways. First, the Research Councils are prepared to help 
in financing unpredictable costly projects temporarily until 
such time as the expenditure can be absorbed into subse- 
quent quinquennial block grants—subject to certain 
safeguards, this system appears to work reasonably well. 
Secondly, if the unpredictable need is of national impor- 
tance, the Committee can itself ask for additional funds 
from the Government. A partial solution of the other 
two weaknesses has also been achieved, for example, in 
the supplemental grants which are now used to meet 
increases in academic salaries and rates, and through the 
willingness of the Chancellor of the Exchequer to re-open 
quinquennial allocations on the grounds of rising costs. 

Nevertheless, the University Grants Committee believes 
that a system is needed which does not reduce, but might 
well lengthen, the period of academic planning, and one 
which does not lessen the advantages to the universities of 
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long-term planning or weaken the firmness of, or precision 
of, their planning. Without adding to the heavy burden 
already resting on the Committee, it should provide an 
opportunity to meet changes in circumstances beyond the 
universities’ own control. The Committee is cloar that 
under any system the present practice of concentrating 
visitations to the universities over a continuous period of 
five or six terms must be maintained. However, beyond 
suggesting that lengthening the period of planning from 
five to six years would have advantages, it makes no 
suggestions for any alternative system. It believes that 
over the past seventy-five years there has evolved in 
Britain a system which, in general, meets the needs of the 
State and also allows the universities to enjoy those 
conditions that are necessary if they are to fulfil success- 
fully their purpose and to maintain their standards of 
teaching and research. 

No more than did the Robbins Committee does the 
University Grants Committee stay in this roport to ask 
once more the ultimate question of the real purposo of a 
university education. Whatever the answers given to 
that question, its present survey gives solid reason for 
the maintenance in essence of the present systom of 
administration, whatever modifications may be made in 
detail. The University Grants Committee itself fully 
recognizes that there are weaknesses which call for 
correction, but it emphasizes very clearly the values that 
must be preserved in any changes that are mado. Jt 
finds little or no evidence that the universities do not 
appreciate the needs of the community in which they 
exist, or of the State. Rather it finds that, in spite of 
increasing demands, the universities are not shirking 
those responsibilities and that they fully recognize that 
liberty means responsibility and must be limited to 
be preserved. 

Finally, at a time when it is more than ever important 
that the reasons why the autonomy of the universities is 
essential should be widely understood, the University 
Grants Committee specifies clearly the areas in which the 
universities should have a wider. measure of self-determ- 
ination. The selection of students and the appointment 
of academic staff; the determination of the extent of 
university education and the control of degree standards, 
and of size and rate of growth; the establishment of tho 
balance between teaching, research and advanced study, 
the selection of research projects, and freedom of publica- 
tions, and the allocation of recurrent income among 
the various categories of expenditure—these are the 
essential elements in the autonomy of the universities. 
Whether the University Grants Committee has exercised 
the measure of control entrusted to it too heavily or too 
lightly is bound to be a matter of opinion, but its success 
may be evidenced in part by the fact that while in the 
Treasury the Committee is regarded as too univorsity- 
minded, in the universities it is regarded as too Treasury- 
minded. Be that as it may, in the present-day debate 
we could do well to beware of any changes in the structure 
of Government, in administration and organization or any 
scale or rate of expansion which threaten to impair any 
of the essential conditions. Fortunately, there is no 
particular reason for supposing that measures to increase 
the speed and efficiency of administration under the 
Committee, particularly in meeting the short-term 
expansion, such as were proposed at the Home Univer- 
sities Conference last December, might infringe the basic 
principles which are clearly and firmly stressed in this 
report. 
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THE MOON, METEORITES, AND 
COMETS 


The Moon, Meteorites, and Comets 

Edited by Barbara M. Middlehurst and Gerard P. Kuiper. 
(The Solar System, Vol. 4.) Pp. xxii+810+130 plates. 
(Chicago and London: The University of Chicago Press, 
1963.) 105s. net; 15 dollars. i 


PE of scientific material in the present age 
is increasing almost explosively, so rapidly indeed as 
to pose great problems if the welter of material is not 
itself to choke back the very advances that are the supposed 
Objective. There are various reasons for this. In a 
competitive world, publish a scientist must if he is to 
become ‘known’; and a simple extension from this, when 
few have time to examine papers in detail, is to publish 
a great deal, since prolix quantity may well impress more 
widely than brief quality. Again, enterprising publishers 
have discovered that, for any reasonably authoritative 
scientific book, there now exists a safe and ready market 
in the growing number of institutions and libraries. Such 
publishers would of course like the actual research- 
workers to write and edit these books, but such people 
themselves are mainly too busy and too few and may not 
be much interested in publication, and besides, where to- 
day are scientists to be found who can deal authoritativoly 
‘with more than a minute part of any one field? So there 
is coming more and more into existence the composite 
volume, for which it is hoped that a few good names can 
be found to edit and contribute while lesser lights can be 
pressed into service to bulk out the volume: and there 
may be other reasons why notable names are not among 
the contributors. 

The present book exemplifies such a situation. which is 
regrettable after the fairly high standard of the earlier 
volumes of the series. The blurb—one sometimes wishes 
there were a nicer word—states that “the volume is 
intended to collect and systematize information available 
on the solar system, and is designed to be a reference book 
for the specialist”, and although one cannot question the 
intention, the result falls far short of what one would 
expect as the most modest fulfilment of such lofty claims. 
Instead of being a systematization of the fields of The 
Moon, Meteorites, and Comets, the book is no more than a 
haphazard collection of practically independent essays, 
and there is little or no sign of any serious editing so far 
as their scientific content and lack of content go. Some of 
the contributions are of reasonable quality and present 
material that is likely to prove of value, but the inclusion 
of certain others can do little beyond confuse and hamper 
inexperienced students of the subjects they attempt to 
deal with. 

There are considerable omissions of vital modern topics. 
The whole subject of the origin of the Moon receives no 
mention, nor does its internal thermal state on which so 
much work has been done in recent years, and the 
discussion of its possible dust-layer has somehow been 
managed without including the pioneering work of Gold. 
These are topics that an editor might well insist on 
covering in a systematic treatment. Other important 
topics, such as tektites, are inadequately covered. One 
author in particular must be congratulated if only for his 
frankness in stating explicitly what a reader could 
scarcely fail to think but not write: “if divergent theories 
are not given their due in this presentation, the reason 
must be ascribed to a definite bias on the part of the 
writer”. No one could disagree with him. Here again, 
however, this is something editors might feel it their 
right, if not duty, to remedy. 

Many of the articles suffer from the common defect of 
being largely verbal, and it is exceptional to find a page 
with any serious mathematical argument or indeed any 
numerical work of value on it. Much of the possible worth 
of some of the essays is jeopardized by their authors’ 
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inexperienced anxiety to present conclusions when * 
conclusions are not yet possible or where they would 
require much greater effort to establish them. In discus- 
sions of meteorites, for example, it is dangerous to mistake 
what are reasonable possibilities for final conclusions 
when so little is yet known of the origin of meteorites 
and the history of their material. Some of the sections on 
comets are very poor in a volume of such high intentions. 
Once again Oort persists with his shell idea, steadfastly 
repeating the patent errors on which it proceeds. For 
reasons still unexplained, Oort plots the number of 
comets against 1/a, the reciprocal of the somi-major axis, 
and regards it as significant that a large number appear 
for small values of 1/a. But this property of a reciprocal 
plot holds for any distribution that extends to large 
values, as, for example, the positive integers. It may be 
mentioned that the distribution of number of comets 
against œ itself has recently been plotted independ- 
ently (by Dr. B. G. Marsden at my own suggestion) 
and is found to show no special group at large values 
of a. 

The article by Whipple is concerned mainly with a 
defence of his own icy-conglomerate model, which is made 
to work, if it works at all, by putting into it the very 
properties it is wished afterwards to get out, though even 
then they take some highly uncritical manceuvring to 
extract. Specific reference to observation, which would 
seriously limit applicability of such a model, is avoided. 
But when Halley’s comet was first seen in 1910 at several 
astronomical units from the Sun, it was at least 20,000 km 
across, while the great comet of 1729 had perihelion 
distance of more than 4 a.u. yet was visible to the naked 
eye, and comet 1927-IV was observable at more than 
il a.u. from the Sun. Such objects cannot possibly be 
dusty snowballs a few kilometres in diameter warmed by 
solar heat as Whipple maintains. To make way for his 
own model in preference to the widely spaced dust-particle 
picture of comets arrived at by almost all serious comet- 
workers, Whipple offers as ‘proof’ that there can be no 
small particles in-a comet the argument that, for a 
sun-grazing comet, such as 1882-II, they would all be 
repelled into hyperbolic motion by solar radiation while 
on the outward side of the orbit. He fails to notice that 
there would be an opposite effect slowing them on the 
way in!—a one-sided argument indeed, and a naive 
mistake that neither editor seems to have saved Whipple 
from. He also regards it as an objection to the small- 
particle picture that vaporization would occur near the 
Sun and expansion along the orbit take place, despite the 
fact that some such expansion was actually observed for 
the great 1882 comet after perihelion. There are further 
mistakes in this article, too numerous to be dealt with here, 
set down in all seriousness (one must suppose) as consti- 
tuting reasoned criticisms. In another purely descriptive 
essay, we are informed at one point that “great advances 
in knowledge of the physical characteristics of comets 
were made from observations of 1957-IIT and‘ 1957-V”’, 
but mysteriously no word is let slip to tell the breathless 
reader what these advances were or even where they may 
be found. Then again in another article the subject of the 
origin of comets is relegated to less than 20 lines, and 
these contain not the smallest reference to the considerable 
recent contributions on this the final objective of all 
cometary studies. 

It would be difficult to imagine material less likely to 
produce scientific progress than many portions of this 
book, and the whole compilation does little more than 
serve to emphasize the imbalance between observation and 
theory that has been allowed to come about in the astro- 
nomical world. Whereas there are literally hundreds of 
observatories established over the globe and devoted to 
obtaining ‘observations’, yet negligible provision has been 
made for having these observations properly thought 
about, either before they are made or after, or for the 
general theoretical investigation of astronomy. The 
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organizers of astronomy seem to have lost sight completely 
of the fact that scientifically the whole purpose of observa- 
tion is to provide a basis for theory. Despite its being the 
subject of such as Newton, Gauss, Laplace, Lagrange, and 
Euler, theoretical astronomy has been cast to the tender 
mercies of private enterprise, but without financial support, 
and as a result the situation is that obscurant specula- 
tions can gain acceptance more readily than genuine 
theoretical work—it is all lumped together by most of 
our observational astronomers as ‘mere theory’—because 
in failing to accord with scientific method such specu- 
aan appeal to the majority on their own philosophical 
evel. 

Everything that the skill of printer and publisher can 
provide has been lavished on this book, which from a 
production point of view is quite excellent, and it is sad 
that much of the content falls so far below that level. 
One must express the hope that the University of Chicago 
Press will take early steps to have it thoroughly revised. 

R. A. LYTTLETON 


MATHEMATICS AND WEATHER 


An Introduction to the Hydrodynamical Methods of 
Short Period Weather Forecasting 

By I. A. Kibel. Translation edited by R. Baker. Pp. 
xili+383. (Oxford, London, New York and Paris: 
Pergamon Press, 1963.) 100s. 


TTEMPTS to use the differential equations of hydro- 

dynamics and thermodynamics to predict the changes 
of atmospheric pressure had to await the development of 
high-speed computers because the equations are so 
complicated that only arithmetic methods of solution sarc 
possible; the remarkable effort of L. F. Richardson, who 
carried out a partial solution by hand computation, is 
alone in preceding the electronic computer. In the past 
two decades, research has proceeded quickly in many 
countries and the solution of the equations in simplifiod 
form has been one of the major items of meteorological 
research. Dr. Kibel has been the leader and inspirer of 
the Russian effort in this field and is highly qualified to 
write about the recent advances; his book is welcome 
because there are very few adequate accounts of this 
branch of meteorology and applied mathematics. 

The book, developed from a series of university lectures, 
gives a logical development typical of applied mathematics 
text-books. First there is a careful development of the 
equations of motion of the atmosphere, allowing for 
thermodynamic effects, 'and of the mathematical repre- 

- sentation of the boundary layer. Next comes the vital 
chapter dealing with the scale of the atmospheric motions 
that are to be treated, the relative magnitudes of the 
terms in the equations when applied to this scale and the 
simplifications that follow. So far the ideas developed in 
the U.S.S.R. were similar to those developed elsewhere. 
The remainder of the book is devoted to the solution of 
the differential equations in successively more complex 
cases, starting with the solution for linearized equations, 
treating the atmosphere like an incompressible fluid. 
This is followed by a treatment of the linearized three- 
dimensional equations and illustrative examples are given. 
The corresponding non-linear problems are very carefully 
treated and really form the core of the book so far as 
meteorologists are concerned. In solving the equations 
the Russians have used the classical methods of con- 
structing Green’s functions and so expressing the solution 
as triple integrals: Dr. Kibel naturally gives prominence 
to this method of solution, working it out in detail, but 
he does not neglect to mention the straightforward 
arithmetical approach which has been favoured in Britain 
and the United States. (In fact throughout the text it is 
clear that the author was well aware of the research going 
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on outside his own country.) Of course, when either 
method of solution is used to obtain practical answers 
there is an enormous amount of arithmetic computation 
to be done; on one hand, the Green’s integral has to be 
evaluated at a great number of points as a sum, while, 
on the other, iterative processes have to be used. It is by 
no means clear which is the more accurate way of solving 
the equations or which is the more economic in computing 
time and it would be interesting to have a comparison 
made. 

Dr. Kibel illustrates the different methods of solving 
the equations by examples of predictions made both by 
Soviet and other research workers and also in somo cases 
gives statistical measures which indicate that numerical 
weather prediction is likely to be a success. f 

This is a very useful text-book and gives the Russian 
point of view up to 1956 very clearly and carefully. 
Much work has been done, both inside and outside 
Russia, since this text was first published, and it is now 
by no means an up-to-date account of the state of the 
art. Nevertheless, its value as a text-book and as an 
introduction to Russian ideas, so often masked by the 
language difficulty, remains high and it is probably the 
most complete account of the subject available in book 
form. The translation has a number of irritating errors, 
as has the mathematics. The original text-book had no 
index and this defect has been remedied in the translation. 
There are but few references and no standard method of 
annotating them; in some cases it would be difficult to 
trace the original paper. However, these minor defi- 
ciencies do not detract from the value of the book. 

E. KNIGcHTING 


ISOTOPES IN CLINICAL 
‘MEDICINE 


The Body Cell Mass and Its-Supporting Environment 
Body Composition in Health and Disease. By Francis 
D. Moore, Knud H. Olesen, James D. MeMurrey, H. 
Victor Parker, Margaret R. Ball and Caryl Magnus Boy- 
den. Pp. xxv+535. (Philadelphia and London: W. B. 
Saunders Company, 1963.) 16ls. 


P investigation of body composition represents one 
of the most favourable fields of application of isotopes 
and owes much to Georg von Hevesy, to whom this 
volume is dedicated. Accuracy and convenience of 
isotopic measurements are now such that in spite of 
unavoidable restrictions which apply to the use of radio- 
active materials in patients the hospital test laboratory 
of the future can confidently be visualized as a major 
centre of isotopic activities, and many books similar. in 
general character to the present volume may be antici- 
pated. This one describes 10 years up to 1954 spent in 
establishing basic techniques and a subsequent and more 
intensive similar period of clinical application of these 
methods at the Peter Bent Brigham and Massachusetts 
General Hospitals. 

Part 1 deals with methods, calculations and interpreta- 
tions relating to measurements of total-body water and 
electrolyte masses using a variety of labelled substances. 
Thon comes a consideration of more difficult problems of 
sub-dividing these between body compartments, sometimes 
on an anatomical basis, such as into intra- and oxtra- 
vascular or intra- and extra-cellular, but often on a purely 
functional basis, for example, exchangeable and non- 
exchangeable phosphorus. In Part 2 the emphasis is on 
specific clinical conditions including burns, fracture, 
hemorrhage, heart disease, renal and hepatic failure, and 
obesity. It is evident throughout that a new and extremely 
informative phase is developing in clinical medicine which 
is likely to have revolutionary effects. 
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With such a development in prospect it is obviously 
important to be reasonably sceptical initially when con- 
templating the replacement of trusted procedures with 
new ones, and it is a defect of this book that too much 
that relates to the accuracy of the newer methods is taken 
for granted. This is particularly true in the methods 
section where, for example, the important problem of 
‘excess excretion’, that is, renal escape of the injected 
labelled substance before an equilibrium distribution 
between body compartments has been achioved, is not 
seriously dealt with. Indeed, theoretical treatments 
throughout are based on a dangerously statio point of 
view which ignores the fact that the living organism is 
dynamic in a metabolic sense. The fact that tho natural 
processes of excretion and replacement must proceed, often 
from or into selected compartments, implics that true 
. equilibrium in the senso of a uniform distribution of specific 
activity of the injected substance is never actually 
achieved, and this is not discussed. The transfors which 
result from unavoidable specific activity differonces and 
which affect the accuracy of nearly all iostopo dilution 
procedures in animals can only be satisfactorily allowed 
for by mathematical procedures based on compartmental 
models the basie constants of which are now fairly well 
known. It is to be hoped that a future edition of this 
book will be enlarged to include a section describing these 
procedures. z 

As it stands, the book is an invaluable compendium of 
clinical information which is clearly presented and logically 
arranged. A particularly useful feature is to be found in 
extensive data relating to normal or control subjects. A 
few statements occur which will not find universal support. 
such as an early one to the effect that Evans blue may be 
considered a tracer for albumin “almost identical with 
radioactive albumin itself”. In fact, since the dye 
exchanges between albumin molecules it gives a misleading 
impression of the behaviour of the protein. 

A. S. MOFARLANE 


SCIENCE IN A LIBERAL 
EDUCATION 


Science in its Context 

A Symposium with special reference to Sixth-Form 
Studies. Edited and introduced by Dr. John Brierley. 
Pp. vii+372. (London: Heinemann Educational Books, 
Ltd., 1964.) 30s. net. 


FTER too long a period during which the vocational 
claims of science in education were given too great a 
share of attention, it is now becoming respectable to claim 
that science should be given a place in the general educa- 
tion of all school pupils instead of merely providing 
preliminary training for the minority who will become 
professional scientists and technologists. A liberal educa- 
tion must include science as ono of its ‘core’ constituents 
and the kind of science studied must be of @ generally 
educational, not a narrowly vocational kind. It must be 
taught as one of the ‘humanities’, in the best sense of that 
term. 

Efforts are being made to devise suitable courses, equip- 
ment and examinations for pupils up to the age of 15-16 
years, but those who stay at school longer and take a 
sixth-form course need to continue to study science as 
part of their general studies, whether they are taking one 
or more branches of science in their specialist studies or 
not. It is still ‘science for all’ which is required, not 
‘science for arts sixths’. 

Those required to teach sixth-form science of the 
general study kind need considerable help, in the form of 
courses of training and appropriate literature and other 
aids, and Messrs. Heinemann are to be congratulated on 
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having published what is probably the first full-scale book 
on this subject, though it follows the booklet Science in 
Siath-Form General Education, published in 1963 by 
John Murray for the Association for Science Education. 
Several hundred copies of a first draft of that were, 
indeed, circulated in 1961, and it is to that draft 
version that several references in Science in its Context 
apply. 

In Science in its Context there is first a commendatory 
foreword by the president of the Royal Society, Sir 
Howard Florey, and then an extensive explanatory intro- 
duction by the book’s editor, a former schoolmaster who is 
now one of H.M. inspectors of schools. There are then 
five main sections of contents. The first is concerned 
with the general setting of sixth-form goneral studies, 
within which the envisaged science course must be 
placed. Lord James of Rusholme discusses the question 
of science and general education, and his essay is followed 
by six chapters by heads of schools who discuss tho subject 
of general studies in the context of actual experience in 
their own schools. This gives a valuable lead to other 
schools. 

Tho other four sections provide useful material on which 
teachers could draw when planning the courses they 
themselves must devise to suit their own particular schoo} 
circumstances. The book rightly makes no attempt at 
imposing an ‘ideal’ course. There is a helpful second 
section comprising three chapters on scientific method, the 
application of this in peace and war, and the philosophy 
of science. The third section concerns “Science and 
Religion”, discussed by a theist and a non-theist so that 
opinions may be formed on the basis of views presented 
from two highly-contrasted points of view. Then follows 
a fourth section on the history of science, aspects of which 
must be dealt with in the kind of course required, though 
it should not be just a ‘history of science’ course. Each 
of the four chapters in this section is the work of a different 
author, the first writing on Greek science and the other 
three, respectively, on the sixteenth and seventeenth 
centuries, the eighteenth and nineteenth centuries, and the 
twentieth century. As is the case with most of the chap- 
ters of the book, there are reading lists at the end of each 
of theso four chapters, the books listed being grouped 
under “General History”, “Special Aspects” and “Original 
Works”. i 

It is important in a sixth-form general course to cut 
across the boundaries between the sciences which may have 
appeared in the middle school, where present conditions 
may have caused physics, chemistry and biology to be 
taught separately by different teachers. Also, the growing 
points of science are often in the regions where artificially 
separated sciences meet. Teaching by topics, or themes, 
is therefore better than teaching by sciences. The last 
section of this book follows this plan by providing eight 
chapters, each by a different author, dealing with 
astronomy, radioactivity and the atomic nucleus, the 
structure of matter, evolution and human biology, 
behaviour, conservation of resources, cybernetics, and the 
development of geological thought and the scientific study 
of scenery. Some of these overlap some of the “Themes” 
in the booklet of the Association for Science Education 
already mentioned, but others are different, so, in this 
respect as in others, the two publications are comple- 
mentary. 

An appendix on practical work and another on visual 
aids provide further assistance to teachers. Altogether, 
the book is very much to be welcomed as a contribution 
towards the campaign to help everyone in understanding 
science well enough to appreciate its nature, significance 
and potentialities. It is a book primarily for those 
directly involved in education, including those who are 
training teachers as well as those in the schools themselves, 
but it can also be commended to the notice of all who feel 
concern at the lack of common ground between scientists 
and laymen to-day. Hues P. RAMAGE 
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THE UNIVERSITY AND THE RESEARG. g 


By Pror. R. A. SMITH, C.B.E., F.R.S. 


Director, Center for Materials Science and Engineering, and Professor of Phys.. 
Massachusetts Institute of Technology 


HERE has recently been a grèat deal of discussion 

following the publication of the Robbins and Trend 
Reports* of the best way to organize fundamental 
scientific research, particularly in the universities. Let 
us recognize at once that one cannot ‘organize’ research 
but one can create conditions under which fundamental 
research will flourish. There is much to be said for the 
research establishment or research institute given over 
wholly to the pursuit of research in a well-defined field. 
Indeed, where there is an urgent need for solutions of 
problems in a particular field, experience has shown that 
by far the most effective way to obtain them is to set 
up a special laboratory where a team can work, 
provided with the necessary facilities. One has only to 
look at the achievements of the war-time research estab- 
lishments like the Telecommunications Research Establish- 
ment or the early pioneering work on the application of 
nuclear physics at Harwell to find examples in Britain. 
In the United States there was the Radiation Laboratory 
at the Massachusetts Institute of Technology followed 
later by the Lincoln Laboratory, and the various nuclear 
physics research laboratories of the U.S. Atomic Energy 
Commission. One can quote many examples too in other 
fields of research. 

Nevertheless one must admit that most of these success- 
ful laboratories have based much of their work on ideas 
which were born in the quieter atmosphere of academic 
surroundings. One cannot, therefore, except at the peril 
of losing vital springs of new inspiration, ignore the 
contribution of the universities to our technological 
progress. Many of our ablest minds prefer the academic 
atmosphere to the rather faster ‘pace’ of the research 
establishment. The great weakness of the research 
establishment is that it has little contact with fresh minds 
in the form of raw students and generally, though by no 
means always, has practically no teaching function. It 
is this contact with the young that makes a university 
career so attractive to many of our ablest thmkers. On 
the other hand, the universities in Britain are so organized 
that the teaching and administrative load, especially on 
the more senior members in the science faculties, eats very 
heavily into the time available for research, and life 
for many becomes a frustrating struggle between creativity 
and duty. 

This is particularly so for those who want to work in the 
experimental sciences, such as physics and chemistry, 
and also in the applied sciences. These are expensive 
pursuits in this age of complex scientific equipment, and 
most of the universities are simply not organized to deal 
with the needs of modern scientific research. How often 
has one seen the needs of one of the scientific departments 
voted down by colleagues from the humanities who greatly 
outnumber the scientists in most of the universities. 
One answer to this is, of course, to have a small number 
of first-class technological universities in which the 
scientists and engineers are in a considerable majority 
and are thus able to determine policy. This is indeed a good 
answer but not the only one, and it is not about this 
that I am concerned at the moment. 

If the main trouble with a research establishment is 
that it is divorced from teaching and from the academic 
atmosphere, is it not possible to combine the merits of 

* Nature, 200, 926, 1029, 1138, 1245 (1963); 201, 1 (1964). 


both types of institution? Can we not he arch 
institutes closely associated with universities ? 3s has 
been tried only on a small scale in Britain but ıs now 
coming into operation on quite a large scale in the United 
States—and working very well: for example, there is the 
Glass Research Institute in the University of Sheffield, 
though this is not exactly what I have in mind. Origin- 
ally the director was also professor of glass technology 
and this worked well. Now the two posts have been 
separated. Moreover, this Institute is largely supported 
by industry. What I have in mind is a research laboratory 
located close to or preferably right on a university site 
but supported by funds which are not part of the univer- 
sity budget and come from a government agency such as 
the Department of Scientific and Industrial Research or 
its successor. I have in mind that a number of the senior 
research staff of the institute should hold university 
appointments and the director might well have a profes- 
sorship. He should certainly not be head of the corre- 
sponding scientific department. He should be consulted 
as a colleague on university courses but should not be 
responsible for the teaching programme although he should 
take part in it. 

There are many laboratories in the United States which 
have this arrangement. My own experience has been 
chiefly with those in the Massachusetts Institute of 
Technology. These are laboratories associated with special 
fields of research such as the Research Laboratory of 
Electronics, the Center for the Life Sciences, and the 
Center for Materials Science and Engineering. In each 
case a substantial proportion, of the laboratory’s funds 
come as bulk grants from Federal sources, but some 
faculty members have individual contracts, again mainly 
with Government agencies. The director has the responsi- 
bility for management of the bulk grants but not for the 
individual grants. He does have control of laboratory 
space and facilities. In each case the director is a full 
professor who takes his share in teaching and in academic 
matters is happy to be subject to the direction of the head 
of the particular department in which he holds his pro- 
fessorship, and to help him in planning the teaching. 
The research staff of the laboratories consist of faculty 
members and research students together with a number of 
full-time research staff. The latter are usually of two 
main types, relatively young ‘post-doctoral’ research 
workers and a few experienced workers of high standing 
who elect to spend all their time on research. 

Let us consider the advantages of such an arrangement. 
The funds of the laboratory are provided from an outside 
source so that the director does not have to battle with his 
university colleagues for a share in the ‘academic cake’ 
—he has his own budget. This would avoid the difficulty 
which most universities seem to find in accepting an expen- 
sive scientific ‘project’, namely, that it unbalances the 
distribution of funds between the various departments. 
The director and senior staff are not burdened with the 
responsibility of university teaching, yet they can form a 
very valuable ‘bonus’ to a university department, particu- 
larly at advanced and postgraduate levels. The laboratory 
would provide facilities for research students in addition 
to those available in the university department and would 
usually be built around equipment which is much too 
expensive to be carried on the usual university budget. 


580 7 


It would not detract from, but would add stimulus to, the 
research of university staff not working in the institute, 
and in general would add prestige to the university, thus 
attracting good students both undergraduate and 
graduate. 

Staff working in the institute would be in close associa- 
tion with their academic colleagues, would presumably 
share dining, library and social facilities, so that they 
would have most of the advantages of an academic 
appointment. They would have close contact with 
students and with the university research staff and would 
participate in colloquia and other joint activities. For 
this to work the institute must be right on the univer- 
sity site. Experience has shown that even a small separa- 
tion can isolate an institute. 

It is not envisaged that.there should be many such 
research institutes. They would only be justified for 
special research projects which merit a concentrated attack 
and which are likely to require very expensive equipment. 
They would lend a certain character to particular universi- 
ties, and this is no bad thing. There has been far too 
much striving after uniformity. ` 

It will thus be seen that such research institutes combine 
-the advantages of a research establishment with those of a 
university and could provide the climate and facilities by 
means of which research can flourish. I feel that more 
institutes of this kind could well be located on university 
sites in Britain and would provide one means to stepping 
up scientific research. It is a shame that so many students 
in Britain are growing up with no contact at an early stage 
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in their careers with some of the most exciting develop- 
ments in science which, because of their high cost, can 
only occur in Government-sponsored research establish- 
ments. Perhaps the new thinking on scientific organiza- 
tion in Britain will take this into account. 

Does it work? The-answer is that it certainly does in the 
United States and there seems no fundamental reason 
why it should not work in Britain. 


` The Editor of Nature gladly publishes the foregoing 
article by a distinguished scientist who has lived and 
worked for some considerable time in Britain, and is now 
carrying on his good work in the United States.. Naturally, 


. therefore, Prof. Smith is comparing conditions in the 


United States and Great Britain. 

The Editor feels compelled to point out, however, that 
for decades now Australia has been very successfully 
carrying out, at least in part, what Prof. Smith is suggest- 
ing should be developed in Britain. So far as he is aware, 
and after visiting that country, the Editor believes that on 
every university campus in Australia are laboratories 
devoted mainly to research and supported financially by 
Government funds—namely, the research laboratories of 
the Commonwealth Scientific and Industrial Research 
Organization. The Editor left Australia convinced that 
this organization of scientific research was a real success, 
producing a cross-fertilization of ideas and projects; and 
thus strongly supporting the plea which Prof. Smith has 
so eloquently made for Great Britain. 


ORGANIZATION OF CIVIL SCIENCE IN GREAT BRITAIN 


By Sin FREDERICK WHITE, K.B.E. 


Chairman, Commonwealth Scientific and Research Organization, Australia 2, ~- 


Ta report of the Committee of Enquiry into the 
Organization of Civil Science (the Trend Report) 
. is of considerable interest to all of us, since it is a contri- 
bution to the growing volume of literature devoted to 
the investigation of the organization of science under 
Government. Although our position in Australia to-day 
. differs markedly from that of the United Kingdom, 
the pattern of scientific institutions which we have here 
at present had its origins in the United Kingdom early 
in this century. , 
‘In Australia, as indeed in other countries, we will be 
influenced to a greater or less degree by the principles 
and practices adopted by our colleagues elsewhere. While 
being quite conscious of the fact that the information 
available to me at this remote distance may not be com- 
pletely adequate for the purpose, I have ventured never- 
theless to make an assessment of the findings of this 


Committee, particularly in regard to the principles that - 


are enunciated. 

The terms of reference of this Committee call on it to 
advise on any changes in the functions of the various 
existing civil agencies and whether any new agencies 
should be created for the purpose of promoting civil 
science in the United Kingdom. As a background to this, 
the Committee is asked to advise on the inevitable 
question as to how, most appropriately, arrangements may 
be made for determining the relative importance in the 
national interest of claims on the Exchequer and on the 
general question of the procedure for accountability. 

Although these terms of reference would not preclude 
an initial broad examination of the adequacy or otherwise 
of the Government’s support in the various areas of 
scientific activity, the Trend Committee appears, in the 
main, to have avoided this issue. The Committee, in other 


words, appears to have left to the Minister for Science, 
and to his Advisory Committee which it advocates, this 
major consideration. 

It is therefore of interest, in the first instance, to note 
the balance of support for civil science as illustrated by 
the figures given for 1962-63 in the Report itself. 

These expenditures may be rearranged as follows: 


Atomic Energy Authority and the National Institute for 


Research in Nuclear Science £57 million 
The Ministry of Aviation PA : £247 million 
D.S.I.R. (including grants made to universities and expendi- 
tures on the Development Fund) £22-2 million 
Medical Research, Agricultural Research (including expendi- 
ture by agriculture departments and the amounts made 
available by grants to universities) £17-1 million 
Meteorology, aviation medicine, observatories and oceano- p 
graphy £2 million 
Other civil departments £2-8 million 
Space research £1-2 million 
ature Conservancy £0-6 million 
3 £127-6 million 


In the foregoing I have purposely omitted the sum of 
£24,000,000 for the universities and learned societies, 
as these institutions are not instrumentalities of the 
Government in the same sense as the others listed. 

Heading the list is the expenditure on the Atomic 
Energy Authority and associated research on nuclear 
science, followed immediately by the second specialized 
activity—that of research and development in aviation 
under that Ministry. These high expenditures clearly 
reflect policy decisions by the Government to keep 
Britain in a leading place in nuclear energy and aviation. 
Although there is certainly a spill-over to general industry 
of valuable science and technology from these activities, 
the support of these two areas exceeds considerably that 
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in any other area of research, even that given to the 
Department of Scientific and Industrial Research which 
has very wide responsibilities for research connected with 
the broad spectrum of British industry. 

The Committee does, however, state that it felt ‘both 
obliged and entitled to assume that it will be the Govern- 
ment’s purpose to promote industrial research and 
development more intensively than hitherto as an essen- 
tial element in the sustained growth of the economy”. 

It is on this basis, therefore, that the Committee has 
made sweeping and far-reaching recommendations about 
the future of the Department ‘of Scientific and Industrial 
Research. Now that it is proposed to free this body of its 
responsibilities for research grants to universities, except 
some of a rather specific nature, and to give it wider 
responsibilities as the Industrial Research and Develop- 
ment Authority, some aspects of this proposal, appear 
to me to be of considerable interest. The recommendation 
that this new Authority should be able to recruit staff 
expert in science and in industrial management, and 
promote freer movement between its staff and industry, 
would appear to me to be essential to success. The idea 
that the Authority should have greater freedom, as well 
as responsibility, in the areas at present covered by the 
National Research and Development Corporation, in 
connexion with development contracts to stimulate 
industrial research and development and act for the 
Government in overcoming the inherent reluctance in 
industry to become involved in ‘risk’ investment, repre- 
sents a-modern approach which I would think most 
welcome. 

What I find disturbing is the lack of adequate and 
specific reference to the desirability of the new Industrial 
Research and Development Authority maintaining a very 


high standard of research in its own laboratories. I would - 


be equally concerned as to whether the implications of the 
recommendations are that the Authority should depart 
substantially from being a research organization to one 
principally concerned with what might be termed ‘manage- 
ment’ problems in British industry in so far as they form 
a responsibility of the Government. 

In this connexion, I note that one of the opening state- 
ments of the Committee’s Report is that “at the heart 
of the country’s scientific research activities stand the 
Universities”. This appears to be much more than a state- 
ment of the rightful place of the universities as the centres 
from which stem the two branches of intellectual progress, 
the students they train, and the contribution they make 
to original scientific research. 


This is perhaps an expression of a traditional British, 


assumption that research of quality must of necessity be 
associated with university teaching and is much less 
likely to be successful either at the ‘basic’ or the ‘applied’ 
level if undertaken in the laboratories of the Research 
Councils. 

Mr. Quintin Hogg (formerly Lord Hailsham), in his 
Science and Politics, states quite specifically: “But, as a 
general proposition, I adhere to the view that there must 
be the constant stimulus of teaching, or research will 
surely die.” This attitude must inevitably place the re- 
search undertaken in the laboratories of the Research, 
Councils in a,second and therefore an inferior place in 
British thinking. There is no foundation for the assump- 
tion that the most original advances at the frontier must 
occur in the universities and cannot occur in Government 
establishments, or indeed in’ industry, and that Govern- 
ment establishments must be burdened solely with 
research directly associated near to application. 

Since the universities have built-in traditions and 
organizational patterns, they are probably well able to 
withstand any undesirable pressures that may arise from 
the Government’s desire to see their research contribute 
to the progress of the national economy. Indeed, many 
faculties of the universities are specifically interested in 
research which may have this consequence. 


` 
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Over the years there has been much criticism of the 
inability of British industry to make use of the results of 
British science. The outstanding record of research 
achievements, it is claimed, has not had, and is still not 
having, that impact on the advancement of industrial 
progress which Britain, in common with other countries, 
so much desires to-day. Might not the essential difficulty 
be that Britain relies too heavily on university research 
rather than on far-reaching frontier research stimulatod 
and undertaken in laboratories which have (as the Research 
Council laboratories have) a direct interest in seeing their 
work carried through from original discovery, through 
application and development, to industrial adoption ? 

If the Committee implies that, in the main, the Research 
Councils—and particularly the Industrial Resoarch 
Development Authority—must look to the universities 
for their inspiration in research of novelty and promise, 
then this would seem to me to be introducing difficulties 
which cannot be overcome. It would mean, for example, 
that the Industrial Research and Development Authority 
would have to rely on the almost random chance of there 
being university men interested in research dealing with 
the problems and responsibilities the Authority bears. 
The Authority would be unable to ensure continuity in 
the pursuit of basic science vital to its objectives. The 
universities, as institutions, are not asked to assume (nor 
do they offer to assume) this degree of responsibility. In 
addition, the authority and the laboratories of the other 
Research Councils must inevitably be denied tho stimulus 
to the whole activity which comes from the presence 
within the ranks of research staff of men of outstanding 
initiative and originality who, through their work, can 
not only create new approaches to industrial problems but 
who can also have a direct and marked influence on their 
colleagues. 

In saying this, I am not unaware that there are many 
men within the research establishments of the Government 
who have this capacity and this influence. It does, how- 
ever, seem to me a matter of considerable importance that 
laboratories established by the Government with practical 
objectives should be able to adopt policies which attract 
to them the scientists of highest calibre who are willing 
to work at the frontiers of scientific advancement in arcas 
of consequence to these objectives. 

I like the idea that the direction of the work of the 
Councils should be vested in full-time chairmen possessing 
appropriate scientific qualifications. This is a step in tho 
right direction, for the management of any research 
organization requires the constant attention of a man 
familiar with the research being undertaken, its promise, 
and its relationship to the objectives of his institution. 
While such chairmen certainly will need the advice of their 
own colleagues and of outsiders, L believe that a part-time 
chairman cannot give the degree of detailed attention to 
the management of a research organization which is 
essential. 

I have grave doubts, therefore, as to the desirability of 
the Research Councils being represented. on the Advisory 
Council to the Minister for Science in the position only of 
‘assessors’. This Advisory Council is envisaged as having 
the responsibility for advising the Minister on all aspects 
of his duties—on scientific man-power, on allocation of 
available resources between agencies, on national scientific 
needs as a whole, and on international scientific policy, as 
well as on the organization of the administrative machinery 
for the promotion of scientific research and develop- 
ment. This Advisory Council, it is suggested, is to con- 
sist of not more than fourteen ‘independent’ members, 
half of whom would be scientists. Not being personally 
familiar with the position of an ‘assessor’ on such bodies 
in the United Kingdom, I can only ask whether this does 
not in fact put the chairmen of the Research Councils in 
an inferior position, in spite of the fact that they will be 
by far the best-informed persons in the country ? Their 
experience in their own areas will not only lead them to 
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have knowledge of the research in progress and the de- 
velopments in science that are needed but also to have a 
comprehensive knowledge, I would assume, of the impact 
of the activities of their Council on national objectives. 
This question perhaps becomes more pertinent if I point 
out that university scientists appointed to this Council 
cannot be regarded as any more ‘independent’ than the 
chairmen of the Councils themselves, and university 
men, perhaps with many exceptions, are less likely to be 
s a position to make the judgments that will be called 
or. 

The final point I would make is in reference to the 
relationship between the wide field of research activity 
for which the Minister for Science will be responsible 
and the wider responsibilities of other Ministers and 
Departments. 

Public expenditure on science is justified on several 
grounds. In the field of education, scientific research 
serves the purpose of stimulating teaching and of adding 
to the progress of knowledge. There are then many 
scientific activities under the Government that serve a 
national purpose or provide that essential environment 
which an industrial society must have if it is to prosper. 
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These are perhaps logical fields for the attention of a 
Minister for Science. 

Science, to-day, however, should play a very direct 
part in the formulation and execution of the Govern- 
ment’s general policy. In industry, transport and com- 
munications, housing and health, external trade, agricul- 
tural productivity and, in fact, in most matters that come 
under consideration as policy issues, the influence of 
science should be felt, 

In the evolution of policy, Governments are concerned, 
according to their political views, with finance, with the 
general economic position, including internal and external 
trade, the wage structure of the community, and the like. 
We have perhaps not yet reached a situation where the 
potential of scientific discovery has a similar status. 

Such considerations were perhaps in the minds of the 
Committee in voicing a need for the association between 
the Research Councils and the Departments. This is 
certainly wise, but one may well ask why the Committee 
has not given more attention to the difficult, but quite 
essential, task that faces a Minister for Science in making 
science part of the thinking and action of all his Govern- 
ment colleagues. 


NEW EQUIPMENT FOR PROCESSING SCIENTIFIC DATA FROM SATELLITES 
AT THE RADIO RESEARCH STATION, SLOUGH 


EW equipment has now been installed at the Radio 
Research Station, Slough, to process the raw data 
received from the second Anglo-American satellite 
(UK—2/S-52) launched by the National Aeronautics and 
Space Administration on March 27. It will also be used 
for the third satellite in this series when it is launched. 
The Station will thus be providing a service for all the 
British research workers who have experiments in these 
satellites. Manufactured in Great Britain by Plessey-UK, 
Ltd., to the requirements of the Radio Research Station, 
the equipment will perform the initial processing of the 
telemetry tapes before the data are passed to computer 
centres elsewhere for further processing, sorting and 
mathematical analysis of the experimental results. 

The magnetic tapes, on which is recorded the informa- 
tion telemetered by radio from the satellite UK-2/S—52, 
will be sent to Slough from a dozen or more receiving 
stations throughout the world. The new processing 
equipment will be required to convert this information 
into digital form that can be used as input to fast digital 
computers. The equipment is automatic in operation, 
and transistor circuits are used throughout. The system 
is designed in such a way that it can be modified or 
extended to handle other forms of telemetry or to produce 
magnetic tapes for different types of computer. 

In addition to operating and maintaining the equip- 
ment, the processing centre will be responsible for keeping 

‘full records of essential technical information relating to 
the many thousands of magnetic tapes to be handled 
annually. 


Role of the Radio Research Station In Relation 
to Satellite UK-2/S-52 


In the second Anglo-American satellite UK-2/S-52 
launched by the National Aeronautics and Space Ad- 
ministration (NASA), the experiments are designed by 
British research teams. The Radio Research Station has 
no experiment in this satellite but, throughout the satel- 
lite’s life, will be providing for the British experimenters 
services essential to the gathering and processing of the 
scientific data from the satellite. 

The services may be summarized as follows. 

(1) Tracking. This establishes where the satellite was 
at a given time; otherwise the measurements made in 


the satellite cannot be used properly. At Winkfield 
(Berkshire) the Station maintains and operates, in col- 
laboration with NASA, one of the world-wide network of 
twelve radio installations used for finding the position of 
satellites launched by NASA. Winkfield will, accordingly, 
make observations of the direction of satellite UK—-2/S~52 
as a matter of routine. 

(2) Telemetry (measurement at a distance). This means 
receiving and recording the radio signal which contains 
the results of measurements made in a satellite. The 
Winkfield installation already referred to will make 
regular recordings on magnetic tape of the UK-2/S-52 
telemetry signals. Recordings will also be mado at the 
overseas laboratories of the Radio Research Station at 
Singapore and Port Stanley (Falkland Islands). All three 
stations are equipped with tele-command facilities, thet 
is, radio transmitters which are used to send signals to 
the satellite which cause it to replay to the ground the 
scientific measurements recorded on a tape-recorder 
carried in the satellite itself. 

(3) Processing of the telemetry data. The magnetic tape 
records from the NASA network of receiving stations and 
from Singapore and Port Stanley will be sent to the 
Radio Research Station. Here the recorded information 
will be converted into a form for feeding into digital 
computers. 

For the purposes of its own research programme, the 
Radio Research Station is making considerable uso of 
sounding rockets and satellites. During tho past eighteen 
months the Station has been processing and using the 
ionospheric data received from the satellite Alouette. 


New Data-processing Equipment 


Before the scientific measurements made in satellite 
flying laboratories can be presented in a form suitable for 
interpretation a complex chain of operations has to be 
carried out. The first stage for satellite UK~2/S—52 is 
taking place at the data-processing centre at the Radio 
Resoarch Station, Slough. Special equipment manu- 
factured by Plessey-UK, Ltd., to Radio Research Station 
requirements, converts the raw data telemetered from the 
satellite into a form suitable for input to fast digital 
computers. Further stages of processing, sorting and 
mathematical analysis of the experimental results will 
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afterwards be accomplished at computing centres 
elsowhere. i 

The magnetic tapes, on which the information tele- 
metered by radio from the satellite has been recorded at 
receiving stations around the world, will be sent to 
Slough. They will contain measurements from the satel- 
lite experiments, intermingled in a pre-arranged sampling 
pattern and recorded in a pulsed frequency modulation 
code. The average pulse repetition rate is 55 per sec, 
while the signal frequency of each pulse, representing the 
magnitude of the experimental quantity concerned, falls 
within the band 5-15 kilocycles per sec. At the receiving 
station, the time of reception is recorded continuously in 
a coded form on two other tracks alongside the data from 
the satellite. 

The tapes, on receipt at the Radio Research Station, 
aro first inspected in one section of the processing system. 
The satisfactory parts which have an adequate signal-to- 
noise ratio are selected and their usefulness is assessed. 

Selected telemetry tapes are then replayed into the 
main section of the processing system. This essentially 
digitizes in binary form the experimental magnitudes 
represented by the signal frequencies of the pulses. The 
signals are first separated from the background noise by 
a bank of 128 filters. When a frequency falls within the 
pass band (100 c/s wide) of a filter the output from this 
filter suppresses the noise outputs from all the other 
filters. By this means signals as much as 12 decibels 
below noise-level can be recovered. Hach filter is con- 
nected to its own binary number generator and the 
number, in binary coded decimal form, corresponding to 
the active filter is passed to the output. Conversion 
accuracy from frequency to digital number is about 
l per cent. 

A. measurement made in the satellite can be con- 
tinuously variable or in the nature of a count. If it is 
continuously variable the data are interpreted in binary 
coded decimal form as described here. For a measure- 
ment where counting is performed in the satellite, this 
is done in binary form and converted to an octal (0~7) 
scale before transmission to the ground. Provision is 
therefore made in the processing equipment for inter- 
preting these data in binary coded octal form. The scale 
that is used for each individual measurement is auto- 
matically determined by a counter and a patch board, 
which can be arranged to match the sampling patterns in 
different satellites. 

A pulse generator in the form of a digital electronic 
flywheel adjusis itself to the incoming pulse repetition 
frequency. It allows the data processing to continue 
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when short-period fades occur in the telemetry signal, by 
continuing for a while to generate sampling pulses at the 
last-known pulse repetition frequency. The flywheel also 
operates the decimal/octal counter which is automatically 
set to the correct position in the pre-arranged sampling 
pattern by special synchronizing pulses contained in the 
telemetry signals. 

While the measurements from the satellite are being 
converted to a digital form by the processing equipment, 
the time information on other tracks of the telemotry 
tape is being decoded and converted into binary coded 
decimal form. This decoded time is held in a register 
which is continuously up-dated so that it is accurate to 
the nearest millisecond. Time readings are taken from 
this register on the occurrence of synchronizing pulses in 
the telemetered data. 

The experimental measurements and time, both in 
digital form, are assembled in a magnetic core buffer 
store. When the store is full the information is rapidly 
read out on to magnetic tape in the format suitable for 
input to a digital computer. Formats for three different 
types of computer will eventually be available by changing 
a patchboard. An automatic checking procedure is incor- 
porated in the processing equipment so that errors 
introduced into the data during processing are immediately 
detected. If an error of this sort is found when the output 
magnotic tape is being recorded, then a second attempt is 
made to read out the data from the store correctly. 

The equipment has been designed so that it can also 
deal with measurements which have beon made during a 
whole orbit of the Earth, stored on a tape-recorder inside 
the satellite and replayed rapidly on command from a 
ground station. The latter measurements can be auto- 
matically selected by the equipment, using special ‘start’ 
and ‘end’ pulses, contained in the telemetry signals. An 
extra fixed frequency is also present between the pulses 
of stored data and this is digitized in the same way as the 
data and enables corrections to be made in the subsequent 
computer analysis, for variations in the speed of the 
satellite tape-recorder. 

Facilities are incorporated in the processing equipment 
for sampling results from some of the experiments for 
immediate use. This output can be in the form eithor of 
printed columns of figures or of graphs drawn on moving 
paper; in both cases the time is also printed or marked 
alongside the results. This facility can be used while 
the digitizing process described in earlier paragraphs is 
taking place, or alternatively, the output tape with 
digitized data on it, can be replayed to give the sampled 
results. ` 
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The equipment is controlled from a console, and from 
this, by means of switches and push-buttons, all opera- 
tions, except loading and unloading magnetic tapes, can 
be carried out. Most functions of the system are entirely 
automatic and correct operation is shown by lamps and 
a cathode-ray-tube display on the console. The decoded 
time is displayed by illuminated numbers. Faults are 
signalled by an alarm system. 

The design of the equipment is such that it can be 
conveniently modified or extended to handle other forms 
of telemetry systems if this should be required later. 

The engineering of the first British satellite data-pro- 
cessing equipment was entrusted by the Department of 
Scientific and Industrial Research to engineers from the 
West Leigh Laboratories of the Control and Nucleonics 
Division of Plessey-UK, Ltd., at Havant, Hampshire. 
Senior members of the team visited NASA’s Goddard 
Space Flight Center to examine similar American equip- 
ment. The team collaborated closely with the Radio 
Research Station, Slough, throughout, with the tech- 
nological resources of all other divisions of the Plessey 
Group always at their disposal. 

Overall system design and manufacture were carried out 
entirely by Plessey-UK, though some parts of the equip- 
ment and the tape transports are of American manufac- 
ture. It is claimed that the design has certain advantages 
over the American equivalent: in particular, it contains 
comprehensive self-checking of the digital data from its 
generation to the final tape-record and has the ability to 
generate the required tape formats for several computers by 
the substitution of patchboards and the tape-writingsystem. 

Maximum flexibility has been the aim of the design 
and the equipment will be capable of dealing with any 
Pulsed Frequency Modulation data format that may be 
used in future joint Anglo-American satellites. The system 
has also been designed in such a way that it would be 
possible to process data many times faster than real time 
by a simple substitution of part of the equipment. In 
this way, data gathered during transmission periods 
totalling four hours, for example, can be compressed into 
a one-hour period. 
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The equipment consists of six 6 ft. x 19 in. rack 
cabinets containing the electronic circuitry, two control 
consoles and three tape handlers. The racks contain 
about 750 plug-in circuit boards. These are of 23 different 
types, although there are more than 100 of each of the 
two commonest types. Mounted on these boards are 
some 10,000 transistors, a similar number of diodes, and 
more than 30,000 resistors. ‘Metallux’ metal film resistors 
made by the Plessey-UK Resistor Division are standard 
throughout. 

In the main digitizing section, signals are selected from 
background noise by means of a unit containing a bank 
of 128 ‘comb’ filters, each of which has a passband 
100 c/s wide. This enables a data frequency-range of 
5-15 ke/sec to be covered and also includes additional 
filter units above and below those limits to cater for 
possible drift and for the decoding of synchronization and 
format identification pulses transmitted outside the 
5-15-ke/s range. Each of the output wires of the comb 
filter is connected to a 3-character number generator 
which produces numbers suitable both for further decoding 
and for processing by the computer. 

Data are assembled number by number at a rate of 55 
per sec in a sequentially addressed ferrite core store until 
one telemetry sequence of 256 data samples is present. 
The store is then emptied at a rate of 8,000 numbers per 
second on to a digital tape transport where one sequence 
forms & block of data. As each number is generated at 
the beginning of the process a parity bit is added and 
checked as it leaves the core store and again after it has 
been written on tape. 

Reliability and ease of maintenance received careful 
attention at all stages of design and manufacture. The 
equipment is provided with an internal simulator which 
enables it to be completely checked out without the 
necessity of using an actual tape-recording. In addition, 
a system of marginal checking is embodied; this is 
intended to reveal incipient faults before they can cause 
a failure during processing. If a fault should occur, 
indicator lights at the top of each cabinet allow it to be 
rapidly located. 


IODINE-131 IN FRESH MILK AND HUMAN THYROIDS FOLLOWING A 
SINGLE DEPOSITION OF NUCLEAR TEST FALL-OUT 


By Dr. H. A. KNAPP 


Weapons Systems Evaluation Division, Institute for Defense Analyses, The Pentagon, Washington 25, D.C, 


ODINE-131 (half-life, 8 days) is produced in relatively 
high abundance as a result of nuclear fission. Approxi- 
mately 125,000 curies (1 g) are created with each kiloton 
of fission energy released. When fresh fall-out occurs on 
pasturage, iodine-131 is eaten by cows and transmitted 
to the diet of infants and children by milk. The affinity 
of the thyroid gland for iodine results in the concentration 
of iodine-131 taken into the body by ingestion or inhalation 
in a critical organ of small size—from about 2 g in the 
infant to 20 g in the adult. The fraction of ingested or 
inhaled iodine reaching the thyroid varies from person to 
person in the general range of 15-50 per-cent. If an 
infant with a 2-g thyroid ingests 1 pe. of iodine-131 and 
the fraction reaching the thyroid gland is 30 per cent, the 
resulting radiation dose to that organ will be about 18 rads. 
The object of this report * is to give an estimate of the 
relation between a single deposition on pasturage of fall- 
* Summary of the findings of a report of the same title, dated June 1, 
1963, prepared for the Fallout Studies Branch, Division of Biology and 
edicine, U.S. Atomic Energy Commission. The full report is now pub- 
lished by the Commission, together with comments of a special review 
committee, as ARC TID 19266. The author's comments on the comments 
of the review committes are published in the Hearings before the Joint 


Committee on Atomic Energy of the U.S. Congress on Fallout, Ration 
Standards, and Countermeasures (1078; August 20-27, 1963). 


out from a nuclear test and tho subsequent levels of 
iodine-131 in the fresh milk of cows grazing on the pasture, 
and to use this relation to estimate the iodine-131 thyroid 
burdens and radiation doses of persons who daily consume 
such fresh milk. Such a relation if generally applicable 
would: (a) permit an estimate of the levels of iodine-131 
in milk which could occur in the predicted fall-out pattern 
of a proposed nuclear test, and in such hot-spot areas as 
may occur but in unpredictable locations; (b) help 
clarify the need for specific research on how radioiodine 
is transferred from the place of deposition into foods 
and people; (c) provide a means for estimating the 
doses which may have been delivered to the thyroids 
of children who consumed fresh milk from cows grazing 
on pastures which experienced relatively high levels of 
fall-out from past nuclear tests. 

One would not expect that a single constant of pro- 
portionality would relate the fall-out-level and the result- 
ing level of iodine-131 in milk. There are different modes 
of deposition. Fall-out particles may be deposited dry or 
by varying levels of precipitation, and this may affect the 
retention. of iodine-131 on edible herbage. Wind, as well 
as rain, may influence how much fall-out is retained by the 
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herbage. Fall-out at different distances from the point of 
detonation will consist of particles of different sizes which 
may have different physical and radiochemical character- 
istics. These factors affect retention by vegetation and 
porhaps biological availability of iodine-131 taken in by 
the cow. There may be differences in the distribution of 
particle sizes, and of radioactivity with particle size, for 
shots fired at different altitudes, and for shots fired over 
different soils. Finally, for a given deposition of iodine-131 
per unit aroa, the levels of this nuclide in fresh milk might 
be expected to vary depending on the type of pasture, the 
number of cows per acre, the amount of supplemental feed 
they receivo, and the rate of growth of the herbage at the 
time fall-out occurs. Since so many factors can affect 
the levels of iodine in milk, and since so little is known 
as to their precise effect, the first problem is that of 
estimating the range of iodine-levels in fresh milk which 
ean result and which have resulted from a given deposition 
of fission product fall-out on pasturage. 

Even this relatively restricted objective is difficult 
to achieve at this time. Up to the time of the Sedan 
and Small Boy tests in July 1962, no systematic effort 
had been made to obtain fall-out-levels and milk levels 
at the samo place and the same time. The most direct 
information availablo is limited to some coincidental 
measurements of iodine-131 levels in milk from two dairy 
herds and to the open-field external y-dose rate reported 
by Public Health Service monitors in the vicinity of the 
area, where the cows were grazing. These measurements 
were made at Alamo and Caliente, Nevada, following the 
Small Boy shot on July 14, 1962. Additional measure- 
ments at a fow localities in north-eastern Utah following 
Small Boy, while somewhat less suitable for determining 
the relation between fall-out-levels and resulting iodine- 
131-levels in milk, are helpful in corroborating the relation- 
ships observed at Alamo and Caliente. 

There are, however, other data bearing on the relation 
between iodine-131 deposited on pasturage and the result- 
ing levels of this nuclide in fresh milk. Booker! has 
reported on measurements made following the Windscale 
reactor accident in England on October 10, 1957. Garner? 
has made estimates based partly on experimental data, 
and partly on various assumptions concerning the retention 
of fall-out by grass and the quantity of grass eaten by a 
cow each day. The conclusions which may be drawn from 
all the available evidence are tentative as regards their 
general application to fall-out from nuclear tests, but of 


interest in that they provide the best information at. 


present available as to what may joccur following future 
nuclear detonations, and what has and may have occurred 
following past nuclear detonations. 

The raw milk and y-data, and the details of its reduction, 
are givenin ref. 5. The resultsmay besummarized as follows 

(1) Following the detonation of a low-yield nuclear 
device (Small Boy) on a 10-ft. wooden tower at the Nevada 
Test Site on July 14, 1962, measurements were made at 
several locations in the fall-out pattern of both the iodine- 
131-levels in fresh milk and the open-field external y-dose 
rate. The locations where the measurements were made 
ranged from 50 to 400 miles from ground zero. Tho data 
were collected by several groups, and without an intent to 
investigate the relation between iodine-131-levels in milk 
and the external y-levels from fall-out on the ground. 
However, the data obtained, together with the results of 
experiments involving the controlled feeding of cows with 
iodine-131 and with the known characteristics of fission 
product decay, indicate that: 

(a) The level of iodine-131 (radioactive half-life, 8 
days) in fresh milk reached a maximum value Imax 
within 4 days following deposition of the fall-out, and 
thereafter decreased exponentially with a half-reduction 
time T of about 5 days. 

(6) The maximum level of iodine-131 in fresh milk, 
Imax, was related to the external y-radiation-level by the 
relation: 
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Imax = (26,000 %,) to (96,000 7) upe. 1T/L. 


where r, is the open-field external y-doso rato 24 h 
following detonation, expressed in mr./h*. Somewhat 
broader limits: 


Imax = (18,000 79) to (220,000 ro) pyc. 1/1 


are obtained if one takes into account the estimated un- 
certainties in the values of the external y-dose rate reported 
by the field monitors (Table 1). The values of the oxtornal 
y-dose rate at locations near the pastures where the cows 
were grazing were taken as representative of the con- 
tamination-level on the pastures. The best estimates of 
T, Imax, ro and Imax/7) for the locations where measuro- 
ments were made are summarized in Table 1. 


Table 1. ESTIMATED VALUE OF T, Imax, fo AND Imaz FOR LOCATIONS IN 
o 
NEVADA AND NORTH-EAST UTAH FOLLOWING FALL-OUT FROM Small Boy 


T Imar To Imax 

Location (days) (pue TfL) (mr./h at To 

H +24 h) 
Alamo, 

Nevada 6-2 2,300 0-09 26,000 
Caliente, 

Nevada 4-7 7,700 0-08 96,000 
Kamas, Utah 5-5 8,000 0°15 53,000 
Oakley, Utah 53 8,800 015* 59,000 
Snyderville, 

Utah (Farm 99) 4:8 10,000 015" 67,000 
Snyderville, 

Utah (Farm 10g) 45 6,000 0-15 * 40,000 
Altonah, Utah 5-0 78,000—- ~it 80,000— 

(assumed) 96,000 100,000 


* Estimated to be the same as for Kamas based on aerial survey of y-levels. 
t Rough estimate from serial survey. 


(2) Measurements made by Booker following the roaetor 
accident at Windscale, England, in October 1957, to- 
gether with the researches of Garner at the Radiobiological 
Laboratory, Compton, Berkshire, lead to the conclusion 
that the maximum level of iodine-131 in fresh milk of 
cows grazing on a pasture contaminated with a singlo 
deposition of fresh fission products can lie in a broad range 
given by: 


Imax = (20,000 I4) to (260,000 Iu) ppe. 1I/. 


where I, is the initial unit area deposition of iodine-131 in 
uc./m?. The Windscale results give an averago rolation of: 


Imax © 40,000 I4 ppe. I/A. 


with a range of values for the ratio Imax/T4 of about 20,000- 
80,000. The Windscale accident occurred at a time of 
year when the cows were being transferred to winter feod, 
so that the average observed ratio Imax/I4 is lower than 
might be expected if the cows received all their food from 
pasturage. 

The measured half-reduction time of iodine-131 in 
milk and on edible herbage following Windscale was about 
5 days, supporting the results of controlled feeding experi- 
ments that the half-reduction time of iodine-13] in milk 
is a reflexion of the half-reduction time of iodine-131 in 
the feed. The calculated initial retention of iodine-131 on 
herbage was about 40 per cent of the iodine-131 deposited 
per unit area of ground. The highest milk levels noted 
were about 1,300,000 uue. 1520/1. 

Garner has estimated that for those conditions of 
British agriculture leading to the highest levels of iodine- 
131 in milk per unit area deposition of iodine-131 on the 
ground: 

Imax = 160,000 Ia puC. wF / 


This calculation is based on the assumption that 25 per 
cent of the iodine-131 deposited per unit area was initially 


* The concepts of infinite plane dose rate, open-field dose rate, and average 


` population dose rate, and the observed quantitative relations between them 


in the area, around the Nevada Test Site are given in ref. 3. It is there 
concluded that the open-field dose rate averages 75 per cent of the infinite 
plane dose rate, and the average population dose rate 30-50 per cent of the 
infinite plane dose rate. 
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retained on herbage, that the cow consumed 20 Jb. dry 
matter per day, and that the yield of edible herbage is 
500 Ib./acre, 

(3) For unfractionated fission product fall-out, an 
open-field external y-dose rate of 1 mr./h at H + 24h is 
equivalent to an iodine-131 surface concentration at 
H + 24h of about 1 pe./m?. With these units Iy4/r,¥ 1. 
Thus if the radioactive fission products in a given deposi- 
tion of fall-out are not fractionated, or if the ratio Iy/r> 
is not greatly altered by fractionation, the conclusions 
relating Imax and I4 reached in (2) could be rewritten 
with r, substituted for I4. The applicability of these 
conclusions to fall-out from nuclear tests would depend 
on whether differences between the physical and chemical 
form of the iodine-131 deposited at Windscale and the 
iodine-131 deposited in a given deposition of nuclear test 
fall-out alter retention of the iodine-131 on herbage or 
the biological availability to the cow of iodine-131. 

(4) A simple model for estimating the iodine-131 content 
of the human thyroid and the resulting internal radiation 
dose to this organ resulting from daily consumption of 
fresh milk from cows grazing on pastures on which there 
has been a single deposition of nuclear test fall-out leads 
to a thyroid burden, Q(t), given by: 


_ LF 
ae 
in the thyroid, and to a thyroid dose, D, given by: 





Ql) 


[ont — oH] ppo. 1Y 


LP 
D = (171 x 10) 47 T T rads 


where M is the thyroid mass (g), L is the daily consump- 
tion of fresh milk {litres}, F is the fraction of ingested 
iodine-131 taken up by the thyroid gland, T is the half- 
reduction time of iodine-131 in fresh milk in days, and 


In2 ` 
= T Te = 7-6 days 
8 $ 


When T = 5 days, I, = e21n/T = 4/3 Imax 


If T = 5 days, L = 1 |./day, M = 2 g (for a l-year-old 
child}, F = 0-3, then: 


D = (1,71 x 10-*) Imax rads 


If, further, Imax lies in the range of (26,000 r,) to (96,000 
ro), then : 


D = (44 r,) to (16-4 79) rads 


(5) Thyroid burdens of persons on dairy farms in north- 
east Utah were calculated from measured levels of iodine- 
131 in milk, and these calculated levels were compared 
with in vivo measurements of iodine-131 burdens*. The 
calculated burdens ranged from 1 to 3 times the measured 
burdens when the daily intake of milk was assumed to be 
11. Calculations based on a daily milk intake estimated 
by the person measured resulted in a somewhat poorer 
correlation between calculated and observed thyroid 
burdens. 

(6) Comparison of the thyroid dose due to internal 
iodine-131 from a single incident of fresh fall-out, cal- 
culated by the formula in (4), with the calculated, life- 
time whole-body dose due to external y-radiation from 
the same fall-out, leads to the conclusion that for a 
l-year-old child, the internal thyroid dose can lie in a 
ringe 60-240 times that of the external thyroid dose. 
These calculations also indicate that milk levels of 1,000- 
5,000 upe. iodine-131/1. could occur when external 
y-lovels due to fall-out are too low to distinguish from 
natural background by routine field survey methods. 

* The milk and thyroid data for these measurements were provided by 


R. ©. Pendleton, R, D. Lloyd and O. W. Mays of the University of Utah 
(see also ref, 6). 
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(7) Measurements of the iodine-13]-level in single 
samples of fresh milk collected at various locations in the 
Altonah area of north-east Utah from 3 to 5 weeks following 
Small Boy, together with the assumption that milk 
from a given farm decreased in its iodine-131 content with 
the same 6-day half-reduction time as observed in the 
milk from the Snyderville-—Kamas—Oakley area of north- 
east Utah following Small Boy, indicate that milk from 
some farms in the general vicinity of Altonah rose to 
100,000 uuc. iodine-131/l. on or about July 19, 1962. 
This result is consistent with conclusion 1b and the 
measured value of the externa) y, open-field dose rate in 
the north-east Utah area following Small Boy. 

Indications that higher levels probably occurred are 
obtained both by application of the half-reduction time of 
iodine-131 in milk observed at nearby stations to the 
highest single level measured in milk, and by scaling of 
observed milk-levels in accordance with the observed 
external y, H + 24h, dose rate. These methods suggest 
that milk levels probably reached 200,000 uuc. iodine- 
131/l. at some locations. There is no direct evidence of 
levels of this magnitude having occurred, but there is 
also no evidence suggesting that the relationships observed 
elsewhere in the north-east Utah area should not hold in 
the locations of highest fall-out-levels, provided there 
were milk cows on pasture in these locations. Based on 
the milk-y relations developed in 1b, and the y-levels 
reported in Fig. 6 of ref. 5, one cannot rule out the 
possibility that milk-levels as high as 400,000 pue. 
iodine-131/l. could have occurred in the 20 square 
mile area near Fruitland, Utah, where the aerial survey 
indicates the H + 24h external y-dose rate to have beon 
4 mr./h. 

(8) The large range of uncertainty of the relations 
between milk levels and y-levels noted in 1b may be 
accounted for partly by errors in the determination of 
r, and partly by variations in the relation between milk 
levels and the fall-out deposition-level introduced by such 
factors as deposition with and without precipitation, the 
type of herbage on the pasture and its state of growth, the 
number of cows grazing per acre and whether or not they 
received supplemental feed, and the physical, chemical 
and radiological properties of the fall-out particles contain- 
ing the iodine-131, All other things being equal, milk 
levels would be expected to be proportional to the iodine- 
131 deposition-level (in uc./m*) so long as the physical 
bulk of the fall-out particles does not saturate the ability 
of the herbage to retain a constant fraction of the particles. 
The 5-day half-reduction time for iodine-131 in milk 
and the relation between Imax and r, noted in 1b were 
observed to hold over milk and fall-out-levels which varied. 
by a factor of 50, and would presumably hold over ranges 
much lower and much higher than those observed pro- 
vided, there wero no significant change in the physical, 
chemical and radiological properties of the fall-out 
particles which give rise to the dose rate ra. 

(9) There are no firm indications as to how well the 
milk-external y-relations described in la and 16 for the 
low-yield Small Boy shot fired on a 10-ft. wooden tower 
apply at similar distances from ground zero to the fall-out 
from earlier Nevada atmospheric tests with yields up to 
75 ktons and fired on steel towers up to 700 ft. in height. 
The answer depends on the physical, chemical and radio- 
logical properties of the fall-out particles from the earlier 
shots as compared with those in the fall-out from Small 
Boy, and how these properties affect the quantities T and 
Tnax/?'o 

There are indications that for some earlier depositions 
of Nevada Test Site fall-out for which the value of r, was 
greater than for Small Boy, the fall-out particles were 
larger and the value of the ratio Imax/r, less. However, 
it is not known how much less, or for which occasions a 
significant reduction in this ratio may have occurred. The 
significance of obtaining further information on this point 
may be seen by applying the tentative results listed under 
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(4) above to the following example of heavy fall-out from 
an early test. 

Subsequent to the firing of the 32 KT Harry shot on a 
300-ft. tower on May 19, 1953, an open-field dose rate of 
16 mr./h at H + 36h (r, = 27 mr./h) was reported for 
St. George, Utah, 125 miles from ground zero’. If this 
contamination-level is assumed to be representative of pas- 
tures in the St. George area, and if the milk-external 
y-relations derived from the 1962 tests are valid for this 
case, it would follow that fresh milk in the St. George 
area reached iodine-131-levels in the range of 700,000- 
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2,600,000 uuo./l. The associated doses to an infant 
thyroid would be in the range of 120-440 rads, assuming 
the consumption of 1 1. of fresh milk per day and 30 
per cent uptake of ingested iodine-131 by tho thyroid 
gland. 

1 Booker, D. V., AERE HP/R2607 (October, 1958), 

2 Garner, R. J., Nature, 186, 1063 (1960). 

3 Knapp, H. A., AEC TID-16457 (July 1, 1962). 

4 Biological Safety, Operation UPSHOT-KNOTHOLE, 126, 157, 158. 

5 Knapp, H. A., ABC TID 19266 (June 1, 1963). 
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WHY ARE ALL ELECTRONS ALIKE? 


By Pror. W. H. McCREA, F.R.S.* 
Royal Holloway College, University of London 


Cosmology and the Uniformity of Nature 


CCORDING to one contemporary system of cosmo- 
logy, the universe is continually dispersing but it is 
kept in a statistically steady state by the continual 
ereation of fresh matter. If we understand this continual 
creation to mean that in some way matter reproduces 
itself, then we have at once a resolution of the ancient 
mystery as to how or why the universe is everywhere made 
of the same material. Matter is the same everywhere 
in the expanding universe for a reason that is similar to 
the reason why a biological species in process of spreading 
over the surface of the Earth is everywhere the same 
species. 

This appears to be a simple remark, but even at an 
elementary level it seems immediately to rationalize 
what has often been called the ‘uniformity of Nature’. 
Indeed, nothing could be simpler, because we are saying 
that matter is everywhere the same because it literally 
reproduces itself. Moreover, the idea infuses fresh coher- 
ence into cosmological thought. For we could claim that 
all the accumulated evidence for this uniformity of Nature 
is confirmation of the validity of the concepts of cosmical 
expansion and of continual creation. 


Problem of Standardized Particles 


The foregoing remarks lead to a somewhat deeper 
line of thought. One of the most fundamental laws of 
physics is that any electron is indistinguishable from any 
other electron anywhere in the universe, any proton is 
indistinguishable from any other proton, and so on. 
Now such a law is intellectually disconcerting because it 
is more like a prescription for a universe than an empirical 
law of an actually existing universe. We naturally think 
of the actual universe and the laws of the universe as being 
interdependent, there being no sense in which one exists 
before or without the other. Nevertheless, when we look 
at the extremely untidy universe of astronomy, it is 
difficult to conceive how it requires for its very existence 
the perfection of standardization of its elementary 
particles. The discussion which follows may help to 
harmonize these thoughts. 


A Supposed Particle-interaction 


For the sake of this discussion, let us suppose for a 
moment that nuclear physicists have discovered a particle- 
interaction which violates the strict conservation of 
matter. The process would concern & species of particle 
which might be, for example, electrons or protons or 
neutrons. We call them simply Particles. In barest 
essentials of principle, the supposed process would be 


*Presont address: Case Institute of Technology, Warner and Swasey 
Observatory, East Cleveland, Ohio. 


described by saying that there exist distance L and time 
T such that two Particles within separation D will produco 
another Particle with probability corresponding to a half- 
period T. Here, the existence of L symbolizes the depend- 
ence of the process on the physical state of the matter 
concerned, and the existence of F associated with a 
probability symbolizes the quantum-character of a 
Particle-interaction. We do not assume that all Particles 
are indistinguishable. But let us postulate provisionally 
that the process operates if and only if the interacting 
Particles are indistinguishable, and that the new Particle 
produced is indistinguishable from these. Finally. let us 
suppose that the universe is expanding in such a way that 
the supposed production of fresh Particles maintains a 
steady state. 


Indistinguishability of Electrons 


As stated, we are not assuming that all Particles are 
indistinguishable. So let us consider the hypothesis that. 
at some epoch, an observer in the universe could see & 
random distribution of randomly assorted Particles. 
As the expansion of the universe proceeds, new Particles 
will be produced only in places where two indistinguish- 
able Particles happen to be near enough together. The 
supposed interaction will then produce a third Particle 
at that place, the three Particles will produce others 
(provided they remain near enough together) and so on. 
Thus the observer would see growing regions, each occupied 
by indistinguishable Particles. The universe as observed 
would not then be in a steady state. Therefore tho 
hypothesis is contradicted. We conclude that it is impos- 
sible for an observer to see Particles that are not indis- 
tinguishable. 

The same argument could be applied to more than one 
species of Particle. For example, if electrons, protons - . . 
were all species of this sort, we conclude that an observer 
can see only indistinguishable electrons, indistinguishable 
protons, and so on. It should be noted that we do not 
postulate that there ever were, say, electrons different 
from the electrons we see. On the contrary, the argument 
shows that there never could have been any difforent 
sort of electrons in a universe satisfying our suppositions. 
because the argument shows that no observer could havo 
seen them. (It should also be noted that, had we stated 
the argument more fully, we should have had to suppose 
that the mean separation of Particles in the universo is of 
order not less than L. The ‘Hubble time’ of the expansion 
will be of order not less than 7.) 


Replacement of the Concept of Continual Creation 


I have attempted to show! from the astronomical side 
that in cosmology it seems advantageous to retain the 
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broad features of present steady-state theory, but to 
replace the concept of continual spontaneous creation of 
matter by the supposition that nuclear physicists will 
discover the process described. The supposed process is 
an ordinary physical process depending on the material 
present and its physical state, but it must result in the 
non-conservation of matter. 

In fact, Abdus Salam? once conjectured how such a pro- 
cess might fit into the current classification of nuclear 
interactions. It is not a process of creation in the sense 
hitherto used. On the contrary, it becomes the basic 
reason for it being permissible to make a rational study 
of cosmology without having to say anything about 
creation. 


Supporting Arguments 


The present article is an attempt to show how the same 
set of notions goes some way towards showing why the 
world of ordinary physics is what we observe it to be, that 


is a system made of sets of indistinguishable particles, and - 


why we are justified in believing the remotest galaxies to 
be made of the same particles. 

The various arguments in support of the concept of 
continual creation, offered by the originators of the concept 
and others, have met with a considerable measure of 
favourable response in the past. Practically all these 
arguments may be taken over to support the fundament- 
ally less-demanding concept here described. That is to 
say, the old arguments appear to reinforce the new ones— 
not to come into conflict with them. 


Uncertainty in Cosmology 


There seems also to be support from a quite different 
direction. I ventured a few years ago’ to give reasons for 
expecting there to be an unavoidable uncertainty in cosmo- 
logy. Very general physical considerations led to this 
expectation; but I had to point out that the indicated 
uncertainty was not built into any existing system of 
cosmology. The present line of thought, however, goes 
some way towards meeting this requirement. For it 
envisages the rate of production of new matter as depend- 
ent on the physical state of the matter already existing. 
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Now, in a steady state, any part of the universe must 
reproduce itself in an average time 1/3, where + is the 
Hubble time (according to a standard result of steady-state 
theory). But this means that the universe can have a 
memory of what it looks like that is good for only about 
this order of time. So there appears to be not much 
meaning in going steady for more than about time + 
(at present estimated at about 1:3 x 10° years). This 
is essentially the sort of uncertainty previously con- 
templated. It is not admitted by the usual steady-state 
theory because that theory uses a rate of creation that is in 
practice treated as a universal and everlasting constant. 
The usual theory therefore practically, or deliberately, 
according to the version used, assumed an everlasting 
steady state. This is more than what is meaningful in 
accordance with the previously stated general physical 
considerations. 


Indistinguishability and Non-conservation 


The feature of the supposed particle-interaction .which 
is vital for the considerations here advanced is that it 
should concern indistinguishable particles (of one or more 
species). In support, we appeal chiefly to the gratifying 
conclusions to which this leads. But we can perhaps see 
some rationality in the idea per se. For we are concerned 
with non-conservation of particlenumber. Now, truly 
indistinguishable objects cannot be counted in the same 
mathematical sense as distinguishable objects. If there 
is to be non-conservation of number of any objects in the 
universe it appears therefore more plausible that it should 
apply to indistinguishable particles than to distinguishable 
particles. 

In conclusion, it should be recalled that the required 
mean violation of conservation is exceedingly minute, 
being less than ‘one part in 1017 per sec. The supposed 
process would presumably be such that the non-con- 
servation is entirely negligible save in extremely excep- 
tional conditions. 

1 McCrea, W. H. (to be published). 
: Salam, Ar Imperial College of Science and Technology Inaugural Lectures 


3 McCrea, W. H., Nature, 186, 1035 (1960). 


STRUCTURE OF BACTERIAL FLAGELLA 


By Dr. J. LOWY and Dr, JEAN HANSON 


Medical Research Council Biophysics Research Unit, King’s College, 
26-29 Drury Lane, London, W.C.2 


NTACT flagella of Proteus vulgaris and Pseudomonas 

fluorescens, still attached to the cell body, have beon 
prepared by several variations of the negative-contrast 
method and examined in the electron microscope. The 
results are as follows. 

Fine structure was observed in preparations mado with 
uranyl acetate. When potassium phosphotungstate was 
used, contrast was too low for this structure to be seen, 
though there were indications of it where the flagella 
crossed stain-filled holes in the carbon film. (For this 
reason, presumably, Kerridge, Horne and Glauert! wore 
unable to see structure in Salmonella flagella unless these 
had been disrupted by ultrasonication or other treatments.) 
In preparations made by suspending the bacteria in uranyl 
acetate before placing them on the carbon film, we have 
observed a somewhat better-ordered flagellar structure 
than in preparations made by allowing the flagella to 
settlo on the film before applying the stain. 

Two types of flagellar structure were found both in 
Proteus and in Pseudomonas, sometimes in the same 
preparations. The particular structural type appears to be 
constant all the way along a flagellum. Type 1 flagella 


show an. alternating sequence of long regions with con- 
tinuous longitudinal lines and short regions where the 
continuity of the lines is interrupted (Fig. 1). The spacing 
of the discontinuities is not regular; usually they are 
600-750 A apart. Typo 2 flagella show a continuous 
structure, consisting of helically-connected globular sub- 
units (Figs. 2 and 3). These are arranged in longitudinal 
rows, with the sub-units alternating in adjacent rows. The 
helix connects a given sub-unit to its nearest neighbours 
half a period up or down in the adjacent rows (Fig. 3). 
The sense of the helix could not be determined in our 
preparations, because both aspects were observed with 
equal contrast at different places in a flagellum or even at 
the same place (double-oblique striation). Where two 
flagella cross, the fine structure of both is visible; hence 
it is not surprising that one can see details of both the 
upper and the lower surfaces of a flagellum and thus 
observe both aspects of the helix. ` 

The spacing of the sub-units along the flagellar axis in 
type 2 flagella was found to be the same in Proteus and 
Pseudomonas. The measurements were all made on 
uranyl preparations; the results were the same when. the 
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Figs. 1 and 2. Electron micrographs of Pseudomonas flagella (types 1 
and 2, respectively) negatively stained with uranyl acetate. Reversed 
contrast prints. (x 480,000.) The line represents 500 


flagella had been placed on the carbon film before applying 
the stain as when they had initially been suspended in 
stain. For Proteus the mean value of 65 measurements 
made on 45 flagella was 25 A (range 22-30 A). For 
Pseudomonas the mean value of 110 measurements made 
on, 62 flagella was 25 A (range 23-29 A) (Fig. 3). 

In type 1 flagella of Proteus the number of longitudinal 
lines observed was always either 4 or 5; type 2 flagella 
showed either 4 or 5 longitudinal rows of sub-units. In 
Pseudomonas the number of longitudinal lines or rows of 
sub-units was always either 5 or 6. These results are con- 
sistent with models in which the total number of longi- 
tudinal strands at the periphery of the flagellum is 8 in 
Proteus and 10 in Pseudomonas (Fig. 3). Models with 7 
and 9 strands, respectively, would also be consistent with 
our results, but it is not possible to build a model with an 
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uneven number of strands if the sub-units alternate regu- 
larly in adjacent rows (cf. tho model with 5 strands pro- 
posed by Kerridge e al.1). Measurements of flagellar 
width and of the lateral separation of longitudinal linos 
or rows of sub-units are consistent with there being 10 
strands in Pseudomonas and 8 in Proteus, but the results 
varied considerably with the preparative method. Because 
these lateral dimensions are uncertain, our models are 
provisionally built with spherical sub-units, even though 
there may be a suggestion for an ellipsoidal shape, as in 
type 2 flagella the longitudinal rows of sub-wnits were 
found usually to be more closely spaced (30-40 A) than 
in the models. It is interesting that when type 1 and typo 
2 flagella were measured in the same preparations (and 
in the same micrographs) we found that the longitudinal 
lines in type 1 were about 10 A farther apart than the rows 
of sub-units in type 2. Conceivably one type of structure 
is sherter than the other (by about 35 per cent if constant 
volume behaviour is assumed). 

We conclude that the sub-units form 4 holices with 8 
sub-units per turn and a pitch of about 200 A in Proteus, 
and 5 helices with 10 sub-units per turn and a pitch of 
about 250 A in Pseudomonas. In Table 1 are listed tho 
axial X-ray reflexions obtained from Proteus flagella, 
either dry or rehydrated, by Astbury, Beighton and 
Weibull?. Those at 25-6, 12-8 and 6-4 A apparently relate 
to the axial separation of the sub-units observed in the 
microscope. All but two of the reflexions (those at 37-3 
and 19-5 A) can bo indexed as orders of a 204-8 A repeat, a 
value essentially the same as the pitch of the helix in 
the model based on electron microscope data (Fig. 3a). 
Thus in these respects there is good agreement betweon 
the results of diffraction investigations and electron 
microscopy. It would be useful to test this agreement by 
obtaining diffraction patterns from Pseudomonas flagella. 
In particular, such patterns might confirm that somo 
reflexions are unrelated to the arrangement of the sub- 
units. The equatorial diffraction pattern from Proteus 
flagella* has been shown by Burge? to support two possible 
alternative models of flagellar structure, both of which 
differ from our model (Fig. 3a). However, Burge did not 
consider models with 8 peripheral longitudinal strands 





a b 


Fig. 3. Models of sub-unit arrangement in type 2 flagella of (a) Proteus 
and (b) Pseudomonas 
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Table 1. SPACINGS (A) oF MERIDIONAL (M) AND NEAR-MERIDIONAL REFLEX- 
IONS FROM Proteus FLAGELLA (ref, 2) AND ACTIN FILAMENTS (ref. 7) 


Orders of Flagella Orders of Actin 
204-8 A reflexions 410 A reflexions 
$ 1 
no fit M 37-3 11 
14 28-2 
15 M 26:9* 
8 M 25-6* 16 
no fit 19:5 21 19-0 
11 185 22 18°8 
13 ?M 15-9 26 
30 M 186* 
31 12-9 
16 M 12-8* 32 
18 11-2 37 10-9 
19 10:8 38 
10-15 40 
22 9-3 44 
45 M 90 
24 8-57 48 
26 79 52 7-9 
28 M 727 56 
60 M 68* 
32 IM 64* 64 
33 M 6-23 86 
36 M 57 72 
48 M 424 96 


* Reflexions indicating axial separation of sub-units. 


(personal communication); we have not yet attempted to 
test our model by reference to the equatorial diffraction 
data. 

The methods we have used reveal only the surface 
structure of the flagellum. Whatever material lies 
inside is of unlmown structure. We have found that 
neither uranyl nor phosphotungstate penetrates inside, 
even where flagella are broken. This indicates that the 
flagella are not hollow, in contrast to previous findings? ?; 
but these had been obtained using detached water-washed 
flagella, whereas our observations were made on un- 
-treated flagella. Sheaths were often observed on the flagella 
of Proteus in our preparations, though not on Pseudomonas 
flagella. The sheath appears to be less than 60 A thick. 
Its profile shows periodic indentations, spaced at intervals 
of about 100 A; possibly, therefore, the sheath is helically 
organized. 

Comparing bacterial flagella with muscles, Astbury 
et al.? noted that in each system the axial X-ray reflexions 
could all be indexed as orders of a 410 A repeat (Table 1). 
But it is now known that only one of the two components 
of the contractile system in muscle, the thin actin- 
containing filament, has a 410 A poriodicity**; the 
myosin-containing filament has a structure which repeats 
at intervals of multiples of 145 A, for example, 435 A in 
vertebrate skeletal muscle’. Whether or not there is 
more than one component (and periodicity) in bacterial 
flagella remains to be shown. The 410 A periodicity of 
the thin filaments in muscle is very likely due to a complex 
of F-actin with tropomyosin B (ref. 5), in which the double 
helix of F-actin repeats at 410 A intervals, that is, the 
two helically wound strands of globular sub-units cross 
over one another at these intervals (Fig. 4). The com- 
parable periodicity in bacterial flagella is the pitch of the 
helix of sub-units, but this does not measure 410 A in 
either Pseudomonas or Proteus, though in the latter it 
measures one-half of 410 A. The actual value is of no 
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Fig. 4. Sub-unit arrangement in F-actin with 410 A periodicity 


obvious significance. Clearly, it would be useful to 
examine the diffraction pattern of Pseudomonas for any 
evidence of a 410 A repeat. 

F-actin filaments have been found in many different 
types of muscles, in fact, in every example so far exam- 
ined’. Whereas the structure of myosin-containing 
filaments varies widely in different muscles*-‘, that of actin 
filaments is constant. Therefore it is of interest to find 
that an actin filament and the periphery of a bacterial 
flagellum are constructed on similar principles: each con- 
sists of helically arranged globular sub-units. Moreover, 
the sub-units in the two systems may be comparable in 
size, judging from their spacing (cf. Figs. 3 and 4 and the 
diffraction data in Table 1). 

It is still unknown what, if any, structural changes 
occur in muscle filaments during contraction. This is a 
difficult problem to tackle directly. Possibly relevant 
information may be obtained indirectly by discovering 
configurational changes at the molecular level in non- 
muscular contractile systems such as bacterial flagella. 
This will be one of the main objects of future experiments, 
and in particular we shall attempt to explain the signifi- 
cance of the two observed types of flagellar fine structure. 


1 Kerridge, D., Horne, R. W., and Glauert, A. M., J. Mol. Biol., 4, 227 (1962). 

2 Astbury, W. T., Beighton, E. and Weibull, C., Symp. Soc. Eap. Biol., 
9, 282 (1955). 

3 Burge, R. E., Proc. Roy. Soc., A, 260, 558 (1961), 

t Elliott, G. F., and Worthington, C. R., J. Physiol, 149, 832P (1959). 
Worthington, C. R., J. Mol. Biol., 1, 398 (1959). Blliott, G. F., Proc. 
Roy. Soc., B (in the press). 

5 Hanson, T., and Lowy, J., J. Mol. Biol., 6, 46 (1963). Hanson, J., and 
Lowy, J., Proc. Roy. Soc., B (in the press). 

* Lowy, J., and Hanson, J., Physiol, Rev., 42, Suppl. 5, 34 (1982). 

7 Selby, C. 0., and Bear, R. S., J. Biophys. Biochem. Cytol., 2, 71 (1956).' 


OBITUARIES 


Prof. N. Wiener 


Tue recent death of Norbert Wiener has ended a 
mathematical and scientific career of rare distinction and 
influence, and has brought a deep sense of loss not only 
to those who knew him as a scientist, teacher or friend, 
but also to the many more who found inspiration in his 
work and gained fresh insight through his exposition. 

Wiener was born on November 26, 1894, and his father, 
Leo Wiener, was professor of Slavonic languages and 
literature in Harvard University. After attending high 


school in Massachusetts, Wiener went to Tufts College 
and Harvard and Cornell Universities before going to 
Europe for further postgraduate study with Russell, 
Hardy and Littlewood in Cambridge, and Hilbert in 
Gottingen. After this relatively short period, he resumed 
his deep and life-long attachment to New England, and his 
association with the Massachusetts Institute of Tech- 
nology, beginning with his appointment as an instructor in 
mathematics in 1919, remained unbroken for the rest of 
his life. 
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Although the range of his mathematical interests was 
wide and led him to significant advances, for example, in 
logic, mechanics and potential theory, there is no question 
that his main impact on mathematics has been through 
the closely related fields of harmonic analysis and the 
theory of stochastic processes. 

Wiener’s interest in the first field was first stimulated 
by his association with Hardy and Littlewood at a time 
when their deep and pioneering work on Tauberian 
theorems for the classical summability processes still 
appeared to lack a general and unifying principle. This 
Wiener supplied in the form of his famous general Tauber- 
ian theorem and the equivalent result on the closure of 
translations of integrable functions on the real line. 
This was recognized immediately as a result of great 
significance in the study of convolution transforms, 
including as it did the classical results of Hardy and 
Littlewood as special cases, and it remains one of the most 
eentral and beautiful theorems of analysis. Indeed, it 
has come to occupy an even more central place in modern 
mathematics through the achievements of Gelfond and 
others in fitting it and its many generalizations into a 
more fundamental algebraic framework. Although 
Wiener himself never expressed his results in the termino- 
logy of the theory of Banach algebras that is now custom- 
ary, it is clear from his proofs that the essential idea of 
convolution as an algebraic operation in an appropriate 
function space was very much in his mind, and many of 
the methods and techniques that he introduced are still 
the most natural and powerful ones. 

The successful use of the Fourier transform in Tauberian. 
theory led Wiener to the deeper examination of the nature 
of harmonic analysis and the major new concepts set out 
in his book The Fourier Integral (1933). His aim was to 
examine how far, and under what conditions, a general 
function f(z) could be “analysed harmonically” as a 
Fourier integral fetd F(t). His results in this direction 
and through the concept of the “harmonic spectrum” of a 
function have proved of vital importance in physics and 
other applications, and have provided a great stimulus 
in the development of contemporary theories of distribu- 
tions and abstract harmonic analysis. 

The methods of this first book were taken into wider 
and even more difficult fields by his work with Paley 
on the Fourier Integral in the Complex Domain, and 
published jointly in a famous book of that namo. 

These two books contained also Wiener’s first formula- 
tion of the third major theory which occupied his attention 
for the rest of his life. This was the theory of stochastic 
processes and, as was natural and inevitable, their har- 
monic analysis. He was very much influenced in all his 
work by physical problems and had long been interested 
in certain problems of statistical behaviour and, in 
particular, in the phenomenon of Brownian motion of 
small particles suspended in fluids. There was at the time 
no satisfactory mathematical formulation of this, or even 
the tools to make it possible, and Wiener’s great achieve- 
ment here was to provide such a formulation in a way 
which made good sense physically and was mathematically 
rigorous and capable of wide and fundamentally important 
generalization. The mathematical result was the proof 
that a random function (or stochastic process) could be 
described by the specification of a measure (in the Lebesque 
sense) in a space of functions in such a way that the 
measure of cortain sets could be assigned. This is still 
one of the main problems in the modern theory of stochas- 
tic processes. 

The idea of the harmonic analysis of a random process 
may well be regarded as the synthesis of his work, because 
it is on this that his contribution to the theory of cyber- 
netics is based. His main ideas have been set out in 
many papers and, in shorter form, in the books The 
Extrapolation, Interpretation and Smoothing of Stationary 
Time Series (1949), Non-Linear Problems in Random 
Theory (1958) and Cybernetics (1948 and 1961). He has 
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often been described as the “father of cybernetics’, and 
there is no doubt that his work and his advocacy have 
both had a decisive influence on the whole development 
of the subject. He was one of the first to see the close 
connexion between. the physical theories of transmission 
of information, feed-back and control and the action of 
the human brain; and his work in this direction over the 
past years has done much to establish what is plainly to 
become a vital field of fundamental research. 

Wiener was conscious in all his work of its possible 
applications and effects, and he was particularly concerned 
about the long-term implication of automation, which he 
clearly and quite rightly saw as one of the basic social (as 
distinct from scientific) problems of our age. In fact, 
this concern was only to be expected of a man who had 
always a very deep social and moral sense and who was 
as strongly incensed by injustice or cruelty in any form 
as by political folly and stupidity. 

The same quality showed in his relations with indivi- 
duals. He was, it must be said, a truly formidable person- 
ality, both on account of his immense erudition in fields 
unexpectedly far from his own and by the intensity of his 
feelings and reactions: but this was fully matched by 
the depth of his concern for others (particularly when in 
difficulty or trouble) and by his habits of friendly and 
unaffected kindliness to the many who asked his help 
or sympathy. 

He was, above all, as a friend and teacher an inspiration 
to a whole generation of younger mathematicians, and 
those who knew him best in this way will be most conscious 
of the privilege that was theirs and the debt that they owe 
him. H. R. Prrr 


Dr. Georges Blanc 


NORTH AFRICA is a fertile region for parasitologisis; the 
story began with Alfonse Laveran, who discovered the 
malaria parasite in Algeria, and thereby stimulated a 
succession of his fellow countrymen along the coast to 
achievements almost comparable with his own. Thus in 
Tunis, Constantine, Algiers and Casablanca, Charles 
Nicolle, A. F. X. Henry, Edmond Sergent and Georges 
Blane, respectively, have made fundamental discoveries 
in tropical medicine during the course of this century. 
Georges Blane died last year, and now, of these great 
Frenchmen, only Sergent and Henry remain. 

Georges Blane was born in 1884 at Vauvers (Gard), 
and died on April 13, 1963. He graduated in science in 
1907 and in medicine in 1911. He learnt his formal para- 
sitology under Blanchard, in the Faculté de Médecine 
of Paris, his protozoology as a junior colleague of Chatton, 
and his field work with Nicolle in Tunis. Nicolle said 
affectionately of Blanc that of all his pupils Blane was 
the one who most resembled himself. With Chatton, he 
detected structures in Toxoplasma, almost submicro- 
scopic in size, which, many years later, were found by 
electron microscopy to provide a new classification of 
the Sporozoa. 

For twelve years (1920-32) Blanc was the director of the 
Pasteur Institute of Athens, where he investigated para- 
sitological problems of the northern coast of the Mediter- 
ranean; then for the next thirty years he directed the 
Pasteur Institute of Morocco, working on the allied 
problems of the southern coast. During the Second World 
War, he was marooned in France, but succeeded in getting 
back to North Africa with his cultures of micro-organisms; 
he reached Toulouse by train and then had to travel on 
foot for the next 400 km across the Pyrenees into Spain. 

Blanc was an eclectic worker, and any subjects that he 
investigated became illuminated in unexpected directions. 
His observations on plague led him to believe that human 
fleas and lice play a much greater part in transmission 
than is usually thought, and that the organisms remain 
virulent in their excreta and corpses. He developed 
vaccines or sera against this disease, typhus and toxo- 
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plasmosis, and he may well have been the figure who 
inspired Camus to write La Peste, though Blanc himself 
violently disagreed with its amateur epidemiology. Like 
most parasitologists of this epoch, he was drawn to the 
study of animal reservoirs of human infections, and made 
notable contributions to our knowledge of their impor- 
tance in toxoplasmosis, @ fever and fièvre boutonneuse 
(from which his wife suffered severely in Morocco), leish- 
maniasis and relapsing fever. These diseases require 
arthropods for their transmission, and Blanc spent much 
time in the Neffik Forest trying to disentangle the com- 
plicated. network linking ticks, mites, rodents, rickettsiae, 
otc., with man. In this forest, he isolated the virus of 
choriomeningitis in wild rodents and of myxomatosis in 
ticks. He early reached the conclusion that the sexual 
cycle of an organism in the arthropod provides the key 
to its systematics. Blanc had to be an entomologist as 
well as a bacteriologist, and both a protozoologist and a 
mammalogist. 

He will perhaps be best remembered for his demon- 
stration of the life-cycle of the causative organism of 
Q fever in wild rabbits and Hyalomma sp., the transovarial 
passage of the rickettsiae through Rhipicephalus sp., the 
first use of a living vaccine against typhus, and his inter- 
esting theories ‘about the epidemiology of plague. Almost 
his last paper analyses the causes of the present-day eclipse 
of plague. His friends will remember him for his generosity 
of spirit and good companionship. P. ©. C. GARNHAM 


Dr. R. S. J. Hawes 


Tue death of Dr. R. S. J. Hawes, lecturer in zoology 
in the University of Exeter, occurred in London on July 
22, 1963. After leaving school, he started a business 
career and entered the office of an oil company. In a 
few years, however, he decided that his vocation lay in 
the scientific world. He took a zoology degree at King’s 
College, London, under the late Prof. D. L. Mackinnon, 
and was awarded the degree of Ph.D. in 1943 for research 
on eye structure and reaction to light of the cave amphi- 
bian, Proteus anguinus. 

His first investigations were on the eavernicolous fauna 
and he took part in an expedition to Yugoslavia, a country 
which he visited again to collect specimens of the cave 
salamander, Proteus. However, the interest in Protozoa, 
first stimulated by Prof. Mackinnon, was his major field 
of study. 


NEWS an 


The American Geophysical Union: Awards 


Tas twenty-sixth William Bowie Medal, the American 
Geophysical Union’s highest honour, has been presented 
posthumously to Prof. J. Bartels, who, until his death on 
March 6, was professor of geophysics in the University of 
Goettingen and director of the Max Planck Institute for 
Aeronomy, for “unselfish co-operation”. Early in his 
career, Prof. Bartels developed statistical procedures 
especially suited to the needs of geophysics. His investi- 
gations led to a clear discrimination between geomagnetic 
variations arising from wave and particle radiation from ` 
the Sun. He also developed measures for the solar wave 
radiation, and derived indexes for the effects of solar 
particle radiation on geomagnetic variations. The widely 
used planetary indexes, Kp, were prepared by Prof. 
Bartels for each three-hourly interval since 1932. He 
applied his statistical methods to provide an under- 
standing of the periodic effects of the Moon’s gravitational 
influence on atmospheric tides and their influence on 
geomagnetic and ionospheric variations. He used these 
variations to investigate the 27-day variations in geo- 


NATURE 


May 9, 1964 VoL. 202 


His published works were few in number, dealing with 
cave fauna, and with Trichomonas vaginalis and parasitic 
amœbæ. On the other hand, he was interested in all 
aspects of protozoology, as shown by the article published 
posthumously on sexuality, and a text-book. Tho book, 
An Introduction to the Study of Protozoa, probably repre- 
sents his major achievement. It was commenced by Prof. 
Mackinnon, and on her death was completed by Dr. 
Hawes. It has now established itself as one of the best 
introductory texts on Protozoa. 

Dr. Hawes took an intense interest in the progress of 
his students, most of whom were unaware of the despon- 
dency and the elation which their efforts caused. Dr. 
Hawes had more than his fair share of personal tragedies, 
but he did not allow these to affect his morale. He was 
a man of wide acquaintance and varied interests. For 
him, there was no barrier between the “two cultures” 
and he was equally at ease among scientists, High Church 
dignitaries, writers, musicians and artists. He main- 
tained uncompromising esthetic standards throughout 
his life. A great conversationalist, he delighted his friends 
by recounting stories, often of a slanderous nature, in his 
inimitable manner. 

It is a tragedy that his death came at a time when his 
work seemed to be reaching an authoritative status. 

R. A. Nean 


Mr. F. J. Wilkins 


Mr. F. J. Wixns died suddenly on March 24. He 
joined the Distillers Co., Ltd., in 1938 as a chemical 
engineer in the Technical Development Department. 
After periods of service with the General Works Depart- 
ment and with British Industrial Solvents, Ltd., at Hull, 
he returned to the Research Department at Great Burgh, 
Epsom, and finally became manager of process develop- 
ment. As such he was responsible for chemical engineering 
and pilot plant operation, and contributed much to many 
major projects of the company. 

He was prominent in the activities of the Institution of 
Chemical Engineers, being a member of Council and its 
Board of Examiners. He was also chairman of the Dis- 
tillation Panel of the Association of British Chemical 
Manufacturers. 

Mr. Wilkins leaves a widow and two sons, to whom his 
many colleagues and friends extend their deepest 
sympathy. 
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magnetic activity associated with the solar period of 
rotation and found that they were unrelated. 

The third annual John A. Fleming Award has been 
presented to Dr. E. O. Hulburt for his “original research 
in geomagnetism, atmospheric electricity, and aeronomy, 
and his leadership on the national and international 
levels”. Until his retirement in 1955, Dr. Hulburt pion- 
eered atmospheric and ionospheric research as the first 
director of research in the U.S. Naval Research Laboratory 
in Washington, D.C., and inspired the growth of its pro- 
gramme of space research. While he was with the U.S. 
Naval Research Laboratory, he became well known for 
his scientific contributions to the solutions of naval 
problems related to optics of the sea, visibility through 
the atmosphere, target detection, and camouflage, for 
which he received the Navy Distinguished Service Award 
in 1945. Dr. Hulburt in 1925 deduced the structure of an. 
ionosphere varying in density with height and capable of 
returning radio signals by refraction. His work led to an 
explanation of the origin and behaviour of the ionosphere 
under the influence of solar ionizing radiation. 
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The James B. Macelwane Award has been presented to 
Dr. K. F. Hasselmann, faculty member of the Institute 
of Geophysics of the University of California in La Jolla, 
in recognition of his outstanding contributions to the 
geophysical sciences, and especially for his work on non- 
linear wave interaction. During his work, Dr. Hasselmann 
has been able to account for the observed spectrum of 
microseism in terms of the observed spectrum of ocean 
swell, 

Dr. J. W. Joyce, of the Department of State, has been 
presented with a Special Award for “‘his leadership in direct- 
ing the course of the American Geophysical Union’s inter- 
national affairs and for his outstanding service on behalf 
of geophysics in the United States”. In guiding the 
expansion of the Union’s geophysical activities through- 
out the world, Dr. Joyce as secretary for international 
participation has provided a solid foundation of inter- 
national diplomacy in geophysics on which the Union can 
build in the future. Dr. Joyce was head of the National 
Science Foundation Office for the United States Inter- 
national Geophysical Year Programme. 


Control Engineering in the University College of North 
Wales, Bangor : Prof. R. J. A. Paul 


Mr. R. J. A. PauL has been appointed to the newly 
created chair of control engineering within the School of 
Engineering Science at the University College of North 
Wales, Bangor. Mr. Paul is at present the deputy head 
of the Department of Electrical and Control Engineering 
in the College of Aeronautics, Cranfield. He had wide 
experience of control engineering in the motor and air- 
craft industries before going to Cranfield and his recent 
research work has been concerned with the use of com- 
puters in adaptive control systems. Mr. Paul’s appoint- 
ment fills the third chair in the Bangor School of Engin- 
eering Science, the others being electronic engineering and 
materials technology. The School has grown out of the 
electrical department which has been in operation for 
many years. This course has always had and still main- 
tains a close affinity with the basie sciences, particularly 
physics and mathematics. The undergraduate course in 
electronic engineering includes general principles of elec- 
tronies, electrical materials, and electrical machines. In 
essence, it provides a basic course in electrical science, 
mechanical science and materials science against a back- 
ground of electronics and control. More specialized 
courses are offered for the M.Sc. degree in such subjects 
as electrical materials science, control engineering, elec- 
tronic devices and electronic circuits. 


Botany in King’s College, London: 
Prof. F. R. Whatley 


Dr. F. R. WHATLEY has been appointed to the chair 
of botany in King’s College, London, in succession to 
Prof. T. A. Bennet-Clark, who has been appointed pro- 
fessor of botany and dean of the School of Biological 
Studies in the new University of East Anglia at Norwich. 
Dr. Whatley graduated from Selwyn College, Cambridge, 
in 1945 and continued as a postgraduate in the Depart- 
ment of Biochemistry, working with Dr. R. Hill. He 
began an investigation of the distribution and activity of 
nicotinamide adenine nucleotides in the leaves of higher 
plants at a time when their metabolic significance was 
less well appreciated than it is to-day. In 1947-48 he 
held the Levy studentship. He left Cambridge to work 
in Prof. Arnon’s leboratory in California, where he has 
remained since except for two brief interruptions. He 
was therefore associated almost from its very beginnings 
with the work on electron transport and phosphorylation 
in isolated chloroplasts which developed in that laboratory 
and is now recognized as a basic contribution to our 
knowledge of the mechanism of photosynthesis. He held 
a senior lectureship at the University of Sydney during 
the period 1950-53 and during 1959-60 held a Guggen- 
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heim fellowship, to work in the Biochemistry Department, 
Oxford. During that year he studied the metabolism of 
autotrophic bacteria. 


The Department of Scientific and Industrial Research 
Hydrological Research Unit: Dr. J. S. G. McCulloch 


Dr. J. S. Q. McCuxttocn, head of the Physics Division 
of the East African Agriculture and Forestry Research 
Organization at Muguga, Kenya, has been appointed to 
take charge of the Department of Scientific and Industrial 
Research Hydrological Research Unit at Wallingford, 
near Oxford. Dr. McCulloch graduated in physics and 
mathematics at the University of Edinburgh, and gained 
his Ph.D. at the University of London. After service 
with the U.K. Atomic Energy Authority, he joined the 
East African Agriculture and Forestry Research Organ- 
ization—part of the East African Common Services 
Organization—in 1955, as agricultural meteorologist in 
the Physics Division. In 1959, while on home leave, ho 
gained & Diploma in Statistics (Biometrics) at the Univer- 
sity of Aberdeen, and on his return the Statistics Section 
of the East African Agriculture and Forestry Research 
Organization was integrated with the Physics Division. 
Under the direction of Dr. McCulloch, the statistics staff 
recently carried out computations and provided statistical 
advice on matters ranging from nematodes to wildebeests. 
In 1961, Dr. McCulloch became head of the Physics 
Division, and he has since been responsiblo for all its 
agricultural meteorological work, including a compre- 
hensive series of catchment area experiments, set up to 
investigate the hydrological consequences of land uso 
changes in stream-source areas. With the advice and 
encouragement of Dr. McCulloch, a new, cheap research 
tool, a simplified lysimeter, by which the daily water 
use of a growing crop can be measured by observers with 
the minimum of training, was developed, and several 
have been installed by the Physics Division in East 
Africa. Dr. McCulloch was recently appointed chairman 
of a Working Group of the World Meteorological Organ- 
ization, and his many published papers include one on 
radiometers. 


Importation of Rare Animals 


In moving the second reading of a Private Member’s 
Bill, “The Importation of Rare Animals”, in the House 
of Commons on April 10, Miss Harrie Anderson quoted a 
resolution passed at the seventh General Assembly of the 
International Union for Conservation of Nature and 
Natural Resources, the Survival Service Commission and 
the Fauna Preservation Society at Cracow on June 24. 
1950. The resolution requested the International Union 
to urge all Governments who did not yet restrict the 
import of rare animals in harmony with the export laws 
of the countries of origin to do so and thereby support 
the efforts to preserve the animals in danger of extinction. 
Miss Anderson, whose Bill received considerable support 
in the House, urged that Britain should set an example. 
She referred to a memorandum from a Conference of the 
Survival Service Commission of the International Union 
at Nairobi last September which directed particular 
attention to the existence of a large clandestine and 
profitable business based on the export of rare species. 
The real danger of extinction of some species was widely 
admitted in the House, and the Minister of State for 
Education and Science, Sir Edward Bovle, who replied 
for the Government as responsible for the Nature Con- 
servancy, readily agreed with the objective of the Bill. 
He undertook to ask the Foreign Secretary to see whether 
he could persuade his Ministerial colleagues on the Com- 
mittee of Ministers of the Council of Europo to take 
action also. However, while Sir Edward said that the 
Government entirely approved and welcomed a Bill along 
these lines, he could not advise the House to give a 
second reading to the present Bill. It was insufficient to 
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limit its scope to the import of rare species; some rela- 
tively common species, for example, lemurs, were also in 
danger, and he undertook to introduce a new measure as 
soon as possible which would meet the difficulty and be 
perfectly workable from the point of view of Customs. 
This undertaking was welcomed and accepted and the 
Bill was withdrawn on that understanding. 


Autobiographical Ana of Robley Dunglison 


Rosey Dounetison, a distinguished American medical 
educator, was taken to America from England in 1825 to 
serve as professor of medicine at the newly founded 
University of Virginia. While there, he became personal 
physician to Thomas Jefferson, James Madison and James 
Monroe, and was called into consultation in tho treat- 
ment of Andrew Jackson. Leaving Virginia in 1833, he 
taught for three years at the University of Maryland, and 
then for the rest of his life at the Jefferson Medical College 
of Philadelphia. Dunglison’s Ana, prepared in Phila- 
delphia about 1852, were designed to preserve personal 
recollections and records thought to be of particular 
interest to his family. To the original eight holograph 
volumes he added supplementary notes from time to 
time. Thus the work is not a diary, or even an auto- 
biography, in the usual sense. Seven of these volumes 
were presented to the College of Physicians of Phila- 
delphia in 1904 by Mrs. V. F. Dunglison, widow of Dr. 
Dunglison’s son, Richard, and the eighth, with the 
supplementary notes, was given to the College in 1933 by 
its then recently retired librarian, Mr. C. P. Fisher. The 
decision to publish the Ana has been based on a number 
of considerations. First, it was evident that Dunglison 
himself hoped for eventual publication. More than this, 
what he has written has achieved historical importance 
after lying fallow for more than a hundred years. His 
personal recollections of four American presidents, as 
well as intimate anecdotes concerning a great number of 
other prominent men of the nineteenth century, promise 
to be of great interest to historians as well as to those 
concerned with biography. Much of what he records 
about medical schools with which he was connected 
directly or indirectly is practically unknown, while sig- 
nificant aspects of his own work, particularly in the field 
of medical literature, are publicly presented for the first 
time in the Ana. Significant, too, is the extended account 
of his participation in the experiments of William Boau- 
mont on the physiology of the gastric digestion (Trans. 
Amer. Phil. Soc., N.S., 53, Part 8: The Autobiographical 
Ana of Robley Dunglison, M.D. Edited with Notes and 
Introduction by Samuel X. Radbill. Pp. 212. Phila- 
delphia: American Philosophical Society, 1963. 5 dollars). 


Educational Services Incorporated 


EDUCATIONAL Services INCORPORATED of the United 
States is a private non-profit-making organization com- 
mitted to increasing the effectiveness of both content and 
the process of education by generating new ideas and 
by bringing together outstanding scholars and educators 
“to work on projects of common concern dealing with the 
contents of various courses. A staff of scholars, scientists 
and teachers, with the assistance of specialists in various 
media, provides the organization and support to make this 
partnership effective. At least four distinct components 
can be distinguished in Educational Services Incorpor- 
ated’s programme of curriculum revision: (a) the process 
of defining the precise boundaries of the educational unit 
that will be treated; (b) the process of determining the 
detailed subject-matter which is to be dealt with in 
the educational unit; (c) the embodiment of that subject- 
matter in material form, as text, laboratory or classroom 
materials, films and other learning aids; (d) the prepara- 
tion of teachers in the new subject-matter and in the 
use of the materials. Of these four components, the first 
is likely to precede the rest; the determination of subject- 
matter, its embodiment, and the preparation of teachers 
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must, however, be carried on, to a large degree, simul- 
taneously. Certain programmes of Educational Services 
Incorporated are widely used overseas. A broad pro- 
gramme of educational assistance in tropical Africa is 
conducted, and also more specialized educational aid 
programmes in India and Afghanistan. As contractor 
for the United States Agency for International Develop- 
ment, Educational Services Incorporated has helped to 
form two consortia of American universities: one of them 
assists the Government of India in improving the quality 
of scientific and engineering education at the Indian 
Institute of Technology at Kanpur, the other consortium 
assists the Royal Government of Afghanistan at Kabul 
University. Although much of its support comes from 
the Federal Government, several private foundations and 
industrial corporations have also contributed to the work 
of Educational Services Incorporated. Its quarterly 
report provides full details of its many-sided activities 
(Quarterly Report, Winter-Spring 1964. Pp. 148. Water- 
town, Mass.: Educational Services Incorporated, 1964). 


Coryndon Memorial Museum, Nairobi 


TuE annual report of the Coryndon Memorial Museum 
for 1962-63 records the establishmont of a Coryndon 
Museum Centre for Prehistory and Paleontology (Pp. 36. 
Nairobi: Coryndon Memorial Museum, 1963). The Centre 
is housed in buildings adjacent to the Museum and has 
been placed under Dr. L. S. B. Loakey as honorary 
director. It is under the control of the Museum Trustees 
and is being financed by generous grants from the Ford 
Foundation, the American Science Foundation, the 
National Geographic Society and the Wenner-Gren 
Foundation for Anthropological Research. A schools 
liaison service has been started with the assistance of the 
Ford Foundation The exhibition area in the Snake Park 
has been extended and a large aviary constructed to hold 
about 200 birds. The skeleton of a 30-ft. long sperm 
whale has been placed on exhibition, and a display 
illustrating the common garden birds of Nairobi has 
been prepared. Another new exhibit concerns adaptations 
and modifications of the skull. 


The Pitt Rivers Museum, Oxford 


Tue seventy-fifth annual report of the Delegates of 
the University Museum for the year ending July 31, 
1963, includes details of the work carried out in the Pitt 
Rivers Museum (Department of Ethnology and Pre- 
history (Supplement No. 5 to the University Gazette, 
March 1964. Pp. 143. Oxford: The University,. 1964. 
2s. 6d.). Unfortunately, a car accident in which the 
retiring curator, Mr. T. K. Penniman, was badly hurt 
rendered administration difficult, but the three royal 
Hawaiian feather cloaks were re-housed in a special case 
with internal cool lighting and curtains to be used except 
when visitors are actually viewing the exhibit. This 
precaution is necessary owing to the dimming under light 
of the original gold and vermilion and the relatively few 
remaining examples of these cloaks. An important 
bequest from the late Mr. F. W. Robins, author of 
The Story of the Lamp, included many of the lamps and 
lighting appliances illustrated in his book. 


Management Studies 


Tue Bulletin describing the special advanced educa- 
tional courses in the London area for the Spring and 
Summer terms of 1964 is significant because of the 
growing percentage of courses devoted to management 
and supervisory studies (Bulletin of Special Courses in 
Higher Technology, Management Studies and Commerce, 
1963-64. Part 2. Spring and Summer Terms. London 
and Home Counties Regional Advisory Council for Tech- 
nological Education, 1964. 4s.). At Slough College, for 
example, courses are available in the work of the company 
secretary; company and mercantile law, industrial law, 
communication; chairmanship and conduct of meetings; 
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and industrial economics. At the North-Western Poly- 
technic courses are to be held dealing with reading 
efficiency, report writing and effective speaking. King- 
ston College of Technology has courses concerning ergo- 
nomics and the industrial designer, management problems 
in the hospital service, introduction to management for 
architects and problems of top management in the small 
business. High Wycombe College of Further Education 
is providing a variety of courses including operations 
research techniques, advanced organization and methods, 
analytical training methods, method study and design 
and marketing management. 


Library Services in the United States 


Tux February-March issue of Science Information Notes 
(No. 1, 6; 1964), published by the National Science 
Foundation, reports the completion of an investigation 
into automation in research libraries. This indicates that 
within the next decade automation could augment and 
accelerate the services rendered by large research libraries 
in respect of bibliographical processing, catalogue search- 
ing and retrieval of documents. Retrieving the intellectual 
content of books by automatic methods is not now 
feasible in large collections, but progress would be encour- 
aged by effective automation in cataloguing and indexing 
functions. The report of another investigation proposes 
the establishment of a New York library service authority 
for co-ordinating efforts to improve the services of New 
York City libraries and the utilization of joint resources, 
as well as a programme of research into library activities 
in the area. 


Instrument Applications 


Tue Shandon Scientific Company, 65 Pound Lane, 
London, N.W.10, has commenced the free issue of a series 
entitled Instrument Applications, consisting of publications 
on modern scientific techniques. The publications, to be 
issued at intervals, are numbered consecutively and are 
to include both original papers and reprints of significant 
work from various scientific journals. Nos. 1 and 2 in the 
series were published in December 1963 and are now 
available on request. They deal with the two-way 
separation of amino-acids by high-voltage electrophoresis 
and paper chromatography, and the thin-layer technique 
of chromatography and electrophorosis, respectively. 
No. 1 is by J. Ray, M. A. Meyer, A. Deyssohn, J. Frezzal 
and M. Lamy, and is a reprint from the Revue Française 
d'Etudes Oliniques et Biologiques. It shows how two-way 
separations by high-voltage electrophoresis and paper 
chromatography can be carried out on standard 46-57 em 
Whatman filter paper sheets without the use of an expen- 
sive high-voltage apparatus. No. 2 is by I. Smith and 
M. J. Smith and is a reprint from Research and Develop- 
ment for Industry. A review is given of the latest develop- 
ments of the thin-layer technique and the discussion 
covers advances in the design of apparatus and applica- 
tions in non-lipid separations. 


U.S. National Institute of Dental Research 


Prockepinas of a scientific seminar marking the 
fifteenth anniversary of the U.S. National Institute of 
Dental Research have been published in an attractive 
brochure (The National Institute of Dental Research, 
1948-1963. Pp. iii+26. Washington, D.C.: Government 
Printing Office, 1963). The Institute is one of the nine 
National Institutes of Health which make up the research 
arm of the U.S. Public Health Service. The publication 
reproduces addresses of the three main speakers, repre- 
senting Government science, university research, and the 
dental profession. The status of dental research and an 
assessment of accomplishments are reviewed by Dr. S. J. 
Kreshover, associate director of the National Institute of 
Dental Research; the role of the National Institute of 
Dental Research in dental education is presented by Dr. 
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J. F. Volker, vice-president for health affairs in the 
University of Alabama; and the communication of 
research findings is discussed by Dr. L. C. Hendershot, 
editor of the Journal of the American Dental Association. 
Addresses by Dr. L. L. Terry, surgeon-general of the 
Public Health Service, and Dr. J. A. Shannon, director 
of the National Institutes of Health, are also included. 
The introduction is by Dr. F. A. Arnold, jun., director 
of the Dental Institute, who presided over the sominar. 


Histochemistry of Dental Tissues 


Tax January-March 1963 number of the Annales 
d’Histochimie (8) is devoted to the histochemistry of the 
dental tissues, and comprises eleven papers by well- 
known workers in this field. There is a useful and fully 
documented introductory account of recent advances in 
dental histochemistry, followed by papers on a variety of 
topics, including the histochemistry of peritubular den- 
tine, the dental granuloma, dental and oral innervation 
and the developing hamster tooth. Accounts of the 
electron microscopy of ossification in the jaw of the 
kitten, and of the autoradiography of dentinal collagen 
formation, are also included, Those interested in dental 
histology and development will find this symposium of 
value. 


University News : Birmingham 


Tu report of the Council of the University of Birming- 
ham for the year ended December 31, 1963, which includes 
details of changes in staff during the year, gives the total 
of full-time academic staff at July 31, 1963, as 678. 
including 81 professors and 38 readers (Pp. 30. Birming- 
ham: The University, 1964). Details aro also given of 
leave of absence granted during the year. Statistics for 
students, however, are included in the report of the 
Vice-Chancellor and Principal (Pp. 39. Birmingham: 
The University, 1964). Full-time rogistered students 
totalled 4,802 in 1962-68, compared with 4,653 in 
1961-62 and 4,160 in 1959-60; for part-time students 
the corresponding figures are 196, 268 and 206, respec- 
tively. Of the full-time students 2,159 men and 237 
women were in science, 504 men and 159 women in 
medicine, and 229 men and 148 women. in commerce and 
social science. While 1,262 full-time students camo from 
homes within 30 miles, 3,022 came from elsewhero in the 
United Kingdom, 306 from elsewhere in the Common- 
wealth and 212 from foreign countries; the corresponding 
figures for 1959-60 are 1,188, 2,611, 205 and 656; 432 
resided in halls of residence, 2,448 in lodgings and 922 at 
home. The Vice-Chancellor and Principal’s report also 
comments briefly on some implications of the Robbins 
Report, referring particularly to the difficulty of increasing 
the quantity and maintaining the quality of university 
research in a period of rapid expansion. The University 
proposes to aim at 7,000 students in 1967-68 of whom 
3,570 will be in science, 860 in medicine, 590 in commerce 
and social science, and 300 in the Department of Educa- 
tion. The university library has roflected the genoral 
development and the total stock increased to more than 
600,000 volumes. Three new chairs wero established in 
the applied sciences, in structural, in mechanical and in 
electrical engineering, and the School of Highway and 
Traffic Engineering has been detached from the Civil 
Engineering Department and converted into an indc- 
pendent Department of Transportation. Progress in 
research is described in the thirty-fourth annual report of 
the University Research Committee, which bosides 
summaries of work in the different departments includes 
lists of published work and titles of thesos approved for 
higher degrees (Pp. 161. Birmingham: The Univorsity. 
1964). 

Oxford 


A FURTHER report to the Committee on the Rolation- 
ship of the University and Colleges of Oxford by a Sub- 
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committee, of which Mr. A. L. F. Norrington, President 
of Trinity College, was chairman, on matters arising out 
of the earlier Harrison Report on this subject, summarizes 
the views of the Colleges and concludes that the root of 
the matter is status, and this only fellowship can provide 
(Pp. 13. Supplement No. 1 to the University Gazette, 
January 1964. Oxford: The University, 1964). The Sub- 
committee also believes that a fellowship tends to make 
its holder more effective academically and the inclusion 
of non-tutorial Fellows is a source of strength to a college 
as a place of learning and education. It did not think 
that all members of Congregation, at any given time, 
could reasonably or properly be made Fellows of existing 
or future colleges, but agreed with the Harrison Report 
that there is at present a group of about 250 non-Fellows 
whose distinction or duties in teaching or research make 
them eligible for a place or status in the University 
equivalent to that of Fellows in existing Colleges. Some 
thirty of these, such as readers, are specially eligible for 
a fellowship, though not necessarily at an undergraduate 
college. Another sixty are fitted. by undergraduate 
tutorial teaching and experience for a fellowship at an 
undergraduate college, and for most of these the Sub- 
committee believes that election to such a fellowship may 
be feasible. For the remainder, it believes that the right 
solution is to be found in new collegiate societies, and the 
Sub-committee suggests that at least two new societies 
are needed. One already exists in embryo as Linacre 
House, with 28 senior members of Senior Common Room 
and 150 junior members, and, it is suggested, that it 
should be established on an independent graduate college. 
The Sub-committee suggests that further consideration 
should be given to the establishment of another society 
catering for senior members only or for both junior and 
senior members. It is assumed that the new societies, of 
either type, would be non-residential, except for tho head 
and one or two officers, but would have accommodation 
for meals, common-room facilities and possibly some 
. teaching and seminar rooms. Detailed proposals would 
have to be worked out by a more representative committee 
and, at least at the outset, the University would have to 
contribute substantially to the cost. The Sub-committee’s 
report was adopted by the Committee and, on February 25, 
approved by the Congregation. 


The Imperial College of Science and Technology 

Tue annual report of the Imperial College of Science 
and Technology for 1962-63 includes the fifty-sixth annual 
report of the Governing Body and the Rector’s report, to 
which are appended lists of publications during tho year, 
of special addresses and lectures, statistics of staff and 
students, the statement of accounts and a list of university 
awards. Further progress is reported in the development 
of inter-disciplinary studies, and it is expected that the 
decision taken to link the College with the University’s 
Atlas computer will meot the Collego’s reasonable com- 
puting needs for the immediate future. The number of 
full-time students increased from 2,735 in 1961-62 to 
2,879, the increase being equally in undergraduate and 
postgraduate students. Of 732 degrees (including 199 
higher degrees) awarded during the year, 46 per cent were 
science degrees. Of 316 awards of the D.I.C., 286 were 
to technologists. About 25 per cent of all students come 
from homes within 30 miles of the College and nearly 
half from other parts of the United Kingdom; 743 came 
from overseas, two-thirds from within the Commonwealth 
and of the overseas students threo out of four were post- 
graduate. The academic staff increased by 40 to 493, 
including two new professorships and three new readers. 
Research grants and contracts totalled £440,000 or about 
13 per cent of the income of the College, 60 projects, 
totalling £187,600 annually, being supported by the 
Department of Scientific and Industrial Research, and 
responsibility for 23 projects formerly sponsored by the 
Department were transferred to the University Grants 
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Committee. Expenditure under research, grants and con- 
tracts was £534,992. 


The Royal Society of Tasmania: Elections 


Tux following have been elected officers and members 
of Council of the Royal Society of Tasmania for the year 
1964: President, H.E. the Governor, Lieutenant-General 
Sir Charles Gairdner; Vice-Presidents, Prof. G. C. Wade 
and Mr. E. O. Gifford; Honorary Secretary and Honorary 
Librarian, Dr. W. Bryden; Honorary Treasurer, Mr. 
G. E. A. Hale; Council, Mr. R. A. Both, Mr. J. V. Cook, 
Mr. R. M. H. Garvie, Dr. D. Martin, Mr. E. R. Pretyman, 
Mr. T. E. Burns and Mr. W. F. Ellis. 


Announcements 


THE second meeting on “High Pressure Research” will 
be held at the National Physical Laboratory during 
June 2-3. Further information can be obtained from Dr. 
P. Lincoln Smith, National Physical Laboratory, Ted- 
dington, Middlesex. 


AN open day will be held at the British Leather 
Manufacturers’ Research Association, Egham, on May 12. 
Further information can be obtained from the Secretary, 
British Leather Manufacturers’ Research Association, 
Milton Park, Egham, Surrey. 


AN international symposium on “Basic Science and 
Clinical Aspects of Muscle” will be held in the University 
of Alberta during June 1-4. Further information can be 
obtained from Dr. G. Monckton, University of Alberta 
Hospital, Edmonton, Alberta. 


THe forty-seventh annual conference of the Chemical 
Institute of Canada will be held in Kingston, Ontario, 
during June 1-3. The conference will include a plenary 
session on “The Scientist and his Place in Society”. 
Further information can be obtained from the Chemical 
Institute of Canada, 48 Rideau Street, Ottawa 2, Ontario. 


A CONFERENCE on “Metallurgical Developments in 
High Alloy Steels”, arranged jointly by the British Iron 
and Steel Research Association and the Iron and Steel 
Institute, will be held in Scarborough during June 2-4. 
Further information can be obtained from Mr. J. R. 
Powell, British Iron and Steel Research Association, 
24 Buckingham Gate, London, 8.W.1. 


A MEETING on “Hydraulics”, arranged by the Société 
Hydrotechnique de France, will be held during June 8-13. 
A conference on “Instabilities in Hydraulics and Fluid 
Mechanics”? will be held in Lille during June 8-9, and 
the following days will be spent in a work tour of Holland. 
Further information can be obtained from La Société 
Hydrotechnique de France, 199 rue de Grenelle, Paris 7. 


Tue fourth international symposium on “The Action, 
Use and Natural Occurrence of Microbial Inhibitors in 
Foods”, arranged by the Food Microbiology and Hygiene 
Section of the International Association of Microbiological 
Societies with the assistance of the Swedish Institute for 
Food Preservation Research, will be held in Gothenberg 
during June 2-5. Further information can be obtained 
from Dr. N. Molik, S.I.K., Källebäck, Gothenberg. 


THE seventeenth annual summer conference of Brook- 
haven National Laboratory on “Subunit Structure of 
Proteins—Biochemical and Genetic Aspects” will be held 
at the Laboratory during June 1-3. The programme will 
include sessions on: inter-allelic complementation; en- 
zymatic aspects of subunit association; subunits in plant 
proteins; isozymes; physical chemistry of subunit inter- 
action; mechanism and significance of subunit associa- 
tion; subunits in blood proteins; metabolic control. 
Further information can be obtained from the chairman 
of the symposium committee, Mr. S. Lacks, Brookhaven 
National Laboratory, Upton, Long Island, N.Y. 11973. 
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UNIVERSITY DEVELOPMENT IN BRITAIN 


HE report of the University Grants Committee on 

University Development 1957-62* reviews first the 
work of the Committee during 1957-62, recapitulating 
some matters that have recoived comment earlier eithor 
in the interim report on development 1957-61 or in the 
surveys which now preface the Committee’s annual 
returns. The second chapter summarizes the main 
developments of the quinquennium, and although hore 
again earlier material is freely repeated the picture now 
presented is more complete. Next the report reviews 
university expansion over the whole period 1946-73; 
chapters on the new universities, on the growth and control 
of capital expenditure, on academic salaries and staffing 
follow, while the report is completed by two chapters on 
the universities and national needs and on the role of 
the Committee and the working of the quinquennial 
system. Tho last chapter and the Committee’s comments 
on teaching and research are discussed on p. 523 of this 
issue of Nature. The prosent summary deals essentially 
with the second chapter and with other material in the 
report which has not been previously noted in Nature. 

During the quinquennium, full-time undergraduate 
students increased by 22-6 per cent to 93,781, postgraduate 
students increasing by 50-6 per cent to 15,831 and those 
studying for a toachcr’s diploma by 23 per cent to 3,531. 
Entrants for first degrees and diplomas increased by 25-8 
per cent to 32,160, and the number of studonts obtaining 
a first degree or diploma by 28-7 per cent to 24,674; for a 
highor degree the figures stand at 36 per cent and 9,987. 
By faculties the increase in full-time students in 1961-62 
compared with 1956-57 was: arts and social studies, 
25-5 per cont; science, 44-1 per cent; applied science, 
37-9 per cent; dontistry, 11-3 per cent; agriculture and 
forestry, 7-1 per cent; veterinary science, 11-5 per cent; 
there was a decrease of 5-3 per cent in medicine. On an 
average 27-7 per cent of full-time students came from 
within 30 miles of thoir university, 60-8 per cent from other 
parts of the Unitod Kingdom, 6-7 per cent from other parts 
of the Commonwealth and 4:8 per cont from foreign 
countries. In 1938-39 the corresponding percentages 
were 45-8, 43-8, 5-7 and 4-7, respectively, and in 1956~57, 
33-9, 55-1, 6-8 and 4:2. In 1961-62, 31,820 full-time 
students during term were in colleges or halls of residence, 
58,382 in lodgings, and 22,941 lived at home; the corre- 
sponding figures for 1956-57 were 24,652, 41,291 and 
23,923, respectively. The proportion of students in 
residence varies greatly between institutions—in England 
and Wales, from 97 per cent at the University of Keele 
to 10 per cent at the University of Birmingham; in 
Scotland, from 54 per cont at St. Andrews to less than 
3 por cent at the Royal College of Science and Technology, 
Glasgow. 

The proportion of assisted students continued to rise. 
Whereas, in 1934-35, 41-7 per cent of full-time students 
woro assisted in whole or in part from publie or private 
funds, in 1956-57 the percentage was 75-7 and in 1961-62 
it was 87-1; for England as a whole it was 87-3 per cent, for 
Wales 95:3 per cent and for Scotland 83-5 per cent, where 
it rose from 61-7 per cent during the quinquennium. 
Further enquiries during the quinquennium into the 
success or failure of students indicated that 82-8 per cent 
of first-degree studonts admitted in October 1957 had 
succeeded in obtaining their first degree, 3 per cent had 
been re-admitted and 14-2 per cent had left without 
success; these figuros compare with 83, 3 and 14 per cent, 


* University Grants Committee. University Development 1957-62. Pp. 
x+ 230+ 11 photographs. (Cmnd. 2267.) (London: H.M. Stationery Office, 
1964.) 15s. net. (See also p. 523 of this issue of Nature.) 


respectively, for students admitted in October 1955. 
In applied scionce, however, only 72-5 per cent were 
successful and 20-8 per cent left without success, the 1955 
figures being very similar; engineering departments 
are studying this problem closely. Again only 568 por 
cent of the students in medicine, dontistry sud vetormury 
scionce were successful in the normal period and 30 per 
cent of students in these clinical subjects were successful 
in more than the normal period; only 10-9 por cont loft 
without success. Of degrees obtained in 1961-62 in 
arts and social studies, 80-2 per cent wero honours and 
19-8 per cent ordinary degrees ; in science tho corresponding 
figures are 74:6 per cent and 25-4 per cent; and in uppliud 
science 67:6 per cent and 32-4 per cent. In science 9-7 
per cent were first-class honours degrees, 16-3 pur cont 
second-class honours (upper division), 22-8 per cent socond- 
class honours (lower division) and 9-0 second-class honours 
(undivided); in applied science the corresponding per- 
centages were: 9-1, 17-3, 21-7 and 4-0. In 1961 62, 3,279 
first-degree graduates in science undertook further educa- 
tion or research, 352 entered the public servico at home, 
708 education, and 1,516 industry and commercy. Foi 
applied science the corresponding figures ure 723, 268, 80 
and 2,177. i 

During the quinquennium, full-time academic staff 
employed in the universities increased by 25 por cent from 
10,485 in the last year of the previous quinquennium to 
13,104 in 1961-62, compared with a student increas of 
25:9 per cent. The number of professors incroased by 
17-1 per cent to 1,708; readers and others of equivalent 
status increased by 27-3 per cent to 964; senior lecturors. 
by 41-6 por cent to 1,602; lecturers, by 22-8 por cent to 
6,021; assistant lecturers and demonstrators. by 31:6 
per cent to 1,548. In science, howevor, the staff h:ercused 
by 33-6 per cent compared with a 44-1 por cont incroase 
in students, and in applied science by 45 per cont compared 
with a 37-9 per cent increase in students. 

Recurrent expenditure increased from about £42 million 
in 1956-57 to £74 million in 1961-62—by far th» largest 
increase being more than £13 million in the salaries and 
superannuation of teaching staff which accounts for about 
43 per cent of total university expenditure. Changes in 
technicians’ wages have also seriously affected the universi- 
ties’ budgets. The Committee oxpresses concern lest 
extension of supplementation to cover individial cate- 
gories of expenditure beyond academic salaries und local 
rates should encroach on the quinquennial system 
to an extent endangering the universities’ freedom of 
choice in allocating recurrent funds. University income 
rose from £41.7 million to £74-1 million in the san poriod, 
the percentage derivéd from Treasury recurrent grants 
increasing from 67-8 to 69-5. Paymonts for resenrch rosu 
from 6:5 por cont to 11-1 por cent at £8-2 millon; the 
percentages derived from feos, endowments, grants from 
local authorities and donations and subscriptions all 
decreased slightly during the quinquonnium, although the 
actual amounts rose. The recurrent grants announcod in 
March 1962 for the 1962-67 quinquonniwn totallng 
£329 million have been increased by subsequent supplo- 
mentary grants to £385 million, distributed approximatoly 
over the successive years as follows: 1962 63. £61 inillion ; 
1963-64, £72 million; 1964-65, £78 milion: 1965 66. 
£84 million; 1966-67, £91 million. Non-reeurrent grants 
also increased during the quinquennium. totulliag almost 
£125 million (excluding £22 million for provision of 
computers); 73 per cent of the total represunted buiklugs 
and fees, 22 per cont furniture and equipment end 5 per 
cent sites and properties. Of expenditure on approved 
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building projects 55 per cent was for science and applied 
science buildings, 5 per cent for libraries, and 20 per cent 
for student residences. 

In the chapter on university expansion the Committee 
details the considerations which led to the conscious 
planning of expansion frdm 80,600 places in 1953-54 to 
70,000 in 1973-74 and then the considerations which 
influence its views on the size and location of universities. 
It believes that many of the university institutions in 
Britain are still too small to be academically or economie- 
ally viable, and that the woight of argument generally 
is in favour of larger institutions. Growth in the number 
of subjects and in their coverage as well as the increasing 
responsibilities of the universities in the search for new 
knowledge led to greater specialization and greater size, 
while tho increasing costliness of research through the 
need for expensive equipment and extensive library pro- 
vision. necessitates maximum. utilization of resources and 
some degree of concentration in their availability. The 
universities are in fact already becoming bigger, and while 
the major part of the increase between 1953-54 and 1966- 
67 will be found in the English civic universitios, the 
further planned expansion of 20,000 places by 1973-74 
will take place almost entirely in the civic universities— 
the seven new universities providing about 14,000. By 
the end of the present quinquennium in 1966-67, the 
faculties of pure and applied science will contain 46-6 per 
cent of the students, arts and social studies 39-3 per cent 
and medicine and dentistry 11-6 per cent. The outstand- 
ing increase in the proportion of students studying pure 
and applied science is due essentially to a relative stability 
in the numbers studying medicine, dentistry, agriculture 
and veterinary science. 

The Committee believes that the time is right for further 
consideration of the postgraduate degree structure. In 
commenting that the coming expansion will necessitate 
the broadening of undergraduate education, it refers to 
the rieed for more fundamental thinking on the purposes 
of university education, the qualities of mind it should 
develop, and whether these are fostered sufficiently by 
the courses offered and the kind of life the student lives. 
On the basis of costs in 1961-62, it estimates the capital 
cost of expansion as being about £1,200 for an additional 
place in arts, £2,400 in science and £3,500 in applied 
science. The total capital cost per student place of a 
conventional hall of residence at an existing university 
is put at about £1,800-£1,850; alternatives are being 
explored such as the provision. of student flats which could 
bring the figure to below £1,500. Conversion to student 
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use of suitably large houses in the vicinity of a university 
offers a possibility of meeting a substantial proportion 
of the need at about £600 a head. To provido residontial 
accommodation for about two-thirds of the increase to 
70,000 students by the early 1970’s would increase the 
per capita cost by about £1,000 to a total figure of about 
£3,000 per student place in both existing and new univer- 
sities. 

The chapter on the new universities gives a concise 
account of the various proposals and first steps for new 
universities, the pattern of their development, including 
the factors which determined their location, the academic 
planning boards and their torms of reference and the new 
linos of devolopment in university government, coverage, 
academic advisory committees and oxperiments in 
breadth of curricula, student organization and rosidence 
and in teaching methods. A chapter on the growth and 
control of capital expenditure covers the various points 
which have been at issue with the Public Accounts Com- 
mittee or the Estimates Committee and which were investi- 
gated by the Gater Committee and Sir Arthur Rucker. 
The University Grants Committee emphasizes that for the 
effective and economic execution of building programmes 
close and continuous consultation between the universi- 
ties’ officers, including, subject to the university’s agree- 
ment, their professional advisers and the Committee’s 
officers, is essential. Except with minor works, no com- 
mitment should be entered into for which grant-in-aid 
is to be sought without prior approval by the University 
Grants Committee, and onco its approval has been given 
to a particular proposal or a building schedule, no change 
should be made which might increase the amount for 
which grant-in-aid is sought without the Committeoe’s 
agreement. The Committee is not prepared to recommend 
for grant expenditure which has not been agreed by it 
in advance. There is also some discussion of the division 
of responsibility between the Committee and the Research 
Councils for the provision of research equipment, but 
generally the assessor system has worked well. In a 
chapter on acadomic salaries and staffing, the Committee 
comments that over the years the proportion of academic 
recruits with first-class degrees has declined, as has the 
overall proportion of firsts among graduates. It points 
out that changes in the post-war years suggest that the 
first need is improvement in salaries and career prospects 
if standards of teaching and research are not to be allowed 
to continue to decline. Even greater improvement will be 
needed if further expansion is to be achieved without a 
yet greater fall in standards. 


TECHNOLOGY AND THE SIXTH FORM IN SCHOOLS 


“CONFERENCE, organized by the British Petroleum 
Co., Ltd., was held in London during February 29- 
March 1 under the chairmanship of Mr. A. D. C. Peterson, 
at which school, university and technical college teachers 
considered the implications of the Oxford report on 
Technology and the Sixth Form Boy (see Nature, 199, 958 
(1963); 200, 219 (1963) ). 

Discussion hinged on four main issues—the ‘image’ of 
the technologist, the transition betweon pure and applied 
science, the transition from school to college and university 
and the possibility of teachers adding to their professional 
skills by gaining appropriate experience within industry. 

In considering the ‘image’ of the technologist in Britain, 
the conference emphasized the need to correct the nebulous 
impression of the technologist, held by the publie (and 
especially by parents), by boys and girls and by teachers. 
Possible lines of action were the production of good techni- 
eal films, the organization of public lectures by enthusiasts 
(to be given before a student entered the sixth form), 
more works visits with an emphasis on the jobs that are 


done. & broadening of the activities of the Institutes of 
Education to include visits, technological lectures and 
vacation attachments, the introduction into schools of 
minor projects, further development in the visiting of 
colleges of advanced technology and universities and the 
employment of technologists as staff and visiting staff. 

To help the transition between pure and applied science, 
various suggestions were made. The principles of pure 
science could be illustrated from applied science and, to 
help, mobile laboratories should be made available together 
with films that were more appropriate than the rather 
elementary ones at present available. Some adjustment 
of the science syllabus would also contribute and, again, 
the ‘image’ of technology needed correction if pupils and 
teachers were to develop a greater awareness of the 
relationship between the two areas. 

As for the actual teaching of technological material, the 
conference felt that this should spring from daily teaching 
—engineering drawing, for example, should arise from 
studies in geometry at the Ordinary Level of the General 
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Certificate of Education, and at the Advanced Level 
consideration should be given to the possibility of including 
a practical thesis. Closer links between school laboratories 


and workshops needed to be developed; here the experience ~ 


of Bryanston School and of some Middlesex schools which 
had developed applied science laboratories had valuable 
lessons. But it was emphasized that the transition 
between pure and applied science should be encouraged at 
every stage of education and experience—there was general 
agreement that it would be disastrous if all those employed 
in technology had been trained as technologists. 

The transition from school to university was obviously 

a key moment in the general problem. A boy might have 
made his decision by the time he entered the lower sixth 
form and advice often came (quite rightly) from the science 
master. But was there any case for full-time careers 
masters on the American pattern ? Overlap in work be- 
tween sixth form and university might be a good thing so 
far as consolidation was concerned, but could also come as 
an anti-climax—here was a need for more liaison between 
school teachers and university teachers. As for the choice 
between colleges of advanced technology and university, 
‘this often decided itself. Sometimes there were technicali- 
ties such as the need for language qualification, sometimes 
special courses made their own appeal. But at university 
could the idea of a common first year be extended so that 

flexibility of choice in specialization remained ? 


It was generally agreed that the good teacher is a better. 


teacher for having had some experience ‘outside his teach- 
ing job. But the question of what a teacher should do in 
industry was not simple—he had to get the ‘feel’ of indus- 
try and this could not be done by standing and watching. 
Instead, he needed to take some live part in an industrial 
project and, although it was difficult to organize such 
experience on & large scale, it was something to be 
oncouraged. 
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In summing up the conference, Mr. Peterson highlighted 
the points that had emerged or had been confirmed. The 
‘image’ of applied science was unsatisfactory : the teaching 
of science in school could be enlivened by directing atton- 
tion to the problem-solving aspects of applied scienco and 
to its position as a bridge between the work of the pure 
scientist and human welfare. <A great deal of expori- 
ment was also needed in teaching methods with an 
emphasis on the question of problem solving. How 
practicable was it and could it engender gaps in knowledge 
that might hinder the transition from pure scionce to 
technology and vice versa ? 

Industry could help in suggesting experiments and 
illustrations, but, above all, it could help teachers to go 
into industry to look for their own illustrations. A work- 
ing party of dons and teachers was necessary to consider 
the question of overlap between school and university 
curriculum; lectures by outstanding men could be filmed. 
Finally, there was a need for financial assistance for tho 
technologist who wanted to switch to teaching and needed 
help before he could embark on a year’s diploma in 
education. 

In winding up the conference, Mr. H. S. Mullaly, staff 
manager of British Petroleum, said that visits could bo 
arranged, though these should be for a specific purpose and 
not an undirected ‘look around’. As for industry releasing 
men to teach, this was not a simple issue, but some develop - 
ments were possible. There were directions in which 
industry could help, but it was reluctant to add to the 
careers and recruiting pressure on the schools and the 
initiative in following up these various ideas should, 
therefore, come’ from the schools. A first step would 
be to set up a working party between British Petroleum 
and the Association for Science Education to consider tho 
detailed implications of the various recommendations 
that had been made. 


PLANT INTRODUCTION IN ASIA AND AUSTRALIA 
By Dr. DAVID B. PARBERY 


Division of Land Research and Regional Survey, Kimberley Research Station, Kununurra, Western Australia 


THREE hundred and forty-seven page report has 

been submitted to the Cultural Affairs Office of the 
South-east Asia Treaty Organization, Bangkok, dealing 
with “Plant Introduction as an Economic Aid in the 
Agricultural Development of Asia and Australia”. This 
is a research project financed by a grant under the South- 
east Asia Treaty Organization programme sponsoring 
scientific research in the underdeveloped countries within 
the defence zone. The grant covered travel and general 
expenses over four months in Malaya, Australia, Thailand, 
Burma, India, Pakistan and Ceylon. The following is a 
brief review of the report. 

Australian agriculture is based entirely on cultivated 
plants which have been introduced from other countries. 
The role of plant introduction during Australia’s history 
has been one of outstanding success, beginning with the 
earliest settlers in the eighteenth century. To quote 
Hartley’, “Australia is unique among continental areas 
in the complete absence in the indigenous vegetation of 
species which have been brought into cultivation as crop 
plants”. 

It was not until the C.S.I.R.O. Division of Plant 
Industry was formed in 1929 that plant introduction to 
Australia was placed under centralized control with the 
creation of a Section of Plant Introduction within the 
‘Division. From then until the present time, introductions 
of agricultural plants in excess of thirty thousand? have 
been received by the Section. The majority of these 
introductions have been applied to the temperate and sub- 


tropical zones. However, during recent years, interest in 
Australian agricultural development has shifted from the 
temperate south to the tropical north. Relatively few 
introductions have been received, particularly of pasture 
legumes, which have proved successful in this more 
rigorous environment. As a result, during the past decade, 
Australian agricultural scientists have become more and 
more interested in the introductions from tropical areas. 

The Plant Introduction Section of C.S.I.R.O. was re- 
sponsible for organizing expeditions to eastern and sub- 
tropical South America, as well as tropical Africa and 
South Africa, between 1947 and 1953. The first organized 
collections of tropical species for testing in Australia were 
made at these times. Following the success of these 
explorations, interest moved to tropical Asia. It was 
realized that both cultivated and wild species of plants, 
throughout this vast region, could be of prime importance 
in the further agricultural development of Australia’s 
tropical north. At the same time, considering the general 
success of plant introduction in Australia as well as efforts 
baing made to elevate standards of living in many of the 
Asian countries through advance in the rural industries, 
it was thought that Australia could contribute significantly 
to their economies by making available to these countries 
seed of tested cultivars for trial in agricultural develop- 
ment programmes. 

Australia’s agricultural development was, and is, 
hindered by the presence of extensive soil bodies low 
in natural phosphate and nitrogen reserves. While the 


- 


, 


550 


soil phosphate-levels have been boosted by the addition 
of relatively cheap superphosphate, there is no similar 
cheap source of synthetic nitrogen. The legume (in this 
text, “legume” refers to any plant in the botanical family 
Leguminosae) has been relied on to supply this element 
to the soil, generally in association with grasses as a 
pasture sward. The success of Trifolium subterraneum 
in the southern regions led agriculturalists to believe that 
there might be other species that would perform similarly 
in the north. 

As the establishment of mixed pastures, an integral 
aspect of Australian agriculture in all its ramifications, 
is based on the legume which provides both high-protein 
feed for grazing animals'as well as nitrogen to associated 
plants, and as a large part of Asian agriculture depends 
on the legume for replacement of nitrogen in impoverished 
soils, a decision was made to restrict the first Asian 
exploration to Leguminosae. 

Experience with earlier introductions of legumes to 
Australia indicated that introduction of the associated 
strain of Rhizobium, at the same time, was essential to 
establish optimuny conditions for adaptation of the new 
species. Dr. D. Norris, who is working on legume 
bacteriology at the C.S.I.R.O. Division of Tropical 
Pastures, Brisbane, has built up a library of more than 
500 tropical and sub-tropical strains of Rhizobium. Also, 
he has perfected a technique for the field collection of the 
bacterium in the form .of root nodules’, as well as a 
technique for the redistribution of the pure, cultured 
isolates per medium of ceramic beads, allowing ready 
inoculation in remote areas’. Since Dr. Norris is hoping 
to expand his collection of tropical Rhizobium, and since 
very few Asian strains exist in his present collection, the 
objectives of the survey were expanded to include the 
collection of legume root nodules, when and where 
possible. A 

At the time of this survey, I was myself employed by 
the Malayan Pineapple Industry Board. It had been 
resolved by the Board that an attempt should be made to 
upgrade the Malayan canning pineapple. As a first step, 
it was planned to import pineapple planting material from 
other pineapple producing.countries into Malaya. The 
opportunity has thus been taken to incorporate this 
operation into the survey. The objectives of the survey 
were fourfold : 

Project A. The legume collection. (1) To survey recog- 
nized agricultural institutions within seven Asian coun- 
tries and collect from them seed of cultivated, or wild, 
legume species of interest for further agricultural evalua- 
tion and assessment under Australian conditions. (2) To 
encourage the use of tested cultivars from Australia, 
incorporating a seed exchange list prepared specially for 
this purpose by the C.S.I.R.O. Division of Tropical 
Pastures, Brisbane. 
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Sub-project 1. The Rhizobium collection. (3) To collect 
legume root Rhizobium for evaluation and assessment in 
Australia under highly controlled conditions, when and ~ 
where possible, during the course of the survey. 

Sub-project 2. The pineapple planting material collection. 
(4) To collect planting material from representative varie- 
ties of pineapple in Australia, The Philippines, Thailand, 
Burma, India, Pakistan and Ceylon for evaluation and 
assessment as breeding stock in Malaya with the ultimate 
aim of upgrading the Malayan canning pineapple. 

The report is not meant to contain comprehensive 
reviews of relevant literature. However, in the course 
of preparation for the survey, and during its execution, 
extensive reference was made to the literature. For the 
convenience of readers who may wish to explore the 
subject further, references are made to many of these 
publications. Copies of most of the references, cited as 
footnotes, are in my possession and I am willing to try 
to supply additional copies if they are no longer available 
from the original source. 

The collection trip began,in May 1961 from Malaya. I 
travelled to Australia, thence to The Philippines, Thailand, 
Burma, East Pakistan, India (north), West. Pakistan, 
India (south), Ceylon and back to Malaya during the 
months of May, June, July, August and early September 
of the same year. Fortunately, monsoonal rains were 
avoided in all countries except for three days in Rangoon. 

A summary of the main activities completed under the 
entire research project is presented in Table 1. 

One thousand and forty-five samples of legume planting 
material (mostly seed) were sent to Australia from Malaya, 
The Philippines, Thailand, Burma, India, Pakistan and 
Ceylon, including more than 200 species of tropical 
Leguminosae. In addition, 43 unidentified samples and ~ 
36 miscellaneous species (mostly grasses) were collected. 

Legume species represented by the largest number of 
varieties, and thus seed samples, included Arachis hypogaea 
(717), Cajanus cajan (26), Cajanus indicus (16), Cicer arie- 
tinum (22), Glycine max (95), Phaseolus calcaratus (18), 
Phaseolus aureus (63), Phaseolus lunatus (24), Phaseolus 
mungo (23), Phaseolus sp. (16), and Vigna sinensis (58). 
The samples were received in Australia by the Section of 
Plant Introduction,-C.8.I.R.0. Division of Plant Industry, 
Canberra, A.C.T. 

Ninety-nine specimens of legume root Rhizobium were 
collected, made up of 77 samples of fresh root nodules 
and 22 pure culture preparations. These were all forwarded 
to Dr. D. Norris, C.8.I.R.O. Division of Tropical Pastures, 
St. Lucia, Queensland. 

Pineapple planting material was collected in seven 
countries, Australia, The Philippines, Thailand, Burma, 
India, Pakistan and Ceylon, for shipment to Malaya. The 
collection totalled 426-.pieces and was sent to Dr. 8. 
Dutta of the Malayan Pineapple Industry Board, Johore 



































Table 1. A SUMMARY OF ACTIVITIES COMPLETED UNDER THE RESEARCH PROJECT “PLANT INTRODUCTION AS AN ECONOMIC AID IN THE AGRICULTURAL 
DEVELOPMENT OF ASIA AND AUSTRALIA”, DURING 1961 

Legume collection | Rhizobium collection Pineapple planting material collection ' ] 

' Project A Sub-project 1 Sub-project 2 Tepung 

— l an 

| No. Miscellan: grass 

’ No. of root No. of plant pieces collected eous seed 

| No. of seed No. nodule No. |) species samples 

of or of and of collected | requested 

collection į vegetative | collection | cultured | collection (non- from 

Country sites samples sites isolate sites Stems Suckers Slips Crowns legumes) | Australia 
collected samples : 

i collected 
Malaya 8 89 2 13 — — _ —_ kaa | i7 
Australia — — — _ 3 25 45 0 3 — — 
Philippines 21 230 3 16 5 25 18 0 11 2 — 
Thailand 21 165 5 10 8 62 14 0 0 _ = 
Burma 11 142 4 8 4 22, 14 16 10 — — 
Indla 13 276 5 33 4 - 25 36 4 10 23 413 
Pakistan 4 92 2 12 3 19 14 i 2 5 8 = 
Ceylon 8 51 2 7 1 20 22 i 3 1 3 110 

198 163 25 40 
Totals 81 1045 23 99 i 28 426 36 540 
1 1 
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Bahru, in collaboration with the State Agricultural Officer, 
Johore. 

In addition to the introductions sent to Australia and 
Malaya, requests for legume and grass seed samples from 
Australia came from Malaya, India and Ceylon. Arrange- 
ments were made with the Plant Introduction Section, 
Canberra, to forward the species and varieties sought. 

In conclusion, it can be stated that the objectives as set 
out here were successfully fulfilled. Several recommenda- 
tions were put forward in the report with respect to 
general agricultural development within the region, partic- 
ularly the tropical belt. 

It is my hope that, as a result of this preliminary 
survey, further research projects will be designed to follow 
up work on the tropical Leguminosae within the Asian— 
Australian region. 


Epilogue 

The plant descriptions were completed, so far as possible, 
in Canberra, during April-May 1962, where excellent facili- 
ties are available in the Botany Department, C.S.I.R.O. 
Division of Plant Industry, and within the herbarium of 
the C.S.I.R.O. Division of Land Research and Regional 
Survey. 

Project A. The legume collection. The collections of 
Leguminosae, and miscellaneous species, are held by the 
Plant Introduction Section, C.8.I.R.O. Division of Plant 
Industry, Canberra. A large number of the samples were 
transferred to the C.S.I.R.O. Division of Tropical Pastures, 
Brisbane, during 1962 under the charge of Mr. Ron 
Williams, who is plant introduction officer in that Division. 
The samples have been given numbers (C.P.I. numbers) 
which differ from the collection numbers listed in the 
report, and descriptions have been issued by the Plant 
Introduction Section®~’. 

Sub-project 1. The Rhizobium collection. The collection 
of legume root nodules and cultured Rhizobium specimens 
was sent to Dr. Norris, as mentioned earlier. Writing in 
the Division’s annual report for 1961-62, Dr. Norris reveals 
that one of the soybean root nodule samples (number 
seven, from north Thailand) has yielded an isolate which 
has already replaced the commercial strain of Rhizobium 
for soybeans in Queensland. A disturbing aspect of Dr. 
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Norris’s evaluation of the cultured strains was the fact 
that several of them were not pure, carrying contaminants 
which could seriously interfere with their cffectiveness as 
inoculating agents in the countries where they are being 
distributed. 

Sub-project 2. The pineapple planting material collection. 
The pineapple planting material is being held under 
quarantine at the quarantine station of the Department 
of Agriculture on an island just off the coast of Singapore, 
for a period of one year. It is being transferred gradually 
to the Pineapple Experiment Station at Alor Bukit, Pekan 
Nanas, Johore State, under the control of Dr. S. Dutta, 
who is in charge of the breeding programme. Some of 
the pieces rotted in transit to Malaya, but by early 1962 
there were some 339 established at the quarantine station 
representing nearly all the groups collected throughout 
Asia and Australia. The material will provide valuable 
stock for future pineapple plant breeding in Malaya. 

Although I was employed by the Malayan Pineapple 
Industry Board at the time of the research project, I have 
since transferred to the C.S.I.R.O. Division of Land 
Research and Regional Survey, Canberra. I am at present 
stationed at the Kimberley Research Station, Kununurra, 
Western Australia, a tropical station in northern Australia 
suitable for testing the Asian Leguminosae and Rhizobium 
introductions. 


1 “Plant Introduction ant Exploration in Australia and the Indian Ocean 
Hed Hartley, W., Proc. Pan Indian Ocean Sci. Cong., Perth, Aug., 

2 Quarterly List of Introductions, No. 67 (Plant Introduction Section. 

., Canberra, 1961), 

3A Mere of the technique can be found on pp. 61-2 of FAO Agric. 
Study No. 41, “Plant Exploration, Collection and Introduction,” by K. O. 
Whyte (1958). 

t Norris, D. (unpublished work). 

é Quarterly List of Introductions, No. 65, for the quarter ended June 30th, 1o01: 

t Introduction Section, Division of Plant Industry, €.S. IR. 
Oena, A.C.T., Australia, (Containing descriptions of part of $6 
Philippine collection (C.P.I. numbers 29160—19282).) 

* Quarterly List of Introductions, No. 66, for the quarter ended September 
30th, 1961 (see ref. a (Containing deseriptions of part of the Philip- 
pine collection (C.P.I. numbers 29425—29532), together with descrip- 
tions of the pice “collections from Thailand (C.P.I. numbers 20548 
—29710), India (C.P.X. numbers TE A 30034—30072, 
30081—30104 80169—30249), Pakistan (C.P.I. numbers 29880—29938, 
29939—209793, Malaya (C.P.I. numbers 29992—30033) and Ceylon 
(C.P.I. numbers 30106—30159).) 

7 Quarterly List of Frtroducttont, No. 67, for the quarter ended December 31st, 
1961, (see_ref. 5). (Containing "descriptions of the collection from 
Burma (C.P.I, KINS 30656-—30792).) 


SNAKE BITE 


F the 2,500 or so species of snakes in the world, only 
about one in ten is venomous. Despite this com- 
paratively small number the problems they cause are 
alarming. In Britain snake bite poses no serious problems. 
lt has been stated that only seven people have died 
within the past fifty years. and of this number five were 
young children. The death of a twelve-year-old girl was 
reported in 1961. 

In many countries, however, snake bite does give rise 
to serious problems. It has been estimated that 30,000- 
40,000 people die from this cause every year. In Asia 
some 30,000 people are bitten annually and, of this 
number, about 25,000 are fatal. This represents approx- 
imately five-sixths of the world’s total. The snakes 
largely responsible for these deaths are: the Indian cobra 
(Naja naja), Russell’s viper (Vipera russelli), the saw- 
sealed cobra (Naja hannah), the Indian krait (Bungarus 
caeruleus), and the Ceylon krait (Bungarus ceylonicus). 
Vipers cause most deaths, first, because of their large 
numbers, and, secondly, because they are active in day- 
light. Man comes less into contact with cobras and kraits, 
since they are nocturnal in habits. Bengal and Burma 
have the highest death rate from snake poisoning in the 
whole of India and Indo-China owing to the fact that 
they are rice-growing areas, and in such habitats 
Russell’s viper abounds. In Ceylon, Russell’s viper 


and Ceylon kraits kill almost 300 people annually. In 
the North-West of India the saw-scaled viper is abund- 
ant. This is the most vicious snake known and 
accounts for the greatest percentage of deaths in that 
region. 

In Africa about 800 people die each year from snake 
bite. The mambas and pit vipers are largely responsible. 
In the United States of America fatalities number about 
15 per annum. For Central and Southern America the 
figures are 300 times higher than that of the United 
States. The snakes which cause most deaths in these 
countries are: the fer-de-lance (Bothrops atrox), the bush 
master (Lachesis muta) and the Brazilian rattlesnake 
(Crotalus durissus). 

The sea-snakes of India and Indo-China are extremely 
poisonous. These snakes do not attack swimmers but are 
often landed with a. fisherman’s catch. Fishermen walk 
barefoot among the catches and death from snake bite is 
not uncommon. Tho actual figures are not known. 
Figures for deaths in China and the U.S.S.R. are not 
available, since they are never made public. 

The nature of venom, venom apparatus, reaction to 
venom and types of treatment are well described by John 
Reed, Sheerwater County Secondary School, Woking, in 
the Autumn 1963 issue of Biology and Human Affairs 
(29, No. 1; 1963). 
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4-Cis-Heptenal: a Cream-flavoured 
Component of Butter* 


REAM fudge, prepared by heating cream and sugar 

for a short time at 100° C, has a charactoristic sweet 

flavour which gradually becomes more pronounced. 

Fudge prepared from water, sugar and butterfat, which 

has been deodorized by steam distillation, has at first 

scarcely any flavour, but after only a few hours the 
cream flavour becomes perceptible. 

De-odorized groundnut oil (hardened to m.p. = 39° C), 
worked up in the same way, gave a fudge which developed 
no cream flavour at all after a few hours. 

In the absence of sugar, de-odorized butterfat may also 
develop a cream flavour. On exposing the de-odorized 
product in a beaker to air and light, it developed, ‘after a 
few hours, in addition to unpleasant ‘green flavours’, 
also the cream flavour. 

From the foregoing it is evident that the cream flavour 
is caused by autoxidation of butterfat components. The 
fact that esters of fatty acids from which the unsaponi- 
fiable had been removed developed a cream flavour after 
standing for some time showed that the flavour originated 
from the fatty acids. 

It was further found that the substance responsible for 
the cream flavour is a carbonyl compound, for after 
treatment of a concentrate of volatile substances having a 
strong cream flavour with dinitrophenylhydrazine the 
flavour was no longer perceptible. 

Large amounts of de-odorized butterfat were subjected 
to autoxidation, this time not by exposing the product 
to air at room temperature cither in the form of fudge 
or as such, but by vigorously stirring 900-g portions with 
air for 7 h at 110° C. 

The volatile constituents were isolated by molecular 
distillation. In a DPi-molecular distillation apparatus 
the fat was passed three times over the rotor, which was 
kept at 110° C. The pressure was 15-20 x 10-3 mm. The 
volatile constituents were collected in two traps kept at 
—75 and — 190° C respectively. 

They were fractionated on an alumina column (dimen- 
sions 200 mm x 11 mm). The alumina (Imperial Chemi- 


cal Industries, Ltd.) was dried at 160° ©, after which’ 


8 per cent water was added. 

The following were used as solvents: 60 ml. optically 
pure light petroleum (b.p. 40°-60° C); 40 ml. optically 
pure light petroleum (b.p. 40°-60° C) + 1 per cent ether; 
40 ml. optically pure light petroleum (b.p. 40°-60° C) + 
2 per cent ether; 40 ml. optically pure light potroleum 
(b.p. 40°-60° C) + 3 per cent ether. Fractions of 20 ml. 
were collected; fraction No. 7 contained the cream 
flavour. (The assessment is best carried out in a dilution 
of paraffin oil.) This fraction was passed over a “Celite’— 
dinitrophenylhydrazine column?; the DNPH’s formed were 
then analysed by partition chromatography on a nitro- 
methane column of standard dimensions?. . 

The bands were collected separately, and the carbonyl 
compounds regeneratod by boiling with dilute sulphuric 
acid. Tho cream flavour was found to be present in a wide 
band with an average retention volume of 190 ml. Further 
purification on the nitro-methane column was unsuccess- 
ful. Invariably fractions were obtained which according 
to paper chromatographic analysis consisted of various 
DNPH?’s, the Rp values of which with regard to those of 
model aldehyde-—DNPH’s correspond with carbon chains of 
SF, ‘SF and ‘63’. The DNPH with an Ry value corre- 
sponding with aldehyde ‘5}’ was generally the strongest. 


= Based on this investigation and that by K. de Jong and H. van der 
Wel (see following article), a patent application was lodged covering the 
synthens of 4-cis-heptenal and its precursors and their use as flavouring 
agents, 
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OF BUTTERFAT 


By cutting out the chromatograms, the ‘DNPH 5} was 
isolated and showed on splitting a strong cream flavour. 

Paper chromatography was carried out using the 
method developed by Klein and de Jong’. The paper 
strip was impregnated with a 15 per cent solution of 
paraffin oil in optically pure light petroleum (b.p. 40° 
60° C): eluant, 60 per cent dioxan. 

By means of numerous paper-chromatograms measur- 
able amounts of ‘DNPH. 5} were collected and recrystal- 
lized. The ultra-violet spectrum of a chloroform solution 
showed an -absorption maximum at 372 my which is 
indicative of an œ- unsaturated aldehyde. According 
to the infra-red analysis, 2-hexenal or 2-heptenal was 
involved. However, these two aldehydes definitely have 
no cream flavour. 

According to the method of de Jong, who separated 
positional isomers of unsaturated DNPHs on the silver 
nitrate column. developed by de Vries*', we brought the 
‘DNPH 53’, dissolved in light petroleum, on to a silver 
nitrate/silica column; packing, 2 g silver nitrate/silica 
(1:3) + 1 g ‘Celite’; column, diameter 11 mm. The 
column was prepared in optically pure light petroleum 
(b.p. 40°-60° ©). In the initial experiments the following 
eluants were successively used: 50 ml. 30 per cent benzene 
in optically pure light petroleum — band 1; 30 ml. 50 per 
cent benzene in optically pure light petroleum —> band 2; 
15 ml. either —> band 3. 

When larger amounts were involved, a simplified method 
was followed in which 100 ml. 30 per cent benzene in 
optically pure light petroleum and 25 ml. ether were used. 

The first fraction had an absorption maximum at 364 
my, the second and strongest fraction at 371 my, and the 
third at 358 my. In the paper chromatographic analysis 
each of these bands was found in the ‘C 5} position, but 
only the third band gave a cream flavour on splitting. 
The second band evidently was 2-hexenal which had 
already been indicated by the infra-red analysis. 

The behaviour of the ‘cream-flavour DNPH’ on the 
silver nitrate/silica column indicated a DNPH of an 
aldehyde with an isolated double bond. This information 
together with the Rr value on paper suggested that the 
cream flavour was due to a heptenal, namely, 4-, 5- or 
6-heptenal, 3-heptenal being too unstable to withstand all 
the isolation processes. ; 

Olfactory assessment of the synthetic aforementioned 
heptenals showed 4-heptenal to be the carrier of the cream 
flavour. 4-cis-Heptenal was obtained by reaction of the 
Grignard-reagent of 1-bromo-3-cis-hexane®-* with ortho- 
formate and splitting the acetal formed’. For the DNPH 
of this synthetic product, too, the Rr value on paper was 
that of ‘C 5P. 

The final identification was carried out as follows: 
The volatile constituents from about 100 kg reverted 
butterfat which had been previously de-odorized wore 
collected, and the cream, flavoured fraction was separated. 
on an alumina column and converted into the DNPH. 
With the aid of the nitro-methane column, a wide band 
(average retention volume: 190 ml.) was collected and 
afterwards fractionated further on a silver nitrate/silica 
column using a simplified method. The second (last) 
fraction from this column, containing the cream flavour, 
was purified over alumina. The results of ultra-violet 
spectroscopy and paper-chromatography were in accord- 
ance with the properties of the ‘cream flavour DNPH’ 
obtained in the previous experiments. The yield was 
477 ug DNPH. 

Infra-red spectroscopy showed that the recrystallized 
DNPH had the same spectrum as synthetic 4-cis-heptenal- 
DNPH. Half the product (250 y) was split with dilute 
sulphuric acid. The aldehyde was taken up in a small 
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Fig. 1. Gas chromatograms of carbonyl compounds: (a) ‘Cream 

aldehyde’ isolated from butter; (6) synthesized 4-cis-heptenal. Column: 

85x 0-3 cm, gas flow: 30 ml. N,/min, support: ‘Celite’ 100-120 mesh, 

immobile phase: benzophenone 10 per cent, temperature: 66° C, flame 
ionization detection 


amount of pentane and analysed gas chromatographically 
(immobile phase: benzophenone). 

Besides small solvent peaks there was a large peak 
having a somewhat longer retention time (Rt) than the 
model substance heptanal. The Rt was the same as that 
of the synthetic 4-cis-heptenal (see Fig. 1). 

OsO, oxidation!’ of the DNPH produced a C,-fragment. 
It was impossible to determine with certainty whether 
this fragment was acetone or propanal. In view of the 
gas chromatogram we must assume that the ‘cream’ 
aldchyde has a straight chain. 

The content of 4-czs-heptenal in autoxidized butterfat 
was estimated at two parts per milliard (10°). 

The investigation of fresh butterfat, carried out along 
the lines described here, gave strong indications that 
4-cis-heptenal is also present in fresh butter, namely, in 
a concentration of about 1-5 parts per milliard. (10°). As 
only 10 kg butterfat was worked up, the amount of iso- 
lated DNPH was too small for the infra-red spectrum to 
be recorded or to analyse the parent aldehyde gas chroma- 
tographically. 

The retention volume on the nitro-methane column, the 
Rr value according to paper-chromatographic analysis, 
the behaviour on the silver nittate/silica column, and the 
flavour, however, were in agreement with those of syn- 
thetic 4-c7s-heptenal-DNPH. 

We thank Mr. L. Rijfkogel for carrying out the gas- 
liquid chromatography analyses, Mr. W. Woestenburg 
for the investigation of fresh butterfat and Mr. J. A. 
Schols for synthesizing 4-cis-heptenal. 


P. Havercamp Beare Mann 
J. ©. KOSTER 


1 Haverkamp Begemann, P., and de Jong, K., Ree. trav. chim., 78, 275 (1959). 
3 Kramer, P. J. G., and van Duin, H., Rec. trav. chim., 73, 63 (1954). 

3 Klein, F., and de Jong, K., Rec. trav. chim., 75, 1285 (1956). 

tde Jong, K., Mostert, K., and Sloot, D., Ree. trav. chim., 82, 887 (1963), 
$ De Vries, B., J. Amer. Oil Chemists’ Soc., 40, 184 (1983). 

£ Young, W. G., and Lane, J. F.; J. Amer. Chem, Soc., 59, 2061 (1937). 


7 Goering, H. L., Cristol, S. J., and Dittmer, K. M., J. Amer. Chem. Soc., 70, 
3314 (1948). 


2 Hunsdiecker, H., Ber., 75, 465 (1942). 
? Bachman, G. B., Org. Synth. Coll., 2, 323 (1948). 
1° de Jong, K. (personal communication). 
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Identification of some Iso-Linoleic Acids 
Occurring in Butterfat* 


Tur presence of 4-cis-heptenal in butterfat has been 
detected (preceding communication), and as the investiga- 
tion clearly showed that this aldehyde was formed by 
autoxidation of one or more of the fatty acids, the obvious 
next step was to investigate whether the precursor of 
4-cis-heptenal could be detected in butter fatty acids. 

The investigation was confined to the analysis of the 
fatty acids with 18 carbon atoms, as these form the major 
fraction of butterfat (about 35 per cent). In accordance 
with Farmer’s oxidation theory the following acids were 
considered as possible precursors for the formation of 
4-cis-heptenel via autoxidation: ll-cis (or trans). 15-cis- 
octadecadienoic acid and 10-cis (or trans), 15-cis-octa- 
decadienoic acid. As these acids are non-conjugatable the 
investigation was directed towards the isolation of a non- 
conjugatable fraction from the fatty acids with 18 carbon 
atoms. 

By saponification of the butterfat with alkali, followed 
by esterification with methanol, the methyl estors of the 
fatty acids were prepared. From these methyl esters, the 
saturated and the mono-unsaturated esters were removed 
as much as possible by fractional erystallization at — 10° C. 
— 20° C, —40° C and — 60° C respectively. The mother 
liquor of the crystallization at — 60° C was separated by 
preparative gas chromatography, and the octadecadieno- 
ates were collected. By thin-leyer chromatography on 
‘Silicagel’ impregnated with silver nitrate, this fraction 
could be separated into a conjugatable and a non-con- 
jugateble part, the latter being present in the cis,czs- 
configuration. 

After collecting the cis,cis-isolinoleic acid methyl esters. 
the position of the double bonds was determined by 
hydroxylation with osmium tetroxide followed by cleaving 
the diols with periodic acid into aldehyde fragments and 
aldomethyl esters. It was concluded that the cés,cis-iso- 
linoleic acids present were unsaturated in positions 11, 15: 
10, 15; and 9, 15. This conclusion was confirmed by 
analysis of the non-conjugatable fraction with the aid of 
capillary gas chromatography. 

To 910 g butterfat obtained by removal of the serum 
from butter, 228 g potassium hydroxide dissolved in 
2:7 1. aqueous methanol (methanol/water = 2 : 1 v/v) was 
added. After refluxing for:1 h, the fatty acids were 
obtained from the soap solution by addition of water and 
an excess of hydrochloric acid. The fatty acids were 
extracted several times with ether, and the combined 
ether extract washed free from acid with water. After 
removal of the solvent the fatty acids were dried i» 
vacuo. 

860 g fatty acids from butter were esterified by refluxing 
them 34 h with 4:3 1. methanol to which 27 g concentrated 
sulphuric acid had been added. This mixture was after- 
wards diluted with water and extracted with ether. 

150 g methyl esters were recrystallized from acetone 
(1 g/5 ml. acetone) at — 10°C, — 20° C, — 40° Cand — 60°C 
respectively. The following amounts of crystalline 
material were successively obtained: 24 g, 37 g, 22 g and 
28 g. The remaining mother liquor was found to contain 
31 g methyl esters. 

The crystalline material obtained at —40° C and at 
— 60° C, as well as the residual esters from the mother 
liquor, were analysed gas-chromatographically (Fig. 1). 

The chromatograms showed that as a result of the 
fractional crystallizaticn the more soluble fractions con- 
tained a relatively higher amount of unsaturated C18-fatty 
acids. 

The C18: 2 fraction (C18 : 2 denotes octadecadiencic 
acid) was collected by means of preparative gas chromato- 


graphy. 


* Based on this investigation and that by Dr. P. Haverkamp Begemann 
and Miss J. C. Koster (see preceding article) a patent application was lodged 
covering the synthesis of 4-cis-heptenal and its precursors and their use as 
flavouring agents. 
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Fig. 2. Adsorption chromategraphy of isomeric methyl octadecadienoates on thin layers 
of silica impregnated with silver nitrate. Eluant, benzene/ether (90 : 10 v/v). A, a, 7-cis, 


15-cis-; b, 8-cis, 15-cis-; c, 9-cis, 16-cis-; d, 10-cis, 15 


isolinolele acid mentioned in Fig. 
butterfat 





-cis; €, 11-cis, 15-cis-; f, 11-cis, 
15-trans- and 11-trans, 15-cis-; g, 11-trans, 1b-trans-; h, 9-cis, 12-cis-; i, 9-cis, 12-trans-; 
j, 9-trang, 12-trans-; k, conjugated methyl octadecadienoates. B, I=2 non-conjugatable 
Il=methyl octadecadienoates isolated from 
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Table 1. LOCATION oF DOUBLE BONDS IN cis,cis-C18 : 2 FROM BUTTERFAT 


Chain-length of the fragments 


After partial hydroxylation | After complete hydroxylation LAL 
of double 
Aldomethyl Aldomethyl 


Aldehydes esters Aldehydes esters 














Model experiments showed that the technique used by 
De Vries! for separating cis and trans isomers of fatty acids 
on ‘Silicagel’ layers impregnated with silver nitrate could 
also be used for the separation of conjugatable and 
cis,cis non-conjugatable dienoates (Fig. 24). 

Both for the model experiments and for the isolation of 
the non-conjugatable cis,cis-isolinoleic acid esters from 
the C18:2 fraction, thin-layer chromatography on 
SiO,/AgNO, plates (layer thickness 0-8 mm) was used. 
The dienoate mixture was applied as a streak. The plates 
were developed in the system benzene/ether (20 : 10 v/v). 
Afterwards part of the plate was sprayed with a 2 per cent 
solution of .dichlorofluorescein in ethanol after which the 
various components became visible in ultra-violet light 
(Fig. 2B). The material on the non-sprayed part at the 
position of the non-conjugatable cis,cis-isolinoleic acid 
esters was scraped off, and eluted with freshly distilled 
ether. In this way about 30 mg of the substance was 
collected. 

The cis,cis-dienoic acid esters were hydroxylated with 
OsO,. In one experiment partial hydroxylation was 
achieved by using less than the theoretical amount of 
OsO, (methyl esters : OsO, = 100: 75 m.mole), whereas in 
a second experiment complete hydroxylation was obtained 
by reaction with an excess of OsO, (methyl esters : OsO, = 
100 : 300 mmole). The diol mixture was catalytically 
hydrogenated—naturally this treatment was not necessary 
in the case of complete hydroxylation—after which the 
saturated diols were cleaved with periodic acid into the 
carbonyl fragments: aldehydes and aldomethyl esters. 
After conversion of these fragments into DNPH’s on a 
reaction column’, the latter were separated on an A1,0;- 
column into aldehyde DNPH’s and aldomethyl ester 
DNPH’s. The two mixtures were separated according to 
chain length by means of paper chromatography‘ (Table 1). 

Part of the non-conjugatable cis,cis- 
isolinoleic esters obtained by thin-layer 
chromatography was brought on to a 
capillary column and analysed (Fig. 3). 

The method used for the isolation of a 
C18 : 2 fraction from butterfat via crystal- 
lization at Jow temperatures followed by 
preparative gas chromatography had the 
advantage that the methyl esters were not 
heated for a prolonged time thus preventing 
the formation of artefacts. Moreover, by 
using thin layers with silver nitrate the 
cis,cis-C18 : 2 non-conjugatable could be 
separated without necessitating chemical 
treatment. 

From the number of aldomethy] esters 
obtained after complete hydroxylation of 
this cis,cis-C18 : 2 fraction it followed that 

_it contained at least 6 acids (Table 1). 
The position of the first double bond in 
each of these acids followed from the 
chain length of the aldomethyl esters. The 
second double bond is present at the 12 or 
at the 15 position, as only hexanal and 
propanal could be detected in the mixture 
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Fig. 3. Capillary gas chromatography. Column: length = 64 m, diam. = 
0-25 mm, immobile phase: ‘Apiezon L’, temp. 198-5°C, pressure: 
60 cm mercury. 1, Methyl heptadecanoate; 9, methyl octadecanoate; 
2-8, isomeric non-conjugatable methyl octadecadienoates isolated from 
butterfut; 2, 3, 4 and 5 are unknown; 6, the same retention time as 
9-cia,15-cis-methyl octadecadienoate; 7, the same retention time as 
10-cis,15-cis-methy! octadecadienoate; 8, the same retention time as 
11-cis,15-cis-methyl octadecadienoate 


of aldehyde fragments. Further, it was known that, 
as a result of the isolation technique used, the cis,cis- 
C18: 2 fraction contained only dienoates in which 
the number of C-atoms between two double bonds was 
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4 or > 4 (non-conjugatable). Combination of these data 
showed that butterfat contained cis,cis-octadecadionoic 
acids with double bonds at the 11, 15; 10, 15; and 9, 15 
positions. This conclusion was supported after separating 
the ester mixture by capillary chromatography into various 
peaks and comparing their retention times with those of 


_ the reference substances (Fig. 3). 


In addition to the aforementioned isolinoleic acids 
cis,cis-isolinoleic acids are present with double bonsd 
at the positions: 8, 15 or/and 8, 12; 7, 15 or/and 7, 12; 
6, 15 or/and 6, 12. The total amount of cis,czs-octadeca- 
dienoic acids in butterfat is estimated at 0-02 per cent. 


K. DE Jone 
H. VAN DER WEL 


Unilever Research Laboratory, 
Viaardingen, Holland. 
1 De Vries, B., J. Amer. Oil Chemists’ Soc., 40, 184 (1963). 


1 Haverkamp Begemann, P., and de Jong, K., Rec. trav. chim., 28, 275 (1959). 
5 Klein, F., and de Jong, K., Ree. trav, chim., 75, 1285 (1056). 


A MOLECULAR MODEL FOR CHEMICAL AND BIOLOGICAL 
DIFFERENCES BETWEEN STREPTOMYCIN AND 
DIHY DROSTREPTOMYCIN 


By Dr. JOHN ARONSON, Pror. W. L. MEYER and Pror. T. D. BROCK 


Departments of Bacteriology and Chemistry, Indiana University, Bloomington 


Or of the main goals of pharmacology is the correla- 
tion of chemical structure with function, to provide 
both an understanding of the ways in which drugs work, 
and an insight into rational approaches to the construction 
of new drugs. Streptomycin (I) has been and continues 
to be one of the most medically useful antibacterial agonts. 
For many years this antibiotic and its reduction product, 
dihydrostreptomycin, have been used interchangeably, 
since they possess essentially equal antibacterial activities. 
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I STREPTOMYCIN 


Recently, Moskowitz has shown that dihydrostrepto- 
mycin has no effect on the growth of cultured mammalian 
cells}, whereas streptomycin inhibits growth at high 
concentrations. Moreover, dihydrostreptomycin is much 
less effective in the precipitation of nucleic acids than is 
streptomycin®, especially in the presence of divalent 
cations. 

Work at this University? + has shown that streptomycin 
is an effective antiviral agent for certain streptococcal 
bacteriophages, even when the host bacteria are resistant 
to the antibiotic. This antiviral effect is due to an in- 
hibition of the injection process and is reversed by divalent 
cations and polyamines. Recent work® has shown that 
streptomycin interacts directly with the protein coat of the 
phage to cause a contraction in diameter of the head and 


tail and concomitant changes in the scdimentation 
properties of the phage. Dihydrostreptomycin is com- 
pletely inactive as an antiviral agent in this system evon at 
a concentration 50 times that of streptomycin. In fact, 
dihydrostreptomycin is able to reverse the inhibition 
eaused by streptomycin, which suggests that the two 
compounds must compete for the same combining site(s) 
on the phage, but that the dihydrostroptomycin combina- 
tion is inactive biologically. 

Both antibiotics are cationic substances and it is 
reasonable that they would interact similarly with anions. 
The interaction of streptomycin with nucleic acids has 
been known for many years‘; in addition, stroptomycin 
reacts with and precipitates many other anionic com- 
pounds including casein, cephalin, hyaluronic acid, 
heparin, phosphatidyl] ethanolamine, sodium lauryl sul- 
phate and sodium hexametaphosphate. Because of their 
simplicity we have chosen the last two substances as 
models for comparing the differential reactivity of the 
two antibiotics. Precipitation of sodium hexameta- 
phosphate is pH-dependent, is maximal at pH 7-0, and 
occurs to a considerably greater extent with streptomycin 
than dihydrostreptomycin. At about pH 8 it is possible 
to find a concentration of dihydrostreptomycin which does 
not precipitate any hexametaphosphate, yet still reverses 
the precipitation by streptomycin. The same substances 
which reverse the antiphage activity of streptomycin 
(divalent cations, polyamines, orthophosphate) also 
reverse the precipitating activity of the antibiotic. The 
same pH dependence and reversal bohaviour are shown 
for the precipitation of casein, a phosphoprotein, by 


‘streptomycin; dihydrostreptomycin is again much less 


effective. 

Both streptomycin and dihydrostreptomycin precipitate 
equally well sodium lauryl sulphate and phosphatidyl 
ethanolamine at pH 7 and below. Streptomycin procipi- 
tates these two anionic compounds above pH 8 slightly 
better than dihydrostreptomycin does, but the difforence 
between the two antibiotics is not nearly so markod 


as in the precipitation of hexametaphosphate and 
casein. 
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In the case of hexametaphosphate and casein, precipita- 
tion is probably due mainly to the ability of the antibiotics 
to cross-link between different molecules, as will be dis- 
cussed below. In the case of the lipid materials the anti- 
biotics are presumably behaving as simple cations, com- 
bining with and neutralizing the charge on the anionic 
group, so that precipitation is probably due to an aggroga- 
tion of non-polar moieties. That this idea is probably 
correct is shown by the fact that 1,4-diguanidobutane, 
analogous to the streptidine portion of the antibiotics, 
precipitates sodium lauryl sulphate and phosphatidyl 
ethanolamine, but not hexametaphosphate. 

_ The cross-linking ability of streptomycin probably 
explains its antiviral activity, since the antibiotic could 
cross-link adjacent protein sub-units of the phage coat, 
thus pulling the sub-units closer together to bring about 
the observed shrinkage of the head and tail; alternatively, 
cross-linking could occur between the nucleic acid and 
protein with similar results. These observations have 
prompted us to devise a chemical explanation for the 
differences in cross-linking ability of the two antibiotics. 
In the course of this investigation, some new facets of 
streptomycin chemistry have also become evident. 

The cationic guanido groups of the streptidine moiety, 
common to both molecules, could readily interact electro- 
statically with anionic groups; if an additional attracting 
site were provided, one could envisage cross-linkage to a 
second anionic molecule. This might result in aggregation 
and precipitation in the case of casein, DNA, or poly- 
phosphate, or a tighter packing of the virus coat protein 
around the viral DNA. Although the secondary amino of 
the N-methylglucosamine moiety could serve as an addi- 
tional cationic site at normal pH levels, it is common, to 
both streptomycin and dihydrostreptomycin and does not 
help explain the observed differences. One is forced to 
conclude that the enhanced cross-linking ability of strepto- 
mycin is in some way related to the streptose aldehyde 
group. 

The proton magnetic resonance spectrum of strepto- 
mycin in deuterium oxide solution indicates that the anti- 
biotic contains no free aldehyde group under these con- 
ditions. In some respects spectra of streptomycin and 
dihydrostreptomycin (as their sulphates) are nearly 
identical, showing in each case resonance from the two 
acetal protons [doublet at 4-50 +, J=3 ¢.p.s., and singlet 
at 4°75 v (streptomycin) or 4-72 + (dihydrostreptomycin) ], 
three of the CHO or CHN protons (one-proton singlet at 
5-67 + (streptomycin) or 5-78 + (dihydrostreptomycin) and 
two-proton singlet at 6-20 v (streptomycin) or 6-24 + 
(dihydrostreptomycin) ], the remaining CHO and CHN 
protons’ (broad band near 6:5 +), the N-methyl (singlet 
at 7:18 +), and the C-methyl [doublet at 8-80 + (strepto- 
mycin) or 8:83 + (dihydrostreptomycin), J=7 c.p.s.]. 
The streptomycin spectrum shows no resonance character- 
istic of the aldehyde proton in the 0-2 + region, however. 
A priori this could simply result from moderately rapid 
equilibration in aqueous solution between the aldehyde 
and its hydrate, the gem-diol, leading to resonance of the 
proton in question at a position intermediate between those 
of the two forms, but broadened owing to the exchange 
process so that it is effectively merged with the baseline. 
Such is the case with simple aldehydes in aqueous solution 
at low pH (ref. 7). This interpretation is negated in the 
present instance, however, by the appearance of a sharp 
one-proton singlet at 4:98 7 in the streptomycin spectrum ; 
the dihydrostreptomycin spectrum has no corresponding 
resonance. This absorption must thus be due to the 
‘aldehyde’ proton of streptomycin, and its chemical 
shift shows that it is on a tetrahedral carbon bonded 
either to two oxygens (that is, acetal-like) or to oxygen 
and nitrogen (that is, carbinolamine-like). 

Such a structure could result from: (a) complete con- 
version of the aldehyde to the gem-diol; (b) existence of the 
system as a tetracyclic hemiaceteal by interaction of the 
aldehyde with one of the hydroxy] groups; or (c) existence 
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as a carbinolamine by interaction with the secondary 
amino-group. The first possibility is unlikely owing to the 
steric hindrance the gem-diol would encounter bonded to a 
quaternary centre, and the second is excluded since 
molecular models show that no hydroxyl group is in a 
position to participate in such hemiacetal formation 
without unlikely steric compressions being introduced 
into the ring system. There is also chemical evidence that 
streptobiosamine does not form such a hemiacetal*. On 
the other hand, carbinolamine formation is not only 
sterically possible, but also appears rather favourable on 
examination of models. Such tautomerism has ample 
analogy; the chemistry of cotarnine (IIa)? provides 
one example. Indeed, that streptomycin, but not dihydro- 
streptomycin, exists in at least two pH-dependent tauto- 
meric modifications was shown by Titus and Fried”, 
although they suggested that the tautomers resulted from 
interaction of the aldehyde with one of the streptidine 
guanido groups. Unlike the methylamine, however, 
neither of the guanido groups is within bonding distance 
of the aldehyde, and so it seems that this alternative 
should be dismissed. Thus we believe that in aqueous 
solution streptomycin exists largely or entirely as its cyclic 
carbinolamine tautomer (IIa). 

This tautomerism involves formation of a seven- 
membered ring (IIa). Examination of molecular models 
(Dreiding or Godfrey) shows that the geometric require- 
ments of the streptomycin structure can readily accommo- 
date this ring in the favourable twist-chair form™!-18, 
with the five-membered and six-membered rings fused to it 
through generally favourable positions'®. No serious 
non-bonded interactions result from the structure with the 
possible exception of three hydrogen—hydrogen inter- 
actions on the top of the ring (as seen in IIa), and these are 
no worse than those in cycloheptane itself3. The presence 
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_- of such a seven-membered carbinolamine ring joining the 
_N-mothyl-glucosamine and streptose moieties.of strepto- 
mycin could be partly responsible (together with the well- 
authenticated retardation of glycoside hydrolysis by 
an a-amino group) for the slow hydrolytic separation of 
those two units, a process which would then require 
fission of two bonds, as contrasted to the cleavago of 
streptidine from streptobiosamine. In this context, 
dihydrostreptomycin, but not streptomycin, reveals a 
cnew absorption peak near 270 my after refluxing for 
2 hin 0-5 N H,SO, in a butanol-ethanol-water mix- 
tare”. 
-A farthor consequence of such an amine-aldehyde inter- 
_ action is the possible establishment of a second equilibrium 
between the carbinolamine and a quaternary iminium 
< hydroxide (IV), which is agam analogous to cotarnine 
' (IIb)*. The streptomycin iminium hydroxide might well, 
exist in only small amounts in such an equilibrium, 
although its formation is somewhat. favoured by relief 
of the H-H interactions of the seven-membered ring (Ha). 
The. marked reactivity of streptomycin toward carbonyl 
“ reagents such as thiosemicarbazide* is consistent with the 
presence of the iminium form, for iminium derivatives 
are known to show a large rate enhancement for semi- 
- ¢arbazone formation”. ova 
- In the light of this discussion it would be of interest to 
e-examino the structures of various streptomycin deriva- 
s. For example, the “reductive amination” products 
optomycin'™’, the N’-alkylstreptomycylamines, might 
rrespond to amine addition products of the iminium 
t (that is, IIb), rather than to reduction products. It 
is also conceivable that bis-(«-hydroxystreptomycyl)- 
amine’ represents an ammonia- condensation product 
of this type, with one or both streptomycin moieties 
-being in the cyclic form, AJl these derivatives would be 
able of hydrolysis to streptomycin in vivo or in vitro. 
Two reduction products. of streptomycin have been 
olated: dihydrostreptomycin™, in which the aldehyde 
has been reduced to a hydroxymethyl group, and deoxy- 
dihydrostreptomyein™, in which additionally the tertiary 
hydroxyl group has been removed from position 3 of 
treptose. One might oxpect that certain other reductive 
ures might yield the tetracyclic hexahydro-1,4- 
16 derivative. (IIc). Sodium hydrosulphite treat- 
s been reported’? to cause a marked drop in the 
acteriostatic activity of streptomycin against Escherichia 
oli and Staphylococcus aureus, but not Bacillus subtilis. 
This may be duo to the presence of such an uncharacter- 
ized reduction product, which would be of interest for 
correlating conformational effects with bacteriostatic 
“activity. oa 
To return to the problem of cross-linking behaviour of 
ptomycin, it seems reasonable to us that this is related 
‘tautomeric interaction of the amine and aldehyde 
ps. The streptomycin cationic imine (IV) could 
ve as a third electrostatic attracting group for the 
ionic phosphate compounds. Precipitation of the 
uble cross-linked derivative would displace the 
ilibrium toward formation of the iminium salt. More 
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enlightening, however, is that the iminium compou 
capable of nucleophilic additions*™* with groups 1 
amines, sulphydryls, or perhaps phosphate. Pos: 
most available group from the point of. view, of i 
with protein would bo an c-amino group öf a lyst 
a gem-diamine would be formed as illustrated in I 
it precipitated, this would also displace the 
amine-iminium salt equilibrium toward the 
form. è 

This mechanistic model can thus explain the 
tion of polyanions by streptomycin, as well a: 
the nature of tho effect cf the antibiotic on bacte 
The two guanido groups of the streptidine nim 
to electrostatically anchor the streptomytin © 
to one polyphosphate chain. Cross-linking to an 
chain of polyphosphate (or to the viral protein t 
lysine e-amino group) is made possible throug 
attraction or nucleophilic addition to the str 
cationic imine. This attraction or addition is o 
because of the close proximity of the anion or 
phile. Streptomycin-resistant phage presumably 
lack a properly oriented lysine ¢-amino group for of 
suitable nucleophile) in their coat protein. 

In conclusion, it is clear that in such biological phenc- 
mena as injection of bacteriophage and growth of mam. 
malian cells, streptomycin and dihydrostreptomy how 
large differences in activity. These differences are pr 
ably related to the ability of the former to er 
well, while the latter cross-links poorly. Howe : 
two antibiotics show no significant differences i anti 
bacterial activity. -We may therefore hypothesize the: 
streptomycin and dihydrostreptomycin are ne 
bacterial agents because they cross-link, or precip) 
nucleic acids, but for some other reason... The mt 
between the aldehyde group. of streptose and 
methyl group of N-methyl glucosamine omply: 
necessity, when attempting te correlate chemical = 
with biological activity, of visualizing the molecule | 
whole rather than as a sum of its separate parte. 

One of us (J. N. A.) is a National Science Founda 
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the U.S. Public Health Service (AA7-04630-03) and 
Army (DA-CML-18-064-61-63). We thank Pat 
man for help in the precipitation experiments and Pro 
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ey has pointed out the obvious need for a 
-more detailed knowledge on the role of RNA in the 
- immune response. Recent reports by Mannick?* and 
Fishman et al.*> indicate that a ‘reactive RNA’ is pro- 
duced by macrophages following incubation with an 
tigen in vitro. Two alternatives seem possible: the cell 
manufactures a new kind of RNA or the cell preferentially 
thesizes an RNA already present. Whichever the case 
May be, it is reasonable to assume that a change in base 
- composition of total RNA may occur as a consequence of 
the relative increase in a specialized RNA fraction. The 
: “observations reported here concern the changes in the 
RNA base composition of rat macrophages after incuba- 
“tion in vitro with bovine serum albumin. 
at macrophages were obtained by the method of 
wyer, Smith and Wood*. 5 ml. of bovine heart infusion 
broth enriched with 10 per cent. proteose peptone contain- 
ing 0-2 mg of heparin per 100 ml. were injected intra- 
neally into adult white rats from our colony. After 
h the animals were killed by a blow on the head and the 
itoneal cavity was opened under aseptic conditions after 
- Of electrolytic balanced solution (Hanks) were 
jected. The poritoneal exudate was pipetted out and 
ashed twice with the same solution. Exudates con- 
: təminated with red blood cells were discarded. 
ad pooled exudates from 20 rats were used in each 
ent. Quadruplicate cell counts on each sample 
“average of 50 x 105 cells per rat with 60 per cent 
tes—defined as large mononucleated agranulo- 
¥ non-spherical nuclei—37 per cent lymphocytes, 
cent neutrophils and 2 per cent eosinophils. 
lustrates the type of cells usually found. 
though peritoneal exudates obtained in this way have 


- Twò aliquot suspensions of 300-400 million cells each 
in sterile 0-15 M phosphate buffered saline, pH. 7-4, were 
incubated at 37° C: a test sample containing a final 
tration. of 10 mg per million cells of bovine serum 
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RNA, and to which subcellular structure it is associated. 




























albumin (Mann Research Laboratories, lot B1906) and a 
control sample without albumin. 

After incubation for 2 h the cells were collected by 
centrifugation at 700g for 15 min and the pellet was 
suspended in about 5-0 ml. of a solution containing 0-14 M 
sodium chloride, 0-01 M tris buffer pH 7-2 and 0-4 per cent 
sodium dodecyl sulphate (NaDDS). One volume of phenol 
was added and the mixture stirred in the cold for 1-2 h. 
The aqueous phase was separated and the phenol extracted 
once more with the buffer. Both aqueous phases were 
mixed and the RNA was precipitated with two volumes 
of ethanol. 

The determination of base composition was performed 
with the technique of Brawerman and Chargaff”. Total 
RNA was also estimated in some samples. The cells 
were suspended in sodium chloride-tris-NaDDS solution 
and one volume of 0-5 N perchloric acid was added. The 
precipitate was centrifuged and then hydrolysed in 0-3 N 
potassium hydroxide at 30° © for 48 h. The hydro- 
lysate was acidified with 2-0 N perchloric acid and after 
centrifugation RNA was estimated by the orcinol reaction*® 
in the supernatant. This technique was not suitable for 
base composition analysis since there was an interference 
of unknown origin in the chromatograms that rendered 
impossible the estimation of GMP and UMP in their 
combined spot. 

The RNA base composition of the cells is shown in 
Table 1. There were statistically significant differences 
between tests and controls for adenine, cytosine and 
guanine in spite of some scattering of values between 
experiments, 


Table 1, BASE COMPOSITION or RNA 





Control Albumin 
ean a Mean 6 t P 
18-3 0-9 16-9 16 6-2 <0-001 
C 80-4 21 27-5 2-4 6-6 <0-001 
iF 32-6 25 36-7 18 10-0 <0-001 
U 18-6 16 19-4 14 1:35 <03 


Total RNA values estimated in pug per cell are shown 
in Table 2. . 


Table 2. TOTAL RNA CONTENT IN puG PER CELL 
Control Albumin 









group treated 
1 1-40 1-60 
2 1-50 3-40 
3 1-50 1-65 


In one experiment a parallel extraction with phenol 
yielded 92 per cent of the RNA found by the other 
technique. 

The experimental design. adopted here was deliberately 
‘coarse’ in the sense that no attempt was made to pinpoint 
the type of cell or the fraction of RNA involved: in thè“ 
initial response. to antigenic stimulation. As a first 
approximation this unprejudiced approach proved reward- 
ing in showing that the base composition of the pooled 
RNA from a population of ‘immunologically competent 
cells’ does vary after contact. with antigen. l 

The proper significance of this finding cannot be ap- 
praised on present evidence alone, and further work will 
be necessary to find out: (a) Which RNA. fraction(s) is. 
responsible for the shift in base composition. Whether 
it is a messenger-like or a high-molecular-weight structural 
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b) Whether different antigens induce different base 
ratios or not. (c) If these changes are associated. with 
-globulin synthesis or with the synthesis of other proteins 
(enzymes ?) associated with the first stages of the immune 
‘response!. (d) Whether the base composition of the RNA 
fraction involved is specific of species, genetic constitu- 
tion, cell type or cell clone. 
We thank Dr. L. Avila for his help. 
‘This work was partially supported by a grant from the 
Association for the Aid of Crippled Children, New York, 









































EVIDENCE FOR A 


‘ETHANOLIC extracts of. lyophilized inflorescence 
LNA. tissue of Xanthium and Helianthus? when con- 
_-eentrated by reduced: pressure evaporation have been 
-found capable of initiating floral development in Xanthium 
test plants that are maintained on long-day conditions. 
An approximate Ry value and some of the. solubility 
-characteristics of the active chemical have been previously 
- determine *. More recently Mayfield‘ has suggested that 
the active substance has the characteristics of an organic 
acid. We, working independently, have reached the same 
conclusion and herein submit. additional evidence to 
support this concept. 
Although several variations of the basic extraction 
method have. been used, the concentration of the 
< erude extract has usually been accomplished by reduced 
"pressure evaporation at room temperature or below. 
_ Without definitive proof it was felt that eonsiderable loss 
f activity might be associated with prolonged. exposure 
he extract to reduce pressure during the concentration 
ure. In an effort to render some of the organic 
less volatile and also to preclude emulsion and other 
separation problems, arising from the treatment of the 
crude extract with strong bases, an aqueous ammonia 
solution was used. The separation procedure is outlined 
in Fig. 1. 

In a typical experiment, a 48-g portion of the tarry 
extract concentrate of Xanthium! was redissolved in 500 
ml. of absolute methanol. The resulting green solution 
was placed in a resin flask with 300 ml. of 1-5 N ammonium 
rdroxide. The resin flask was attached to a Rinco 





Crude active extract* (48 A 
Redissolved. in methan 
| Treat with ammonium and partially 


evaporate solvent by rotation under 
reduced pressure 





oe E Cee 
2 insoluble material (3° g) Deeintate 
dherent to- walls of flask | 
No activity found Partially 
Fraction A, Table 1) evaporated i 
i (atte A ERA = $ 
] ' | 
vary, insoluble botus (13 g) 
No activity found 


E {Fraction B, Table 1) 
1: Rurther evaporated j 
i at reduced pressure 


tar (21 g) 
raction C, Table 1) 
Method of obtaining extract given in previous paper (ref. 1). 


Fig. 1, Plow diagram of a typical concentration using.a partition method 
ccoo sing a rotary vacuum device 
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FLORIGENIC ACID 


‘Table 1. FLOWERING RESPONSE OF Xanthium TO APPICATION OF Opatary 
FRACTIONS FROM CRUDE Exrract 


Numerical average of fowerlag 
response” 


Tntreated control plants OO 
Treated plants 
(A) Lanolin extract method 
Fraction- A pa 
Fraction B ap. 
Fraction pü 
(B) Stem fap method 
Fraction C t3 


rotary evaporator. Reduced pressure was obieno by-us 
of an aspirator. As the methanol and excess amr 
was progressively removed by evaporation. t 
phyl pigments and associated oily constituents sep 
from the solution and adhered to the inner wa 
flask (Fraction A, Table 1). When the residual a 
) became a clear amber colour, it was docente 
a clean resin flask which was connected again to 
Subsequent reduction or ie y 
ulted in the separation of ac 





dryness yielding a light brown. tar (Fraction O 
This separation is depicted as a flow diagrar 
Each of the three-phase separations was 
blended with lanolin? and applied. to ṣe 
plants. Only the fraction most soluble ia wate 
C, Table 1) showed floral initiating activity. In 
to the lanolin method of application. 100 mil. of 
cent aqueous solution of Fraction C. Table L we 
stered to ten test plants through the xylem of 
This was accomplished by submerging each pl 
tub of water and cutting a flap about 10 em lon 
the cut low and making the incision upward with 
of the flap as a radial section of the stem. Th 
flaps were lowered into test-tubes (13 ram x LOD me 
tubes were tied in place to the stems and fill 
solution, All test plants for this and other expe 
deseribed in this article were maintained, D 
and after treatment, on day lengths of 20 h or rar 
test plants were exposed to high water s 
several hours by placing thom in the p 
high-intensity light (2,000 ft.-candles) from a fe 
source in a stream of moving air. Under these 
10 ml. per plant of test solution was pul 
in 2or 3h. Ten plants were used for o: 
and in each experiment ten untreated pl 
controls. All results cited were from p: 
weeks or less from the time of tı 
plants flowering for a single 
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S ue 5 
Effluent 1 
co Extract with ether 


` Ether insoluble fraction 
ni Nò activity found 
=0i(Fraction E, Table 2) 


4 i 
Aqueous fraction 
(Fraction G, Table 2) 


] 
i 
ubie fraction 
Extract with ammonium hydroxide 
oan i 
amy 
Aqueous phase 
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raction H, Table 3) 
<No activity found 


<30 per cent. Although the flowering was admittedly 
_ low, the significance of the results is not in question since 
the controls were always totally vegetative. Test plants 
ere Xanthium strumarium (Pennsylvanicum) from seeds 
ected in the area of Chicago, Illinois. “Results were 
evaluated in accordance with a numerical seale based on 
ameter and morphological stage of development 
rminal staminate inflorescence. Vegetative plants 
ted as zero on the scale. The first morphological 
the stem apex that could be clearly recognized 
1g was assigned a value of 1-0. A flowering apex 
0:25 mm in diameter was evaluated as 2-0. 
tional increment of 1-0 was allowed for each 0-25 
rease in the diameter of the developing inflores- 
- ‘The values listed in Tables 1-3 are the average of 
umerical evaluation of the flowering response of the 
in each treatment. The results given in Table 1 
that the substance active in causing flowering is 
highly water soluble. This observation confirms and 
inforces earlier conclusions. ce 
In an effort to test the supposition that th active entity 
may have acidic characteristics, a separation scheme 
selective for organic acids was used. An outline in 
the form of a flow diagram is presented in : 


ge 


tion of the ammonium hydroxide-treat 





























onia rotary pa 
1) redissolv: a in 


pear > l Column 
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; a : nee 


Ether soluble Fraction I 


ecient pentane cern 
| 


Lyophilized Xanthium powder 


‘ i Extract with ether 
peee nnrenrneedomneecnnnnemnnn n ENCE 


The results gi Ts oe 
fraction (Fraction G, Table 2) that would be expected too 
Contain. the major portion of the ammonium salts of the _ 








tion (5-0 g) 























Retained portion 
Elute with 100% EtOH 
evaporate i 
| | 
Eluath 


No activity found 


t hin 
ME mats WAS (Fraction D, Table 2) 


NH 


| 


$ 
Ether soluble Fraction 2 
No activity found 
(Fraction F, Table 2) 


Fig. 2, Flow diagram portraying fractionation of plant acids by a strongly acidic cation exchange column 


Extract in 10-7 N 
y filter 


Aqueous acid extract (250 ml.) aliquot 





Ether insoluble 
(diseard} 
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Fig. 3.. Flow diagram of fractionation utilizing acid-base solubility differences and weakly basic anion-exchange methods 


soluble residue (Fraction C, Table 1) from the method foe 
outlined in Fig. 1, was dissolved in 50 ml. of distilled water. 
The solution was passed through a strongly acidie cation 
exchange column (3-5 emx17 em) prepared by packing 
in a slurry a total of 115 g of ‘Dowex 50W-8X° (moisture 
content 56 per cent, 100-200 mesh) in the H+ ionic form. 
Much of the fraction retained on the resin was recovered by: 
eluting the resin with absolute ethanol (Fraction D, 
Table 2). The column effluent, which was acidic, was 


extracted once in a separatory funnel with 1} times its 


volume of ether.: The resulting ether-insoluble phase is. 
represented by Fraction H, Table 2. The corresponding: 
ether-soluble fraction was shaken with an equal volume of 
1-5 N ammonium hydroxide to yield a` water-soluble,’ 
phase (Fraction G, Table 2) and an ether-soluble phase 
(Fraction F, Table 2). All fractions to be tested were _ 
first evaporated to dryness under reduced pressure. Fol: 

lowing this, the resulting solid residue was in each case: 
redissolved in an appropriate amount of water to make a 
1 per cont by weight solution. Each solution was applied: 
to the Xanthium test plants using the stern flap method. 
ziven in Table 2 show activity in the specife 








constituent organie acids. 
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! 2 FLOWERING RESPONSE ‘oy Xanthium TO EXTRACT PARTITIONS 


FROM A STRONGLY ACIDIC Ion EXCHANGE RESIN 
Numerical average of flowering 
























response 
Untreated control plants 0-0 
Treated planta 
Fraction D 0-0 
Fraction Æ 0-0 
Fraction F 0-0 
Fraction @ 03 


FLOWERING RESPONSE OF Xanthium TO EXTRACT PARTITIONS 
FROM 4 WEAKLY BASIC ANION EXCHANGE RESIN 


Numerical average of flowering 


“Table 8. 


response 
Untreated control plants 00 
‘Treated plants 
> Fraction. i Y0 
Fraction 7 0-0 
Fraction J 0-2 


: Further evidence of the floral initiating capacity of the 
organic acid portion of the plant extract was gained by 
1 ; of columns packed with a weakly basie ion ex- 
hange resin. 1 kg of lyophilized Xanthium inflorescence 
_ was fragmented to a powder in the Waring blender. The 
powder was slurried in 5 1, of 10 N hydrochloric acid 
‘and soaked for 2h. The slurry was filtered and a 250-ml. 
aliquot of the filtrate was extracted by shaking once with 
twice its volume of ether. 
"The aqueous phase was discarded. The ether phase was 
then shaken with an equal volume of 10-* N sodium 
hydroxide. Following complete separation of the two 
ayers the ether phase was discarded. The remaining 
ater phase was neutralized with hydrochlorie acid and 
he resulting solution was passed through a weakly basic 
- anion exchange column (3-5 em x 14 em) that was prepared 
by packing in a slurry 100 g of ‘Dowex-3’ (moisture con- 
-tent 363 per cent, 20-50 mesh) in the OH- ionic form. 
The column was eluted with 150 ml. of distilled water 
which was combined with the column effluent. The 
effluent-eluate combination (Fraction H, Table 3), which 
“appeared light brown in colour, was applied to Xanthium 
test plants by the stem flap method. No flowering 
—yesulted. The column was next eluted with 150 ml. 















CN order to characterize the gene pools of White and 
A Negro populations, Cooper et al. determined the fre- 
quencies of 15 polymorphic traits in randomly selected 
samples of Whites and Negroes in a southern United States 
eommunity, Claxton, Georgia. The traits examined in- 
cluded the red cell antigens, serum haptoglobin and trans- 
ferrin. types, hemoglobin variants (in Negro), G-6-PD 
deficiency, and the PTC-taste test ability. This article 
reports the examination of three additional serum protein 
variants on the Claxton Whites and Negroes ; the Gm and 
_ Inv groups (y-globulins)*, the Ge types (group specific 
- eomponent)*4, and the Ag groups (lipoprotein)’. The 
_ symbol Lp has been suggested for the lipoprotein groups 
to replace the symbol Ag, originally used to designate the 
— isoantigens'. 
; In 1960 the U.S. Public Health Service (Heart Disease 
Control Program, Bureau of State Services) made a 
- census of a part of Southern Georgia in preparation for 
_a study of cardiovascular disease. The White and Negro 
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of 10 N hydrochloric acid. The resulting Hi 
eluate (Fraction I, Table 3) was neutralized v 
hydroxide solution and subsequently applied 
plants. No flowering resulted. The final elution © 
100 ml. of 10-? N hydrochlorie acid. ‘The ¢ 
eluate was neutralized with NaOH and the- 
solution (Fraction J, Table 3) was applied to. t 
The fraction was active in causing floral initia 
summary of this procedure is given in Fig. 3. 

Tho active floral initiating substance, which | 
to be the flowering hormone of Xanthium, i 
to have functional acidity on the basis of 
points of evidence: (a) The differential solubili 
isties in the presence of acid or base are those 
be predicted for an organic acid. (6) The ac e 
found in the acid effluent-when a neutral aqueous =o 
of an ammonia-treated extract is passed through a 
acidic cation exchange resin (Fig. 2). The ae 
is retained on a weakly basic anion exchange 
may be recovered by differential elution with acid. 
values from paper chromatographs* and unpubl 
using’ polysaccharide column chromatogra) 
form to a pattern of localization of the active mate 
that would approximate Rp values for certain org: 
acids. 

On. the basis of this evidence we join Mayfiel 
dieting an acid character for the fowe 
Xanthium. We suggest the term ‘forige 
as yet, unidentified flowering hormone(s). 

This work was supported by U.S. National Sienee 
Foundation grants 18055 and 14380. cos 
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GAMMA-GLOBULIN, GROUP SPECIFIC, AND LIPOPROTEIN GROUPS IN A 
Ges: U.S. WHITE AND NEGRO POPULATION 
By Dr. B. S. BLUMBERG and Dr. P. L. WORKMAN 


National Institutes of Health, Bethesda, Maryland 
AND 
Dr. J. HIRSCHFELD 
State Institute for Blood Group Serology, Stockholm 60 


samples in which the Gm, Inv, Ge, and Ag groups were 
determined were randomly selected from a part of the 
cardiovascular study programme. Details of the consus 
and study population and the samples appear elsewhere? : 
The Gm typing was performed as described. by Ste ees 
(Table 1). The Ge types were determined by immuno- 
electrophoresis on microscope slides according, to the 
method of Hirschfeld’. The Ag typing was performed 
using the C. de B. antisera’ and the New York (1.M. 
antisera®. The precipitin lines were stained with sidan 
black before scoring’. 

Gm and Inv groups. In both the White and Ne 
samples, it was possible to consider a sub-samiple o 
related individuals, that is, those with ner 
parents, nor children, in the sub-sample. ‘The pro 
of the Gm and Inv phenotypes. in the sul 
unrelated individuals, given. in Table 2, 4 
ficantly different from the proportions in the 
but, to eliminate possible bias due to familial ass 

























: Table 1. REAGENTS USED TO DETECT THE Gn 
AnD 


Factor ‘Agghitinator : 
Gm(a) Wib,. 1/16 Kim, F0 
Gm (b) Bomb. 1/32 Pac. H9 
Gm (x) {Pomes HMO Ham. 1/10 
Gm (e) "Carp. 1/82 Warren 1/5 
Tuv (a) {ere 1/8 Anti-D-3-1/3 
Matthew 1/8 1 og&hm - 1/5 
Inv (b) Lucas 1/8 Ham. 1/5 


Tabie 2. Gm, Inv AND Ge PHENOTYPES IN WHITES AND NEGROES 






Pag Whites Negroes 
Phenotype No, Propor- No*, No. Propor- No.* 
: ae observed tion expected observed tion expected 
21 0071 17-1 1 0-005 09 
134 0-454 131-6 0 0 0 
88 0298 947 113 0-599 112-9 
12 0-041 15-0 0 ü oi 
38 0-119 35-1 1 6-005 0-8 
2 8-007 16 O-B01 74:0 
295 (P>0-30) 189 (P>0-8 
39 0-120 37-9 85 0-449 78-2 
1 0-003 Lt 31 0-164 351 
255 0:877 2557 7i 0-376 RAER 
0 6 0 2 0-011 0-9 
205 (P~ 07) 189 {P ~010) 
147 0-503 142-2 192 0-831 192-7 
eke 114 0-390 128-2 38 0-165 36-5 
E A 31 0-106 26-6 1 0-004 1:8 
Total. 292 (P>0-2) 231 (P>0°8) 


‘Based on-the assumption of Hardy-Weinberg equilibrium of the alleles 
requency of which is given in Table 2, P value for ¥* teat. 


the gene frequencies of the Gm and Inv factors, given in 
able 3, were estimated from the phenotypic proportions 
in the samples of unrelated individuals... The methods 
aged to estimate the frequencies were similar to those 
suggested by Steinberg et al’. 
With two exceptions, the Gm phenotypes of the un- 
related. Negroes were either Gm (a+b+x-c-) or Gm 
_- (@+b+x-c+). Steinberg ef al? concluded that a single 
factor, Gmab, was responsible for the phenotype Gm 
(a+ b+) in Negroes, and Steinberg and Wilson’? have 
“suggested that Gm-like, that is, Gm (e+), may be determ- 
- ined by a single allele, Gmab:, at the Gm locus. Thirty- 
` five Negro families with a total of 104 offspring in the 
Claxton population were studied and the results were 
consistent with the latter hypothesis. In addition, there 
s close agreement of the observed with the expected 
yumbers (y? = 0-36; 0-80 < P < 0-9) based on the 
sumptions of random mating and the existence of an 
allele, Gmc, at the Gm locus. There is other evidence 
which suggests that Gm (c+) may be determined by an 
allele at.a locus different from the Gm locus'*", but the 
present data are not suitable for a comparison of these 
iypotheses. Since the phenotypes Gm (a+b—x-c) and 
Gm (a+b+x+e¢-) were also observed, it was assumed 
that the alleles Gm* and Gm** were present in the Negro 
‘population. There was no evidence that Gmb was present. 
- The factors responsible for the Gm phenotypes in Whites 
are primarily Gma, Gmb, and Gmax?, Since there were 
‘wo individuals with the phenotype Gm (a+b+x-c+), 
yag assumed that Gmabe was also present in the White 
ulation. Gm-like (c+) has also been observed in a 
ite family in England”. 
The frequencies of Gm, Gm>, and Gm** in the sample, 
0-240, 0-668, and 0-089 respectively, are in close agreement 
“with those reported in another study of 303 Whites, 0-204, 
0-704, and 0-092 respectively’. 

The frequency of Inv: in the Negro sample was found 
= to be 0-367, in good agreement with a previously observed 
> walue of 0-357 in a sample of 165 Negroes". Two in- 
dividuals were Inv (a-b-) suggesting the presence of a 

third allele at this locus. Steinberg et al" also reported 
an individual with this phenotype in a study of U.S. 
Negroes. The frequency of Inva in the White sample was 
0:069. For both the Gm and Inv groups, in Negroes and 
Whites, the expected numbers of individuals based on 
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estimated frequencies and the assumption of random 
mating were not significantly. different from the observed | 
numbers. — a BOS ae 

Ge types. The phenotypes and gene frequencies of the 
Ge types in the White and Negro samples are given in 
Tables 2 and 3 respectively. Only unrelated individuals 
were tested. The frequency of Gc! was found to be 0-699 
in the Whites and 0-913 in the Negroes. These values 
are similar to those reported by other studies of U.S. 
Whites (Gc! = 0-736) and Negroes (Gc! = 0-892), The 
observed values agreed with those expected under the 
hypothesis of random mating. 

Ag types. The Ag phenotypes are given in Table 4. 
Because of the scarcity of antisera, a smaller portion of 
the random sample was used. The frequency of reactors 
with the C. de B. antisera is higher than that reported 
in other White populations’. 

For several of the traits studied previously, Workman 
et al35 estimated the amount of total gene migration, m, 
from the White into the Negro population by comparing 
the frequencies in the Claxton Whites and Negroes with 
those in contemporary West Africans. That is, for each 
allele, a value of m = |qy— gar [/lqw—- qar] was ob- 
tained, where qw, qx, and qay represent. the frequencies 
in the Claxton White, Claxton Negro, and West African 
populations, respectively. With respect to their m values, 
the alleles were separated into two groups: Group I 
(0:09<m< 0-22) containing the red-blood cell antigens 
(R°, Fy, RB, P, Jka, r, S, B, A) and Group TI 
(0-34 < m < 0-70) containing the G-6-PD, Hs (sickle- 
cell) and 7 (PTC taste) alleles, and possibly the Hp and 
Tf™ alleles. It was concluded that for the Group I alleles 
gene migration alone could account for the differences in 
the frequencies between the West Africans and the U.S. 
Negroes, but that for the Group IT alleles the differences 





were due to both gene migration and significant differences 


in the adaptive values of the traits in the U.S. Negro and’ 
West African populations.. Therefore, by this means is 
was possible to classify the polymorphisms studied at 
either stable, that is, balanced (Group I), or unstable 
(Group TE). The unstable polymorphisms represent either 
(1) polymorphic traits for which the equilibrium fre- 
quencies in U.S. Negroes are significantly different from 
those in West Africa; or (2) transient polymorphisms, 
that is, traits with no adaptive advantage in the U.S. 
Negroes whose present polymorphic state reflects prior 
advantage in West Africans (for example, the sickle-cell 
trait). We have performed a similar analysis for the 
Gm, Inv, and Ge groups in order to determine whether 
these represent Group I or Group II polymorphisms in 
the U.S. Negroes. Since the West African frequencies ` 
have been determined in only a limited number of in- 
dividuals, these calculations must be considered as 
tentative, and final classification of these traits must await 
more extensive West African data. The calculations of m 
are based on the assumptions that the West Africans are 
the ancestors of the American Negroes and that the fre- 
quencies of the traits in contemporary West Africans 
reflect the frequencies in the ancestral populations. 


Table 3. FREQUENCIES OF THE Gm, Inv AND Ge ALLELES IN WHITES AND 
NEGROES 





















Allele Gm® Gm? Gms Gmete Gmab Inos Inv Inet Get 
Whites 0-240 0-668 0-089 0003 0 0-069 0-931 0 0-699 
Negroes 0-070 0 0-003 0-221 0-706 0-367 0-564 0-069 0-013 

* Ine—denotes alleles other than Inot or Inv. 

Table 4. LIPOPROTEIN PHENOTYPES IN WHITES AND NEGROES 
| Reactors with antisera : 

! ij LM. (New York) 
f 

| Population 

| Negro 
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The alleles Gine and Gmax are considered to be absent 
in West Africans’, and the presence of these alleles in 
the Negro sample, discounting mutation, can be taken 
as an indication of admixture between the American 
Whites and the Claxton Negroes. An estimate of the 
total gene migration, m, from the White to the Negro 
population, obtained by summing the frequencies of the 
Gm* and Gmax alleles in the Negro sample, is found to 
be m = 0-073. 

Steinberg et al.1*, in a study of U.S. Negroes living in 
Baltimore, Maryland, obtained an m value of about 0-30 
for the Gm locus which agreed closely with an estimate 
“of m based on the R° allele in the same population”. 
“The m value for the R° allele in the Claxton population 
_ was estimated to be 0-113, in good agreement with the 
value of 0-073 for the Gm locus in this population. The 
reasons for the difference in m values between these two 
: populations are discussed elsewhere", but it is noteworthy 
that in both populations the values obtained from the Rh 
alleles and the Gm alleles were similar. 
The frequency of Inva in 399 Negroes from Dakar is 
0-829 (ref. 18). Since the frequency of Inv in the Claxton 
Negroes and Whites was 0-367 and 0-069 respectively, the 
“om value derived from the formula is negative. The fre- 
co quency of Inv in West Africa could vary up to 0-424 and 
the m value would still lie within the range for the Group I 
polymorphisms previously studied. 
-. The frequencies of Ge in small samples from four differ- 
-ent African populations were found to be 0-905, 0-907, 
0-904, and 0:903 respectively*. Since |qw-qar] is approxim- 
ately 0-2, the sampling error of the ratio |qx-qar] //qw-dar'- 
that is, m, is sufficiently small so that the m value can 
be used to determine whether the Ge locus should be 
placed in Group I or Group II. The maximum value of 

m, tabulated by assuming that the highest frequency of 
Ge in the African studies is representative of West African 
Negroes, is approximately 0-10. No data are available 
from West African populations for comparison with the 
Ag frequencies reported here. 


T stability of isolated y-globulins is a critical 
, requirement both to experimental immunologists 
and to clinicians responsible for the prophylactic or 
therapeutic administration of antibody preparations. 
Hence, reports of structural changes occurring in the 
78 y-globulin molecule following storage are of wide 
interest. 
The ‘splitting’ effect? observed in the immunoelectro- 
8 phoretic precipitin line formed by 7S y-globulin propara- 
tions, which had been stored between 0° C and 4° C, was 
attributed by Grabar? to denaturation of the protein. 
Following more. detailed investigations, Skvaril*+ and 
Augustin and Hayward” concluded that structural altera- 
_ tions in the 78 y-globulin molecule resulted from a proteo- 
ytie process occurring during storage. In support of this 
idea Skvaril partially separated a 4-85 fragment from 
stored y-globulin, by means of ammonium sulphate 
fractionation. 

“The investigations reported here form part of a more 
extensive work on the immunological properties (for 
example, reactivity with rheumatoid factor) of aggregated 

and degraded 7S y-globulins. On the basis of the results 

obtained, a mechanism is formulated to explain how the 
- denaturation of isolated 7S, y-globulin can lead to proteo- 
lytic hydrolysis of the labile bonds linking the parts of the 
molecule corresponding to the electrophoretically ‘fast’ 
and ‘slow’ papain digestion pieces. 
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The estimates of m, 0-073 for the Gm locus, and 
for the Ge locus, suggest that the Gm and Ge h 
probably the Inv trait also, should be include 
the polymorphic traits in Group I for which gene | 
alone can account for the differences between the 
African and American Negro gene frequencies. 
here, a more definite classification of these traits a 
polymorphisms in U.S. Negroes must depend on a 
West African studies. 
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Cleveland, Ohio, performed the Gm and Inv d 

tions. 
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STRUCTURAL CHANGES OCCURRING IN 7S y-GLOBULINS 
By Dr. K. JAMES, C. S. HENNEY and Dr. D. R. STANWORTH 


Department of Experimental Pathology, the Medical School, Birmingham 


Physico-chemical and immunological. analyses wor 
performed at regular intervals.on l g per. cen 
solutions of purified 75 y-globulin, isolated from 
of individual donors by ‘DEAE-cellulose chroma © 
graphy*®. These preparations (stored at —20° 0 unti o 
ready for use) were incubated at 37° until the character. 
istic changes in the immunoelectrophoretic line? *-* were 
observed (Fig. 1). 

Structural alterations in the 7S y-globulin möten s 
appeared to occur in two stages, as is indicated by t 
results of a typical series of ultracentrifugal analyses 
(represented graphically in Fig. 2). The first stage inv volved. 
formation of 10S component which reached a meximum 
level of 20 per cent of the total protein. (Small amounts 
of 10S components were, however, sometimes. observed 
in the initial preparations.) This change led to a marked 
increase in levorotation (similar to that shown im. Fig. 3) 
which also. includes the results of control roasurcments 
on a sample of 79S y-globulin which had been stored toco 
— 20° C and did not show the splitting of the imrauno-. oo 
electrophoretic precipitin line. 

The second stage, which proceeded at a much 
rate than the first, was characterized by the ay 
of 5S component accompanied by a decrease in 
of 10S component (Fig. 2). These changes 
only a very grag if any, increase in devote 
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Fig. 1. Immunoelectrophoretic pattern of A) normal and (B) altered 
78 y-globulin, Antiserum : rabbit anti-whole human serum 
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Fig. 2. Ultracentrifugal changes occurring in 7S y-globulin solution 
stored at 87°C 


phoretic precipitin line was now demonstrable and an 
additional, faster, component was revealed by urea-starch- 
gel electrophoresis’ (Fig. 5). 

A similar sequence of changes was observed in 7S 
y-globulin preparations stored at 4° C, but these occurred 
at a greatly reduced rate. On the other hand, changes 
were not demonstrable in human 75 y-globulin prepara- 
tions which had been maintained for several months at 
—20°C. 

In order to ascertain further the nature of the altera- 
tion process two human 7S y-globulin preparations, 
showing the characteristic physico-chemical and immuno- 
logical changes, were fractioned by gel-filtration on the 
same column (75 em x2 cm) of ‘Sephadex G-200’. The 
preparations gave an identical gel-filtration pattern, 
illustrated in Fig. 4, together with the pattern obtained 
by fractionation of papain-digested* 7S y-globulin on the 
same column of ‘Sephadex G@-200’. Ultracentrifugal 
analysis, urea-starch-gel electrophoresis (Fig. 5), im- 
munoelectrophoresis (Fig. 6) and gel-diffusion precipitin 
tests, all showed that the first peak comprised intact 
TS y-globulin. In contrast, the major portion of tho 
protein recovered in the second peak appeared to be 
identical to the electrophorotically ‘slow’ papain digestion 
piece (Fig. 6), although a small amount of ‘fast’ com- 
ponent was also detectable. These observations were 
supported by the results of gol-diffcsion precipitin analyses 
and also by urea-starch-gel electrophoresis (Fig. 5), using 
as reference substances separated A and B chains of human 
7S y-globulin’ and the ‘slow’ component of papain-digested 
7S y-globulin’. 

As would be expected, both A and B chains wore demon- 
strable in the second ‘Sephadex @-200’ fraction of the 
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stored y-globulin, although this sample ge aie to be 
antigenically deficient with respect to A chain. Ultra- 
centrifugal analysis showed this fraction to comprise a 
single component with a S°» value of 3-58. An im- 
proved resolution of the ‘slow’ component observed in 
starch-gel electrophoresis patterns of peak 2 material 
following storage at — 20° C for several weeks (with inter- 
mittent thawings) suggested further degradation of the 
contaminating ‘fast’? component. 

As predicted from the results of a previous investiga- 
tion", showing that rheumatoid factors react only with 
the ‘fast’ papain piece (IIT) of aggregated y-globulin, the 
‘Sephadex’ peak 2 proved relatively inactive. This was 
demonstrated by the addition of 10 mg aliquots of the 
concentrated ‘Sephadex’ peaks (1 and 2), before and after 
heating at 63° C for 10 min, to 0-3-ml. portions of serum 
from a rheumatoid arthritic patient (Rose-Waaler titre 
1024) in a 5-ml. reaction volume, adjusted with 0-15 M 
saline. After heating the two fractions, only the first— 
comprising whole 75 y-globulin—formed a precipitate 
with the rheumatoid factor. These findings provide 
independent evidence that alterations occurring in isolated 
human 7S y-globulin preparations lead ultimately to the 
degradation of the separated ‘fast’ papain digestion piece 
(III) of the molecule. Peptides resulting from such a 
process probably comprise the third, minor, peak observed 
in the gel-filtration pattern of the stored 7S y-globulin 
preparation (Fig. 4). A similar peak was not demonstrable 
in the gel-filtration pattern of 7S y-globulin deliberately 
degraded by a single digestion with papain. Nevertheless, 
a second (repeat) direction with papain has been shown 
to destroy the ‘fast’ component'?, as revealed by its 
absence in the immunoelectrophoretic pattern of such 
7S y-globulin digests. 

A schematic outline of a mechanism which could account 
for the alterations in isolated 7S y-globulin described here 
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Fig. 3, Changes in specific Ree rotation (A= 589-5 mz) ofa lg per cent 


7S y-globulin stored at 37 @) and —20°C (A). A, 105 stage ; 
B, 5S stage. (N.B, The sample of y-globulin used to obtain the results 
was different from that referred to in Fig. 2) 
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. 4. ‘Sephadex G-200' fractionation of altered 7S y-globulin solu- 
Ge a5 ea papain-digested 7S y-globulin solution (-——-). 150-mg 
amounts of each sample applied to column (75 em x 2 em) 
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Fig. 5. Urea-starch-gel elect: 
re pee a (C) ‘Sephadex’ peak 1 of altered 7S y-globulin; (D) ‘Sephadex 
75 y-globulin; ( ) penan digenied 78 y-globulin M i 
digested 7S y-globi P 


is shown in Fig. 7 (where the Porter structural model" has 
been adopted). The initial stage, characterized by the 

ce of 10S material, is thought to result from the 
dimerization of a proportion of the 7S y-globulin molecules 
(a similar effect has been attributed to the presence 
of 10S material in lyophilized low-temperature ethanol 
fractions of 7S y-globulin). Such a change would not 
be expected to lead to the appearance of a separate 
immunoelectrophoroetic line, on testing with rabbit anti- 
human 7S y-globulin serum. The unfolding of the y- 
globulin polypeptide structure resulting from dimerization 
(revealed by the sharp increase in levorotation) would, 
however, expose the labile bonds linking the ‘slow’ and 
‘fast’ papain digestion pieces (at the position of the dotted 
line in Fig, 7) to ready attack by proteolytic enzymes. 
This leads to the fragmenting off and ultimate degradation 
of that part of the molecule corresponding to the ‘fast’ 
papain digestion piece (III). Hence, the observed loss in 
reactivity with rheumatoid factor, and the reduced 
capacity of stored human 7S y-globulin preparations to 
form precipitate with specific rabbit anti-human serum}. 
In contrast, human antitoxin activity (presumably associ- 
ated with pieces I and II) was not affected by the altera- 
tions occurring during storage’. 

These findings are consistent with those reported by 
Nisonoff et al., who demonstrated that pepsin treatment 
of human 7S y-globulin produces 5:85 fragments, whereas 
the use of cysteine, in addition to the enzyme, leads to 
the formation of 3-58 pieces. Such digestion products 
are analogous to the 5S ‘divalent’ and the 3-5S ‘univalent’ 
fragments of rabbit antibody examined by the same group. 
After fragmenting off an inactive piece (‘fast’ component) 
by treatment with a proteolytic enzyme alone. the more 
stable 5S (‘slow’) component could be split into two 
3:59 pieces by the reduction of its interchain disulphide 
bonds. It would seem that a similar process could occur in 
isolated human 7S y-globulins during prolonged storage 
(Fig. 7). The marked lability of the bonds linking the 
‘fast’ and ‘slow’ papain digestion pieces of the human 
7S y-globulin molecule is obviously a key factor in its 
structural instability when isolated from other serum 
proteins. Thus, prevention of the denaturation chango 
leading to the exposure of these bonds, by keeping the 
isolated y-globulin in 30 per cent (w/v) sucrose solution, 
for example, or by unintorrupted storage at —20° C, 
avoids structural alteration. Presumably other protein 
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constituents fulfil a similar function in 
stored whole serum, in which changes in 
the 7S y-globulin structure oceur less 
readily. On the other hand, as would be 
expected, blockage of the second (degrada- 
tive) state can be accomplished by enzyme 
inhibitors such as ec-amino-caproic acid* 
which inhibits plasmin. 

Investigations of the changes occurring 
in isolated 7S y-globulins are being con- 
tinued in the hope of obtaining further 
insight into the nature of the labile linkages 
joining the two parts of the molecule. In 
this connexion, the observation of Skvaril', 
that 7S y-globulin i from 
human placental material are particularly 
susceptible to alteration, is of interest. 
The greater resistance to alteration shown 
by isolated rabbit 7S y-globulin'*, which 
possessed a more stable papain piece ITI, 
as suggested by its ease of crystallization. 
etc., is also of some significance. 

The nature of the structural alterations 
occurring in isolated 7S y-globulin pre- 
parations revealed by this investigation 
is probably relevant to the clinical use of 
such materials, especially where repeated 
injections are given. Such structural 
changes could result in alterations in 
antigenicity, which could conceivably be associated 
with deleterious immunological responses or to some 
relative ineffectiveness owing to accelerated removal 
from the circulation. 

Presumably untoward reactions are usually avoided by 
the practice (for example, in the treatment of hypo-y- 
globulinemic patients) of administering relatively crude 
human 75 y-globulin preparations, which possess other 





Fig. 6. Immunoelectrophoreti ms: (A) intact 7S y-globulin ; 

(BF altered 7S y-globulin; (C) ‘Sephadex peal Tof altered 75 y-globulin: 
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serum proteins capable of stabilizing the y-globulin mole- 

cule. Stabilization is probably also enhanced by the use 

of high protein concentrations (for example, of the order 

of 13 g/100 ml. in Lister y-globulin preparations) and by 

the use of bactericidal reagents such as thiomersalate. 
We thank Prof. J. R. Squire for his advice. One of us 

(C. S. H.) is in receipt of a Medical Research Council 

studentship for training in research methods. 
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LEUKAMIA IN THE CAT 


Transmission Experiments with Leukemia 
(Lymphosarcoma) 


S part of an investigation of leuk#mia and lympho- 
sarcoma in domestic animals we have used the cat 
as an experimental model. The true incidence of the 
spontaneous disease in this species is not known, but 
isolated sporadic cases are seen at this Veterinary Hospital. 
The observations reported here were made during trans- 
mission experiments in which kittens of one litter injected 
with material from a field case developed lymphosarcoma, 
The passage material was obtained from an 8-5-year-old 
female cat, which had a lesion complex of large anterior 
mediastinal mass in the position of the thymus, in which 
lymphoblasts predominated, multicentric lymph-node 
involvement and splenic enlargement. This is one of the 
standard patterns of the disease found in the cat. 

The mediastinal mass was removed aseptically and 
stored for 5 days at —40° C. It was then divided into 
smaller pieces and stored for 66 days in 50 per cent glycerol 
and 0-1 M phosphate buffer (pH 6-8) at — 10°C. A one-tenth 
suspension in 0-1 M phosphate buffer was prepared by 
hand grinding in a mortar and was centrifuged for 30 
min at 2,000g. The supernatant was stored for one day 
at —40° C. 

Each of the four kittens of a litter was injected with 
0-5 ml. of this supernatant subcutaneously over the ribs 
within 12 h of birth. ‘They were reared in an isolated 
experimental cattery and clinical examinations were car- 
ried out frequently. Six months after injection they had 
readily palpable superficial lymph nodes and two had 
developed splenomegaly. Shortly afterwards occasional 
sneezing and coughing occurred in all four cats and they 
developed mild diarrhcea; these signs persisted throughout 
the experiment. Later the mesenteric nodes of all the 
cats were felt to be moderately enlarged. 

Nine months after injection, one cat was found dead 
without having previously shown any signs of acute 
disease. Twelve months after injection another died 
after a very short illness, and at the fifteenth month a 
third was considered to be in the terminal stage of leuke- 
mia, and was destroyed. In the eighteenth month the 
remaining cat was in extremis and it too was destroyed. 

The two animals which died first were regarded as cases 
of lymphosarcoma on morbid anatomical and histological 
grounds, but clinically the disease had not developed 
fully. One of these animals showed marked erythro- 
phagocytosis in the nodes and spleen, and a gross hyper- 
plastic reaction of the liver cells, many of which showed 
multinucleation, accompanied by an apparent sub-acute 
cytolytic necrosis. The last animal to be destroyed 
showed similar hepatic lesions which were not so well 
developed. This cat also had moderate multicentric 
lymph-node enlargement and engorgement; histologically, 
there was marked proliferation of lymphoblastie cells in 
the cortices of nodes and around the Malpighian bodies in 
the spleen, but there was no marked disruption of the 


normal architecture so that a firm diagnosis of lympho- 
sarcoma could not be made. The third animal, however, 
was an advanced case of lymphosarcoma which was 
identical with that found in the field. All four cats showed 
a moderate anemia terminally and a slightly elevated 
white-cell count, consistent with the hematology of field 
cases of lymphosarcoma. 

Tho third cat, which was destroyed so that fresh material 
could be obtained for electron microscopy, transmission 
experiments and tissue culture, showed the fully devel- 
oped clinical disease. It had circulating normoblasts, a 
hemoglobin of 8-1 g/100 ml. and a p.c.v. of 30 per cent. 
The mean monthly leucocyte count for the five months 
before destruction was 24,200 + 7,300 per mm.*, The 
main mesenteric lymph node was a grossly tumefied mass 
of typical lymphosarcomatous tissue which measured 
about 12 em x 3 cm. Fig. 1 shows part of the lesion 
complex in this animal. 

The spleen was grossly enlarged and extended to 
midline behind the umbilicus (Fig. 2). There was a 
tumorous mass in the thymic region measuring 2-5 cm in 
diameter. All the carcase lymph nodes were enlarged 
and showed replacement by tumour tissue. The lungs 
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Fig. 1. The main mesenteric lymph-node mass present in the third cat 
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Fig. 2. Enlarged spleen and mesenteric node of the third cat 
and tonsils were also involved. Histologically, the 
marrow showed heavy infiltration by neoplastic cells and 
contained numerous megakaryocyte-like cells with nuclear 
structure similar to that of the neoplastic cell type. 

The neoplastic cell was histologically a relatively 
undifferentiated cell of stem-cell type. Sections of these 
cells revealed, in the electron microscope, virus-like 
particles. These are described in the next communication 
together with the fine structure of the cells. 

Tissue cultures have been established from the main 
mesenteric lymph-node mass and have been sub-eultured 
several times. principal cell forming the cultures was 
similar to the neoplastic cells of the experimental case. 

These findings may indicate the transmission of a 
spontaneous multicentric lymphosarcoma, though it is 
impossible to be completely sure that the inoculum did not 
contain a few living cells which survived freezing and 
homogenization. Filtration and high-speed centrifugation 
were not used in this initial experiment as it was thought 
that they might decrease the titre of any infective agent 
which might be present. No tumour developed at the 
site of inoculation and the regional lymph nodes did not 
differ either in speed of enlargement or in size from the 
other nodes. No relationship was known or likely between 
the donor and the recipient cats. The pattern of disease 
produced was identical to that seen in many field cases, 
that is, multicentric lymphoid neoplasia with the largest 
mass present in the main mesenteric node. 

The two commonest lesion complexes of lymphosar- 
coma in the cat are that in which the largest mass is in 
the anterior mediastinum, possibly originating in the 
thymus, and that where the main mass is mesenteric. It 
is interesting that the source material in this experiment 
came from a ‘thymic’ case but the main lesions in the 
recipients were mesenteric. It was unfortunate that the 
first two cases died during the course of the experiment 
before they developed an obviously fatal lymphosarcoma. 
However, the lesions indicated that lymphosarcoma was 
moderately well developed at the time of death. The 
erythrophagocytosis and hepatocellular hyperplasia may 
be part of the syndrome or may represent some other 
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disease process as yet not recognized in the eat, and which 
does not correspond to any known condition. The cat 
which showed the advanced lesions was clinically similar 
to the others except in the last month or two, when it 
showed a marked enlargement of the mesenteric lymph 
nodes. The neoplastic cell is of the stem-cell type, and it 
is possible that the final rapid deterioration in this case 
was caused by the proliferation of this cell, in which the 
virus-like particles were found. Further passages of 
material from the third cat are being attempted. So far, 
histological examination of tissues from two kittens 
2-3 months after injection has shown changes compatible 
with lymphosarcoma. 
This work was supported by funds from the British 

Empire Cancer Campaign. 
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A Virus-like Particle associated with 
Leukæmia (Lymphosarcoma) 


THE preceding communication reported the probable 
transmission of lymphosarcoma in cats. In the one animal 
which developed the full clinico-pathological syndrome, 
ultra-thin sections of cells forming the mesenteric node 
mass were examined with the electron microscope and 
particles were found. 

In the course of killing, the cat was deeply anesthetized 
and pieces of tissue were taken from the mesenteric mass, 
spleen and thymus, and prepared for examination in the 
electron microscope. Small pieces of the tissue were 
fixed in a 1 per cent solution of Zetterquist isotonic 
buffered osmium tetroxide’ at +4° C for 45 min. They 
were then dehydrated in ascending grades of alcohol and 
embedded in pre-polymerized methacrylate*. The sections 
were mounted on ‘Formvar’-covered grids and stained 
with lead’ and uranyl acetate“. 

The main cell type present in the mesenteric node as 
seen in the electron microscope had a large nucleus with 
marginated chromatin and a large distinct dense nucleolus. 
The nucleus filled most of the cell and in the cytoplasm of 
many cells there was a highly vesiculated area. This 
region was only evident in a proportion of the cells in 
any one section, but it was in it that virus-like perticles 
were usually found (Fig. 1). These particles were enclosed 
in the vesicles, often in groups, and were not apparent 
either free in the cytoplasm or in the intercellular spaces. 

The particles typically consisted of an electron-dense 
nucleoid enclosed in a densely stained double membrane. 
The outer diameter of the nucleoid measured about 





Fig. 1. 


Ultra-thin section of a cell showing the vesiculsted region and 
numerous virus-like particles (x e. 28,000) 





Fig. 2. Electron micrograph of two jeles enclosed in vesicle 
iE x 160,000)" 


60 mp and that of the whole particle approximately 
100 my. (Fig. 2). 

Tissue-culture monolayers were established by trypsin- 
izing the mesenteric node mass. At the second passage, 
when the cells had been cultured for one month, cells were 
scraped from the glass, centrifuged lightly and prepared 
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for electron microscopy as described here. Large 
numbers of particles, identical with those found in the 
sections of the mesenteric tumour, were seen in the cultured 
cells. Tho cell membranes were not intact and the cells 
appeared disrupted. 

As yet no evidence of any #tiological relationship 
between the observed particles and the tumour has been 
established; however, the similarity in structure between 
these particles and the viruses of the murine leukzmias is 
striking’. No such particles have been seen in the lymph 
nodes of fourteen apparently normal cats. 

This work was supported by the British Empire Cancer 
Campaign and the Siemens Elmiskop 1 was provided by 
the Wellcome Foundation. 
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IMPORTANCE OF SEX CHROMATIN IN IDENTIFYING PLACENTAL TYPE: A 
NOTE ON HAMOCHORIAL PLACENTAL TYPE OF THE MINK (Mustela vison) 
AND THE DOG (Canis familiaris) 


By Z. P. ZHEMKOVA 


Department of Embryology, Institute of Experimental Medicine, Academy of 
Medical Sciences of the U.S.S.R., Leningrad 


ji es purpose of work recorded here was to determine 
if the placent# in the Carnivora are truly endothelio- 
chorial, that is, if they contain maternal tissues in the 
form of an endothelial lining in the channels through 
which the maternal blood passes into the labyrinth, as 
has so far been claimed by all the investigators'-’. 

In my previous work*:’ an effort was made to determine 
the placental type of the cat (Felis domestica). Using 
Barr’s!® method of sex detection based on the morphology 
of the cell nucleus, the sex chromatin bodies were counted 
in the ‘maternal endothelial and decidual’ cells, as well as 
in the embryonic tissues, of the same placentæ from male 
foetuses. It was shown that the ‘maternal’ tissues investi- 
gated belonged to the male, but not to the female, type 
of the sex chromatin. Hence as a matter of course the 
conclusion was drawn that the cat placenta structure is 
of hemochorial, and not of endotheliochorial, type. 

To confirm these findings in an analogous investigation 
placente of other carnivora belonging to different families, 
namely of the mink (Mustela vison) and of the dog (Canis 
familiaris), were collected". | 

Fourteen placentæ from 6 female mink were available. 
The animals were at various stages of gestation as shown 
by the length of the embryos (Table 1). Ten dog placentæ 
were obtained from 2 animals, probably at the late stage 
of pregnancy as judged by the length of the embryos 


(11-5-13-0 em). Of 10 embryos 5 were males and 5 were 
females. 

The placent were fixed in Carnoy’s and Bouin’s fluids, 
in Zenker’s formol, in Davidson’s fixative and embedded 





1. Mink placenta. Length of the embryo—2 cm. Labyrinth. 1, 


Fig. 
 Badothetiat cells; 2, embryonic capillaries (hematoxylin-eosin) 
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Table 1. SEX CHROMATIN ADJACENT TO THE NUCLEAR MEMBRANE (% OF NUCLEI COUNTED) IN THE MINK PLACENTA 



















































































Foetal placenta tissues Maternal tissues 
Animal No./ | Length of the i—i m _ - 
placenta No. embryo (em) mesenchyme sub- and para-placental so-called uterus epithelium | endometrial con- 
| trophoblast ‘endothelium’ nective tissue 
Male fœtuses | 
1 17/1 05 8-33 | 10:0 11-66 33-0 31-33 
2 17/2 05 10-0 11:0 10-0 30-0 30-0 
3 6/1 09 10-0 11-0 13-33 46-0 41-66 
4 16/2 13 12-0 1266 13-0 33-66 36-0 
5 12/3 20 10-0 10-0 110 30-66 31-33 
6 7/2 2:75 9-66 9-33 11-66 32-0 | 36-0 
Average 9-99 + 0-59 10-66 + 0-54 11-77 + 0-54 34-22 + 2:58 3422 + 1-88 
Female foetuses } 
1 17/3 0:5 -0 36-0 40-0 38-0 40-0 
2 6/2 0-9 35-0 27-66 83-33 42-66 40-0 
3 16/1 13 38-0 30:0 34-0 38-0 36-0 
+ 12/1 20 36-0 32°33 34-0 35°33 38-66 
5 12/2 2-0 85-0 40-0 42-66 41°33 40-0 
6 7/1 275 35°33 27:33 33-0 40-0 40-0 
7 14/1 50 35-33 33-0 86-66 38-0 36-0 
8 14/2 50 36-0 38-0 40-0 38-0 
Average 34:96 + 0:99 | 82:79 + 1-08 | 3645 + 12 390-17 + 091 33-58 + 0-49 
Table 2 SEX CHROMATIN ADJACENT TO THE NUCLEAR MEMBRANE (% OF NUCLEI COUNTED) IN THE DOG PLACENTA 
Feetal placenta tissues | Maternal tissues 
mesenchyme paraplacental smooth muscles of so-called uterus epithelium endometrial con- 
trophoblast the cord vessels ‘endothelium’ nective tissue 
Male fostuses 
10-66 11-66 14-0 13-0 27-66 29-33 
12-66 12-66 | 11-33 | 13-33 31-0 23-86 
| 
12-66 14-0 14-66 140 | 28-33 28°33 
13-33 12-0 14-0 14°33 t 27:33 29-33 
13-0 10-0 13:33 140 } 23-33 | 22-33 
12-46 + 0-47 12-08 + 0-65 13-46 + 0-56 873202 | 27532128 | 285415 
Female fetus es 
27°33 380-0 24°33 31-0 28-33 32-0 
23-33 21:33 30-0 22°33 28-0 28-0) 
25:0 250 20-0 24°33 | 29-33 26-66 
23-0 20-0 31-66 21°33 | 23-33 24°33 | 
21-33 26-0 28:33 23-33 | 27-66 26-33 
24-0 + 1-02 2447 + 1-78 28-66 4 1-22 2446 + 171 | 27-53 + 1:10 27°53 + 1:20 














in paraffin. Sections cut at 7-8. were stained using 
Feulgen’s method and with hematoxylin-eosin. 

Tt is not the aim of this article to present a histological 
description of the placentae of mink and dog : only some 
features will be described. In the mink, the cells lining 
the walls of the channels supplying the labyrinth with 
maternal blood are very large. (They are considered by 
all investigators to be endothelial.) The shape of these 
enlarged cells is either cuboid or prismatic. At none of 
the stages investigated did they show any tendency to 
flattening or becoming like endothelial cells (Fig. 1). In 
the dog the analogous cells are elongated following the 
course of the blood channels and are like endothelial cells 
(Fig. 2). 

In both species the nuclei of the cells mentioned are 
usually filled with fine chromatin granules and conse- 
quently the sex chromatin bodies (Barr’s bodies) are 
readily distinguishable at the nuclear membrane (Figs. 3 
and 4). 

The sex chromatin body counts were made not only 
in the ‘endothelial’ cells but also in the cells of tissues 
known to be embryonic (mesenchyma, sub- and para- 
placental trophoblast, smooth muscles of the cord 
vessels), and in the cells of maternal tissues (uterus 
gland epithelium, endometrial connective tissue). The 
sex chromatin bodies were counted in selected interkinetic 
nuclei having a regular well-defined contour. Only large 
chromatin particles ranging from 0-8 to 1:5 of wedge- 











shaped, oval or planoconvex form and lying at the 
nuclear membrane were identified as sex chromatin bodies. 
In each tissue 300 nuclei were examined. 





nta. Length of the embryo—i2 cm. Labyrinth. 1, 
‘Endothelium’ (hematoexylin—eosin) 


Dog place: 
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Fig. 3. Sex chromatin in the nuclei of ‘endothelial’ cells adjacent to the 
maternal blood stream in mink placenta (Feulgen) 


The quantitative results of the investigation were 

analysed statistically. 

number of sex chromatin bodies counted in the 
embryonic tissues of the mink and dog foetal placental 
cells shows a strong correlation between the quantitative 
content of the sex chromatin and the sex of the foetus, as 
ean be seen in Tables 1 and 2. 

The difference in the average values of sex chromatin 
between the embryonic tissue cells and ‘endothelial’ 
placental cells obtained from male and female foetuses 
has proved to be statistically significant (P < 0-001). 
The ‘maternal endothelium’ in the placent obtained from 
male foetuses has not shown a statistically significant 
difference from the embryonic tissue cells of the same 
placentæ (P > 0-05). 
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Sex chromatin in the nuclei of ‘endothelial’ cells adjacent to 
the maternal blood stream in dog placenta (Feulgen) 


Fig. 4. 


From the results of the work recorded here it may be 
concluded that in the mink and the dog the so-called 
‘endothelial’ cells of the labyrinthine portion of the 
placenta are of embryonic origin and trophoblastic. 
Consequently the placente of these animals (as of the 
cat) belong to the hemochorial, but not to the endothelio- 
chorial, type. 
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FRACTIONATION OF STAPHYLOCOCCAL ENTEROTOXIN B 


By Dr. A. C. BAIRD-PARKER and Dr. R. L. JOSEPH 
Unilever Research Laboratory, Colworth House, Sharnbrook, Bedford 


AGULASE-positive staphylococci (Staphylococcus 
aureus) aro known to produce at least two serologic- 
- ally distinct enterotoxins'+, These have been designated 
enterotoxin A and enterotoxin B (ref. 2). These two 
enterotoxins have been isolated by workers in the United 
States**, Italy", Japan® and Poland’. Enterotoxin A 
has been isolated with an estimated purity of 50-70 
per cent* and enterotoxin B with a purity of more than 
99 per cent’. 

o have modified the procedures of Bergdoll et al.3-19.11 
for isolating and purifying enterotoxin B from Staph. 
aureus strain S6 and have found certain differences from 
the results of these workers. 

A culture of S6 was grown for 24 h at 37° in a fermenter 
with constant stirring and an aeration rate of 5-10 1./min. 
The growth medium was that of Sugiyama et al.'* contain- 
ing 0-02 per cent of silicone ‘Antifoam A’. Cells were 
centrifuged off and the supernatant after diluting 1 : 1 
with distilled water was adjusted to pH 6-0 with glacial 
phosphoric acid. The diluted supernatant was passed at 
a rate of 6 1./h through two (20 cm x 4 cm) columns of 
‘Amberlite [RC50’ resin in series; these were equilibrated 
to pH 6-0 with phosphate buffer (0-02 M; I = 0-02) 
(ref. 10). Approximately 1 g of resin was used for each 
100 ml. of undiluted culture supernatant. By using an 
antiserum prepared against enterotoxin B (kindly given 
to us by Dr. M. S. Bergdoll) we demonstrated that the 


columns removed almost all the enterotoxin from the 
culture supernatant. 

The protein adsorbed by the columns was eluted with 
10 1. of 0-20 M phosphate buffer (pH 6-2; I = 0-24). In 
other experiments, fractions were collected to determine 
protein peaks with the biuret reagent and enterotoxin 
distribution with the enterotoxin B antiserum. All 
fractions contained both protein and enterotoxin; which 
agrees with the results of Bergdoll et al.1°. The eluate was 
cooled to 2° and ethanol at — 70° added to a final concen- 
tration of 40 per cent v/v. Tho temperature was not 
allowed to rise above 4° throughout the addition of the 
alcohol. The alcohol/eluate was stored at —20° for three 
days and the precipitate collected. After dialysis against 
ice-cold distilled water the soluble protein was freeze- 
dried to a heavy white powder; yield from 20 1. of culture 
was approximately 1-0 g. 

In serological investigations of the protein using double- 
diffusion agar gels'* the enterotoxin B antiserum appeared 
to be specific and gave a single band of precipitation at all 
protein concentrations. The minimum amount of protein 
detectable by the antiserum using this technique was 
1-2 ug. ' 

The protein gave a single sedimentation peak (S = 
2-43 + 0-1) when examined in the analytical ultra- 
centrifuge; the conditions used were the same as those 
published by Hibnick and Bergdoll**. The sedimentation 
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constant obtained agrees well with the value of 2-3-2-5 
published by these workers. : 

Electrophoretic examination of the protein was made 
using starch-gel electrophoresis with either Poulik’s?* dis- 
continuous buffer system or a semi-discontinuous system 
with gels containing Poulik’s gel buffer + 10 per cent 
v/v of the electrode buffer. Both these systems resolved 
the protein into two main protein components (bands 1 


and 2) and a number of minor ones (Figs. 1 and 2). The - 


similarity in composition between our protein and a 
sample of purified enterotoxin B received from Dr. E. J. 
Schantz is shown in Fig. 1. These electrophoretograms 
show that the main protein components move towards 
the anode in the discontinuous buffer system (gel pH 8-68) 
and towards the cathode in the semi-discontinuous system 
(gel pH 8-5). Their isoelectric point must therefore be 
between these two pH values which would be in agree- 
ment with the value of pH 8-6 obtained for enterotoxin B 
by Hibnick and 13. The protein bands were cut 
from the gels and, after elution, examined serologically. 
Both the two main proteins gave precipitation bands 
with the enterotoxin B antiserum; limit of detection in 
both cases was 5-10 ug of protein (estimated by adsorption 
at 280 mu). At the same concentration both proteins also 
gave precipitation bands in the same position in the double- 
diffusion agar gels. Intraperitoneal injection into piglets 
of protein corresponding to band | caused vomiting; 
vomiting was not caused by injection of protein from 
band 2. 

We have shown that enterotoxin B purified by the 
procedures of Bergdoll*° and Schantz’® contains two 
main proteins which are probably very similar in composi- 
tion since they are not resolved by serology, ultracentri- 
fugation, starch-block electrophoresis”, or chromatography 
on carboxyl methyl cellulose’*. We have separated these 
proteins by starch-gel electrophoresis and have shown 
that an antiserum prepared against purified enterotoxin 
B was not specific for one protein species but reacted 
with both proteins. 


+ Band 2 


+Band 1 





Fig. 1. Starch g of authors’ enterotoxin (right-hand side) and that 
supplied by Dr. E. J. Schantz; discontinuous buffer system (44 h at 5°; 
42 m.amp, 300 V) 
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Fig. 2. Starch of two batches of authors’ enterotoxins; semi- 
discontinuous system (33 h at room temp.; 85 m.amp, 440 V) 


After completion of this work, a paper was published 
by Frea et al.‘ reporting the separation of a sample of 
enterotoxin B from Bergdoll’s laboratory into two main 
proteins using disk electrophoresis on polyacrylamide gob: 
Using ‘Sephadex’ columns for extracting enterotoxin 
culture supernatants they were able to isolate a toxic 
fraction (tested on monkeys) in which only one of these 
protein bands predominated. Our preliminary results 
also show that only one of the two main proteins in entero- 
toxin B as produced by the methods of Bergdoll et al. 
and Schantz is able to cause vomiting in pigs. The presence 
of an inactive protein fraction in purified enterotoxin B 
preparations showing serological identity to the toxin is 
probable from the results of Bergdoll et al.'. They found 
that considerably less antiserum was required to neutralize 
the vomiting action of the toxin when fed to monkeys 
than the amount calculated to neutralize the toxin on the 
basis of results of gel-diffusion tests. 

We thank. Dr. M. S. Bergdoll, University of Chicago, 
and Dr. E. P. Casman, Food and Drug Administration, 
Washington, for cultures of Staph. aureus 56 and antisera 
against enterotoxins A and B, Dr. E. J. Schantz, U.S. 
Army Biological Laboratories, Fort Detrick, for a sample 
of purified enterotoxin B and Mr. B. G. Giles for vltra- 
centrifugal analyses. 
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DISCRETE SUBTHRESHOLD POTENTIALS FROM THE DIMLY 
LIT INSECT EYE | 









SOLLOWING earlier reports”, an extensive account 
. has now appeared’ of the statistical properties of 
discrete miniature transmembrane «potentials recorded 


under illumination by dim lights. Their frequency of 
urrence was proportional to” light: intensity within 
certain limits, and their occurrence in time, under steady 
_ illumination, was found to be random. . To test 
_ hypotheses that absorption of one or a few light quanta 
_ by the cell is adequate for eliciting one of these potentials, 
an exacting comparison was mado of the numbers of 
_ potentials elicited by brief flashes of stated. intensities 
with numerical predictions from the successive terms of 
Poisson's exponential series. The results permit the 
_ major conclusion that at no stage in the sequence of 
_ processes between the capture of photons by the cell’s 
photo-pigment and the appearance of the transmembrane 
response is it necessary to have temporal coincidence of 
more than one of the elementary statistical events that 
determine the response randomness to exceed a numerical 
_ throshold. If in fact the randomness in the appearance 
-of the potentials can be substantially ascribed to quantum 
fluctuations in the absorption of light, then there is good 
evidence that not more than one quantum is necessary 
_ to elicit a response. This suggestion does not require that 
all absorptions lead to responses. Even so, in the absence 
of direct. estimates of the numbers of quanta absorbed 
‘from a light flash, and of the proportion of potentials 
occurring in the cell that are accessible to the recording 
technique, the loose coupling of the processes preceding 
the membrane response, influenced by temperature and 
. extrinsic polarizing current, remains a puzzling feature 

ooo of the Limulus results. 
=o This article presents, in preliminary form, similar but 
> Jess extensive findings gathered in the past year from the 
"| apposition-type, closed rhabdomere retinula cells of the 

_ locust compound eye. 

Penetration of these cells by the conventional micro- 
- pipette technique enables recording of resting and light- 
induced graded generator potentials which are qualita- 
vely similar to those registered in other insects by 
veral previous workers*'. Spikes are rarely recorded, 
d then only in a severely attenuated form; conditions 
in this respect can be improved to a certain extent by 
impalement of the proximal regions of the cells. From 
the outset it was apparent that responses to moderate 
mination were often severely complicated by a low- 
ency noise. In the locust, at least, this.can in rare 
ses, and with the use of dimmer illumination; be resolved 
into unmistakably discrete potentials of the type de- 
 seribed in Limulus While the responses of all impaled 
¿= @ells ‘have been noisy to a certain extent at low levels of 
illumination, there are in fact two anatomical types of 
-ccoll in each ommatidium. By analogy with Fuortes’s* 
earlier comments on the Limulus potentials, the possibility 
-) Was: recognized that clear records might only represent 
=: gecond: order responses from the rudimentary retinula 
colls Jacking rhabdomere material (eccentric cells in some 
of the insect literature)’ of which there aro one or two per 
-ommatidium in the locust eye’. There is, however, a 
-rare class of responses the strikingly different properties of 
< which make them a more likely choice for identification 
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from dark-adapted. visual cells of the Limulus compound: 


By J. H. SCHOLES 


Gatty Marine Laboratory and Department of Natural History, University of St. Andrews 


with the eccentric cells.. At the same time there appears 
to be no clear-cut distinction between good and: bad 
recording conditions for the miniature. potentials, or. 
between ‘generator potential latencies in either extreme 
case. k i 

The potentials, ideally of amplitude up to I mV (Fig. 1), 
are clearly distinguishable from attenuated axon spike 
derivatives by their slow time course. Where both have 
been recorded together, it has been possible to initiate 
or interrupt repetitive firing of the action. potentials with- 
out appreciably influencing the occurrence of the miniature 
potentials by setting the membrane potential with extrinsic 
current passed through the recording pipette. Use of 
stronger polarizing current in an attempt to duplicate 
Fuortes’s? observations on changes in amplitude and 
frequency of the Limulus potentials has failed up to the 
point where the passage of current through the pipette 
intolerably increased the already high recording noise- 
level. 

In response to steady: dim illumination, the occurrence 
of the potentials is irregular and their frequency has been 
found roughly linear with intensity over a log unit below. 
the level where they begin to fuse, 
distribution of values of intervals between successive 
potentials with those predicted from simple exponential 
equations’, and serial correlation analysis of the successive 
intervals, both yielded the conclusion that the successive 
potentials can be considered as statistically independent 
events. 

Responses to dim flashes are probabilistic over a wide 
range of intensities, but after a brief flash the narrowly 
distributed latencies (mean 100-150 ms) and the uncertain 
amplitudes of the potentials do not permit assessment of 
the actual number of potentials that comprise the re- 
sponse, so that application of the Poisson statistics to 
quantum hypotheses for the insect receptors has been 
restricted in the first instance to comparison of experi- 
mental frequency of ‘seeing’ curves with curves of the 
Poisson sums for the appropriate orders of coincidence’, 
as was done for Limulus by Yeandle in 19581. Use of the 
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Fig. 1, The recording shows the appearance of miniature potentials 
occurring at random under steady dim white illumination, Time bar, 


1 see; voltage, mV, The histogram shows a typical amplitude distri- 

bution of potentials under near-optimal recording conditions. The 

dotted line indicates approximately the level below which potentials 
would tend to be lost in noise. N =532 
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4 method | in this preparation is particularly subject to the 
‘criticism that the gradient of the experimental curves 
might only identify the appropriate order of coincidence 
“gequired for the response to be detectable above noise. 
‘However, Fig. 1 shows that, ideally at least, not a large 

-fraction of the lower tail of the histogram is likely to be 
lost in the noise-lovel, unless there is a second peak to 
the amplitude distribution. It seems reasonable to 
suppose that providing precautions are taken to select 

deal reco conditions, effects of this sort should not 
: bias results significantly. 

:Önly rarely do the cells survive impalement long 
enough for numerically satisfactory results to be obtained. 
Again, the. curves tend to be influenced by long-term 

` trends in excitability as the cell deteriorates. Stimulus 

intensity values were presented in rather large blocks of 
randomized order, which, combined with the trond, tended 

g r give bad seatter of the points unless the blocks were 

: ted and averaged. In one case where it was tested, 

the effect of trend did not distort the gradient of the 
curve appreciably, but merely shifted it along the intensity 
axis. Of the few reliable curves that have been compiled 
so far, none has shown a steeper gradient than that for: 








m-i 
1 — E e-4.a%/m! |m = 3 (1) 
o 
or shallower than that when m = 1. Fig. 2 shows a con- 
i siatent curve fitted by eye to the expression 1 — es. a; 
< that is, when m is made unity in (1). This method so far 
= would favour a one-quantum hypothesis, but does not 
-= -yigórously exclude the possibility of activation by 2 or 
- quanta. 

A method of excluding the possible existence of a 
numerical threshold greater than unity is to test for the 
reciprocity of time and intensity of equal energy light 
flashes at an arbitrary level of probability for eliciting 
miniature potentials. Experiments using 40 : 1 and 100: 

-<C oratios have indicated reciprocity at a high level of 
significance in most runs, though some subjective element 
in the assossment of data must be admitted. 

Fig. 3 illustrates such a result; here the repetition 
_is short to enable gathering of statistical data, 
oe oO ‘with intervals of 8 sec have given similar 

resulta. 

: Two objections ariso in the interpretation of this 
experiment; first, the result could’ be trivial if there were 
a capacity for temporal summation preceding the appear- 
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Fig.3. Reciprocity experiment Th each frago, oi dai guanti 
are delivered in alternate short bright and lon 
light in a time or brightness ratio of 100 51, Pips 
represent the short flashes registered by a Fishes th Sgur i 
brackets indicate the duration of the 1 longor 
too weak to be perceptible. .Approximat 
occur to long as to short exposures. In the 
has been oceluded to show the virtual abacnoe OF on T 
at the bottom the photocell registers both sets of light Rushes e 
attenuating filters have been mes from the path of the long espo 
ime bar: 4 sec 





sures, 


ance of the membrane response. ‘Two procautions have 
been taken in this respect; summation trials, using dor 
flashes of appropriate separation and of such an inter 
that the probability of response to either is loss thar 
have shown no accretion of response probability : 
second flash. Again summation.should result ina s 
distribution of latencies of responses to long espo 
dim light, but, in fact, as can be roughly verified in 
the distribution is approximately rectangular 
these tests naturally depend for their validity on t 
of repetition interval; from trials performed 30 Ta 
(unlikely) possibility of summation by storage of 
constant longer than 5 see is not excluded. 

Secondly, it could be argued that an effect such: as that 
noted by Hagins™ for the human rhodopsin system. w here 
a relatively slow thermal process is allowed to depiote 3 
stantially the unbleached pigment only when ligh: absorp. 
tion is distributed in time, might here din pe 
probability of response to the short intense flashes ir 
way as to give apparent conformity with the 1 
Roscoe law for the receptor. To enable reason 
determinations, the total time-scale of the recipro j 
has been such that the shortest flash lasted 20 cis. 
bearing in mind particularly the long latency of 
sponses, the possibility of such a process remains q 
until a set of experiments involving much longer Hashes ~ 
has been completed. Subject then to the reservations that 
have been set out, we have evidence that no temporal come =) 
cidence of elementary ovents is required to evoke a single 
response in whatever random quantized process determi 
the appearance of these potentials... While ostinwtas 
the number of light quanta absorbed from a light 
by the cell’s photopigment are lacking, there is no positive 
evidence that these events are quantum absorptions, . 
though a number of preconceptions favour this assump. 
tion. 

This work was supported by the Nuffield Foundation, 
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JALLACE!: described tho relationship . between 
hydrostatic pressure deficiency, or suction, and the 
_ migration of the oat strain of Ditylenchus dipsaci (Kühn) 
< through sand. However, if the environmental factors are 
_ applied together in one experiment their interaction as 
well as their individual effect can be determined. This 
_ article shows the interaction of temperature and suction 
„relation to the vertical movement of the ‘Narcissus’ 
strain of D. dipsaci through sand. 
_ A column of threo 2-5 cm high brass rings, internal 
diameter 6-4 cm, were sealed together with ‘Lassothene’ 
_ tape and filled with silver sand of particle size 250-500u. 
After saturating with water, a suction of either 16-7, 50 
150 em of water was applied to the column, using a 
‘ed funnel method similar to that of Wallace‘, and, 
reaching equilibrium, the column was removed and 
e ends sealed by ‘Vaseline’ and ground-glass plates. 
ie column was inverted and left at the required tem- 
perature (5°, 10°, 15°, 20°, 25°, or 30° C} for 24 h before 
_ inoculating with eelworms. To avoid changing the water 
- content of the sand column, the water in the eelworm 
inoculum was kept to a minimum by filtering off the 
nematodes through small disks of ‘Porvie’ (a porous 
_ plastic with 5u pores) attached by sealing-wax to the end 
of a glass tube. After wetting the disk, a suspension of 
_ about 1,000 fourth-stage larve was added to the tube, a 
_ suction (about 20 em of mercury) was applied, and all 
visible water removed. ‘The filter plate was detached, 
together with adhering eelworms, and placed on one end 
the sand column with the eelworms next to the sand. 
sealed, inoculated column of sand was kept at the 
“quired temperature and suction for 1/4, 1, 4 or 16 days. 
The column: was afterwards separated into its three 
_ layers, each of which was placed in a Baoermann funnel 
for 48 h to extract the eelworms for counting. Thè 
> larvæ in these experiments were from’ dried harcissus 
foliage stored for 12 months. . Only those larve which 
Were sufficiently active to pass through a ‘Zobec’ milk 
filter pad or Green’s 150 filter paper in 24 h were used 
for inoculation. : 
. To simplify analysis of the results, the number of eél- 











Li + Lat Ly 
where L; is the layer into which the eelworms were in- 
ulated and L, and L, are succeeding layers in the 
umn.: ‘This. value (movement index) is an expression 
the average distance moved from the point of inocula- 
ion towards the opposite end of the column. by: those 
eolworms that were recovered. These indexes showed ‘the 
' effect. of treatments on the distance the eelworms moved. 
_ Nevertheless, the distance moved (or dispersal) is really 
- the sum of the positive and negative components of 
movement in a particular direction. z 
=o Analysis of variance of the movement indexes (Table 1) 
= showed that the three main factors, and the interaction 
_ of temperature and suction, significantly affected eelworm 
“movement, although by using these indexes only the pro- 
_. portion, not the actual number moving, was determined. 
“The total number of eelworms recovered from each 
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INTERACTION OF TEMPERATURE AND SUCTION IN RELATION 
TO MOVEMENT OF EELWORMS 


By Da. J. M. WEBSTER* 


Imperial College of Science and Technology Field Station, Sunninghill, Ascot, Berks. 


column (W) is a measure of the number of active eelworms 
after. treatment, while the index is a measure of the 
apparent mobility of those eelworms. Analysis of variance 
of the values of log W showed that time and temperature _ 
and also their interaction had a significant effect, whereas 
suction did not (Table 1). The total number of eelworms 
extracted from each column decreased with increase in 
time. Thus, the longer the eelworms were exposed to the 
conditions in the column of sand the less their ability to 
move through the sand in the Baermann funnel and into 
the collecting vessel. Similarly, increase in temperature 
lessened the number of eelworms recovered, while suction 
had no significant effect on recovery, probably because 
eelworms can survive a high suction (or matric potential) 
at least up to the point of permanent wilt of plants’. A 
polynomial analysis of the indexes showed that there was 
a quadratic relationship. between temperature and eel- 
worm movement as was shown also by Wallace?. D. 
dipsaci is ‘most mobile at about 20° C, and the mobility 
markedly decreases at temperatures above and below 
optimum. 


Table 1. VERTICAL MOVEMENT OF D. dipsaci IN SAND COLUMN: MEAN 


SQUARES AND. VARIANCE RATIOS FOR THE ANALYSIS OF -VARIANCE OF THE 


‘MOVEMENT INDEXES' AND ‘Toray’ VALUES 
Analysis of variance of Analysis of variance of 


Ttem ‘movement indexes’ ‘total’ values (W) 
Mean Variance Mean Variance 
square ratio square ratio 

Temperature (T) 0-151 18-88* 0274 10-92* 
Time (C) 0-057 7-13* 0-256 10-21* 
Suction (5) 0-728 91-00* 0-002 <1 ms. 
E.G, oit 1-75 ws. 0-067 2-677 
TS, 0-078 O75* 0-044 1:73 n.s. 
[oo O-O14 1-75 ws. 0-028 1-13 ns. 
TES, > 0-608 0-025. 


* 01 per cent probability. 

+ 5-0 per cent probability. 

n.s, = not significant. 

`The Baermann apparatus did not recover all the eel- 
worms, probably because some. had died or had ceased to 
move as a result of the treatment, but whother the 
immobility of the eelworms occurred at the point of 
inoculation or at various points in the sand column is 
unknown. Consequently, the true treatment effect on the 
average distance moved (movement index) may well be 
biased by different treatments because the distance 
covered before movement ceased is not measured. 

Wallace! showed that horizontal migration of D. 
dipsaci through sand :and soil, each of particle size 250- 
500u, had a quadratic relationship with increasing suction, 
and that the point of maximum migration roughly 
coincided with the point. of. inflexion of the moisture 
charactoristic. The relationship shown by these results 
(Fig. 1) between the movement index and suction at 
different temperatures représents the second half (that is, 
optimal and post-optimal portion) of the quadratic 
relationship he deseribed. Maximum movement doos 
occur at the point of infleoxion of the moisture character- 
istic (Fig. 1) and the somewhat low suction (for a -250~ 
500 sand). at this point is due to the range of suctions: 


existing in each sand column. (equivalent to the length of | 


the column). Nevertheless, temperature appears to in- 
fluence the suction at which maximum eelworm mobility: 





suction for mobility is about 50 om of water (Fig. 1), but 


‘modifies the relationship between mobility 
and the moisture characteristic. At 15°.C, the optimum | — 
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at higher and lower temperatures the optimum. suction 
“falls to about 16-7 em of water. Thus between 10° and 
20° C, eelworm mobility is high over a wide range of 
suctions, whereas at both extremes of this temperature 
range (that-is, at 5°-10° and 25°-30° C) mobility is reduced 
oo. ¥apidly if the suction rises above the point of inflexion 
_ of the moisture characteristic, © = 
These results suggest that there is an optimum eelworm 
— activity (body waves/unit time) for mobility (undulatory which 
__ Progression) through pore spaces. Suspensions of ecl- os 
corms in cavity slides were maintained at 10°, 15°, 20° 
md 25° O, respectively, for 4 h and their activity was. 
ed at each temperature (Fig. 2). The criterion of 
ivity was regarded as the number Be ee ole 
_ Movements of the head, in association with body waves, 
observed in L min. At 5° C the eelworms are relatively es pee 
inactive (Fig. 2) and thus their ability to overcome the marin Bi aa d 
resistance of the water films at high suctions would be a WOTE en A 
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_ consequently reduced. Therefore, eelworms move fastest Agricultulg) Resear w i : 
at the inflexion of the moisture characteristic when most ne E R eee Boks 
of the pore spaces are almost full of water: At 25°-30° C, -> Wallace, H. R., Ann. App. . 38 (1958), 
when celworm activity is high, the mobility at high ° Wallace. H. R., Ann. App. Biol., 48, 107 AO), 


ia inhib i { $ g xo z ‘ niy e o Ni y 2, 14 x ;; 
ne is inhibited more than is the case when the tem- ; PrE a pst ieee a as 


nearer the mobility optimum (about 20° C). * Wallace, H, R., Ann. App. Biol., 47, 366 (1959). 


- GIBBERELLIC ACID AND FLOWERING IN Petasites hybridus 


By Pror. C. W. WARDLAW 
Department of Botany, University Cee anchester 


- r an earlier paper! I described briefly the annual cycle- developed as small; simple, glabrous bracts dev 

À of development of Petasites hybridus (L.) Gaertn., Mey. hirsute, petiolate-laminate leaves. When, 4 

and Scherb., and also some experimental investigations of middle and late transition apices (which hy 
ed eo plored © latter showed that if shoot bare, bisected, ete.) “were systematically 
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of the same year. These observations indicated that, 
however the effects of gibberellic acid on the induction 
and/or promotion of flowering may eventually be inter- 
preted, gibberellic acid exercises evident regulative 
effects on the development of both foliar and floral primor- 
dia if it is applied to transition apices of P. hybridus. 
There is now considerable evidence that if one or cther 
of tho gibberellins is applied to many rosette-habit species 
during the vegetative phase, stem elongation and even 
prematuro flowering may result. Accordingly, during 
1963, further experimental investigations of P. hybridus 
were made to ascertain the effects of gibberellic acid on 
the vegetative phase. (A standard commercial supply of 
gibberellic acid was used.) S 

The collection of materials was begun on April 1, that 
is, before many of the existing inflorescences had opened 
out, and was continued at fortnightly intervals until 
July 8 whon well-advanced transition apices were observed 
on dissection. The materials consisted of substantial 
pieces of rhizome bearing terminal inflorescence buds 
(during the earlier period only) and lateral vegetative 
buds. They were grown in large pots in a sheltered area 
out of doors. In the plants treated with gibberellic acid, 
the solution was applied twice a week as closely as possible 
to the distal region of the principal vegetative bud. 
Each of tho nine collections was selected for uniformity and 
divided into batches of 5 specimens. These batches were 
treated as follows: (1) potted for observation as collected; 
(2) main vegetative bud treated with 0-01 per cent gibberel- 
lie acid; (3) as collected, but inflorescence removed; (4) 
inflorescence removed and main vegetative bud treated 
with 0-01 per cent gibberellic acid; (5) all outer foliage 
leaves removed at time of expansion ; (6) expanding foliage 
leaves removed and bud treated with 0-01 per cent 
gibberellic acid; (7) outer leaves and larger leaf primordia 
removed ; (8) as in (7) and bud treated with 0-01 per cent 
gibberellic acid; (9) as in (8), bud treated with 0-001 per 
cent gibborellic acid. It will be noted that complete 
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defoliation, exposing the naked apical meristem, was not 
carried out in these experiments. 

Only the principal observations will be considered here. 
These may be briefly indicated as follows: 

(1) The untreated (control) plants from the early 
collections flowered in the usual way and the spent in- 
florescences were removed. The main vegetative bud 
of each rhizome-piece yielded a large leafy plant and its 
apex entered on the phase of transition to flowering about 
the normal time. 

(2) The existing inflorescence was not evidently 
affected by the applications of gibberellic acid; nor did it 
appear that the presence or the removal of this inflores- 
cence had any conspicuous effect on the growth of the 
vegetative bud. 

(3) Throughout the normal period of vegetative develop- 
ment, that is, April-June, the repeated application of 
gibberellic acid to the principal bud resulted in some 
elongation of the petioles; but the typically short stem, 
bearing the clasping leaf-bases, was not affected, that is, it 
showed no premature elongation as in many species with 
a rosette habit; and there were no indications of leaf 
modification, for example, diminution of lamina develop- 
ment of the kind that attends the transition to flowering. 
Nor was there evidence that the onset of the flowering 
phase had been accelerated. : 

(4) In plants which had entered on the reproductive 
phase, that is, in materials collected from June 10 on- 
wards, applications of gibberellic acid resulted in various 
novel developments in some but not in all plants. These 
















































included: (a) the accelerated formation of the inflorescence 
and precocious maturation of the individual florets as 
previously recorded'; many of the treated plants expanded 
their inflorescences promaturely i in September instead of 
entering on the normal autumn/winter period of relative 
inactivity; (b) the formation of various abnormal transi- 
_ tion leaves, for examp'e, with small lamine and elongated 
and conspicuously flattened petioles (in the normal 
development these would have become the broadly based 
scales which constitute the outer investment of the large 
inflorescence bud). 
Fig. 1 shows a plant which had been collected on June 
24: its apox, which was in middloe/late transition, was 
largely defoliated (treatment (9) ) and treated with 0-001 
per cont gibberellic acid, As photographed on October 23, 
the plant had formed a considerable number of leaves 
and an expanded ‘inflorescence in which some of the more 
-distal florets had begun to open. Fig. 2 shows a plant 
-collected on July 8 when its apex was in late transition. 
It was given treatment (8) (defoliation and 0-01 per cent 
gibberellic acid). As photographed on October 23, a 


‘HIS article presents work on the mode of action of 
certain substituted uracila which Bucha et al.! have 
shown to constitute a new class of potent herbicides. 
< Isocil (5-bromo-3-isopropyl-6-methyluracil) at low levels 
caused a complete kill of a variety of crop plants and 
grasses under conditions in which. 5-bromouracil and 
_ 6-methyluracil were inactive. In growth investigations 
with Escherichia coli, 15T-, MeGahen and Hoffmann?? 
showed. that bromacil (5-bromo-3-sec-butyl-6-methyl- 
uracil) was not a metabolic analogue of 5-bromouracil, 
-neither was it incorporated inte the DNA of this organism 
nor into the DNA of mouse spleen and liver. 
The work reported here was carried out with Chlorella, 
Euglena and with spinach chloroplasts and indicates that 
= dsocil and bromacil are potent and specific inhibitors of 
photosynthesis. - 
Growth and CO, uptake of Chlorella, Cells of Chlorella 
pyrencidosa were grown and tested as described by 
Sweetser and Todd‘ and by Sweetser’. The results 
» Obtained with isocil.on the carbon dioxide fixation and 
growth of these cells are shown in Fig. 1. All results are 
expressed in percentage of the control value. Curve A 
shows the percentage of carbon dioxide fixation versus 
‘the concentration of isocil measured 20 min after the 
addition of compound to illuminated cells. Curves B, O 
and D are the plots of percentage of the growth of 
Chlorella versus the concentrations of isocil taken at 
2L5 bh. Curve B is for cells grown in inorganic medium 
where they are dependent on photosynthesis for growth. 
Curve Ø is a similar plot with cells grown in the presence 
of glucose as an energy source and D is the plot for cells 
grown in the dark in medium supplemented with glucose. 
.. It is evident that. isocil was highly active in blocking 
uptake of carbon dioxide with 1-8 p.p.m., reducing the 
uptake to 35 per cent of normal and 2-7 p.p.m., reducing 
-it to 5 percent of normal. The inhibition of growth was 
ually marked and; as can be seen from curves A and 
th inhibition of growth closely parallels the inhibition 
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shows another lite of the « same batch as Fig. 
photographed on October 23: the inflorescence 
elongated prematurely; the petioles of the out 
were flattened and the lowermost bracts wo 
elongated. Fig. 4, of the collection made on 
middle/late transition apices), was given troe 
and photographed on October 23: a fow small foli 
and a precociously expanded inflorescence ha 
formed. 

The cumulative observations made during this ver 
experiments show that repeated applications of gil 
acid have no significant florigenic effect when app 
purely vegetative apices of P. hybridus, and little 
effect on apices in early transition; but they confi 
gibberellic acid has important regulative effects on m 
advanced transition apices. 

1 Wardlaw, C. W., Nature, 198, 560 (1963), 


EFFECT OF SUBSTITUTED URACIL HERBICIDES ON PHOTOSYNTHESIS 
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AND 
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of uptake of carbon dioxide at equal compound ĉo pon 
trations. There was no toxicity of the com 
16 p.p.m. in the dark, as shown. by curve D, and thb 
there was an inhibition of growth of Chlorella in the i 
with glucose-supplemented medium (ewrve ©), Uh 
inhibition only reduced the growth to that obtained im 
the dark. 

Growth and oxygen exchange of Euglena. Colle of 
gracilis were grown over fluorescent lights at BBP 
in the maleate-glutamate medium of Hutner ef aL" 
modified by substituting glycine for maleate. Por derk- 
growth investigations, 0-5 mg/ml. ethanol was added 
to the basic medium as. an additional energy source. 
Table 1 illustrates the effeet of bromacil on ihe: Bro" 
of Euglena in the light and dark after incubation for 1 
days. In the light, 2-5 p.p.m. of bromacil caused a 50 per 
cent inhibition of growth as compared with no int m 
in the dark at 40 p.p.m. and a 16 per cent inhibition at 
100 p.p.m. 

Manometrie investigations of oxygen oxchange were 
carried out with Euglena in standard Warburg vessels 
with cells suspended in M/15 phosphate buffer at pH 6-5. 
Bromacil was dissolved in buffer to give the desired eon. 
centration after addition to the vessel contents; control 
vessels received buffer alone. Thmination was provided 
from the bottom and sides by white fluorescent lights. 
A constant concentration of carbon dioxide was maiis 
tained by means of Pardee buffer’ in tho centre well 
adjusted to provide 1-5 per cent carbon dioxide at the 
test temperature of 25°, As shown in Fig. 24, 4 ppitin 















Table 1. EFFECT OF BROMACIL ON GROWTH oF Euglena in Liem AND TARR 
Opties deadiy ie, 
Light 
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Fig L : Effect ořisocil on growth and carbon dioxide fixation of Chlorella, 


_ 4, carbon dioxide fixation; B, growth in light; C, growth in light + 
Ego Se glucose; D, growth in dark + glucose 0 ~ 
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_of bromaeil blocked the oxygen production of the illumin- 
ated cells within 10 min of addition. Although the 
inhibition was rapid and complete, it could easily be 
:- reversed by washing the inhibited cells with buffer. As 
- shown in Fig. 2B, three buffer washings of the cells from 
test- Anot only removed the inhibition caused by bromacil 
but restored function indistinguishabla from control cells. 
The control cells were treated identically. These washed 
cells showed normal oxygen evolution. in the light and 


endogenous oxygen uptake in the dark and were fully — 
¿susceptible to re-addition of 4 p.p.m. of bromacil. As ` 





o Effect of bromacil on photosynthesis of Euglena (40 mg wet wt/vessel). 
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Fig. 3. Effect. of bromaeil added at zero time on the Hill reaction 
: (spinach chloroplasts) 


shown, no effect on endogenous oxygen uptake was seen 
at 4 ppm. Higher concentrations, up to 50 ppm; 
while completely blocking photosynthesis, also showed no 
effect on reapiration. — oe 


Spinach chloroplasts. Hill reaction investigations wore 


carried out with spinach chloroplasts as described by  —__ 


Holt and French’, using potassium ferri- 
cyanide as the electron acceptor. Chloro- 
plasts were- prepared by disruption of 
spinach leaves in a Waring blender" followed 
by differential centrifugation. Oxygen evolu- 
tion of the illuminated chloroplasts was 
measured in standard Warburg vessels at 
15° C with potassium hydroxide in the centré 
well, As shown in Fig. 3, bromacil was a 
potent inhibitor of the Hill reaction, with a 
50 per cent inhibition of oxygen evolution | 
‘at 05 ppm. and complete inhibition at 

1-6 ppm: ; 

The results of these tests, though not 
carried out in higher plants, indicate that 
the herbicidal activity of bromacil and isocil 
may be due to a powerful and selective 
inhibition of photosynthesis. 

Note. While this article was in prepara- 
tion, a draft. of a manuscript to be published 
in Weeds of April 1964 was received from 
Dr. J. A. Hilton and colleagues, U.S. 
Department of Agriculture, Agricultural 
Research Service, Beltsville; Md., deserib- 
ing the antiphotosynthetic activity of 


chloroplasts of higher plants. 
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LETTERS TO THE EDITOR 


PHYSICS 


Multiple-beam Interferometry in the Vacuum 
Ultra-violet 


For orbiting astronomical telescopes and photometers, 
interference filters and the Fabry-Perot interferometer 
have considerable advantages in luminosity, speed of 
recording and compactness over prism and grating instru- 
ments'-*, Thus it is important to extend the range of 
nem interferometry into the vacuum ultra- 
violet. 

The limitation so far has been in obtaining suitable 
reflecting coatings. Below 2400 A there is no high-index 
material for dielectric multilayer filmst. However, 
reported measurements* on the optical properties of semi- 
transparent aluminium films down to 2200 A, when 
analysed, showed that aluminium improves in performance 
for multiple-beam interferometry with decreasing wave- 
length, provided a reflecting finesse of 20 is sufficient. It 
must be remembered that the defects finesse also decreases 
with decreasing wave-length and, even with the best- 
quality flats, will not greatly exceed 18 at 1800 A, so that 
a higher reflecting finesse is neither required nor desirable‘. 
For interference filters, the band-width decreases with 
decreasing wave-length and, for a given band-width, the 
finesse required is proportionally smaller, provided the 
resulting decrease in contrast can be tolerated. 

This analysis and recent improvements’ in the tech- 
nique of depositing opaque aluminium films, overcoated 
with thin layers of magnesium fluoride to prevent oxida- 
tion and to enhance reflectivity in the vacuum ultra-violet, 
led us to believe that a similar improvement could be 
obtained in the performance of semi-transparent coatings 
for this spectral region. Our first results* indicated that 
thinner aluminium films, similarly overcoated, were 
suitable for multiple-beam interferometry down to 
1900 A. We now wish to report our results on filters with 
peak transmittances at ~ 1800 A and Fabry-Perot inter- 
ferograms of 41849 of Hel. 

Fig. 1 shows the transmission characteristics of two 
Fabry-Perot type first-order interference filters deposited 
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Fig. 1. Transmission curves of first-order Fabry-Perot type filters 





Interferometer 


Fig. 2. 


Fabry-Perot interferogram of 41849 Hel 
spacing, 0-15 mm 


on fused quartz substrates, each consisting of two alumin- 
ium reflecting layers separated by a half-wave layer of 
magnesium fluoride. The outer aluminium layer is pro- 
tected from oxidation by a magnesium fluoride coating, 
approximately 400 A thick. Curve A represents a filter 
peaking at 1825 A. Below 1800 A the finesse decreases 
because of the falling reflectivity of the aluminium layers, 
but at approximately 1660 A the rapidly increased absorp- 
tion of the ‘Spectrosil’ substrate leads to a sharp cut-off 
The transmission profile above 1800 A corresponds to a 
half-width of 225 A and a finesse (N) of 8. The recorded 
peak transmission of 0-19 when corrected for absorption in 
the substrate becomes 0-21, giving for the aluminium films 
a mean reflectivity R = 0-68, transmissivity T = 015. 
and an absorption A = 0-17. 

Curve B is the same filter tilted through 8° to displace 
the peak wave-length to 1805 A, and curve C represents 
another filter with a peak transmission of 0-15 (corrected 
0-165) at 1910 A. Because of an error in monitoring the 
second aluminium layer the performance of this filter is 
not optimum. The optical properties of the aluminium 
films derived from the longer wave-length half-profiles of 
these curves are summarized in Table 1. 


Table 1. OPTICAL PROPERTIES OF ALUMINIUM FILMS DERIVED FROM Fis. 1 


Curve N R T A (R + T) 
A 8 0°68 0-15 0-17 0-83 
B 85 0-60 0-135 0175 0-825 
Cc 85 0-70 0-12 018 082 


The transmission curves below 2000 A were measured 
on a vacuum Seya monochromator. Curves A and B were 
obtained when the filter was six weeks old and had been 
frequently exposed to ultra-violet light. Curve C was 
determined on the day following the manufacture of this 
filter. The longer wave-length tail of curve A was measured 
on a Perkin-Elmer 350 spectrophotometer. For this filter 
the transmission falls to 0-4 per cent at 2600 A and to 0-3 
per cent at 2800 A. Greater contrast and a narrower 
band-width could be obtained with a second-order filter 
provided a selective detector’ is used to suppress the 
longer wave-length peak. Alternatively, two filters could 
be used in series or deposited as a double filter’? on the 
same substrate. 

So far as we know these are the only results reported for 
interference filters < 2000 A apart from Schroeder", who 
reports a double filter with a half-width of 200 A but a 
peak transmission of only 0-7 per cent at 1900 A. 
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Finally, ‘Spectrosil’ Fabry—Perot plates were coated 
Fig. 2 shows fringes of 41849 of HgT obtained with a 
‘Spectroline’ 11SC-1 lamp. The line was isolated by a 
‘Spectrosil’ prism spectrograph purged with nitrogen. A 
single-stage magnetically focused image converter, with a 
‘Spectrosil’ window and cathode substrate, constructed for 
this work greatly facilitated detection and recording of the 
fringes (the imperfection in one of the fringes is caused by 
a defect in the image converter phosphor). The fringe 
- finesse of about 5 is mainly limited by the quality and 
adjustment of the interferometer plates, which are, of 
course, very critical at these short wave-lengths. To 
confirm this, fringes of 22537 were recorded and a 
finesse of 7 directly proportional to the increase in wave- 
length was obtained, showing that the defects finesse 
dominates. These are the first reported Fabry-Perot 
interferograms below 2000 A. A high-quality interfero- 
meter is being constructed and we hope to extend the 
spectral range to 1600 A or less so as to permit the utiliza- 
tion of the instrument, either in its oscillating form?! or 
in its spectrographic method of use®, for plasma diagnostic 
spectroscopy in this spectral region, in addition to space 
research applications. 
We thank Prof. J. D. McGee for his advice, Prof. 
W. R. 8. Garton for lending us equipment, and Mr. 
D. 8. Widner for making the filter measurements on 
the Seya monochromator. Assistance from the British 
National Committee for Space Research for the purchase 
of equipment and the support of one of us (C. O. L. J.) is 
gratefully acknowledged. One of us (S. M.) is supported 
by a Colombo Plan fellowship. 
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Stimulated Emission Processes in some Rare 
Earth Chelates 


A RECENT communication by Huffman! reports observa- 
tions which he interprets as stimulated optical emission 
from a terbium chelate in a plastic matrix. We have been 
working in the same field and have previously published 
similar results on EuD?. In view of our work on this 
and other rare earth chelates we wish to comment on his 
interpretation. 

The work we report is neither on the same chelate nor 
performed in exactly the same manner as that of 
Huffman; however, the results are quite similar. Our 
experiments were performed on solutions of europium 
chelates of thenoyltrifluoroacetone (TTA), benzoyl- 
acetone (B), and dibenzoylmethane (D), and of the terbium 
chelate of benzoylacetone. The optical cavity arrange- 
ment and the flash apparatus used in this work have been 
described in detail previously*.*. 

In the absence of end reflectors on the cylindrical 
cavity, or with reflectors but below a critical input energy 
to the flash tube, the fluorescent traces are smooth and lag 
behind the flash trace, as one would expect from a fluores- 
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Fig. 1. Output traces of EuTTA. Input energies: 1,080, 1,920 and 
3,000 joules (J); sweep rate, 200 usec/div.; solvent, ethanol/methanol 
3:1 


Fluorescence 
intensity 


3,000 J 





> time 


=r] pe 
100 #sec 
Fig. 2. Output trace of TbB, Input energies, 3,000 joules; sweep rate, 
100 yseo/div,; solvent, EPA 


cent system with a decay time of the order of a milli- 
second. When optical feedback is present and the input 
energy is above the critical value, the fluorescence trace of 
EuTTA shows characteristic irregularities (Fig. 1). Quite 
similar results, although not so pronounced, can be found 
in TbB in an EPA solvent (5 parts diethylether, 5 parts 
isopentane, 2 parts ethanol) (Fig. 2). 

EuB in an alcohol solvent does show stimulated optical 
emission® which is characterized by a pronounced sh 
spiking in some cases and a uniform relaxation oscillation 
in others. This is the sort of behaviour usually associated 
with the phenomenon of laser action. Furthermore, in 
these cases, a pronounced narrowing of the emission line is 
observed above threshold** as one would expect. This 
narrowing can be determined readily by spectrographic or 
interferometric techniques. 

At the present time very few chelates have actually 
shown such behaviour. In those chelates where it is 
found, the behaviour can very easily be changed into the 
type described in the previous paragraph. This is observed, 
for example, in EuB if the solvent is changed from alcohol 
to EPA. In this case the output trace shows only the 
irregularities observed earlier, as is seen in Fig. 3, and the 
spiking behaviour characteristic of lasing is no longer 
seen. This type of irregular output has been studied in 
some detail for EuD*. When a solution of EuD is flashed 
at input energies sufficiently high so that the irregular 
traces are found, spectrographic investigation of the out- 
put shows line narrowing of an amount less than 10 per 
cent, which can very well be experimental error. Thus, 
in these cases there is neither characteristic spiking nor 
narrowing of the spectral output, both of which are 
associated with lasing. 
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Fig. 3, Output trace of EuB. Input energies, 2.400 joules; sweep rate, 
200 „sec/div.; solvent, EPA 





































on May 9, 1964 


We condüde; therefore, that the output i in those cases 
where only irregularities are observed is not stimulated 
emission. Nevertheless, this: phenomenon occurs only 
when optical feedback is present and then only above a 
critical value of input energy. An explanation for the 
regular fluorescence omission, involving the existence of 
a state in which the electrons can accumulate and which 
has a lifetime comparable with the flash lifetime, has pre- 
viously been presented*. Since the output traces reported 
by Huffman are very similar to those we have found for a 

mber of related rare earth chelates, we believe that a 
similar explanation is applicable to all of them. By 
itself, such behaviour is not indicative of stimulated 


emission. 
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Rate-dependent Crystallization in 
Beryllium-containing Melts 


THe physical and chemical properties of many indust- 
rially important ceramic, glass and mineral systems 
depend on metastable structural states being preserved 
-after treatments. at high temperature. To be able to 
_ define structural states in terms of a known thermal 

“history is, therefore, frequently more desirable than a 
knowledge of the phase relationships at true equilibrium. 
. . ‘The recently dev eloped technique of thermal analysis 

¿by high-temperature microscopy’ enables phase changes 
<c occurring during very swift temperature changes to be 
_ followed and characterized in terms of reaction tempera- 
ture and associated rate of temperature change. The 
following are further examples from beryllium-contai 
cate and oxide systems which illustrate the value of the 
technique i in studies of rate- -dependent ordering processes. 
_. On cooling a melt of equimolar amounts of chrysoberyl 
(BeAl,0,) and phenacite (Be,SiO,) the distribution of Be*+ 

nd Al™ ions in the crystal structures formed depends on 
the cooling rate. 

Under equilibrium conditions the liquidus temperature 
was observed visually to be 1,690° + 5°C with BeO as the 
primary phase. This is joined by chrysobery] at 1,600° C. 


Sec 
Thermal analysis of equimolar Be,SiO, : RARO, melt 


aro n Ne i 
po ARES (1,780°~930° C); cooling-rate to 1,470° C, 900° C 
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Between 1,500° C and 1,450° C the BeQ 
liquid to give phenacite; chrysoberyl and hen 
compatible below 1,450° ©. j 

On rapid chilling, - - metastable crystal structures oro 
precipitated. When the melts at 1, 750° C were ned | 
in air to temperatures below 1,300° C two arrests ‘ 
+ 10° C and 1,310° + 10° C were evident on the) 
curves (Fig. 1). In the example illustrated, the © 
rate to the first arrest was 900° C/sec. aor 
showed the quenched product to contain BeQ, 
anew phase. X-ray data have shown that there 
similarities between this new phase and that which « 
quenched? from the melts of beryl (Be, ALS È 

Water quenching immediately after the 1 
effect reduced the intensity of the X-ray spectrari 
new phase in relation to those of BeO and m 
an extent that it was concluded that the first 
pseudo-eutectic. between these two phases and t 
second arrest signalled the secondary prod: 
new phase. The X-ray powder data for this © 
are given in Table 1. 
























X-RAY POWDER DATA ON METASTABLE BERYLMUM-ALY ASTUN 


Table 1. 
QUENCH PHASE 

IJE" aià) His? diiy 
8 13:18 & 1720 

7 6:52 Eg bays 

7 434 1 trI 

6 3248 5 $510 

9 2-597 1 peagi 
10 24ta 16 2400 
5 2:223 5 LSe 

9 2169 1 1360 

i 2-036 3 P32 

6 2-001 & POLS 

6 1:887 * pata 

6 1-828 T 1875 


* Visual comparison. 


Although the decomposition of the. quench phases, Tro 
mullite and this compound, occurs quite repidiy i = 
1,300° C and 1,400° C, true equilibrium is not roec ieg 
maintaining the system at these temperatures. 
the phases found were chrysoberyl, Be) and = 
eristobalite instead of chrysoberyl and phenacite. _ 
barriers to the formation of phenacite in the sel 
from BeO and silica are known to be high. Reta 
and slow cooling to 1,450° C were necessary to reproduce 
phenacite with chrysoberyl. 

The similarities between the crystallochemical behaviour 
of the melt of these two structurally simple minerale and 
that of beryl support the hypothesis that the melt of 
cyclometasilicate is microheterogencous, and consists ¢ 
dispersion of the component ions of ehrysqberyi 
phenacite in a silicoous matrix. The formation | of 
similar metastable quench phases in both systems 
then be viewed as a consequence of the sim 
coulombic field strength between the two cations E 
Al. At high temperature the interaction er 
between these ions and O*~ and SiO,* anions will be 
and rapid chilling is able to preserve the undiffer nt 
association of the cations and anions in metastable 
crystal phases. 

Cation effects can also explain tho high-temperature 
reactions in the CaO-BeO and 8rO-BeO systems. Tt has 
been reported? that rapid quenching of melts at the 
eutectic composition 2 CaO: 3BeO freezes out a metastable. 
cubic phase Ca,Be,0, (a = 14-00 A) instead of allow 
the equilibrium separation of the eutectic mixture of the 
oxides, It was confirmed by high-temperature PAREN 
that melts cooled at speeds slower than 10° ( show 
eutectic behaviour and solidify at 1,380° + 8° ©, 
cooling rates greater than 20° C/rain the cubis; 
condenses instead. Considerable undercooling 
high rates of chilling. For example (Fig. 2} on 
from 1,500° C to room temperature, resal 
delayed until 1, 265° + 5° C, the cooling rate to this t 
perature being 785° C/sec. 






































the SrO-BeO system ai 
ompound Sr,Be,O, has been repo: 
has not been discussed in relation to the 
which apparently is not yet established. -On air quenching 
melt of composition 2 8rO : 3 BeO from 1,550° C to room 
temperature, the cooling curve is arrested between 1,170° 
-$ 5° C and 1,220° + 5° © (Fig. 3). The cooling rate to 
oo L170% + 5° C was 950° + 10° C/sec.. The X-ray powder 
_ data of the product were consistent with the orthorhombic 
-Sr,Be,0, phase in so far as the lines can be indexed on-a 
cell of the reported dimensions (a = 7:13 A; b = 9-01 A: 

= 18:5 A). Rate-dependent reactions were revealed 
en the initial cooling rate imposed on the melt was 
uced. Two consecutive heat effects were always 
pparent in the region of 1,200° © when the cooling rate 
temperature was less than 250° C/sec (Fig. 4). The 
als between these two reactions can be extended to 
eral seconds by varying the lower temperature. to 
ch the microscopic samples are quenched (Fig. 5). The 
cts, in addition to the orthorhombic compound, 
contained a second phase the powder data of which were 
consistent with a hexagonal cell, a = 4-6 A; o = 8-94 A. 
Water quenching after the first exotherm confirmed that 

























: Sec.” f 
2. Thermal analysis of 20a0 : 8BeO melt (1,500°-20° 0); cooling- ` 
Beet - Tate to 1,265° C, 785° O/see o0 
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“Fig. 8, Thermal analysis of 2SrO : $BeO melt (1,550°-20° ©); cooling- 
rate to 1,170° C, 950° C/sec i : 
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Fig. 4. Thermal analysis. of 25r0 : 8BeO melt 


(1,550°-1,160" Cs 
cooling-rate to 1,180° C, 235° C/sec ae 





See 
8BeO melt (1,550°-1,200°.C); cool- 


Fig. 5: Thermal analysis of 2810. 

ing-rate to 1,200° C, 140° C/sec. A, First heat pulse occurring 4-2 sec 

after melt attains 1,200°C; B, second heat pulse occurring 7-3-sec 
after first heat pulse 


this heat effect accompanied the formation of the hexag- 
onal phase. 

Both phases appear to be stable since they coexist 
without change over several hours at temperatures up to 
1,200° C.. The barriers to solid-state formation of the 
hexagonal compound, however, appear to be large since 
it did not appear within 6 h at 1,200° C in the swiftly 
quenched (> 250° C/sec) products. 

If Dietzel’s views! are accepted, it can be argued that the . 
pattern of phase changes in the alkaline earth-BeO 
systems is governed by the greater difference in ion. 


oxygen attraction between Sr*+ and Be® than that existing o 
between Ca?t and Be?+. The weaker field of the Sr?+ cation 


allows it to become stabilized in at least two compound 
oxide structures, whereas the smaller and more strongly 
interacting Ca*+ ion is more effective in decreasing the 
stability of the O-Be bond. Two-phase formation then 
becomes favoured to allow the co-ordination requirements 
of both cations to be fully satisfied. That a metastable. 
compound forms at all is taken to reflect a freezing ofi 
short-range Be--O-Ca, associations in the melt. f ; 
It is of interest to note that the CaO-BeO eutectic has 
attracted attention® as a possible thermal store material in” 
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graphically*. Of these, the first three have also been 
chemically*. Phosphor-bronze (containing 
elements of high atomic weights) and lucite (containing 
elements of low atomic weights) are included for com- 
pariso = in the discussion of mean and effective atomic 
weight. 
computed values of moan and effective atomic 
weights of all specimens are shown in Table 1. 


Table 1. MEAN AND EFFECTIVE ATOMIC WEIGHTS 
Specimen Petrographic anal; Chemical analysis 
Aman Aen pis Amean rr 
Limestone 2482 20-12 24-87 19°80 
ry g -57 2 

— 26-81 2262 es es 

Rhyolite Seo 2079 =e 
oc call — — 66:06 64-72 
vi _ _ 12-40 6-67 


gy Magan , 948; tin, 48; , 04); Incit 
(carbon, 59-98; on 31.00; hydrogen, 8-05). Petes yee 


Due to the fact that small amounts of unidentified 
minerals are usually taken to be of high atomic weight 
(for example, gold, lead, etc.) in petrographic analysis, 
both the mean and effective atomic weights are found 
to be greater than those found by chemical analysis. For 
this reason chemical analysis is preferable. 

Irrespective of the type of analysis, the mean atomic 
weight is found to be consistently greater than the 
effective atomic weight. It is more noticeable when the 
specimen consists of elements of widely differing atomic 
weights. The equation Aerm = 1/Z(P:/Ai) seems to 
minimize the excessive contribution of high atomic weight 
elements to the effective atomic weight of a hetero- 
geneous material. Most rock imens have effective 
atomic weights between 18 and 20 and the deviation 
from 20 can be considered as a ro estimate of iron 
content in agreement with the suggestion of Birch*. 

R. ©. Murry 
Department of Physics, 
University of Western Ontario, 
London, Canada. 
1 Birch, F., J. Geophys. Res., 57, 256 (1952). 
* Murty, R. C., Ph.D. thesis, Univ. Western Ontario (1962). 
* Beck, J. (private jon). 
*Moddle, D. A., Ontario t of Mines (private communication). 
* Birch, F., J. Geophys. Res., 66, 2215 (1961), 


GEOLOGY 


A New Occurrence of the Didymograptus 
bifidus Zone in the Skiddaw Group 


Tue Wet Sleddale extension of Manchester Corporation 
Waterworks’ Haweswater scheme in Westmorland has 
involved the excavation of a tunnel, 4,000 ft. in length, 
to the west of Shap village. Excavated materials on the 
tips at both ends of the tunnel are principally grey-black 
shales and mudstones of the Skiddaw Group which have 
provided an abundant, well-preserved graptolite fauna. 
The faet that the collections have been made from the tip 
heaps is unlikely to detract from their value since a 
preliminary examination suggests that the bifidus zone 
alone is represented. This accords with the general position 
of the tunnel in the Skiddaw Group inlier hereabouts and 
with the presence in the tunnel of massive bands of 
reworked sand and tuffaceous material interbedded with 
the shales and mudstones. The tuffs can be compared 
with the mottled tuffs of the Lake District, and the 
situation as a whole recalls the Flagdaw-type interbedded 
slates and volcanics of the Cross Fell inlier. 

A detailed investigation of the fauna is in progress, and, 
when completed, is expected to have a two-fold signifi- 
cance, First, it is complementary to the re-investigation of 
the graptolite zones established in the Skiddaw Group by 
Miss Elles', recently carried out by Jackson** in that part 
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of the succession lying below the bifidus zone. Secondly, 
it will allow a definition of the bifidus zone of the standard 
British Ordovician sequence to be given in terms other 
than the association of the pendent didymograptids, D. 
bifidus, D. artus and D. stabilis'. In particular, the choice 
of D. bifidus as the zonal index species has proved 
unfortunate on several counts: as a middle member of 
an evolving stock it is difficult to identify’; the type 
material of the species, from Point Levis, Quebee, was 
yielded by beds which seem to correlate with (a part of) 
the British Arenigian (zones of D. extensus and D. 
hirundo); and it has a restricted geographical distribution. 

I thank Prof. S. E. Hollingworth for the opportunity 
of examining this new material, and student members of 
this Department of Geology for assistance with collecting. 


D. Skevineron 
Department of Geology, 
University College, 
London, W.C.1. 

1 Elles, G. L., Summ. Prog. Geol. Surv. Great Britain for 1932, 5, 94 (1933). 
3 Jackson, D. E., Geol. Mag., 98, 515 (1961). 
* Jackson, D. E., J. Palæont., 36, 300 (1962), 
* Bulman, O. M. B., Paleontology, 1, 159 (1958). 


Potassium- Argon Dates and the Origin of 
Wealden Glauconites 


GLAUCONITE grains are scattered through the arenaceous 
facies of the English Wealden (pre-Aptian Cretaceous). 
They become sufficiently abundant to form dark laminsæ 
and beds of ‘greensand’ at two horizons: (1) top Ashdown 
Sand; (2) top Lower Tunbridge Wells Sand (Fig. 1). 
Above and below, the facies is non-marine, sometimes 
freshwater. Little paleosalinity evidence is available 
from the sandstones themselves. Some of the glanconite 
grains have recalled abraded foraminiferal casts’. At 
present the balance of evidence favours derivation from 
older marine sediments. These could have been oither 
Upper Jurassic or pre-Upper Carboniferous. 

Associated detrital grains’, pebbles*-* and clays® suggest 
Upper Kimeridge—Lower Portland (that is, Lower Volgian) 
sources. Around and beneath the Weald to-day the 
Portland Beds (presumably Lower*:*), and sometimes the 
Upper Kimeridge Clay, are sandy and glauconitic®". The 
top Ashdown glauconite of East Sussex is particularly 
abundant along a north-east-south-west tract™ rich in 
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Fig. ien laminæ rich in ? detrital grains of glauconite 
Btu akr tow power ells sandstone, is 
Quarry, West Hoathly, Sussex (ref, 19) 


















Fable 1, ‘Honwons AND Locaties oF : ILAUCONITES 






































£ { 
| Sample Formation, | | Nature of 
No. * horizon | Locality | sampling 
l site 
Wealden | 53501 | Lower T Tunbridge | Philpots Quarry, | Centre of 
Wells Sand. Top | West Hoathly, | freshly 
2 ft. Scoop No, 3| Sussex. | quarried 
| (79855322) | block 
. | | (ref. 19) ! 
Wealden | S5501 | Ashdown Sand. ‘ Hare Farm Lanc, Weathered 
: Top 6 in. Brede, Sussex. sand-pit 
(FQ831184) i 
| | (ret. 20) 
S8005F | Sandring ham | Roxham Farm, New ex- 
 Volgian Sands (refs. 21~ West Dereham, | cavation 
23). Paraeras- Norfolk. | for cut-off 
pedites fauna. 5- | (T L640995) channel 
| 6ft, below base | 
; i of Cretaceous 
z | $8004 | Portland Sand. | Nuthanger | Farm, B.P. Ltd 
Yolgian 63: ft. above base, | Kingsclere | borehole | 
ant are ? garei zone | Hants, 4°17’ | (No. 1) 
a 5” Wa 5L° 19” 1,687 ft 
Low $8003 | Portland Sand. 5” N.) (ef. 24) depth | 
:Volgian: 1 ft. above basal | Littleworth, | Weathered 
eae | Upper Lydite Wheatley, brick-pit 
: Bed. gorei zone ZOR. 
| (S P5890557 | 
i {ref. 25) 2 | 





’ * University of. Reading Sedimentology Research Laboratory catalogue. 
Collected and stratigraphically dated by Dr. RB. Casey, Geological 
ë | Mnet, and communicated by permission of the Director. 


cites (quartz garnet, apatite, 
neridge—Portland sand!?-18 aspect. 
ihe Kent Coalfield district where glauconitic 
meridge and ?Lower Portland strata are overstepped 
‘Wealden. facies**.. Over Mid-Sussex the top Lower 
- Tunbridge Wells sandstones (30 miles west and 300 ft. 
higher stratigraphically) are often highly glauconitic 
-along a north-south tract streaming away from (or 
towards?) the London Platform}. Glauconitic Upper 
Jurassic isso far unknown on the platform proper. 
Recent. discovery !6 of pebbles. of glaueonite-bearing 
marine Lower Carboniferous and Lower. Palacozoic rocks 
inereages the likelihood that some or all of the glauconites 
might be much older than Upper Jurassic. It is necessary 
to distinguish between the two possibilities: The minimum 
; age-difference (Viséan—Lower Voigian), almost 200 million 
years on the Kulp scale'’, is large enough to justify the 
isotopic methods despite their limitations. 
Sar ples. analysed. Pure concentrates (free from potas- 
paring micas, feldspars, etc.) of Wealden and 
chthonous Lower Volgian glauconites (Table 1) were 
. AL appeared to have had comparable burial 
*and to be free of igneous influences. 
ical methods and results. Argon determinations 
le by isotopic dilution using argon-38 as a tracer 
eynold’s mass spectrometer for the isotopic 
Samples were fused without flux, both with 
“without preliminary low-temperature outgassing. 
hango in radiogenic argon concentration produced 
utgassing was- found to be negligible. Potassium 
ations were made by flame photometer. Over a 
iod the precision of determination of both 


ete.) of Upper 
The tract is in line 













ANALYTICAL DATA AND RADIOMETRIC AGES OF GLAUCONITES 






































ae ae a | 

Average 
; 40 Artraa.) Realy Caleu- age (m.y) | 

Sample (s.ce/g x | geni Jated age Ł anal. 

No. (%) 10-4) Ar (2% yi Gay. uncert. 

i {m.y.) 
Wealden | S3501 | +28 | 0-232 | 867 | 3816 M 4ə943 | 

: 0:222 84-0 126-0 aes 

Wealden | $5501 | 462 | 0-244 | 920 | 1882 fY sogag 

0242 925 127-2 ee 

Lower 

Volgian | S8005 | 6-40 | 0-348 | 98:3 139 13244 

| Lower j| 58004 | 574 | 0-307 | 886 129-8 } 12043 

| Volgian 0-303 | 949 | F282 eg 
| | (0-281) | (90-9) | (110-8) | 
Lower S8003 | 660 | 0347 | 945 | 127-7 1} 12943 | 
Volgian | | 1 0355 | BOR | 1305 |f 3+3 | 
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olements was 0s imate 
95 per cent confidence-level. 
uncertainty in the ages is about 3 per cent. 

Analytical data and calculated ages are given in Table 2. 
The figures in brackets for sample $8004 appear to be 
inaccurate and have been omitted from the average. 

The ages are remarkably consistent. Factors such ‘as 
recent weathering (Table 1), differences. in burial or tectonic 
history, a possible extra cycle of (intra-Wealden) 
denudation, ete., exert no recognizable influence. 

Conclusions, A Lower Carboniferous or earlier origin of 
the Wealden glauconites is effectively ruled out. No 
suitable marine sediments of Permian or Triassic age are 
present in the relevant parts of western Europe. Hence 
the glauconites must, if detrital, be Jurassic. 

A detrital origin is supported by the low. potassium. 
contents and the oxidation states of the Wealden glaucon- 
ites. Within experimental error the Wealden dates ‘are 
similar to the Lower Volgian, indicating Lower Volgian 
sources. However, owing to the brevity of the Volgian~ 
Wealden interval and the uncertainties in the ages, a 
penecontomporancous origin is not excluded. Sedimen-. 


tologically and paleogeographically, the Wealden delta- oe 
complex could conceivably have faced north, building 
towards a shallow area of the Boreal sea over the London 


Platform’. Some of the derived ammonites (for example, 
the puzzling ? orthocone*) might then prove ‘indigenous’, - 
and the scoop-structures at West Hoathly and Fairlight 
inshore-facing bars containing contemporary glauconite. 
But this ‘face-about’ interpretation seems unlikely. 

The significance of the Volgian dates for the ‘absolute’ 
time-seale will be considered elsewhere**, together with 
data from similar stratigraphical horizons in other regions. 

We thank the Royal Society. and the Department of 
Scientific and Industrial Research for financial support, 
and Prof. L. R. Wager and Mr. L. A. Hannah for their 
interest. and help. 

P. ALLEN 


Sedimentology Research Laboratory, 
Department of Geology, 
University, Reading. 
M. H. Dopson * 
D. C. Rex 


Department. of Geology and Mineralogy, 
University Museum, Oxford. 


* Temporary address: Departinent of Geology, University of Alberta, 
Edmonton, Alberta, Canada. 
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Rocket Soundings 6 of the ispper Atmosphere 


Durine the first World Geophysical Interval of the 
IQSY, measurements. of temperature and winds were 
deat heights up to 60 km, using the new meteoro- 
cal rocket Skua, launched from the Royal Artillery 
ed Weapons Range at South Uist in the Outer 
ides (57-3° N., 7:4° W,). The results of these measure- 
nts are shown in Figs land 2. By sheer good fortune 









; x 3 
* a Sy £ 
(1200.4) (2400.h) (2400h) (2400) 
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= 50°C = 50RC = 60°C ~ 50° C 
: : 1600 h Jan 12 1900°h Jan 16 2000h Jan 17 2300 h Jan 23 
Fig. i Tenperatura recorded by: tockèt aondes from South Uist. Dotted 


lines refer to balloon ascent from Stornoway (75 miles to the north) at 
times shown 
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= 1600h 
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i Winds and temperatures se four levels at South Uist in January 


these first four ascents spanned a ‘stratospheric warming’. 
Stratospheric: warmings. and coolings of this type are 
‘recorded by balloon ascents from time to time during 
the early months of most years, but this may be the 
first series of measurements showing the rapid growth 
and decay of a warming at levels above 35 km. 
R. ALMOND 
S. F. G. FARMER 
: R. Ferrera 
Meteorological Office, 
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Liquid Metal Hold-up in Packed B 
In recent years there appears to have | 
interest in the investigation of liquid i 
irrigation of packed beds, either at i 
countcreurrent to flowing gasos. The in 
stems from a desire for a better underst 
ted processes in an operational blast fa 
such investigations have been performed w 
conditions. © Moreover, beeause of v rious o 
difficulties, laboratory systems used. for 
related studies featured liquids diffe 
systems. One apparent exception i 
tion of the flooding phenomenon by She pini 
molten slags. pares 
Tn the field of hold-up: savadurements, é 
tors, notably Gardner®, used water flowing th 
wetting bed of coke particles, while w 
Warner? and Standish‘ used beds of regular st 








to be found in the study of hanging phenom 
20 o which, in their laboratory. i i 










aY A Kitaev® used aqueous aotations of gix 
and Woed’s metal to. simulate molten blast forneo ag 
respectively. ; 
tion which arises in all ivett i 

type is that of deciding the correct liquid to be 
room temperature analogue of molten metal or 
i the investigations of this kind, name 





used exclusively, and it is pertinent to ean 
or not this liquid is a good room temperatur 
for a molten er At first sieht it woud eee 








metal. 









“my recent hold-up vac 
ty Grants Committee rant 






may not be aa a a sabat 
as was hitherto assumed. 


Mg Steel Raschig Rings- 


Dynamic hold-up, Ap (ml) 
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Liquid-rate Gnl.jmin) (x 100 


Fig. 1. Dynamic hold-up ina 2-in. diam, 
Zero 















hold-up, which invariably increases with in 
< rates, yields substantially the same values of hp for the 
-given packing and liquid rates, irrespective of whether the 
liquid is mercury, ‘Cerrobend’ or water. This trend is 
illustrated in Fig. 1, which also shows that. the results for 
water irrigation of a wetted packing, and those of ‘Cerro- 
bend’ at different temperatures, all lie on substantially the 
> same general plot. An explanation of the observation is 
being deferred pending analysis of further data. 
The results of static hold-up measurements obtained in 
the present investigation and those measured previously? 
with mercury are compared in Table 1. - 







“CHARACTERISTIC RESULTS FOR STATIC HOLD-UP IN 248. BED. 
oo ZERO GAS-RATR. - 12-18. PACKED HEIGHT 


Ps Static hold-up ml.) 
` Packing Water Mercury 














ry ‘Cerrobend’ 
z ; (110° ©) 
d-in, steel rings 18 50 4 
t-m. porcelain rings 15 (35)* 30 9 
$in. porcelain beri saddles 18 (42)* 18 7 





* Results obtained under wetting conditions. 


‘The results in Table 1 show that for the 
system considered it would. appear un- 
tified to assume. a. similarity between 
mercury and molten “Cerrobend’ in extra- 
- polating the static hold-up measurements. 
Because the two are both liquid metals 
an such, have vastly different physical 
ies to water (or organic liquids) 
é to be insufficient: condition - for 
assuming that mercury would- yield better 
< estimates for molten ‘Cerrobend’ than 
-< would the results obtained for water irriga- 
_. tion. As Table 1 shows, for the system 
investigated here, the reverse appears to 
hold. > 
Therefore, there seems to be an apparent 
need to exercise caution when extrapolating 
© Jiquid metal hold-ups. especially the static 
hold-up, obtained with room temperature 
liquids, to molten metals which are sup- 
posedly being simulated in the laboratory. 
; Incorrect estimates of hold-up resulta, 
besides being erroneous, may lead to 
‘spurious interpretation of liquid metal 
heat and mass transfer mechanisms in 
"a pede: N. STANDISH 
_ School of Metallurgy, University of Otago. 
| Dunedin, New Zealand. 
? Shavrin, 9S. V. et al, Izvest, V.U.Z. Ferrous Metal (U.S.8.R.), No. 9, 54 
- (1962). 


















Fig. i. 













Gardner; G@. C., Chem. Eng. Sci., 5, 101 (1956). 

a Warner, Nv A, Chem. Eng. Sein 11, 149 (1959), 

A Standish, Nu, N.Z. J. Sei, 6, 215 (1963), 
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CRYSTALLOGRAPHY 
fstal Structure of N-Acetylglucosamine 


crystal structure. of N-acetylglucosamine, 
O,N, has been investigated in connexion with the 
rk on lysozyme proceeding in this laboratory'. Salton? 
sand others have shown that N-acetylglucosamine is a 
basic constituent of the bacterial cell walls of Mierococcus 
lysodeikticus, the most commonly used substrate of 
‘lysozyme (muramidase), and Wenzel et al.* have reported 
-that this compound inhibits the action of the enzyme. At 
a later stage it is hoped to relate the structure to those of 
lysozyme and its substrates in detail. 

The crystals were found to be monoclinic, space group 
P2, with unit cell dimensions a = 11-18, b= 4-81, c= 9-65 A; 
@=113-3°. The density as calculated on the basis of two 
molecules per unit cell, 1-54 g/c.c., was in close agreement 
with that observed, 1-57 g/e.c. The erystal was mounted 





inercasing liquid 


















long the b-axis and three-dimensional data collected 
ing the Weisenberg camera. The intensities were 
estimated visually and the different levels scaled together — 
by comparison with measurements made on the’ linear 
diffractometer’. : 

A sharpened three-dimensional Patterson function was 
calculated using the same sharpening function as that 
described by Jacobson et alë in their investigation. of 
cellobiose. The increased resolution of small peaks from 
the sharpening enabled the Patterson to be solved for 
10 out of the 15 atoms by using Buerger’s* Minimum- 
function. A weighted’ Fourier synthesis of the [010] 
electron. density projection was calculated using thei 


signs determined by these 10 atoms and the remaining 5 


showed up immediately. The agreement at this stage was 
pa ZPol [Fell | 
p SFe] 
refined in two dimensions by difference Fouriers and least 
squares to 22 per cent, at which stage the third co-ordinates 
were estimated. from a trial model and the refinement 


=53-4 per cent. The structure was é 





010 projection of N-acetyiglucosamine showing bond-lengths in A, hydrogen bonds 


and some bond-angles 


continued ‘in. three dimensions. The present agreement is 
18-4 per cent. 


The structure and the bond-lengths and angles are). ~ 
shown in Fig. 1. The pyranose ring has thë usual flattened | 


chair form® and the amide group is almost planar. There 
is a complete scheme of hydrogen bonding including a 
bond between the CO and NH of adjacent amide groups 
along the b-axis. 

The refinement is proceeding with the introduction of 
anisotropic temperature factors and the addition of hydro- 


gen atoms, and the final results will be published elsewhere. = 


We thank Sir Lawrence Bragg and Prof. R. King for 
their advice, and Miss R.H. Fenn, Dr. R. Sarma and Mr. 
R. M. Simmons for use of their computer programmes. 
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-— —— Structure of Epistilbite 
Arter the determination of the related structures of 
nordenite! and dachiardite*, attempts were made to find 
other related frameworks’ corresponding to known 
inerals. Continuing this work, it appears that a modifica- 
n of the mordenite chains results in a structure fitting 
the requirements of epistilbite. Figs. 14 and B show the 
rangement-—observing the usual convention of indicating 
; silicon and aluminium atoms which fall at the 
ners, while the oxygens of the framework lie close to 
he mid-points of each line. Fig. 14 shows the structure 
projected down the a-axis, which owing to superposition 
certain vertical bonds should be interpreted with the 
sistance of Fig. 1B showing a single layer seen along the 


ae 





Fig. 1. A, a-projection of the structure: Silicons in the: zig-zag layer 
superpose four times while those of the four-membered rings occur once. 
‘The heights of these rings are indicated. B, A single layer viewed along 6 


: : ‘There js avelationship between the pseudorhombie cell 
__ of epistilbite and the orthorhombic cell of mordenite as 
follows: o 3ooc ee i 




























s0; b = P78; e = 10 


0: TOILA; p= 90° 35’ 
62; a= 1813; b= 2040 Å 





ere it can be seen that the chain repeat distance is 
yubled in epistilbite (a-axis) and one other axis is halved. 
Both cells contain 48 silicon + aluminium atoms. The 
symmetry of this suggested structure is 02/m for the 
-monoclinic cell. In the pseudo-rhombie cell, used here for 
nvenience, there are additional lattice points at $0 4, 
4 and } } }. The approximate co-ordinates of silicon 





0-196 0-232 

ae 0-088 0156 
iffraction intensities agree well with 

“and extinctions occur where 


pistilbite possesses ellipsoidal 
4x 3-7 A, which are linked through 
indows to form a two-dimensional 
the ac-plane. The free passage of 
is about 4-8 x 3-8 A. The proposed 
int for two further properties: 
ty of the powder patterns of epistilbite and 
to which is more closely related than 
ite; (2) the flakiness and (010) cleavage of 
as opposed to the fibrous habits of mordenite 
te, due to strengthening of the bonding in 












different ways, 
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CHEMISTRY 


A Novel Form of Co-ordination of A 
acetone to Platinum (Hi) ._ 

Tur complex K[Pt(acac),Cl] has recently been sh 
contain two different types of acetylacetone grot 
being bonded as the conventional oxygen 
and the other through the y-carbon atom. 
acetone (I). On acidification a bright yellow comp! 
separates which is sensitive to light. The ‘acid’ com 
sparingly soluble in water, but readily dissolves | 
solvents. On standing for prolonged periods in be 
a red binuclear complox di-y-chloro bis(acetylacotonmto] — 
diplatinium JI is formed. eee aes 





The infra-red and nuclear magnetic resonance 
of tho complox (II) indicate a different type o 
acetylacetone bonding is present and is in agreer 
a structure (II). carbonyl 




































d L 
is associated with the free- carbonyl g 
lowered in the ‘acid’ salt to 1,645 om. Th 
plane deformation frequencies in the region 1,10 
cm- are modified, and the spectrum shows a vor 
band in the 3,100 em region, which may be aasa 
with an O-H vibration. In agreement with this th 
is shifted in the deutero complex to 2,200 em 
general position and shape of this band are indica 
presence of considerable hydrogen bonding in thi 
- as normally found for the enolic form of 8 jones. 
The proton magnétic resonance spectrum of the pot 
sium salt shows two separate sets of mothyl proto: 
equal intensity. The splitting of the methyl p 
coupling with platinum was readily observable fy 
group (Jpn = 3:8 ¢.p.s.) but not for the other. | 
further signals corresponding to. the two ~C-H prote 
were observed at 5:47 p.p.m. and 8-63 ppan. relative 
tetramethylsilane. The former signal was coupled | 
platinum spin with Jpn = 60¢.p.s. and may be ass 
with the hydrogen—carbon system directly | 
the platinum, the corresponding coupling so 


methyl-platinum IV compounds being 








to: 
he. ; 









c.p.s. The ‘acid’ complex showed 
protons in the ratio of 2:1 :1w 
2:06, 3 p.p-m. relative 








presence of a hydrogen reso 
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the hydroxy] proton was also observed. This line decreased 
on addition of the deuterium oxide due to the exchange of 
the hydroxyl proton. The relative position of the C-H 
protons was inverted in complexes I and IT, the proton in 
II associated with the carbon-bonded acetylacetone 
moving to lower fields in keeping with the increase in 
ethylenic character. Tho value of J pt-y for this proton was 
reduced from 60 ¢.p.s. observed for the potassium salt to 
43 ¢.p.s. 

The changes in the infra-spectra of the ‘acid’ from the 
potassium salt with the appearance of the hydroxy! group 
and the three environments of the methyl protons are 
most readily interpreted on the basis of structure II. The 
variation in the C=C stretching frequency in the infra- 
spectra, which is normally used as evidence for co-ordina- 
tion of an olefinic group, cannot be readily observed, as 
the region in which such absorption would bo anticipated 
is masked by vibrations of the oxygen bonded acetyl- 
acotone group. The rearrangement envisaged between the 
potassium salt and the ‘acid’ complex is equivalent to 
that proposed by Green et al.* for the oxo-alkyl-iron 
complexes, where the following reaction is considered to 
occur. 


H UH 
H+ aC Č 
= Op. Fe(CO), — CH, CO.R —> PN Fo => 
(CO), C 
R OH 
with R = H,CH,. 
G. ALLEN 
J. Lewis 
R. F. Lone 
Departmont of Chemistry, C. OLDHAM 


University of Manchester. 
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. J., and Robertson, G. B., Nature, 195, 1278 (1962). 
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Radiolytic and Photolytic Reduction of 
Aqueous Silver Nitrate Solutions 


Tue photoreduction of silver salts to silver metal has 
been known for many years. This unusual characteristic 
has made silver halides the basis of the photographic 
process. Ever since Becquerel discovered radioactivity in 
1896 by exposing a photographie plate to uranium salts, 
silver halide salts have been used to detect ionizing radia- 
tions. These examples of silver metal formation take 
place in the solid phase. In this communication we report 
the formation of silver metal from aqueous silver nitrate 
solutions by the action of light and ionizing radiations. 
Representative electron micrographs, illustrating the 
characteristic features of the silver particles formed by 
several types of incident radiations, are presented in Figs. 
1, 2 and 3. 

The silver nitrate used was Baker and Adamson reagent 
grade. The aqueous silver nitrate solutions were prepared 
from triply distilled water and were all 2-0 molar for 
purposes of comparison. The dose rates of the cobalt-60 
y-ray sources were determined by the ferrous sulphate 
dosimeter, assuming 15-60 ferrous ions are oxidized for 
each 100 eV of energy absorbed. The dose rates were 
found to be 1-8 x 10% and 1-7 x 10% eV min? gm-. 
Although the silver metal was observed to form at a much 
lower dose, a dose of 2 x 10% eV gm was arbitrarily 
given the samples. 

The irradiation with «-particles was made using a 0-6 
curie polonium-210 «-source. The silver nitrate solution 
was contained in a glass cell under a helium atmosphere. 
The source provided a dose rate of 35 x 10% eV min- 
gm- to the solution and the experiment was terminated 
when the total absorbed dose was equivalent to the y 
experiment. 
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The photoreduction of an aqueous silver nitrate solution 
was affected with a 100-W helicoidal mercury vapour 
lamp. The sample was contained in a quartz ampoule and 
mounted externally on a platform rotating at 3 rpm. A 
total exposure of 168 h was required to produce about the 
same quantity of silver metal as was precipitated during 
the y-irradiation. 

In all cases the silver metal was precipitated from 
aqueous solution. These particles were separated from 
solution by centrifugation and were washed three times 
with water before examination with a Philips electron 
microscope, model 100 B. The electron micrographs 
revealed significant differences between the metallic 
silver prepared by these three methods. 

Fig. 1 is an electron micrograph of the silver particles 
prepared by cobalt-60 y-irradiations at the dose rate 1-8 
x 10'S eV min“ gm~ and illustrates two general forms, 
spheres and flat erystals. The finely divided background 
metal-particles are small spheres about 70 A in diameter. 





eo 


Fig. 1. Electron micrograph of metallic silver particles produced 


radiolytically by cobalt-60 y-irradiation (x 4,000) 





Fig. 2. articles produced 


A Electron micrograph of metallic silver 
radiolytically by polonium-210 a-particle irradiation (x 9,000) 
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Fig. 3. Electron micrograph of metallic silver particles produced 
photolytically by ultra-violet irradiation from an unfiltered mercury- 
vapour lamp (x 4,000) 





Fig 4. Electron micrograph of metallic silver particles produced 

jolytically by cobalt-60 y-irradiation. This micrograph f sen the 

increased tall length (cf. Fig. 1) resulting from a helium sweep during 
irradiation (= 9,250) 


The crystals appeared in the electron micrographs to be 
flat and diamond shaped. The two acute angles were 60° 
while the two obtuse angles were 120°. Some of the 
crystals possessed a projection or tail. When the dose 
rate for cobalt-60 y-irradiation was changed by a factor 
of 10 (1-7 x 10 eV min“ gm-), there was no significant 
difference in the shape of the silver particles detected by 


r NATURE 


591 


electron microscopy. lf the sample was swept with 
helium during y-irradiation, the tail length was increased 
from several hundred angstroms to an unmeasurable 
length due to the physical contortions of its growth as 
shown by the electron micrograph (Fig. 4). 

The metallic silver formed by polonium a-particle 
irradiation is in the form of large flat crystals inter- 
connected by irregular bridges, as illustrated in Pig. 2. 
The crystal angles are predominantly 60° and 120°. The 
bridges vary both in width and length and indicate no 
preferential orientation during growth. In regions where 
extensive bridging has occurred, the electron micrographs 
show essentially solid, irregular metal masses. The well- 
defined tail formation present in the y-radiolysis is absent. 

The photolytic reduction of aqueous silver nitrate 
gives particles that are essentially spherical (Pig. 3). 
Some of the particles have minor irregularities that have 
the appearance of gears. For short exposures (20 h), the 
spheres had a maximum diameter of about 8:75u and 
some evidence of agglomeration of the particles. For 
longer exposures (70 h), the maximum diameter of the 
spheres was about 13:74. The electron micrographs show 
more extensive agglomeration for the 70-h exposure than 
was observed for the shorter exposure. An interesting 
feature of these photolytie experiments is that the 
volumes of the spheres are directly proportional to the 
exposure time. 

The use of radiolytically prepared silver metal as a 
catalyst has been considered. The particles of silver metal, 
prepared from a single cobalt-60 irradiation and measured 
by nitrogen absorption, had a surface area of 0-44 m* g+. 
This would indicate that about 0-05 per cent of the silver 
atoms are surface atoms. 

A second sample of silver was prepared by subjecting 
an aqueous silver nitrate solution to two successive y- 
irradiations; the total dose was the same as that given the 
previous sample. The metal formed was separated from 
the solution after the completion of each irradiation. The 
surface area of this metal was 1-23 m? g+, indicating 
about 0-4 per cent of the silver atoms are on the surface. 
The increased surface area indicates that the metal sus- 
pended in tho solution continues to grow until it precipi- 
tates. Thus, one would expect the surface area of the 
silver metal to be higher for smaller doses and for repeated 
separations of the metal from the solution. 
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Microwave Spectrum of Fluoro-bromomethane 


Tue molecular geometry and nuclear quadrupole 
coupling effects in fluoro-bromomethane, CH,FBr, have 
not been previously studicd. We have investigated them 
as part of a more general programme of microwave 
spectroscopic studios of compounds containing the CH,F 
group'*. The results so far merit a brief comparison 
with those for CH, FCI (ref. 3) and for ethyl bromice*. 

A considerable number of transitions in the microwave 
spectrum can be assigned for each of the species CHF "Br 
and CH,F*'Br, all assignments so far corresponding only 
to the b-component of the molecular dipole moment. The 
types of transition identified are : 


Fog — Jwg — vi Ive—> (J — Yaw - ni 
Jing - yp (J — Wang - s; and Jeg > (J + None 


Quantitative treatment of the hyperfine structure of the 
Q-branch transitions with J = 3, 4 and 5 is complicated by 






























< second-order quadrupole cow ing effects, and some 
deviation from the first-order quadrupole pattern is 
observed for the corresponding J = 1 and J = 2 tran- 
- sitions. It has been possible, however, to use 25 transi- 
tions in which second-order effects are small to derive the 
following rotational constants (in Me/s), uncorrected for 
centrifugal distortion: 


CHE” Br CHF" Br 
A 30,8525 89,841-5 
B 8,5289 8,5012 
CG 8,7729 8,7470 


_ With the assumptions that CH = 1-09 A, HCH = 112° 
and HCBr = 108-5°, these data are consistent with CF = 
C L375 A, CBr = 1-915 A and FCBr = 111°. The carbon- 
halogen distances are thus probably shorter than in the 

corresponding methyl halides, especially in the bromine 









ae ‘Preliminary values of the nuclear quadrupole coupling 


constants for bromine are, in Me/s + 2Me/s: 
; Xa x xe 
Bromine-79 443-5 -1450 -29085 
. Bromine-81 871-9 ~19-7 = 250-2 


In the basis of the usual assumption that the CBr bond 
in a principal axis of the coupling tensor, we derive 
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_ coupling constants are — 249-4 Mejs (bromine-79) and 
| = 209-1. Me/s (bromine-81), while in the dircetion normal 
_.. to the FCBr plane the values remain as listed for Yes 
= 298:5 Me/s and — 250-2 Mejs, respectively. The ratio 
- of the coupling constants for the two bromine isotopes. is 
1-198, very close to the accepted value’, The coupling in 
the CBr direction is very similar to that found in ethyl 
_ bromide‘, but the asymmetry of the eoupling is much 
larger in CH,FBr. A similar asymmetry of the chlorine 
“soupling in CH,FCI (ref. 3) could be -accounted for by a 
_ contribution of a few per cent of the form F CH,—X, and 
in the present: case the coupling asymmetry and the bond- 
_ distances are consistent with a similar situation. 
Refinements of the results arein progress, in conjunction 
h work on related molecules. 
We thank the Department of Scientific and Industrial 
Research for a research studentship awarded to one of us 
PL ALG.) i 
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A New Amino Protecting Group for 
_Amino-acids in Peptide Synthesis 
or that a blocking substituent may bo utilized for 
the amino function of. an amino-acid used in 
le synthesis, it must satisfy a number of require- 
ents. These include the ready availability and stability 
of the derivatives which incorporate the blocking substit- 
~uent, and the selective removal of the protecting group 
-< under conditions that will not lead to racemization or 
_ destruction of the labile peptide molecule. 
= We have now found that the reaction of dimedone 
__ (5,5-dimethyleyclohexan-1,3-dione) with amino-acid esters 
_ leads to well-defined, optically pure enamine derivatives, 
- Their stability indicated. the potential usefulness. of- 
dimedone as an amino-protecting group for amino-acids in 
peptide synthesis. Also the acidity of dimedone? allowed 
it to be condensed directly with amino-acid thiophenyl- 











ignificant am mer 
on. Dimedone - amino-acid ester co adensation — 
products could also be converted by way of their hydraz- | 
ides to the corresponding azides; The thiophonylester and | 
azide derivatives were condensed with amino-acid esters to- 
form peptides in good yield; and the protecting group was. 
removed from the products by mild bromination, which 
left. the peptide link intact. SAGE 29 UN 
The dimedone - amino-acid ester derivatives were pre- 
pared by allowing solutions of the reactants to stand at: 
room temperature for several hours. Peptide ester — 
derivatives were obtained from their respective dimedone = 











amino-acid thiophenylester and amino-acid ester by. 
refluxing in chloroform for several hours. Tf azide 


derivatives were used, the condensation 
a neutral medium at room temperature, ie 

The physical constants of a number of dimedone _ 
derivatives of amino-acid and peptide esters are listed in 
Table 1. 


was carried outin |. 


Table 1 
Dimedone derivatives eming point a 
: ¢ 
gly O Et 92 
-gly OCH, Ph 132: 
gly NHLNB, 202 : ; a 
DL ala $8 Ph 415 is : ; 
Lala § Ph 142 ~203°-(E per cent in CHOL) 
DE leu NH.NH, 160 f $ ; 
Lieu S Ph 147 ~252?.(1 per cent in CHL) 
DL Ph ala NH.NH, 148. 4 - 
Eval 8 Ph 133 325° (1 per cent in CHCI) 
DE val O Ph NO, 16 : 
+ gly gly O Et 175 
gly gly O CH, Ph 128 
DL gly ala O Et 140 
DE ala gly O-Ch, Ph T ` 
bleu gly O CH; Pi gi ~ 44-5° (0-8 per cent in CHCI,) 
Dbileu gly O CH, Ph 82: : 
DL Phala gly O CHa Ph 164 
DL val gly O CH, Ph 39 


giy = glycine, ala = alanine, Jen = leucine, Phal = henylalatine, o 
val = valine Hvee: Phala = plionylalanine, 


‘The dimedone condensation products showed unexpec: = 
ted stability to both acid and alkali. They withstand the - 
conditions generally used for saponification of poptide « 
esters and they arc unaffected by aqueous 5 N hydro- 
chlorie acid or. hydrogen bromide in. acetic acid at room 
temperature. The compounds aro also stable to the 
action. of hydrazine under. the conditions normally used 
for the preparation of hydrazides and for the removal of 
the phthaloyl amino protecting group. The dimedone. 
protecting group, however; was readily. removed as 2,2- 
dibromodimedone by treatment with a solution of brom- 
ine in water at room temperature, Nuclear magnetic... 
resonance spectra showed unequivocally: thatthe. con. 
densation products had the enamine structure ). 


R, 


! 
KON 
aN ji 
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QO 


l | 
~ /NĦ—CH—COOR, 







(1) 
The evidence is based on the observation that in the. 
system : ae 


EE CO (R,= Hy, R,=CH;) 
R, 


the proton on the nitrogen atom induces appreciable 
splitting of the signal due to each proton on the a-carbon 
atom of the amino-acid residue. We attribute th 
stability of the enamine (I) to resonance stabilization 
the conjugative system, © Treatment of the peptide est 
(IL) with bromine in water then leads to the unstab 
intermediate (IIT), which behaves as @ true azomet 

and is hydrolysed immediately by the acid present to | 
give the insoluble 2,2-dibromodimedone (IV) and the. _ 
peptide ester hydrobromide (V). a 
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ee Cs : hexosamines on the 


oe Me Ee fi Whatman No. sun pa 2 
. | NE CH—CONH—CH,.COOR N—CH—CONH—CH,.COOR, dimensions as shown in | 
\e , g i NZ : * moistened with 0-025 M p 
| Be or sodium tetraborate soluti 
ai then pressed between two sh 
i lg clean filter paper to remove the 
ce j of the tetraborate solution. ‘The 
(II) (IIT) was then placed in an electro 
apparatus and the parts 
(another) A were dippe 
l potassium or sodium. te 
> cS HBr.NH;- H—CO—NH—CH,.COOR 2 the part C was hung ko ; 
solution was applied at th 
Be The sample spot applied ab i 
ae was spotted with 1 drop of 2 
pee 3 a solution of acetic anhydride in 
(IV) ee een ee (Y) The voltage was connected 
ee ee later, to complete the N-n 
In this way several of the dimedone-peptide esters in the hexosamines. Electrophoresis was carrie 
- Table 1 were hydrolysed. Tn all cases the isolated peptide horizoni al open strip method at 200 V for è 
esters were found to be chromatographically and analyti- electrodes were used. After electrophoretic run 
cally pure, © 0e X was dried at room temperature in a current of an 
We thank Prof. L. Jackman for taking and interpreting less than 2h, The two tags (A + B and another 
: were cut off from the strip. The dry paper s 3 














the nuclear magnetic resonance spectra. 
; B: HALPERN * em x 24cm; was irrigated in an n-bubanol-pyridl 
L. B. James (solvent A, 2:2 ; 1, or solvent B, 6:4 :3)at 7 
After developiae 
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Identification of Hexosamines by 
Two-dimensional Paper Electrophoresis and 
Chromatography — 

_ Gxucosamine and galactosamine are usually identified 
y the ninhydrin degradation method devised by Gardell, 
Heijkenskjéld and Roch-Norlund!, and  Stoffyn and 
eanloz?. The method suffers, however, from the disad- 
ntage that glucosamine and mannosamine are not a 









5 | First dimension 
‘N-acctylated) | electrophoretic ] 
xosamine iobility. J Distant 
Distance travelled mm 
‘(em)* Solvent 
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istinguishable undér these conditions, since the two Fe GIN | + 27 To 
exosamines are converted into the same pentose, that is, | EBO ee aa + Ba 
a abinose. This communication deseribes anew method GN — m ae a 
which permits the identification of the three isomers of Na BO | GalN +37 i 
the hexosamines. | [oo ManN +76 TE 
En The proposed method ‘is carried out in two steps, The hexosamine hydrochloride solution in concentration of : 
the first. being the selective N-acetylation® of the hexos- Wed in this work. GleN, glucosamine; Gal, -galactosamine: 
mines with acetic at ydride Oy POR impregnated vane Ne sign denotes movement towatds the anod 
RES $ Ep 4 x 5 ve : 4i BORE. 
tetraborate; the second, the two-dimensional electro- as sg 
shoresis and chromatography of the resultant N-acetyl- ; ; 
A ates lal Yr \ The hexosamines were subjected to acetylation 








ment and two-dimensional technique already di 
and the results obtained are summarized in Table I 





She 
electrophoretic and chromatographic. mobilities of 
N-acetylated glucosamine, galactosamine ond manno 
amine were identical with those of authentic Macary 
glucosamine, N-acetylgalactosamine and \N-acebylman- i" 
nosamine run under the same conditions. 
We thank Prof. T. Furuhata for his advice art Dra. 

M. and S. Watanabe for their support. 
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Electrophoresis 


Fig. 1: Dimensions. of paper strip used for. two-dimensional paper 
ma i electrophoresis chromatography 
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Assessment of Relative Nutritive Value of 
a Protein using Streptococcus zymogenes 
ONE of the outstanding difficulties in assessing the 
nutritional quality of proteins is the time and expense 
involved in carrying out methods using animals!.?. 
_ Attempts have been made to develop convenient alterna- 
` tives*-*, but so far these have been shown to yield results 
valid only for specific cases. 
In 1960, Ford® proposed a method for the estimation of 
ative nutritive value of protein based on the growth of 
mogenes. He found the method to be comparable with 
rat-feeding assays. However, his suggestion that the 
robial growth be measured turbidimetrically restricts 
use to samples containing little or no cereal because of 
> effect. on light transmission of the substrate. He 
sorted that titration of the acid produced during growth 
elded results which were unreliable, 
fe had sufficient. success using Ford’s method on 
samples of low starch content (Table 1) that we experi- 
mented with the titration procedure in order to extend its 
sco 













or titration we used 0:3. N sodium hydroxide with 
phthol phthalein indicator. 

ver a wide range of samples we obtained titres between 
2 and 4ml. for dosages of 0-1-0-7 mg nitrogen. Moreover, the 
og/log plot of response against dose? was rectilinear over 
he main parts of the graphs. In the case of high-quality 
wotein the rectilinear portion extended between approx- 
ately 0-1-0-5 mg nitrogen and that for poorer quality 
in up to 0-7 mg nitrogen. We, therefore, modified 
the method by introducing dosages equivalent to 0-1-0-7 
mg nitrogen in steps of 0-1 mg (Fig. 1). 

Tn reading off results, it would seem equally reasonable 
obtain relative nutritive value from the response ratio 
sample to standard at a given dose or from the dose 
tio of standard to sample at-a given response. However, 
qual results are obtained only when the slope of the lines 

D 
















o define relative nutritive value as the percentage of 
andaąrd response obtained by the sam ple at a given 


Titre (ml. NaOH) 
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04 Q6 08 
Dose (mg N) 
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Log dose 


“Fig. 1. Measurement of growth response of S. zymogenes by titration 






a ‘Food conversion factor 
Sample 


average of 76 birds Relative nutritive valie 
(wt. food taken/body-wt.) (turbidimetric) ; 
1 2-70 56 
2 2-63 54 
3 2-69 49 
4 276 42 
5 279 83 
6 2°30 27 
va 2:89. 28 


Table 2. RELATIVE NUTRITIVE VALUE OF Various PROTEINS 
Relative 






Relative’ 
Sample nutritive Sample nutritive. 
value value... 
Whole egg 00 Meat meal ` 
Hydrolyseđ casein 80 White fish meal 
Whole milk 77 Digestive: biscuits 
Maize 58 Uncooked sausage 
Soya meal 64 Canned tuna fsh = oo BO. 
Wheat germ 67 Boiled potatoes Ses A 
Oats 67 Amino-acid mixture (ref. 6) 102 


Our results fora range of products are recorded in | 
Table 2. EE 
: We-have used the amino-acid mixture defined for 
S. zymogenes by Ford® as a standard inder conditions 
when the unavoidable degradation of casein precluded its © 
use, g 2 $ y Here : : sf 
We are now using this method in investigations of the 
effect of processing and storage on protein degradation, the _ 
results of which will bereportedinduecourse. =~ 
James SAUNDERS 
> ; Marsory H. McFapyen 
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Mammalian Degradation of (—)-DemethyI- 
cotinine : 

Tue degradation of the pyrrolidine ring of (— )-nicotine 
in a number of mammalian species'* involves the 
formation of the intermediate, cotinine. This lactam 
of (+ )-y-(3-pyridyl)-y-methylaminobutyric acid is in tum 
demethylated by the dog* and the rat?, but possibly not 
by man’, to give the urinary metabolite (—)-demethyl- 
cotinine: In the metabolism of (— )-nornicotine, a cóm- 
panion alkaloid to nicotine in many situations, (— )-de» 
methyleotinine, is also formed’. Demethyleotinine thus. | 
occupies & unique position in the early metabolic oxidation i 
of the two alkaloids and we were led to explore some of the 
detail in its metabolic degradation. Natural (—)-demethyl. 
l/m. cotinine, which was obtained from the metabolism 
of (— )-cotinine in the dog*, was used in the investigations. 

A group of 12 male albino rats received by oral intuba- 
tion a total of 5-5 g of (—)-demethylcotinine (250 mg/kg in 
single oral doses on each of 5 successive days). Tho urine, 
which was preserved with sodium fluoride and freezing, 
was collected as run-off from metabolism cages until 48 h 
after the last dose. After adjustment to pH 5 the com- ` 
bined urine was placed on ‘Dowex 50 (H+). Tho eluate a 
obtained by treating the resin column with 1 N ammonia 
was continuously extracted with chloroform, This = 
extraction served to remove from the aqueous phase : 
demethylcotinine and some additional Koenig-positive a 
components which have not been identified. bes 

The aqueous solution that remained from the extrac. 
tion with chloroform was placed on ‘Dowex 21K 
(OH-)’, and a Koenig-positive carboxylic acid-containing _ 
fraction was. obtained by elution with 1 N acetic acide 






















per chromatography of this fraction with. sec-butyl- 
cohol-formice acid—~water!? as the solvent showed the 
aration of material with Koenig-positive zones at 
0-06, Rp 0-17. Rp 0-35 (co-chromatographed with an 
uithentic sample of 3-pyridylacetic acid and an authentic 
sample of y-(3-pyridyl)-y-hydroxybutyric acid) and Rp 0-63 
(eo-chromatographed with an authentic sample of 
8-pyridyl)-y-oxobutyric. acid), 

After esterification with methanol-sulpburic acid, the 
ixture was neutralized and extracted with chloroform. 
sample of the resultant ester fraction in chloroform 
wed seven Koenig-positive zones on paper chroma- 
ography. . Four of these were tentatively identified by 
-chromatography with authentic compounds: Rr 0-42, 
5-(3-pyridyl)tetrahydrofuranone-2; Ry 0-48, methyl 3- 
pytidylacetate; Rr 0-60, methyl 3-pyridylbutyrate; Rr 
_0°79,. methyl -(3-pyridyl)-y-oxobutyrate. 

_ The methyl ester fraction, which totalled 1-07 g, was 
_ chromatographed ona small column of ‘Florisil’ with 
“ benzene-acetone.as the eluting solvent. The first fraction 
{0-10 per cent acetone) yielded an oil (572 mg) which was 
further purified on ‘Fiorisil’. and then solidified on 
cooling. By careful crystallization from isopropyl alechol, 
this mixture gavo 28 mg of methyl y-(3-pyridyl)-y-oxo- 
_ butyrate, m.p. 62:5°-65°, which did not depress the melting 
point of an authentic sample of the ester on admixture. 
Tho combined mother liquors from the isolation of the 
crystalline ester were treated with 450 mg of picric acid 

5 per. cent water) as a saturated solution in ethanol. 
The resulting pierate was recrystallized from ethanol to 
obtain the analytical sample of methyl y-(3-pyridyl)-y- 
oxobutyrate picrate (m.p. 126°-128°, not. depressed on 
_ admixture with an authentic sample). Anal.: C,,H,,N,0,, 
requires C, 45-50; H, 3-34; N, 13-26; found: C, 45-84; 
H, 3-12; N, 13-34. 

All the fractions from the ‘Florisil’ column that con- 
tained the Koenig-positive material with Rr 0-42 as the 
< only pyridyl component were concentrated to a brown oil 
(86 mg). Addition of an ethanolic solution of picric acid 
25 mg of picrie acid) afforded 16-4 mg of the picric acid 
t of - 5-(3-pyridyl)tetrahydrofuranone-2, which was 
rystallized’ from ethanol. to obtain the analytical 
sample,m.p. 144°-146-5° (dee). The compound co-chroma- 
graphed with an authentic sample of 5-(3-pyridyl)totra- 
ydrofuranone-2 prepared by lactonization of y-(3- 
ridyl)-y-hydroxybutyric acid with methanol-acid. The 
ompound also: co-chromatographed on paper with a 
natural sample of lactonized hydroxy acid that had been 
derived from the metabolism of y-(3-pyridyl)-y-oxobutyrie 
acid’, Anal: C,,;H,,N,O, requires C, 45-92; H., 3-08; 
found: C, 45°68; H, 3-26. 

The isolation of y-(3-pyridyl)-y-oxobutyric acid (IT) 
y-(8-pyridyl)-y-hydroxybutyric acid (IV) in the form 











































ministration of demethyleotinine (I) points to the 
lowing possible metabolic sequence: 
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The- intermediate +-(3-pyridyl)-y-oxobutyramide (IT) in 
the scheme is analogous to the intermediate y-(3-pyridyl)-y- 
_N-methylbutyramide™, which has been: shown. to 
from cotinine in the rat and undergo subsequent 


NATURE _ 


f its lactone, 5-(3-pyridyljtotrahydrofuranone-2, after . 





metabolism! to the keto acid (IIT). The stereot 
features of the intermediate hydroxy acid (I 
lactone, 5-(3-pyridyl)tetrahydrofuranone-2, form 
for studies in course. A more detailed examination 
pyridyl compounds evolved in the moetabolem 
demothyleotinine is required to establish the possi 
presence of the ketoamide (If) and any ability for it 
serve as an intermediate in the metabolism, of nicol 
and nornicotine. He 
This work was supported by the Tobaevo Ind 
Research Committee and the American Tobacco Uo. 
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Transacetylation Reaction of Possible _ 
- Enzymatic Significance 







Treatment of N-salicoylethanolamine (1) wit 
anhydride in the presence of aqueous sodium hy 
(1 mol 0° has been found to yield small amè 


N-salicoyl-O-acetylethanolamine (7) and O-ssi 
acetylethanolamine (4) in addition to the capostal > 
N-(O-acetylsalicoyl)-ethanolamine. (2). and unchanged 
starting material. The mixture could be resolved by 
thin-layer chromatography on ‘Kieselgel G’ weing | 
solvent system benzene-methanol-acetic acid (45. 3: 4 
v/v). Compounds (1), (4) and (7) gave a blue eglor on 
spraying with ferric chloride solution while compo 
gave no colour initially but developed a strong blue 
on standing. Compound (2) readily undergoes rear 
ment and has not so far been obtained in. an analyti Lo 
pure state. Its structure, however, follows from is 
conversion into a trityl derivative identical with the 
product obtained by acetylation of N saalieayh Os 
tritylethanolamine. 

Treatment of the erude product (2) with aqueous... 
sodium hydroxide at 0° for 2 min gave a mixture conte : 
ing N-salicoyl-O-acetylethanolamine (7) as tho mein: 
product, O-salicoyl-N-acetylethanolamine (4) and N: 
salicoylethanolamine (1). No unchanged N-(O-accty!- 
salicoyl)-ethanolamine (2) could be detected im 
mixture: This rearrangement of (2) occurs ext 3 
readily. being complete in N-sodium carbonate solution 
at room temperature in less than 20 see and almost corn- 
plete in saturated sodium bicarbonate solution at room _ 
temperature in 10 min, as shown by thin-layer chroma: 
tography. : os 

Although the mechanism of the reaction has not be 
established ‘with certainty, sufficient analogies 
the literatpre to enable one to postulate the 
course of the reaction. O-Acylsalicylamid 
to undergo tautomerism of the type (23 
conditions, the equilibrium lying 
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(7) 


Nueleophilic attack by the primary hydroxyl group in (3) 
at the remaining carbonyl group would give the inter- 
“mediate (5), which could then break down to give the 
_ salicylate ester, (4). This mechanism is in some ways 
= analogous to that proposed by. Brenner et al.? for the 
-aminoacyl insertion reaction. The rearrangement of an 
_ O-atylsalicylamide to the corresponding N -acyl isomer is 
-a well-established reaction?:+, Rearrangement of (2) to 
_the diacylimide (6) followed by nucleophilic attack by the 
_ primary hydroxyl group at the acetyl carbonyl group 
would give an intermediate which could then break down 
_. to give the ester (7). A number of reactions of this type 
have been demonstrated recently by Shemyakin et al.*., 
_ This extremely facile transfer of an acy] group via an 
- amide function to a primary hydroxyl group may be of 
significance in the ‘acylation’ step of the hydrolysis of 
esters by esterases. It appears from degradation work 
-that the hydroxyl group of a serine residue is involved in 
the active centre of an enzyme such as chymotrypsin and, 
furthermore, it appears that an acyl enzyme intermediate 
is formed in which the acyl group is attached to the serine 
hydroxyl group. The possibility may be considered that 
this acylation takes place by a transfer of the acyl group 
along the polyamide backbone of the enzyme chain. 
Experiments are being carried out in an attempt to 
demonstrate the existence of such a reaction in enzymatic 
hydrolyses: 
ce J. A. SCHOFIELD 
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; etabolism of Coumarin by a Micro-organism 


2 microbiological utilization of coumarin has not been 
ned extensively although coumarin is a natural con- 
aent of many plants and, ultimately, therefore of soil. 
sellis', however, did isolate from soil two species of 
‘Penicillium moulds which grew. slowly on coumarin ; but 
no derivatives could be identified in the external medium. 
Tn higher animals coumarin metabolism, prompted by 
reports of liver damage in the dog and rat?, has been 
investigated. Metabolic products identified in the urine 
when coumarin was fed to rabbits and rats have included 3-, 
7-, and 8-hydroxycoumarins, melilotic, o-hydroxyphenyl- 
< acetic and o-coumaric acids**, Similarly in, the plant, 
: Melilotus alba, degradation products of coumarin have 
been identified as melilotic acid and ghicosides of melilotic, 
coumarinic and o-coumaric acids®®, 
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In the work recorded here, a Gram-positive 
organism (Arthrobacter sp.) has been isolated | 
from soil which can utilize coumarin as its sole 

carbon source. (Identification ‘of the miero- 

organism was performed by Dr. Herbert D. 
Hochstein of the Clinical Pathology Department 

of the National Institutes of Health.) During 
the course of coumarin degradation a number ` 
of aromatic compounds are found in the external. 
medium. One of these compounds, separated 
from the others by paper chromatography, was 
ninhydrin positive and had, on elution, the 
ultra-violet spectrum of tyrosine. Moreover, 
the organism could utilize tyrosine as a carbon 
source as efficiently as coumarin itself (Table 1)... 
It could not, however, utilize the: meta- or > 
ortho-isomers of tyrosine to any appreciable _ 
extent. Because of structural considerations, the con- 

version of coumarin to the para-isomer of tyrosine was _ 

difficult. to envisage and it became important to isolate the 
compound having the spectrum of tyrosine to establish 
definitive identification. a 


Table 1. EFFECTIVENESS OF VARIOUS COMPOUNDS AS THE CARBON SOURCE 
FOR THE ORGANISM one 


°% Transmission 
(6 ) 


Carbon source 40 ma 
None 87 
Coumarin 34 
o-Coumaric acid 30 
p-Coumaric acid 36 
L-Tyrosine 31 
o-Tyrosine 81 
m-Tyrosine 86 
4-Hydroxycoumarin - 85 
Coumarin-3-carboxylic acid 88 
Trans-cinnamic acid 38 

‘The concentration of each compound within the culture media contained: 


the same percentage of carbon as did 


organism 
al 640 mig was used as a measure of growth. 


The organism was grown in 20-1. carboys at 28°-30° C 
under forced aeration in a medium consisting of KH,PO,, 
0-35 g; K;HPO, tlg; MgSO,7H,0, 0-15 ¢; NHNO; 
0:72g ; Fe,SO,nH,0, 0-037 ¢ ; MnCl,, 0-015 g; coumarin, 
1-0 g, and distilled water, 1,000 ml. Yield was about 2-0 g 
wet weight of cells per litre of medium. After 12 h of 
growth the cells from 70 1. of media were removed by 
centrifugation and 500 g of charcoal (‘Darco-G60’) were 
added to the media. After 1 h of continuous stirring and 
3 h of intermittent stirring the charcoal was collected by 
filtration and washed with 2-3 1. of distilled water. 


followed by 21, of 3 per cent ammonium hydroxide. The 
combined eluates were distilled to 1 1., filtered and then 
taken to dryness. The residue was redissolved in 100 ml. 
of 0:1 N sodium hydroxide and centrifuged at 25,000g to 
remove insoluble matter. The dark solution was chromato- 
graphed overnight on 56 sheets of Whatman 3 MM 
paper using propanol : water : conc. ammonium hydroxide 
(120 : 60:3) as the solvent system. A black or dark 

material remained at the origin whereas a rather wide 


ninhydrin. positive band migrated about sixteen centi- 


metres. The ninhydrin band was eluted by cutting the 
paper into small pieces and heating the pulp with 3 1. of 
3 per cent ammonium hydroxide. The volume of this 
eluate was reduced to 500 ml. and its pH adjusted to. 12 
with a few drops of 10 N sodium hydroxide. After filtering. cone 
the clear yellow solution was brought to 25 ml. and — 
neutralized. The precipitate which formed was collected | 
and redissolved in 20 ml. of warm (30°-40°C) 0-1 N sodium 
hydroxide. This solution was diluted to 100 ml. with 
water and placed on a column (‘Dowex 50— x 8’, 5-5 


em x 12 em), operated in the sodium form, and eluted ©” 


with ammonium acetate as described by Hirs, Moore and. 
Stein’. -The eluate (1:5 1.) was taken to dryness and the 
residue redissolved in 10-15 ml. of 0-1 N sodium hydroxide, 


coumarin. “After inoculation, the © 
was grown at 37° for 16h, The change in percentage transmission, : 


charcoal was eluted with 8 1. of 30 per cent pyridine — 
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all amount of ‘Norite’ (Fisher Scientific) was added 
this solution heated (50°-60° C) for 10 min and filtered. 
clear filtrate was adjusted to pH 8-5 and cooled. 
After 2 h; the needle-like crystals were collected by 
filtration, washed with cold water and recrystallized : 
ield, 61-2 mg of colourless needles ; melting point, 290° © 
with decomposition. The infra-red spectrum of the 
isolated compound is identical with the spectrum of 
thentie b-tyrosine. ‘The ultra-violet spectrum in acid 
in alkali similarly agreed with those of 1-tyrosine in 
r solvents. The benzoyl derivative of the isolated 
i had a melting point of 212° C, as did the derivative 
henti¢ tyrosine. A mixed melting point of the two 
lerivatives showed no. depression. The isolated material 
was found to. be optically active, having the following 
ptical rotation : [x]? — 9-8° (C, 1-0 in 5 N hydrochloric 
acid). This is in agreement with literature values given 
for u-tyrosine’. In addition the organism grew on the 
isolated compound as well as authentic L-tyrosine. Based 
_on the evidence presented here, the isolated compound is 
considered to be t-tyrosine. The mechanism by which 
coumarin is converted to this compound is now under 

investigation. 
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_- Inhibition of Formation of Adenosine 
Triphosphate in Thiobacillus thioparus by 
ee 2: 4-Dinitrophenol 
Enzymes in cell-free extracts of Thiobacillus thioparus 
catalyse the reduction. of thiosulphate to sulphide and 
sulphite. Sulphite is then oxidized to sulphate and 
adenosine diphosphate produced. in a coupled substrate 
phosphorylation which is not inhibited by 2:4-dinitro- 
‘phenol!*. Comparison of the dinitrophenol inhibition of 
-carbon dioxide fixation when either thiosulphate or sulph- 
ido was oxidized by intact cells of T. thioparus suggested 
that both dinitrophenol-sensitive and dinitrophenol- 
jensitive phosphorylations were coupled to thiosulphate 
2. We now present direct evidence from ATP 
es which shows that phosphorylation coupled to 
Iphate oxidation is much less sensitive to dinitro- 
ol inhibition than that coupled to sulphide oxidation. 
. P. thioparus® was grown in media containing 1-2 per cent 
w/v) Na,8,0,.5H,O. Dense cell suspensions (about 3 mg 
dry wt./ml.) were shaken in conical flasks or aerated in a 
‘rapid sampling device with 2:4-dinitrophenol for 15 min 
prior to the addition of sodium thiosulphate or sulphide. 
Cells were killed and extracted with 1-5 per cent (v/v) 
perchloric acid and ATP estimated, in the neutralized 
extracts, by a firefly luminescence method’; light emission 
was measured in a ‘Locarte’ fluorimeter.. Light emission 
was negligible when the Thiobacillus extracts were pre- 
incubated with hexokinase and glucose. Perchlorate 
depressed luminescence and standards were prepared from 
ATP (Sigma Chemical Co.) mixed with appropriate 
amounts of perchlorate. 
The addition of sulphide or thiosulphate to cells was 
lowed by an immediate increase in their ATP content 
Fig. 1). 2:4-Dinitrophenol scarcely affected, or enhanced, 
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Fig. 1. Effect of 2:4-dinitrophenol on ATP formation by. 7. 
a, Thiosulphate oxidized: x, control; O, 684 x 10% M di 

b, Sulphide oxidized: x, control; ©,9:3 x 10° M dinitraphene. 
10“, Thiosulphate (4:3 #moles/ml.). or sulphide (0-03) m 
Temperature, 20° © 
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this increase when thiosulphate was oxidized (Fig. lo), but 
severely depressed ATP formation when sulphide was 
given (Fig. 1b). The greater sensitivity to 2: dalit 
phenol of sulphide-linked phosphorylation was confirmed 
over a range of dinitrophenol concentrations (Fig. 2). 
Sulphide-linked ATP-generation was inhibited almost corni- 
pletely by a concentration of dinitrophenoi (10+ My 
which scarcely affected the thiosulphate-linked phosphoryt 
ation. ; 

These results show that, in intact cells, ag im colf 
extracts, dinitrophenol-insensitive phosphorylatio 
panies oxidation of thiosulphate. Big. 2 engi 
thiosulphate oxidation is also linked to d 
sensitive phosphorylation, In contrast, sulp: 
appears to be coupled only to phosphoryla 


































46 dinitrophenol, and presumably of the el 
type. ea ee es 
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_ Synthesis of the New Dipeptide Isoleucylvaline by 
an Improvement of Methods applied to Aliphatic 
ane Amino-acids 
THOUGH widely applied, the use of methyl or ethyl 
groups in carboxyl blocking during peptide synthesis 
ames suffers from the subsequent need for hydro- 
2 Cleavage of these esters. In avoiding hydrolysis, 





the reduction of various blocking groups has been reeom- 
mended. Among these, benzyl (Bz) might be removed 





the same time as the N-p-toluenesulphonyl (Tos) used 
blocking amino groups. Since peptide derivatives with 
_ these blocking groups crystallize readily, they serve effec- 
tively. as. intermediates in the synthesis of aliphatic 
_ peptides. Unfortunately, however, the effective detosyla- 
_ tion by sodium-liquid ammonia reduction removes the 
__ benzyl group but slowly and consequently gives a low 
-yield of free peptide. ; : 
_.. The model peptide used in modifying the usual pro- 
`: cedures was L-isoleucyl-t-valine. One of the sequences of 
insulin, it was isolated by Sanger and Thompson'. No 
report of the synthesis of this dipeptide appears although 
© Obata and Mizutani? prepared the corresponding diketo- 
_ piperazine from valylleucine in. confirming the structure 
_ of the derivative isolated by themselves and by Dakin. 
The reactions involved in the present investigation 
be summarized: as. follows : , 














sulphonate with triethylamine, a modification of the pro- 
cedure of Miller and Waelsch®. 


m-transport 



























distilled at 0° until extensive crystallization occurred, and _ 
the crystallization was completed by addition of cyclo- 
hexane. The crude product was washed twice with 1 M 
sodium bicarbonate, then washed with water and dried: 


Reerystallized from ethyl acetate-cyclohexane and dried oo 
to 22-5.g (94 per cent), m.pt. 169°-70°, [a]# + 8° (C= h 


dioxane). Analysis: calculated for Cy Ha ON a: N, 580; 
found : N, 6-05. ee 
The blocking groups were removed by a modification — 
of Rudinger’s method* developed for tosyl-i-glutamine. 
To a stirred solution of 0-01 mole of tosyl-t-isoleucyl-1- 
valine benzyl ester in 250 ml. of liquid ammonia (sup- 
ported in-a- dry ice-isopropanol bath) 0-09 mole of 
potassium was added in small pieces, giving the mixture 
a permanently blue colour. Stirring was continued for 
1 h. Enough solid ammonium acetate was then added 
to eliminate the blue colour and avoid any hazard from 
excess potassium. The ammonia was allowed to evaporate, 
and the system evacuated to remove traces of ammonia. 


The residue was dissolved in the minimum volume of cold __ 
water (about 30 ml), and the solution stirred for lh with ~ 


10 g of ‘Amberlite 1RC-50° resin {100-200 mesh) in the 
form of the ammonium salt. The resin was removed by 
filtration and washed with water. 
filtrates 1 M Ba(Ac), was added dropwise until precipita- 
tion was.complete. After refrigeration overnight the 
barium sulphate was filtered out and washed with water. 
The aqueous solution was run through a 9 em x 25 em 
column. of ‘Amberlite ZRO-50 (20-50 mesh) in the NH 
form. The column was washed until the effluent totalled 

150 ml. This demin- 

eralized solution was 


Tetrahydrofuran was vacuum: 





To the combined “” 





ES CH(CH,)s vacuum-concentrated to 
6 CH(CH,), C.H;CH,OH. - : aut 5-10 ml. with a Rinco . 
ae H ACHO: CHSOH >  OpH,80; H, NCHCO,Bz rotating evaporator. - 
a Re MAB ee N Isopropanol was added 

ee Et,N N to the partially crystal- 
NS lized material, and the 
CH; Na mixture refrigerated. 
CH, | CH(CH;). The crude produce was 
pe . CHC,H, recrystallized from 
CHCH, p-CH,C,H,S80,Cl ib y H,NCHCO,Bz water and dried to 1°52 
Sdaros —. Tos-HNCHCO,H = 7> g (66 per cent); the. 
i ae P < ‘Water > purified material de- 
OH, — ad composed at 265° after 
ne K discoloration from 243°). 
oe HOH, CH(CH,), ~> L-isoleucyl-r-valine [oj + 6 (C = L 
ered i: H,N water). Analysis: cal- o 
< Tos-HNCHCON HCH culated for C,,H.O Nor > 


N, 12-16; found: 
11-92. 

This procedure possesses several advantages over earlier 
combinations of reactions. First, crystallizability of the 
N-tosyl-benzyl ester derivatives is greater than that of 
other derivatives, making the condensation product much 
easier to recover and purify. Second, the order and 
manner of mixing of the reactants in the condensation 
markedly improved the yield, in part at least because 
formation of tosyl-t-isoleucyl-N.N’-dicyclohexylurea did 


N, 


















ceur: “Slow: addition ai the. amino-acid. ester is 
ential in avoiding this by-product. Third, the potas- 
sium-ammoniè reduction removed both blocking groups in 
ene step with rather good yields while sodium—liquid 
ammonia gave only 9-1 per cent. Thus, the former avoids 
he difficulties inherent in ester saponification and shortens 
e overall path to free dipeptide. 

‘No attempt has been made herein to prove retention of 
configuration. However, both ease of crystallization and 
harpness of melting or decomposition points strongly 
ggest that the steric configurations of the constituent 
mino-acids were preserved. 
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‘Reproductive Tract as Site of Synthesis and 
‘Secretion of Inositol in the Male Rat 


“Tur discovery of an active system in rat testis for syn- 
_ thesis of inositol has been reported recently’. The possi- 
; bility that spermatozoa are the cellular site of synthesis 
, was considered, and epididymal sperm cells were therefore 
tested for synthetic ability; no significant formation of 
imositol was observed. Further tracing of the male repro- 
ductive tract showed that minces of epididymis and com- 
_ bined seminal vesicle, coagulating gland, and prostate were 
` Jess than 1/100-as active as whole testis and less than 1/30 
-as active as testis homogenate in forming inositol from 
glucose-U-"C. Previous investigations! with tissue homo- 
genates failed to elicit synthesis in rat brain, kidney, lung, 
liver, spleen, and lactating mammary gland ; a small syn- 
hesis of inositol has been demonstrated? in slices of rat 
brain, kidney, and liver. 
‘During investigations of the seminal vesicle and adjacent 
organs it-was noticed that, in spite of lack of synthesis, 
‘recovery of inositol from incubation mixtures exceeded 
‘the amount of carrier added. This. observation implied 
the presence of a large pool of endogenous inositol in those 
ues; and on further investigation rat seminal fluid 
as found to contain about | per cent of the compound, 
making it, with boar semen (2 per cent)*, one of the richest. 
urees of inositol in Nature. 
Since pure inositol could be isolated easily in milligram 
quantities, the method of isotope dilution was selected as 
most: suitable for estimation of pool size. Chromato- 
graphically pure inositol-“C, recrystallized to constant 
specific activity, was prepared by incubation of whole rat 
‘testis with glicose-U-“C according to the procedure des- 
cribed'. Weighed amounts of inositol-“C were added to 
potassium chloride eheestaie buffer suspensions of various 
tissues of Sprague-Dawley rats weighing 330-340 g. 
Seminal fluid was expressed from excised seminal vesicle 
through a slit in the wall of the gland ; epididymis included 
the entire tail, body, and head freed of attached fat. 
Tissue suspensions were immediately boiled to coagulate 
protein and‘ to equilibrate labelled and free endogenous 
mositol. Protein was removed by centrifugation, and after 
destruction of other sugars by oxidation of bromine the 
supernatant. solution was de-ionized with mixed-bed ion 
xchange. resin, and evaporated to a small volume. 
Aidition of 9 volumes methanol gave crystalline inositol, 
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Table 1, Estimation OF INOSITOL-LEVELS IN Vaktous T 








Specliic activity 
Isolated 
Wet weight inositol) 
Tissue (g) (e. p.m. iimg} 
(a) {h) 
Testis 3:26 
Testis 2-76 
Testis 350 
Kidney 2°20 
Kidney PARA 
Epididymis 0-868 
Epididymis 0:972 
Epididymist 1-37 
Seminal vesicle 9335 
Seminal vesicle$ TOt 
Seminal vesicle 1°43 Q 
Seminal fluid O-384 x 
Seminal fluid 0-462 T30 





















__ 100 
a 

aided, 

tm = 14,300 ep.m. j all others 7,050 ¢.p.m. 

n = 2-26 mg ; all others 1-88 mg. 

+ Including vas deferens. 

§ Including coagulating gland. 

{ Including coagulating wend and prostate, 


*e PA a) where m = total cpm. added andat = e BARIO 


m.p. 230°, authentic and mixed, 230°, chromatograpbiesll 
homogeneous on paper in acetone / water (83: | 
Specific activity was determined ona weighed m 
(Cahn electrobalance) mixed in aqueous šolati i 
kieselguhr which was then suspended in gel? and ców 
(Packard liquid scintillation KOED 
The results recorded in Table 1 show that. testi 
little inositol, while-other organs having only sligt 
thetic ability maintain’ higher concentrations of the eom: : 
pound, with the highest in seminal fluid. Neretofor: 
highest levels in the rat have been found in thyroid { 121 
mg per cent) and pituitary (96 mg per cent)® Although 
inositol has been detected in all rat tissues and foi 
studied, seminal vesicle seems to be the principal ibe 
storage. It is of interest that the principal site of z 
testis, is part ofthe same physiological ayster, tl 
ductive tract. Since. the level of: inositol Increases 
testis to epididymis to seminal vesicle it is: temple 
speculate that inositol may play some: part in mi uratiol 
of spermatozoa as they migrate from testis ti 
epididymis, finally mixing with seminal fuid at 
ejaculation. How inositol reaches the seminal ve 
unknown, but if it is secreted from plasma (1 mg per 
seminal vesicle is capable of concentrating the compe nd. 
a thousand-fold. 
paar lp the high level of inositol in boar E 

















inositol in functionally related organs in the rat may op 
the way to an understanding of the physiological si 
cance of the compound. 

Note added in proof. Recently, Posternak ef uit: 
observed in whole rats reversible biosynthesis of suy) 
from myo-inositol and the occurrence of variable quar 
of scyllitol primarily of dietary origin, Although è 
eyclitol under study in this laboratory? has been shown to 
be homogeneous in acetone/water, 85: 15, it has not bean 
examined specifically for scyllitol. Since this solvent 
system will not separate* the two cyclitols, nor Ney 
separable by fractional crystallization’, the p 
recognized that the product synthesized by 
material deposited in the seminal fluid were mixtares of 
inositol and scyllitol. Aceordingly radioactive titol 
synthesized in vitro from glucose-C by rat teeris ¢ 
endogenous cyclitol isolated from rat seminal fokt were 
chromatographed in phenol/water, 80:20, a 
system shown by Posternak ef al.‘ to separate effec 
inositol from scyllitol. With authentic labelled an 
labelled compounds as controls the testicular pro 
chromatographed at a level sufficient to detec 
cent radioactive contaminant; and the se 
material, a 3 per cent mass contaminant, Will 
































































limits of contamination both pr 
- authentic myo-inositol. = o o. 
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PHYSIOLOGY 


Laryngeal Articular Reflexes 

= IN a previous communication!, we suggested. that 
-Mmechanoreceptor nerve endings in the eapsules of the 
aryngeal joints might contribute to the reflex regulation 
f the activity of the intrinsic laryngeal muscles; and we 
here described our identification of the appropriate 
inervation of the laryngeal joints. Further physiological 
‘Studies have now specifically demonstrated articular 
. reflex influences on the intrinsic laryngeal muscles from 
_ the afferent nerves supplying the cricothyroid and crico- 

arytenoid joints. i 
< Tho capsules of these joints have been found to contain 
largo numbers of rapidly-adapting. Type I mechano- 
receptor end-organs?, similar to those in the limb joints?-4. 

These receptors are innervated in clusters by medium- 

sized (64-104) myelinated afferent fibres from the 

laryngeal articular nerves'?. In addition, the laryngeal 
joint capsules contain plexuses of unmyelinated pain- 
sensitive Type IV nerve endings?-4, supplied from smaller 
afferent fibres (2u or less in diameter) in the articular 
nerves. ‘. 
‘Ino ten cats, anesthetized with pentobarbitone, the 
articular nerves supplying the ericothyroid and erico- 
_ arytenoid joints have been electrically stimulated directly 
ith single rectangular pulses of ‘varying amplitude and 
uration. The nerves were dissected out in situ (without 
iding them), and lifted on to bipolar stimulating 
trodes, under a. stereoscopic operating microscope. 
_ The nerves, and the other exposed tissues, were sub. 
_ merged in a pool of warm mineral oil. The animals were 
ae kopt warm on a thermostatically regulated operating 
table, 

Contractions of the exposed laryngeal muscles were 
_ observed through the microscope. In some instances, 
1overnents of the vocal cords were inspected through a 
laryngeal speculum. 

. The stimulus. threshold intensity required for the pro- 
duction of the least visible twitch in one or more laryngeal 
muscles was determined for each of the nerves supplying 
he cricothyroid and crico-arytenoid joints. This value 
was compared, in each experiment, with the thresholds 

‘or contraction of the laryngeal muscles) of mucosal 

. afferent and laryngeal motor nerves. The effects of supra- 
liminal stimulation of the laryngeal articular nerves (at 
increasing stimulus intensities) on laryngeal muscle 
activity, swallowing reflexes and respiratory activity 
were. also. noted. All responses were tested at various 
- phases of the spontaneous respiratory. cycle. 
Low-intensity stimulation of each articular nerve con- 
sistently produced brief twitches in either abductor or 
adductor muscles of the larynx, or in both. The threshold 
for such responses was higher than that of the motor 
nerves to the same muscles, and much lower than that of 
nerves supplying the laryngeal mucosa. High-intensity 
stimulation of the articular nerves produced pain reflex 



























cts migrated as 







ar to those evoked by comparable stimula- 


responses (simil ablo . 
tion of mucosal afferent nerves), involving laryngeal. 
spasm, hyperpnoea, tachycardia, dilatation of the pupils, . 
and generalized limb and swallowing movements. The 
effects of laryngeal articular nerve stimulation were 
unaltered by section of the nerves distal to the point of 
stimulation, but were totally abolished by division of the 
nerves at any point. between the stimulating electrodes 
and their junction with the main laryngeal nerve trunks. 
These findings indicate that afferent impulses traversing 
laryngeal articular nerves are capable of evoking reflex 
contraction of the intrinsic laryngeal muscles. The 
relevant nerve fibres have a lower threshold (and are, 
therefore, larger) than mucosal afferent fibres, but a higher 
threshold (and are, therefore, smaller) than motor fibres 
to the laryngeal muscles. Some high-threshold (and 
hence small diameter) pain afferent fibres are also present: 
in the articular nerves. The medium-sized reflex afferent _ 
fibres in the laryngeal articular nerves are probably». 
mechanoreceptor afferents similar to those in the articular. 
nerves of the limbs‘, and are most likely derived from the 


clusters of Type IT receptors that are present in the eap 
sules of the laryngeal joints!:?, Electromyographic inves- 


tigations of these laryngeal articular reflexes are now in 
progress to define their characteristics more precisely. 
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Facilitatory Effect of High Protein Intake on 
Subsequent Consumption of an Amino-acid 
Imbalanced Diet 


Ir is now well known that at low levels of dietary 
protein, imbalances and excesses in the amino-acid 
content of the diet depress growth and food intake in rats. 
Increasing the casein-level from a value of 9 to 18 per cent 
eliminates the depression of appetite and the retardation. 
of growth resulting from ingestion of a diet containing 3. 
per cent l-leucine'. In the work recorded here, we have Sy 
examined the possibility that the higher basal protein - 
level may act in part to increase the generalized capacity 
of the organism to metabolize and dispose of excess 
amino-acid loads. " 

Groups of five rats (female albino, Charles River 
strain) were fed ad libitum on each of the ‘pre-fed’ diets 
for a period of six days: (I) control, ‘low protein’ semi- 
synthetic diet (L1) containing 9 per cent casein supple- 
mented with 0-3 per cent dl-methionine and 0-1 per cent 
dl-tryptophan; (II) leucine ‘imbalanced’ diet (L5) con- 
taining 5 per cent l-leucine substituted for sucrose in 
Li ; (III) ‘balanced’ diet (L6) containing 0-4 per cent 
dl-isoleucine and 0-3 per cent di-valine substituted for 
sucrose in Lö (the ‘antagonism’ between leucine and iso- 
leucine plus valine has been shown to result in normal 
growth on such a diet*); ([V)-(VII) semi-synthetic protein. 
diets. (P20-P80) containing 20, 40, 60 and 80 per cent 
casein (with sucrose added to 90-75 per cent). At the 
seventh day all groups were placed on diet L5. Food 
consumption was determined daily and body-weights 
were recorded at 3-day intervals, From these results, 
we were able to evaluate the effects of ‘pre-feeding’ 
various quantities of protein on the subsequent consump- 
tion of a diet containing an excess of a single amino-acid. 
Table 1 gives three-day averages of the daily food intake 
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‘able 1. AVERAGE DAILY INTAKE OF AN “AMINO-ACID IMBALANCED’ DIET 
BATS PRYFED DIETS CONTAINING VARIOUS AMOUNTS OF PROTEIN 


Group I ik It IV y VI VH 
Prefed diet 1 LS L6 P20 P40 P60 P80 
verage g/day/animal on ‘pre-fed’ diet 
Days 1-3 16-4 9-9 160 i74 V7 17-6 12-9 
Days 4-6 16-4 1138 18°3 17-5 17-5 163 15-5 
Average g/day/animal on ‘leucine imbalanced’ diet L5 
< Days 7~ 9-9 i] 111 113 15-5 16-9 18-0 
Days 10-12 11-0 12-7 78 ibd 15-6 17-7 141 
‘Days 13-15 13-9 14-7 124 15-3 153 13-7 12-6 


‘or each group for both the ‘pre-fed’ diet and the ‘high 
leucine’ diet D5. 

Pre-feeding diets high in protein clearly acts to alleviate 
=the stress of a subsequent amino-acid load. The animals 

which received diets containing 40, 60 and 80 per cent 
casein did not exhibit the sharp decline in food intake and 
body-weight during the first three days on diet D5 that 
was observed in those animals pre-fed the diets with lower 
protein contents. 

Rats fed on a diet high in-leucine are known to ‘adapt’ 
to this diet after 4 or 5 days, and thereafter to resume 
near-normal growth, ‘This phenomenon was observed 
< in Groups I-IV. The food intakes of the ‘adapted’ animals, 
l ; in these groups, all pre-fed the diets with relatively low 
protein content, reached a stable value of 13-15 g per day 
after 6 or 7 days on diet L5. The rats fed the diets higher 
“cin protein content exhibited a more gradual approach to 
the ‘adapted’ intake-level without the initial drop in 
© food intake shown by Groups I-IV. This ‘facilitating’ 
__ effect, of protein pre-feeding was most pronounced when 
_ the protein-level was high, but not excessive (Groups 
Vand VI). It has been shown previously? that at levels 
higher than 60 per cent, the dietary protein-levels limit 
TEAN evon in rats with ventromedial hypothalamie 
=- lesions, 

C From examination of the data for Groups I, IT and IV, 
it is apparent that the response to the leucine-imbalanced 
diet is substantially the same, whether the pre-fed diet 
contains 9 per cent casein (L1), 15 per cent protein (chow, 
for Group TI), or 20 per cent casein (P20). Only when the 

““protein-level exceeds 20 per cent is there an observable 
facilitatory effect on subsequent consumption of the 

- imbalanced diet. It is of interest to note that diet L6, 
in which the added amino-acids served to balance 

the excess leucine and maintain growth, was not so effec- 

_ tive in producing adaptation as was the high leucine diet 
alone, and did not produce a facilitating effect as did the 
high protein pre-loads. 
"These results favour the view that ingestion of large 
- amounts of protein elicits and supports a high level of 
protein catabolic activity in the organism, possibly by 
_ providing the complement of amino-acids necessary for 
the biosynthesis of oxidases and other enzymes involved 
n protein metabolism. Excesses of single amino-acids 
‘might thus be more readily accommodated after feeding 
on high protein diets than after consumption of diets 
vhich support lower levels of protein catabolism. An 
pper limit to the animal’s ability to metabolize and 
lispose of large quantities of leucine in short periods of 
time may account for the sub-normal food intake and 
aS of growth on diet L5 even after ‘adaptation’ to this 
diet. ` 
Thus, in these experiments, a transient increase in the 
ability to dispose of a leucine excess following feeding 
on high protein diets might have resulted in the delayed 
depression of food intake and delayed adaptation to diet 
DS which was observed in Groups V-VII. The delay 
“appeared to be most extended when the protein pre-feed- 
ing was high, but not excessive, as in Groups V and VL 
When excesses or imbalances of amino-acids and high 

basal levels. of protein are combined in a single diet, 
a facilitatory effect on food intake, comparable with the 
transient effect produced by protein pro-feeding in these 
_ experiments, might account for the satisfactory growth 
rate which has been observed in animals feeding on such 

diets. 
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A Rugged, Reliable and Sterilizable x oe 
Microelectrode for recording Single Units 


from the Brain 


Mera microelectrodes suitable for recording © 
from single cells have been reported by various a! 
None of them meets our requirements for a ruag 
reliable microelectrode which can be heat- or gas 












gas sterilization. 
or vinyl lacquer such as Stoner 
desirable microtip resistance in the low megohm rang 
virtue of shrinkage and a withdrawal from the point. P 
this kind of insulation is disrupted by heat, ethylene: 
and mechanical abrasion by dura mater, blood clots or 
bone. : 
Electrical insulating varnishes generally present twee 
problems in their application to microelectrode technology. = o 
They may be brittle and the coat easily raptos o 
manipulation or bending, as has been our exp 
‘Formvar’. Furthermore, these varnishes completely cover — 
the microtip when applied in a sufficient number ef Goas i 
to insulate the shank well. 

The insulating varnish problem has been solved. by 
using ‘Isonel 31° (Schenectady Varnish Co., Schancctady, 
New York). It bonds well and is cured by heat toa tough 
and flexible coat. Although it can be thinned with xylene 
we have used it without modification. (Other ix “ale 
varnishes have been tried which are adequately ie 
but they require many more coats and sometimes 
difficult curing procedures than does ‘Isone! 31°.) 

Quarter millimetre (10 mil) straight tungsten wire: 
(Sylvania Electrice Co., Towanda, Pennsylvania) is- 
sharpened electrolytically by the Hubel tectmigue®. “The 
wire is dipped in a saturated aqueous solution of potas- 
sium nitrite with about 6 V alternating current and 
sharpened with a pencil-like taper to a lu tip. After 
washing in a detergent solution, it is cleaned in trichloro: 
ethylene placed in an ultrasonically agitated bath. Ther 
the needle is slowly withdrawn from the varnish, point 
either up or down, at about 4 em per min to avoid beading, 
as in the Wagman technique®. We use an “Isonel 31° bath 
and cure the insulation at 160° C for 05h after each coat. 
Seven coats are required. (We now have machines which. 
both tip and dip several dozen. wires automatically.) The 
electrode is examined for the integrity of the shank’s 
insulation by placing it in a 0-9 per cent sodium chlorido 
solution with the tip just above the surface and applying 
a negative potential of 50 V. Bubbles betray any leakage 
Bending the electrode or even knotting it does not diseapl 
the insulation, although pinching the shank with a hemo- — 
stat will. oe 

The electrode tip immersed in the saline selution 
practically infinite resistance—-more than e to 
(1 x 101? ohms) as found by applying O10 
a current of less than 0-1 p.amp measured with a Tey 
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Fig. 1. Bottom, microelectrode tip has infinite resistance and has not 
been bared; top, microelectrode tip has been bared by plunging it 
into a hard rubber stopper, making it functional (scales, 10/) 


Packard microammeter (model 425A) Infinite resistance 
is also indicated by the introduction of a parallel 100 
megohm resistance when the electrode is connected to the 
input of an electrometer cathode follower. It is necessary 
to break down the insulation at the tip and reduce the 
resistance to a value useful for recording single units 

One solution to this second problem is to apply a 
negative potential of 2-20 V for some minutes. producing 
bubbling at the tip in saline solution. Another is to 
discharge a capacitor of several microfarads which has 
been charged with 25-250 V. It is applied between the 
electrode and the saline solution which is barely in contact 
with the tip. Once the tip is open, bubbling starts at about 
2V. The test bubbling may occur as far as 30u back from 
the tip and the whole area of the tip insulation may be 





Fig. 2. 
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Single units recorded from the lateral ge niculate body of the rabbit. Time, 10 
msec. Amplitude, } mV 
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shucked. Nevertheless, a resistance of 100-1,000 megohms 
(a gigaohm) indicates that the electrode will often prove 
useful with a cathode follower despite the microscopic 
indications of a diffuse conduction area. (The capacitance 
and/or polarization of the tip results in a much lower 
impedance at frequencies above 5 c/s.) The obvious 
need of a more localized conduction area encouraged us to 
attempt to reduce the resistance to useful values mechani- 
cally. Mechanical methods have proved preferable to the 
electrical ones in providing better unit isolation. 

An electrode tip is pushed several times against an 
ordinary hard-rubber bottle stopper. A very sharp elec- 
trode may require only one or two penetrations to reduce 
its resistance to the 100 megohm range, whereas a more 
blunt tip may require six or more contacts before this 
resistance is achieved. If the resistance is much higher, 
no responses are obtained, and if it is much lower, single 
units cannot be isolated electrically in the brain. Under 
the microscope the insulation appears to be polished off 
as much as 15u.back from the tip, or the point may appear 
fuzzy because of the abraded insulation (which can be 
wiped off by drawing the electrode backwards through a 
cloth or soft paper tissue). Photomicrographs of the tip are 
shown in Fig. 1, before and after the final preparation of an 
electrode with a rubber stopper. The function, however, 
can be well predicted, not by appearance but by resistance. 
Fig. 2 is an example of unit responses from the lateral 
geniculate body of a rabbit. If the electrode is not 
applied perpendicularly to the hard rubber surface, the 
tip may bend into a small hook which can be seen under 
the microscope, but it does not seem to affect the isolation 
of single units so long as the resistance is optimum. In a 
few instances. the tip was broken off giving resistances in 
the Jow megohm range, but surprisingly the function was 
still good. An explanation could be that which has been 
offered for relatively large tipped electrodes, such as 
those of Wolbarsht et al.’ and Gesteland et al., hypo- 
thesizing ‘hot spots’ in the fashion of a galena crystal 
rectifier. 

Stainless steel microelectrodes etched by the method of 
John D. Green* do not isolate units well when prepared 
with the new insulating varnish. In part, the steel is too 
soft to stand the mechanical treatment required to bring 
the resistance down to useful levels. 

Our microelectrode can be prepared in a variety of ways 
besides using a rubber stopper. For example, by dropping 
it on the floor, point down, several times from a height of 
more than a metre, the resistance is reduced to several 
hundred megohms and the easy isolation of single units is 
made possible. It can also be prepared by pushing the tip 
against a smooth, hard surface such as glass. This flattens 
the tip to about 30y diameter, but the geometry does not 
appear to affect the performance. 

Perhaps the most convenient method of 
reducing the electrode resistance from 
infinity to a useful value during a physio- 
logical experiment is to push it against the 
skull or other bone of the animal until the 
shank is well bowed. Unlike other micro- 
electrodes, generally no harm is done to its 
selectivity, although the development of a 
microscopic hook can mechanically disrupt 
some fibres on withdrawal. Entrance can 
be made through the intact dura, obviating 
the use of a special chamber to reduce 
pulsation. 

In fact. we have been able to isolate single 
units after plunging the electrode through 
the skin and dura mater of a rabbit to reach 
the brain. This treatment reduced the 
infinite resistance to the required value. 
Hence. microelectrode recordings can be 
made in animals which have been previously 
prepared only by a craniotomy and the skin 
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laced and healed. Prof. Irving H. Wagman has 
ed these electrodes to record single units in cat and in 
uman skeletal muscle through the intact skin. He 
elieves that these microelectrodes may prove of value for 
ingle unit electromyography in the clinic. Dr. Hubert 
Goodwin has used them in recording units of the lateral 
geniculate body of rabbits during ultrasonic irradiation 
of the visual pathways. However, these electrodes are not 
very effective in the frog brain. 
Just as with other microelectrodes, one sometimes hears 
high-to-low frequency burst as the tip is pushed through 
e brain. This is generally believed to signal the disrup- 
tion of a cell by the compression caused by the advance of 
‘the electrode. Also, as with other microelectrodes, the 
tip can approach or withdraw from a cell and the amplitude 
of the spike increases or decreases. There seems to be no 
more damage to the nerve cells than with other micro- 
electrodes which have finer tips. 
The ruggedness and reliability of this electrode now 

make practicable large arrays of microelectrodes for 

recording from brain, muscle and nerve. They also make 

practicable the use of microelectrodes in student labora- 
tories where only rugged equipment survives. 
= In terms of our original objective, most important of all, 
‘has been the autoclaving or gas sterilizing of the electrode 
without any apparent effect on its appearance or function. 
This makes it of special value in human neurosurgical 
procedures. The impression is gained that it is difficult to 
make a poor electrode by this method or to damage it 
functionally by ordinary use. 

This work was performed while I was a Fellow of the 
“John Simon Guggenheim Memorial Foundation, on leave 
from the University of California, San Francisco (Depart- 
ment of Neurosurgery) and Berkeley (Department of 
Optometry). It was aided by a grant from the US. 
National Science Foundation. I thank Prof. Irving H. 
Wagman for his advice and Mrs. Nancy Fletcher for her 
assistance. 
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# Concentration of Amino-acids in Rat Muscle 
and Plasma 


Nerruer the precise mechanism of amino-acid transport 
in muscle nor the means of its regulation is known. In 
most instances (there are exceptions?) what has been 
examined is the ratio of radioactivity in the tissue water 
to that in the medium after incubating muscle with a 
single radioactive amino-acid. There is no assurance that 
this accurately reflects the concentration ratio for the 
_ unlabelled amino-acid. Moreover, these experiments are 
of the nature of black-box investigations since the con- 
centration of individual amino-acids in rat diaphragm and 
heart muscle, the two tissues most frequently used for in 
vitro examination, has only infrequently been reported’. 
Clearly, what is required of a proper examination of the 
echanism, and the hormonal regulation, of amino-acid 
penetration into muscle is a chemical determination of the 
exact amount of amino-acids in tissue and medium. Pre- 
paratory to such an investigation we have determined the 
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concentration of ninhydrin reacting: material in rat dia- 
phragm and heart muscle and in rat plasma. 

Samples were prepared for analysis in the following: 
manner : Non-fasting male Sprague-Dawley rats (400 2) 

















were anesthetized with 0:2 ml./100 g of a m 
pentobarbital (15 mg/ml.) and heparin (750 units; 
blood taken from the abdominal aorta. To 2 ml 
plasma was added 1 ml. of water and 1 mil. of 20 
sulphosalicylic acid ; the precipitate was remo 

of clear filtrate was analysed by column chroma 
using the Technicon amino-acid autoanalyser. Rat 
were killed by decapitation and the heniidiap 
moved, soaked for 3 min in ice-cold Krebs bicn 
buffer, blotted and weighed. Approximately 730 
diaphragm muscle was boiled for 5 min in 3 rol. 
N sodium chloride solution containing 3 per cent sy 
salicylic acid ; the extract was filtered and | mls a 
filtrate analysed. For calculation of the intracellile 
centration of amino-acid the water of the hag 
taken to be 75 per cent of the wet weight*. 
were anesthetized with pentobarbital and hepa 
foregoing), killed by decapitation and the hear 
removed and washed free of blood by perfusion’ w 
of Krebs bicarbonate buffer. The heart ventricular í 3: 
(approximately 800 mg) was boiled for 5 min in 5 ml. of 
3 per cent sulphosalicylic acid made up in citrate buffer. 
Clear filtrate was prepared and analysed as with. dia- 
phragm. Heart water was taken to be 81 per ot of the 
wet weight (Scharff, R., and Wool, I. G., unpublished 
observations). 















Table 1. CONCENTRATION OF AMINO-ACIDS AND SIMILAR MATEGIAT IN Hat 
MUSCLE AND Phasma (Bach value is the mean for 3 observatinas) 






Diaphragin Heart 
(#moles/100 mi.) 









Plasma 
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Amino-acids 









4 
Alanine 40-9 | 407 | 886 Vee ; 
Arginine 175 | 603 á $F Ba E 
i Aspartic acid 38 259 » 864 Geo ee 
Citrulline 87 421 | BEd 4 l : 
Cystine OL | DoR R 
Glutamic acid 11-3 875 | 818 332 o dee. | 
Glycine 27-8 253 | $24 | TEE 
tidine T3 547 | 2 ae 75 ee 
Hydroxy proline 48°65 | f : 
Tsoleucine 88 &5 | Jð | pọ pro 
Leucine 15-2 135 | 80-3 | og Le] 
Lysine 346 | n8 7 gë? i aa SRo] 
Methionine | 4&5 |} 78 | ta bF ae 
Ornithine | e5 | 8&3 82 13 paoi 
Phenylalanine 76 | 98 Fö is PEO o 
Proline 32-5 556 43 Ly EET 
Serine 58-2 238* | 88 tå PE 
Threonine 25-2 | 103 ii 553 pi zk 
Tryptophan 69 | | 53 f 
Tyrosine 73 | m2 | 122 1g i 
Valine i 188 = 191 i 2053 rO 3 
| | | 5 
Non-amino-acids | | { i 
Ammonia 3877 1407 | 1556 | 
Glutathione | 159 | 493 | 
Taurine | 356 | | 3078 i 











graphie properties. 


The concentration of amino-acids and similar material 
in rat plasma, diaphragm and heart musele is recorded 
in Table 1. In general the values accord with those 
reported before for plasma and for other types of muscle *. 
The concentration of amino-acids in diaphragm docs not 
differ greatly from those in heart; the slightly higher 
values for the former are probably accounted for by the 
tissues being taken from younger animals (higher cori 
centrations of amino-acids are characteristic of tissues 
from young growing animals). Most of the ninhydrin 
reacting material in muscle is not amino-acid but taurine, 
ammonia and other substances. The exceeding) BS 
concentration of taurine in rat muscle is quite 
able; nothing is known of the functional signi 
this material. Because the concentration of 
acids is so high the use of total ninhydrin reacti 
without fractionation, as a measure of alt 
amino-acid metabolism by muscle, as has sornetime 
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done™*,. would. seem.  inappioproie : amino-acids 
(alanine, aspartic, glutamic, glycine, and serine) account 
for 75 and 79 per cent, respectively, of the total concen- 
tration of amino-acids in diaphragm and heart ; their con- 
centration ratio (muscle/plasma) is high (Table 1) but that 
for the others generally does not exceed 4 and is most 
usually between 1 and 2. 
. This work was supported by grants from the U.S. 
National Institutes of Health CA M04842), the John A. 
< Hartford Foundation, and the Life Insurance Medical 
-` Research Fund. One of us (I.G.W.) is the recipient of a 
sU Ehli Health Service research career development 
awar 
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PHARMACOLOGY 


l „Reserpine Reversal Response by Iproniazid: 
-~ a Dose-dependent Phenomenon 


‘Tue modification of the cardiovascular response to 
reserpine has been accomplished by the pretreatment of 
animals with various pharmacological agents. Thus, the 
administration of ganglionic blocking agents!, cocaine, 
and imipramine? has resulted in the appearance of a 
vasopressor response on the intravenous injections of 
reserpine’. Pretreatment with the irreversible inhibitors 
-of monoamine oxidase (MAQ) also has resulted in the 
-. reversal of the usual hypotensive action of reserpine. In 
- these instances it has been presumed that this modified 
a onse was the result of an increased concentration 
circulating catecholamines due to their release by 
eserpine and their protection from destruction by the 
-i = presence of the MAO inhibitors. 
_ During our work on the influence of MAO inhibition on 
reserpine actions, it was observed that some inconsistency 
in pressor response was present when the dose of MAO 
. ibitor (iproniazid) was increased. A dose-response 
a relationship study was, therefore, made in order to 
establish whether an optimum MAO inhibitor dose existed 
= with respect to the reserpine reversal response. All expori- 
rents were performed on cats of either sex, weighing 
2-5 kg. The animals were pretreated with iproniazid 
phate (intraperitoneally) 16-18 h prior to the experi- 
nts in doses ranging from 12:5 to 100 mg/kg. They 
then anesthetized with 30 mg/kg of sodium pento- 
tal, and the blood pressure measurements were made 
eannulating the carotid artery and attaching it to a 
































turn was connected to a Gilson polygraph (model M5P) 
‘on which the blood pressure tracings were recorded. 
Reserpine (2:0 mg/kg) was then injected over a period of 

_ 1-2 min, and the extent of change in blood pressure was 
~~ recorded. As shown in Fig. 1, reserpine administered to 
= cats pretreated with 12-5 mg/kg of iproniazid exerted a 
< depressor response, but in animals receiving 25 and 50 
‘mg/kg of iproniazid, reserpine produced marked increases 
“in blood pressure, the peak effects amounting to some 50 
cand 35mm mercury rise, respectively, above base-line 
: values. The duration of the vasopressor response usually 
persisted for several hours. Above these doses of ipro- 


“pressure transducer (model P2344), which in _ 
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Fig. 1. Effect of varying doses of iproniazid. on the blood. pressure 
response to reserpine in anesthetized cats. The iproniazid was admin- 
istered. 16-18 h prior to the reserpine injection, The graph charta the 
mean blood pressure Tnorease in mm mercury after the administration 
of reserpine, Each point zeprisonta the mean responses of at least 
four animals, and the vertiea 


niazid the pressor respònse to reserpine again decreased, A ae 
and when 100 mg/kg of iproniazid was used, the reserpine ` 


reversal phenomenon was absent. 

Experiments were also carried out to determine whether 
the adrenal medulla played a part in the vasopressor. — 
response to reserpine after administration of MAO 
inhibitor. Four cats were pretreated with iproniazid 
(25-50 mg/kg), and 16-18 h later they were bilaterally 
adrenalectomized. The administration of reserpine to 
such animals resulted in no vasopressor activity as com- 
pared with control animals, indicating that the reserpine — 
reversal phenomenon was largely dependent on the 
libration of catecholamines from the adrenal medulla. 


The exact mechanism by which low doses of iproniazid . 


(25-50 mg/kg) convert the reserpine effect to a pressor 

onse and high doses attenuate or abolish this pressor 
action is not altogether clear. The pressor response may be 
explained on the basis of MAO inhibition by iproniazid 
which would protect from destruction the catecholamines 
released by reserpine. However, the abolition of the 
pressor action with the higher doses of iproniazid is 
difficult to explain. One possibility is that the iproniazid 
may cause depletion of catecholamines from the adrenal 
medulla and thus render the gland non-responsive to 
reserpine. -Such phenomena have been shown to occur in 
the heart of the cat in which MAO inhibitors were effective 
in reducing the catecholamine content®.*. However, this 
does not appear to be the case with the adrenal medulla, - 


for chemical assays of adrenal medullary catecholamines in 


our animals pretreated with iproniazid demonstrated 
normal or elevated values. 

A second, and more probable, explanation is that the 
iproniazid and other MAO inhibitors are capable of 
preventing the release of catecholamines from the adrenal 
medulla by reserpine. Such findings have been reported 
not only for theadrenal medulla? but also for other amine- ` 


containing organs, such as the brain, heart, and the gastro: 


intestinal tract®*. Because of such results, several of the. 


above authors have suggested a possible role of MAO in ee 
Inhibition of this | 


the release of the biogenic amines. 
enzyme by iproniazid would then be expected to block the 
normal release of the amines. On the other hand, Gesse: 
et al.!° have suggested that several of the MAO inhibitors 
have a ‘bretylium-like’ action in their ability to block the. 
adrenergic neurone, and that this was independent of the 
anti-MAO property. 

Whatever mechanism may be involved in the observa- 
tions reported herein, it is quite apparent that. a pressor- 
response to. reserpine results in cats pretreated with- 
low doses of iproniazid (25-50 mg/kg) and that a diminu- 
tion or abolition of this response occurs. on pretreat- -= 
ing the animal with larger doses (75-100 malig s of Ethe ; 
MAO inhibitor. Pai 


lines indicate their standard deviations: i 
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HA:MATOLOGY 


ibrinogen and Adenosine Diphosphate-induced 
Aggregation of Platelets 


_ Wuen adenosine diphosphate (ADP) is added to plasma, 
aggregation of the platelets oceurs'. This aggregation by 
ADP requires calcium. A recent report indicated that in 
order for calcium and ADP to cause aggregation an 
-additional component of plasma might be required*. 
_.. We have examined some of the properties of the plasma 
factor stimulating the aggregating effect of calcium and 
ADP on isolated rabbit platelets. Blood was collected 
from a plastic cannula in the carotid artery into 1/10 
volume of 3-13 per cent sodium citrate pH 7-0 for the 
preparation of citrate plasma. Platelets were isolated by 
the method of Brinkhous et al3. The platelets were re- 
pended in 0-154 M sodium chloride-0-05 M sodium 
phosphate pH 7-4 (buffer saline) at room temperature in 
a volume equal to 1/6 that of the original plasma. Platelet 
a tion was followed by measuring changes in the 
bidity of a platelet suspension’. In a silicone coated 
lorimeter tube 0-8 ml. of the platelet suspension was 
mixed with calcium, a plasma fraction, and saline in a 
volume of 1:8 ml. The. optical density of the mixture 
was determined before and 8 min after the addition of 
3 ml. of ADP in saline. The tubes were shaken by hand 
every 30 sec at room temperature. The decrease in optical 
density due to dilution was determined by adding 0-2 ml. 
of saline in place of ADP. The optical density of the 
suspension before the addition of ADP was approximately 
4. Table 1 shows the effects of rabbit plasma treated 
in various ways on the ADP-induced aggregation of rabbit 
platelets. Plasma greatly stimulated the effects of ADP 
i the platelets. The plasma. activity was heat-labile but 
ore stable at room temperature than at 5° and was 
ncentrated in the 0-2 saturated ammonium sulphate 
fraction. These observations suggested that the plasma 
factor might be fibrinogen. To test this possibility, platelets 
ere isolated as before, washed once in heat-inactivated 
plasma, and resuspended in heat inactivated plasma. One 
mi. of this suspension was added to a colorimeter tube 
containing calcium, human or bovine fibrinogen, sodium 
trate, and saline in a volume of 1-8 ml. The effect of 
adding ADP was measured as before. Human and bovine 
fibrinogen were isolated as described by Maxwell et alë. 
These preparations were 95 per cent clottable by thrombin 
id contained no detectable plasminogen. Table 2 shows 
t fibrinogen did greatly stimulate the aggregating effect 
cium and ADP on platelets suspended in heat in- 
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EFFECT OF PLASMA FRACTIONS ON mHE Ronos OP: 


Table 1. 
RABBIT PLATELETS RESUSPENDED IN Borren BAMSE 


Ca 
Decrease in optical density conge 


Additions* ailer 8 min (X14000) Gamo: 
None 
None 
0-6 mi. citrate rabbit plasma a0 (86, 102, 80} 
0-6 ml. citrate rabbit plasma 
heated at 60° for 30 min 4 (6, 2} 
Ammonium sulphate fraction 
from 1-2 ml, rabbit plasma 
0-0-2 saturated 126 
0-2-04 saturated 30 
0-6 ml. rabbit ; pinana dialysed 
for 18 h at 5 33 
25° 180 


ib on] tubes contained a final concentration of 4% 10°* Hepler 


Aih 2 moles per mi, calcium, the tubes contained: 0-313. per ron 
citrate, with 4 umoles mi, calcium, O ners per cent sod 
004 per cent ethylenediaminetetraacetate 


Table 2. EFFECT OF FIBRINOGEN ON THE REACTION OF ADP wer 
WASHED AND RESUSPENDED IN HEAT INACTIVATED RABE 
Final concentration 
of ADP fm pmoles opel 
Additions per ml.* per mi, tera 
None 4xi0-* a 
Homan sbonowen (mg) 
0025 4x10 E 
0-05 4x10 9 
0-10 4% 1073 jis 
0-25 xig Ir 
10 4x10 wora 
0°25 0 8 
Bovine fibrinogen (mg) 
He 25 4x10 
0:50 4x10 
0:25 mi. citrate rabbit plasma {xire 
Human fibrinogen 
mg ix ig? 
1 mg O5x« I0 
1 mg 1x10 
img 2x10 
1 mg ix wt 


activated plasma. Similar experiments were do 
platelets washed and resuspended in buffer sa 
similar but more variable results. Fibrinoge 

stimulation with these pre parations and some pre 
were completely inactive. 
It has been reported that calcium and thrombin p 


washed platelets the effects of thrombin and Al 
tested in the same platelet preparation. Platelets wore 
washed once in buffer saline and resuspended in buffer 
saline. Aggregation by ADP or purified bovine thron m ; 
was tested as before. Under these conditions, ag 

in Table 3, ADP did not cause appreciable ag: 
of the platelets whereas thrombin caused a sharp 
in the optical density and the formation: of macro 
clumps of platelets. 









Table 3. EFFECT of THROMBIN AND ADP on... PhATELNTS wasio 
RESUSPENDED IN BUFFER SALINE ; 
Decrease in optical density 8 mln a Ke 
addition of ADP or thrombi (x1. 00) 





Additions per mL* 
ADP 4x 107? umoles 1212, 12) 
Units bovine thrombin 
0125 29 (22, 86) 
0-25, 46-148, 46) 
0-5 89 (86, 02) 
1 102 (202, 102) 
2 136 (728, 245) 


* All tubes contained 1 wmole per mil. of calcium. 


Washed platelets are known to contain fibrinogen, or % 
similar protein’. Whether the fibrinogen is on the surface" 
or in the interior? of the platelet has boen a subject of 
debate. The results given here demonstrate that washed 
platelets require an external source of fibrinogen in o 
for aggregation by calcium and ADP to occur, suggest! 
that the platelet fibrinogen, if it functions in the 
manner as the added fibrinogen, is more likely not 
surface of the platelet. It has been suggested 
aggregating effect of thrombin on platelets may 
partly due to ADP released from the pla 
experiments in which thrombin and ca 
tensive aggregation of washed platelets 
had little effect. This, of course, do 
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complex relationship of thrombin acti P induced 
aggregation in plasma with platelets not subjected to 
alteration by isolation and washing. The more consistent 
enhancement of ADP action by fibrinogen with platelets 
resuspended in heated plasma rather than in buffer saline 
may imply the existence of additional factors or conditions 
for optimum aggregation. 
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Close Association of | Blood Group and 
Disease 


We recently had occasion to search for compatible red 
-eell donors for an I-negative patient. with anti-I. Since 
more than 99-9 per cent of adults are I-positive we found 
no I-negative donors. Then, to our surprise, we found 
many I-negative patients in our hospital population. 

The I system was first recognized in 19561, but much 
information is at present being described which indicates 
that this is a unique blood -group?. Although most normal 

“adults are I-positive, all cord blood red cells are I-negative, 
tteora): The rare normal adults who can be called I-negative 
‘all actually have some trace of reactivity and can be graded 

_ 88 Lint): or 7, or £, depending on the test reagent. Anti-I 

© reagents: react best at low temperatures and some dis- 
< criminate within the ABO system. 

- The anti-I serum which we used in this. investigation 

was a ‘natural’ agglutinin produced by an untransfuased 
group A, I-negative patient with acquired heart disease. 
It strongly agglutinates I-positive red cells of group O and 
Ay at 22°C and of group A, at 15°C. A, T-positive red 

-cells were rapidly eliminated when transfused to this 

patient. The serum weakly agglutinated several samples 
from normal donors which were sent to us. as I-negative. 
These cells probably represent Ii heterozygotes Tint). 
The results on the patient population are given in Table 1. 
There was no obvious correlation of these data with age, 
face or peripheral leucocyte count. 










Table 1 
I-positive I-negative 
: Diagnosis +++ Inter- Negative 
: sears mediate 
Chronic myelogenous 16 3 4 
ironic: lymphocytic 1 ü 1 
cute: myelogenous 1 i 2 
< Acute lymphocytic 7 1 3 
Carcinoma, cervical 2 ü 1 
Neuroblastoma i 1 1 0 
Familial inclusion body anemia 0 0 1 
Lupus, systemic 2 0 1 
Mitral. stenosis g 9 1 
Other heart disease _ 21 Q 0 
‘Other ‘blood. dyscrasia 8 0 0 
Other “carcinoma, adenoma, brain 
tumour 22 . 0 0 
Renal 4 0 Q 
Uveitis 3 8 0 
Familial Mediterranean fever 2 6 0 
Other 4 0 0 
Total 96 6 14 
Blood donors 333 (i 9 







of these cases this was an auto-antibody and the patient 


had chronic myelogenous leukemia‘. Sixteen of our I- 
negative patients were tested for cold agglutinins at 2° C. 
Six patients had a low-titre panagglutinin, four had 
anti-I and none had anti-i.. Blood from an I-negative 
patient collected into warm saline remained I-negative, 

Although it is tempting to see this close relationship 
between mostly neoplastic disease and a rare blood group” 
as indicative of genetic abnormality, it is more probably a- 
less specifie connexion. There does not seem to be anyo 
abnormal I in the few families of our patients investigated, 
nor is the absence of I associated with elevated footal 
hemoglobin or the Ph’ chromosome. 

The classical cold hemagglutinin of primary atypical 
pneumonia is anti-I, and individual sera are known to 
show different levels of activity with a series of normal red 
cells, Despite the experience of other authors that red - 
cells from patients with ‘hematological disease’ including 
leukemia have an enhanced agglutinability with a cold- 
antibody from the cold-hemagghitinin syndromet, the 
cells of our patients seom to be on the low end of the T test 
spectrum, Although the reasons for this may be genetic 
it is more probable that there is some abnormality of the 
agglutinogen site on their red cells. This may be a non- 
specific blocking effect related to an infectious or neoplastie 
agent. ` 

Note added in proof. Some increase in i-activity has 
been found in leukemia and other diseases (Giblett, E. R; 
and Crookston, M. C.. Nature. 201, 1138; 1964). The 
relationship between their anti-i (from donor We.) and 
our anti-I (from donor Fa.) was tested by Dr. Giblett. 
No correlation was found. 
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Morphological Demonstration of Two Red 
Cell Populations in Human Females 
Heterozygous for Glucose-6-phosphate 
Dehydrogenase Deficiency 


In 1961 Lyon? postulated that in the female one of the» 
two X-chromosomes is inactivated. Though the exact - 
timing of this occurrence is not known, two populations of | 
cells will result, one carrying the paternal and the other 
carrying the maternal X-chromosome. In the hetero- 
zygous state for X-chromosomal diseases mosaicism of | 
normal and pathological cells would be expected.” Though 
this hypothesis is not applicable to all recessive traits, 
there is some evidence of its validity in favism. Several 
investigations have shown by indirect methods that. two 
populations of red cells may occur in females heterozygous 
for _glucose-6-phosphate dehydrogenase deficiency?-*. 
Nevertheless, it has not yet been possible to.demonstrate 
visually different types of erythrocytes, 
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Fig. 3. Double red cell population in a heterozygous woman 


Direct evidence for two red cell populations can be 
obtained by an appropriate histochemical technique. Red 
cells of normal, hemizygous and homozygous individuals, 
as well as he gous females, were treated with sodium 
nitrite to convert the hemoglobin to methemoglobin. They 
were then incubated with glucose and methylene blue 
(3 h, 37°C). this period, methemoglobin is 
reduced by glucose-6-phosphate dehydrogenase to oxy- 
hemoglobin. If any methemoglobin should remain, it is 
then converted to cyanmethemoglobin by the addition 
of potassium cyanide. Since oxyhemoglobin is active as 
a peroxidase and cyanmethwmoglobin has no such activity, 
cells with glucose-6-phosphate dehydrogenase activity can 
be distinguished from those without enzyme activity. 
For observation, the red cells were spread as a film on a 
slide, dried and the cyanmethwmoglobin eluated by a 
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hydrogen peroxide solution (method of Kleihauer and 
Betke*), Finally, the slides were stained using hema- 
toxylin-erythrosin. 

The results are shown in Figs. 1-3. In normal individuals 
all erythrocytes are stained. In hemizygous men and in 
one homozygous female, the red cells appear as non- 
stained ghosts. In heterozygous females two distinctly 
different types of cells appear, one behaving as in normals 
and one as in hemizygous men with favism. No inter- 
mediary stages were observed. From these findings there 
remains no doubt in respect to the validity of the “Lyon's 
hypothesis’ in glucose-6-phosphate dehydrogenase defici- 
ency. 

We thank Drs. G. Meyer and M. Jeannet for obtaining 
blood samples and Miss M. Lüthi for her assistance. 

This work was supported by the Schweizerischer 
Nationalfonds zur Förderung der wissenschaftlichen 
Forschung. 
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A Comparison of the Effect of Menadione, 
Methylene Blue and Ascorbic Acid on the 
Reduction of Methemoglobin in vivo 


HEREDITARY methemoglobinzmia, a rare disorder often 
associated with a deficiency in NADH-dependent ‘din- 
phorase’ activity’, has been treated successfully with 
methylene blue (1-2 mg/kg intravenously) or ascorbic 
acid (200-500 mg/day orally)?. Methylene blue probably 
effects the reduction of methemoglobin by activating the 
NADPH-dependent methemoglobin reductase thet has 
been isolated from human erythrocytes by Kiese et al.* and 
by Huennekens et al.t. By serving as electron carriers 
between NADPH and the methemoglobin reductase, 
methylene blue and other artificial electron carriers 
increase the activity of the hexose monophosphate shunt 
pathway of glucose metabolism® and facilitate the reduc- 
tion of methemoglobin to hemoglobin. This NADPH- 
dependent methemoglobin reductase system is a reserve 
mechanism for the reduction of methemoglobin, for the 
NADH-dependent ‘diaphoraso’ system appears to be the 
physiologically important pathway in normal human 

. Ascorbic acid can reduce methemoglobin 
to hæmoglobin slowly both in vivo and in vitro, probably 
through a direct effect on the methemoglobin*. 

Carver and Ryan® observed that menadione (vitamin 
K,; 2-moethyl-1,4-naphthoquinone), added to suspen- 
sions of washed human erythrocytes, inereased the 
oxygen utilization to about the same degree as did equi- 
molar concentrations of methylene blue. Harley and 
Robin’ demonstrated that catalytic amounts of menadione 
sodium bisulphite (about 1-2 x 10-*to4-7 x 10- moles/l.) 
enhanced the reduction of methemoglobin when added to 
methemoglobin-containing normal human erythrocytes 
suspended in a buffered glucose solution. They found that 
methylene blue was more than 10 times as active as 
menadione. Sass-Kortsak eż al.* reported that the disap- 
pearance of NADPH, catalysed by the activity of the 
purified NADPH-dependent methemoglobin reductase of 
Huennekens, was accelerated somewhat by the addition 
of 3:33 x 10-° moles/l. of menadione. The effeet of 
menadione, however, was only about 10 per cent of that of 
catalytic amounts of methylene blue. 
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ee e ytes ©, Ascorbic acid, 88 ikg; ©, 
-sodium "bisuiphite, 10 mg/kg; @, methylene blue, 1-0 mg/kg 


menadione 


_ These three compounds were administered intravenously 
to a 36-year-old Puerto Rican woman with hereditary 

_ methemoglobinemia whose erythrocytes had been shown 
to be deficient in ‘diaphorase’ activity®. She weighed 





o 57 kg and received menadione sodium bisulphite, 57 mg 


a (173 moles), methylene blue, 57 mg (152 moles), and 


ascorbic acid, 500 mg (2,840 wmoles).. The concentrations 


attained in vivo with these doses would be expected to 
approximate those used in studies in viro. Methemo- 
globin concentrations were determined in duplicate by 
‘the method of Evelyn and Malloy’ in blood samples 
‘anticoagulated with ethylenediamine tétraacetate. The 
results are shown in Fig. 1. Methylene blue had the most 
“striking. effect, for approximately 2:16. g of methemo- 
globin per 100 ml. blood had been reduced to hæmoglobin 

5 hafter tho injection. The administration of an approxi- 
- mately equimolar amount of menadione sodium bisulphite 
resulted in the reduction of 0-42 g of methemoglobin per 
100 ml. blood during the first 5h. Both methylene blue 
and menadione appeared to maintain the methemoglobin 
tration attained after 5 h for about 1 day, after 
ch time the concentration of methemoglobin returned 
ho pre-treatment level at a rate of about 0-2 g/100 ml. 
od/day. This rate was intermediate between that 
| reported by Waisman et al.® and that. observed by Eder 
"et al.” after the administration of methylene blue to 








patients with hereditary methemoglobinemia. Ascorbic 
acid, administered at a molar concentration 16-19 times 


_ greater than that of the other two compounds, had a less- 
pronounced and more-delayed effect on the methemo- 
globinwmia. The total hemoglobin concentration (13-7— 
l4-2 2/100 ml.) and packed cell volume (42-44 per cent) 
the patient’s blood did not change significantly during 
' periods of treatment. Tho alterations in the concen- 
ion of methemoglobin produced by the administered 
pounds were greater and more rapid than the spon- 
cous fluctuations observed over many months. 
< These observations on the effects of these compounds 
i vivo are compatible with the hypothesis that menadione 
gan function as a substitute electron carrier in the 
_ NADPH-dependent methemoglobin reductase system in 
vitro, The activity of menadione is only about 20 per cent 
-of that of methylene blue, although a greater difference in 
the effectiveness of these two compounds might have been 
observed if the methylene blue had not promoted the 
reduction of almost all the methemoglobin present in the 
“patient’s erythrocytes. The intravenous administration 
of a single large dose of ascorbic acid has a minimal effect 
on methemoglobinemia that is compatible. with the 
















‘postulated capacity : ee met 
globin directly. oe 
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HISTOCHEMISTRY 


Effect of Therapeutic Doses of Colchicine 
on Oxidative Enzymes in the Intestine 


THE biological effects of colchicine have been thoroughly 
investigated as to its therapeutic effectiveness in gout}, and 
to its property of inducing metaphase arrest in dividing 
colis®. Investigations concerning its specific effects on the 
enzymes which are amenable to histochemical methods 
have been relatively few. However, alkaline phosphatase! 
and uric acid riboside phosphorylase’ have been shown to 
be decreased at a dose-level of 1 mg/kg. Xanthine oxidase 
and xanthine dehydrogenase, on the other hand, have been 
shown to be elevated, following a similar dose, in rat 
serum. ; 

We have shown in this laboratory that xylose absorp: 
tion is significantly reduced after the administration of 
colchicine to the dog! at a much lower dose (0-1-0-24 
mg/kg). Thus we felt that a combined histochemical and 


biochemical study of colchicine action on the small intes- = 


tine of mouse would be of interest. Mice were given 0-24 
and 1-5 mg/kg colchicine subcutaneously and killed at 


0-16, 3. 24, 48, 96 hand at 7 days. Cryostat sections of the < 


small intestine were prepared and stained specifically for 
NADH, NADPH dehydrogenases, lactic dehydrogenase 
(LDH). glucose-6-phosphate dehydrogenase (G-6-PDH) 
and succinic dehydrogenase (SDH)’*. Parallel formalin 


fixed sections were stained with hematoxylin—eosin in the 


standard manner. Portions of the small intestine and 
plasma were assayed for LDH using the Berger—Broida 
method’, 

Histologically no visible alteration oceurred with thè 
lower dose of colchicine at any of the times studied, 
Histochemically, however, all the oxidative enzymes. 


studied showed a decrease in activity and. alteration of | i 


intracellular pattern in the intestinal epithelial cell, par- ` 
ticularly LDH, G-6-PDH and NADPH dehydrogenase 


(Fig. 1). As can be seen from Table 1, effects are notice- 


able as early as 10 min following the lower dose. Further- 








no.asse May 9, 1964 


Table 1. EFFECT oF 0-24 MG COLCHICINE PER KG BODY-WEIGHT ON THE 
DEHYDROGENASE ACTIVITY OF SMALL INTESTINE MUCOSA 
p of activity ji i LDH i 
+ + +++ +++ U/mg protein 
SDH 
After 10 min 2 2 
3h 4 
24h 3 1 
48h 5 1 
96 h 1 2 
LDH 
After 10 min 2 2 6-1 
Sh 4 5-4 
24h 3 1 45 
48h 6 10 
96h 1 1 1 5-4 
G-6-PDH 
After 10 min 1 3 
3h 1 3 
24 h 3 1 
48h 4 1 1 
96 h 2 1 
NADH 
After 10 min 2 s 
3h 4 
24h 2 2 
48h 1 4 1 
96h 2 1 
NADPH 
After 10 min 2 2 
3h 4 
24h 4 
48h 3 2 1 
96h 1 2 
Total No. of treated mice, 21. 


Total No, of controls, 14 mice. Controls 
are rated +++ in all cases, LDH Wroblewski units. 
more, there was a corresponding decline in LDH activity 
when assayed biochemically (Table 1) in the gut but not in 
the plasma. 

Other tissues examined showed lesser effects, namely, 
liver, kidney, colon, stomach, and spleen in that order. 

Thus colchicine in the therapeutic range has been shown 
to lower differentially certain of the oxidative enzymes of 
the small intestine of the mouse. 

There is but scant knowledge of the biochemical pharma- 
cology of colchicine. It appears that its effectiveness in 
gout and its antimitotic activity are unrelated}. 


Seegmiller’® has suggested that in gout colchicine effect is 
due to decrease in the production of lactic acid by cellular 
infiltrate that would otherwise lower the pH of the synovial 
fluid. Our finding of the lowering of LDH activity in the 
small intestine may be related to these observations. The 
effect of repeated doses of this drug on the gastrointestinal 
tract may mimic the sprue syndrome". 


Other anti- 
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NADH dehydrogenase i 





Fig. 1. 
per kg body-weight 
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n Hionat mucosa of mouse, Nitro-BT-technique. 
A and C, Control animals; B and D, 3 h after subcutaneous injection of 0-24 mg colchicine 
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mitotic agents such as aminopterin alter mitochondrial 
structure’? and lower SDH, acid phosphatase, esterase, 
and elevate alkaline phosphatase”. 

It would seem that the extensive disruption of the 
enzyme pattern would result not only in less reducing 
energy available for absorption, but also in the probable 
death of cells. In this connexion it is known that in 
degenerating tissues there is relative sparing of 
enzymes* and it would be of interest to determine levels of 
B-glucuronidase in the intestine following colchicine 
administration, 

This work was supported by grants CA—04980 and 
24-5286 from the U.S. Public Health Service. 
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PATHOLOGY 


Virulence of El Tor Vibrios for Chick 
Embryos 

THE number of tests which can be used with varying 
degrees of success to differentiate between the two groups 
of agglutinable vibrios responsible for epide- 
mic cholera, namely, the true or classic 
Vibrio cholerae and the El Tor vibrios, is 
steadily mounting. In addition to tests 
for hemolytic activity and other alternative 
procedures such as sublimate precipitation, 
soda agglutination, heat and chloroform 
inactivation of agglutinability, and bacterio- 
phage susceptibility (see ref. 1 for earlier 
literature citations), more recent proposals 
include direct lutination of chicken 
red blood cells in a slide test*, growth in 
trypsin broth and resistance to polymyxin 
B, chemical flocculation‘ and prophage- 
typing’. This communication adds to 
the growing list another test which 
may have some biological significance 
as well as some value as an additional 
means of differentiating the choleragenie 
vibrios. 

It should be mentioned that the recent 
explosive outbreaks of epidemic cholera due 
to El Tor vibrios have reduced, almost to 
academic interest, the importance of differ- 
entiating El Tor vibrios from V. cholerae, 
since both can produce the same net result. 
However, their differentiation still retains 
significance for epidemiological considera- 
tions and potentially may be of value for 
immunological reasons particularly with 
regard to vaccine prophylaxis*. 
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Lankford’ and Gardner et al.* have sw 
experience in examining the virulence of V. cholerae 
strains for 13-day chick embryos inoculated allantoically. 
Investigations in this laboratory*-" have amply confirmed 
their findings with regard to virulence of V. cholerae 


strains for chick embryos. However, in 1961, strains of- 


El Tor vibrios received (courtesy of Dr. Margaret Pittman) 
from the current epidemic of cholera in Hong Kong were 
found to have extremely exalted virulence for chick 
embryos in comparison to that of all the strains of V. 
cholerae which have been tested in the same manner. 

-In the pattern of killing of chick embryos by smooth 
V. cholerae strains, a reasonably reproducible LD,, value, 
which varies somewhat from strain to strain. is obtained 
when. 13-day embryos are examined 24 h after allantoic 
inoculation. The time chosen is critical since few deaths 
occur prior to 18-20 h (and then only at the highest 
inoculum-levels), while, when incubation is continued, 
‘mortality approaches 100 per cent even with minute 
inocula. On the other hand, 13-day eggs inoculated 
allantoically with El Tor vibrios uniformly succumb to 

inocula of the ordcr of 100 viable cells or less by 16-18 h 


: after inoculation. So far, 49 strains of El Tor vibrios 


have been screened for virulence for 13-day chick embryos 


a by allantoic inoculation of serial dilutions of 18 h agar- 


_ grown cultures into groups of 8 or 10 eggs. Of these, 48 
gave tho typical high-virulence pattern. 

< The strains tested include isolates by Dr. Doorenbos at 
the Quarantine Station of El Tor during the 1930s; 
cultures from the Philippine outbreaks of 1961 and 1962; 
Hong Kong, 1961; non-hemolytic El Tor strains from 
New Guinea; paired haemolytic and non-hemolytice 
‘variants of strains from the Celebes; cultures from the 
1960 outbreak in Ubol, Thailand*?; current isolates from 
Malayaand Thailand ; and isolates from water intheCaleutta 
area. (Since submission of this communication, 1 9additional 
strains of El Tor vibrios have been tested and found to 
exhibit the exalted virulence pattern. These included 5 
strains from Burma isolated in 1963, 8 strains from the 
Korean outbreak of 1963 (kindly provided by Dr. Chansoo 
Kim) and 6 strains isolated by the author in Viet Nam in 
1964.) The single exception, which was avirulent, was 
a 1984 isolate from El Tor. A non-agglutinable, 
hemagglutinative Heiberg I vibrio strain, which was 
isolated from a patient who had a violent choleraic 


_ diarrhea for some hours but who recovered sufficiently 


to report for work the next day??, also exhibited the high 
virulence pattern. While the overwhelming majority of 
. the El Tor strains wero hemagglutinative?, some of the 
_ old laboratory strains from El Tor were non-hemagglutin- 
ative™ but still exhibited the exalted virulence pattern. 
On tho other hand, hemagglutinative variants? and some 
hemagglutinative old laboratory strains of V. cholerae" 
either. exhibited the usual V. cholerae pattern or were 
almost completely avirulent. 
. Thus, neither the hemolysin nor the hemagglutinative 
-< activity appears to have a direct bearing on the extremely 
high virulence of the El Tor strains for chick embryos. 


E Some of the El Tor strains, particularly the older isolates, 






ere autoagglutinable in normal saline and apparently 
igh. Growth curves performed on the allantoic fluid of 
V. cholerae and El Tor infected embryos did not provide 
evidence for the possibility that the high virulence of the 
EI Tor was associated with a more rapid growth rate. The 
high virulence could be associated with the production of a 
lethal toxin?’ by the (smooth and rough) El Tor strains. 
Hemolytic filtrates of aerated brain-heart infusion broth 
cultures of El Tor strains were not lethal for embryos 
inoculated by the allantoic route. However, neither the 
. medium nor that route of inoculation is necessarily ideal 
for the demonstration of toxicity. In fact, many substan- 
ces- which are highly lethal in micro-amounts when 
inoculated intravenously in chick embryos are harmless 
in high concentrations when administered by the allantoic 
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route!!!, Additional investigations are needed to define 
the lethal principle. era PE ees Si 
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Celi Surface Effects of Phytohæmagglutinin 


Tr has been suggested that the lymphocyte-stimulating 
effects of phytohemagglutinin (PHA) may be mediated 
by a cell surface reaction, thus accounting for the agglu- 
tination of PHA-treated lymphocytes!. Surface binding 
of PHA would, in all likelihood, change the cell surface 
charge density as estimated by cell electrophoresis, The 
experiments described here were designed to investigate: — 
this possibility and, accordingly, lymphoid cells were 
collected from a variety of sources and their electrophor- 
etic mobilities determined before and after exposure to 
PHA.. 

Lymphoid cells were obtained from rat thoracic duct, 
rat lymph nodes (adult, male Sprague-Dawley) and human 
lymph nodes taken during surgery. Care was taken to 
select unsensitized lymphoid tissue since we have shown 
that the process of sensitization is related to a fall in cell 
surface charge density?. The technique of cell electro- 
phoresis used has been described in detail elsewhere, 
Specimens were collected, dispersed and washed in 
Medium 199; in addition polystyrene latex particles 
(6-144 diam.) were treated similarly. Aliquots (~ 1-0 
x 10° cells/ml.) were then exposed to PHA-P (0-1 mg/ml. 
culture) with and without the presence of isologous serum, 
under conditions similar to those used for investigating 
mitogenic activity. After 1 h at 4° © the cells were washed 
four times and their electrophoretic mobilities determined 
in phosphate-sucrose buffer. Cytological examination was 
performed to assess morphology and cell aggregation. In a 
second series of experiments pH-mobility curves were 
plotted at 0-155 ionic strength in unbuffered hydrochloric 
acid-sodium chloride~sodium hydroxide. 

The results, summarized in Table 1, indicate that PHA 
invariably caused electrophoretic slowing of lymphoid cells 
and latex particles, both in the absence and presence of 
isologous serum. Some degree of lymphoid cell aggrega- 
tion occurred in the presence of PHA, but no other cyto- 
logical changes were apparent; more marked and rapid 
aggregation of latex particles occurred with PHA. During 
the course of these experiments it was noted that treatment: 
at room temporature did not influence the results; further- 
more, mobilities remained constant up to 90 min after 
exposure to PHA, It did not seem profitable to continue 
the experiments for longer in view of possible cell surface 
changes associated with globulin productions. An 
incidental finding of interest was the higher electrophor- - 








* Mean ive mobilities, corrected to viscosity of water at 25°C, 
air aa an A view “i 


revealed a shift in the isoelectric po 


from pH 3 (control) to pH 5, again suggest- 

the presence of surface-adsorbed protein. 
conclusion, exposure of lymphoid cells and latex 
particles to PHA resulted in their electrophoretic slowing, 
suggesting that surface adsorption of PHA occurs both in 
the absence and presence of serum. Although surface 


of this event in the initiation of lymphoid cell transform- 
ation remains unknown. 
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Biologically Active DNA from Canine 
Lymphoma Cells 


Brotocicat activity of nucleic acids isolated from 
tumour cells has been examined in vitro and in vivo'*. 
There has been no report of similar preparations from 
canine neoplasms. Although clinical and epidemiological 
evidence suggests that spontaneous canine lymphoma may 
be infectious in nature, no viral agent has been identified. 
The work recorded here resulted from a programme 
designed to explore the ætiological aspects of the tumour. 

Lymph nodes and spleens of animals affected with 
lymphoma were used as a source of DNA. Diagnoses 
were confirmed in all cases by histopathological examina- 
tion. The procedure used for the isolation of DNA was 
similar to that of Kay, Simmons and Dounce’. After 
deproteinization with sodium lauryl sulphate, the DNA 
was cag i with ethanol, and then redissolved in a 
volume of Sorenson’s buffer equal to the starting volume 
of the tissue. Preparations were stored in a dry-ice 
chamber in sealed vials until used. 

The DNA content of the preparations was determined 
by the diphenylamine reaction’. The concentration of 
DNA in the different preparations varied from 200 to 
1,100 pg DNA/ml. 
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Cell cultures of dog kidney were obtained by trypsin- 
ization of the cortical tisano of animals lees shan 3 monika 
in by tri 


ing : 
7-10 days), the medium was removed and the tubes were 
washed with Hanks’s balanced salt solution and then fed 


were added (0-2 ml./tube) and the tubes were incubated 
for 24 h. The fluid was replaced with medium 199 and 
2 per cent calf serum, and incubated for 1-5 days. The 
coverslips were removed, fixed in methanol and stained 
with Giemsa stain. 

Cytological effects were usually seen after 48 h, and were 
characterized by increased cell size, particularly of the 
cytoplasm, and a decrease in the total number of cells 
(Figs. 1-3). Hyperplasia was noted in several cell sheets 
treated with DNA preparations, but this was not & con- 
stant finding. Heating of lymphoma DNA to 100° © for 
5 min followed by slow cooling did not affect the activity 
of the preparations. DNase pretreatment of active pre- 
parations (30 min, 25°, 50 pg DNase/ml. DNA preparation) 
destroyed the ability to produce cytological effects. RNase 
was not effective in eliminating activity. These results 
suggest strongly that the observed effects are due to 
specific DNA activity. 

It has been reported previously’ that both cysteine and 
cystine exert a repressor effect on the growth of the cells 
of transmissible canine lymphoma. A similar effect has 
been noted on the cells of spontaneous malignant canine 


‘lymphoma. An attempt was made to transfer this effect to 


primary canine kidney cells with isolated DNA. Primary 
canine kidney cells were obtained by trypsinization and 
planted in 32-oz. prescription bottles. After confluent: 
sheets had developed, the cell sheets were washed with 
Hanks’s balanced salt solution, and 1-3 ml. of DNA pre- 
paration in 50 ml. of medium 199 without serum were 
placed in each bottle. After 24 h incubation at 37° C, the 
medium was to 199 with 2 per cent calf serum. 
After 3-5 days additional incubation, the cells were 
scraped into 50 ml. Hanks’s balanced salt solution and 





Cells treated with control DNA (mammary tumour) (xe. 138) 


Fig. 1. 


612 
Table 1. SUSCEPTIBILITY OF TUMOUR DNA-TREATED CELLS TO CYSTEINE 
RESSION 


No. of foci (total of 10 dishes) 
Without With Foei with 


Source of DNA cysteine cysteine* ——————— 
addition ‘addition Foci without *200 
Exp. 1 
Control cells 432 942 204 
t Lymphoma spleen No. 3 296 137 46 
Lymphoma spleen No.7 262 95 36 
Normal spleen No, 1 195 240 123 
a Control cells 655 497 76 
Exp. 
Normal spleen No. 1 174 134 77 
nae Lymphoma spleen No.7 310 96 32 
xp 
Normal lymph node 444 505 128 
Lymphoma node No, 7 333 157 47 
Control cells 238 234 98 
* 200 mg/l. 


divided into 2 aliquots. The cells were removed from the 
suspending fluid by centrifugation, and in one tube they 
were resuspended in Puck's N-16 medium with 10 per 
cent calf serum, and in the other tube in the same 
medium to which 200 mg L-cysteine -HCl/l. was added 
(pH 7-2). Each sample was distributed to 10 plastic 
dishes (2 ml./dish) and incubated for 3-5 days in an 
atmosphere containing 5 per cent carbon dioxide. The 
cells grew in distinct islands and were stained with Giemsa 
stain and the number of foci counted. The results shown 
in Table 1 indicate that treatment with DNA obtained 
from the spleens of lymphoma animals caused an increased 
sensitivity of the recipient cells to repression by cysteine. 
Lymph nodes from lymphoma animals have not yielded 
preparations as active as those from spleens in most cases. 
Also, cells treated with normal spleen DNA showed sensi- 
tivity to cysteine in one case, although not to the extent 
induced by lymphoma spleen DNA. Statistical analysis 
of these results by Dr. Daniel Cohen of this School indicates 
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Fig. 2, Cells treated with DNA from lymphoma (x e. 133) 
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Fig. 3. Control cells (x ¢. 131) 


that a significant alteration in cysteine sensitivity occurred 
in those cells treated with lymphoma spleen DNA. 

In work to be reported later, it has been found that 
injection of lymphoma-derived DNA into the lymphatics 
of dogs results in hyperplasia of lymph nodes and an 
increase of circulating mitotic figures. Recipient animals 
have not as yet developed malignant lymphoma. 

Although treatment of epithelial cells in vitro with 
isolated tumour DNA appears to transfer at least one 
effect (cysteine sensitivity) to the recipient cells, there 
is no evidence that this represents a transformation of 
such cells in the genetic sense. Work is now in progress 
to determine whether this or other characteristics can be 
induced in cloned line cells and detected in the progeny. 

The work described by DeCarvallo et alt, Moloney'? 
and Bressler et al.* appears to indicate that RNA is the 
tumour-inducing factor derived from leukemic tissues. 
The latter group, at least, indicate that a heavy con- 
tamination of DNA was present in their preparations. 
We are confident that RNA was not the active factor 
in our preparations, although it must be conceded that 
the contaminating protein might have a role in producing 
the effects noted. Also, experiments designed to, induce 
new antigenic determinants by treatment of cultures of 
normal cells with tumour nucleic acids, as described by 
DeCarvallo et al.4, have not been successful as yet in our 
laboratory. 

It is possible that the extracts used in this work repre- 
sent viral nucleic acid. If the activity of DNA obtained 
from lymphoma cells represented a hypothetical viral 
component, however, it would suggest that the tumours 
are rich in virus content. But it seems unlikely that even 
in such circumstances a sufficient amount of nucleic acid 
would be recovered to explain the changes found in the 
present experiments, unless a large proportion of the 
tumour cells are hosts to a latent agent with a separate 
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ifo DNA molecule. Further, experiments using 
ur homogenates, filtrates, or supernatants of 
tures of tumour cells as sources of infecting agents 

not indicated the presence of cytopathogenic factors. 
must be admitted, of course, that negative results in 
ch trials are not sufficient to eliminate the possibility 
some agent capable of oncogenesis might be present 
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- RADIOBIOLOGY 


Continuous Irradiation with Tritiated Water 
ae of Mammalian Cells in a Monolayer 


THE majority of investigations of the effects of ionizing 
‘yadiation at the cellular level have heen confined to 
imple or fractionated exposures usually at comparatively 
h dose rates. There are relatively few quantitative 
ata on the effects of continuous irradiation at low dose 
ates and most of these refer fo suspension cultures of 
‘This communication reports experiments using 
oxide (tritiated water) in the medium as a source 
tion for monolayer cultures... 
e of tritium avoids the complications of an 
rnal X- or y-ray source, and the use of tritiated water 
he selective concentration of tritium in the cell 

cleus given by tritiated thymidine*. Previous investi- 
gations with tritiated water and long-term tissue cultures 
ve concentrated, on, the qualitative effects on mitosis at 






adiated samples are indistinguishable from controls 
il after a period which increases as the dose rate is 
ced. There is a minimal difference in the slopes at 
ads/day at the end of the 11-day culture period —at 
gher: dose rates the difference is greater and occurs 
T 
Longer periods of continuous irradiation were obtained 
speatediy sub-culturing both test and control cells 
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Fig. 1. Effect of tritiated. water on growth vate of Hela douse 
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into replicate bottles using the same dose vate: 
cultures at 30 rads/day showed an inflexion in the ¢ 
curve which was repeated in every subsequent su 
(Fig..2), in contrast to the mininial effect dorsa () 
culture period at 30 rads/day.. ; a 
The two salient features of these results are: i 
10-11 days of culture in tritiated water are required o 
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Days 
Fig, 2, Effect of trypsinization on HeLa 
with tritiated water (30 rads/day)}. |, Time 
eels; ©, inradiated 








i s0-tedejday 1 ee to. show a demonstrable Sowing of 
growth, while (6) in subsequent sub-culturing at the same 
dose rate a repeated inflexion of the growth-curve occurs 
at about four days after sub-culturing with a return of 
growth rate to normal by about the eighth day. 

Tn order to explain these results two assumptions must 
bo made: 

(1) As the technique of sub-culture involves trypsiniza- 
tion, this causes temporary damage to the cells from 
-which they can recover within a few hours. 

(2) Under conditions of continuous irradiation a certain 
time will have to elapse before a steady state is achieved 
between accumulating radiation damage and the ‘latent 
damage fading’ described by Elkind®. 

Using these assumptions the following explanation is 

proposed: 
When cells are first inoculated into tritiated medium, 

_ they may have recovered from the ‘trypsin damage’ before 

significant radiation doses could have accumulated. That 
such doses do accumulate is indicated by the slowing of the 
<- growth, after ten days (at tho 30-rads/day level). If, 

“however, cells already receiving 30 rads/day are sub- 
cultured, that is, are trypsinized, the ‘trypsin damage’ 

= may superimpose on some otherwise latent radiation 

- damage and result in the sterilization of a certain propor- 

tion of the cells. Such sterilized cells may undergo a 

-fow divisions before cessation of growth. The surviving 
cells continue growth as shown by the resumption of 
population doubling at a rate indistinguishable from 
normal. i 

The nature of the ‘trypsin damage’ is not understood, 

but it is remarkable that in combination with an other- 
wise ‘ineffective’ radiation dose rate it can achieve the 
samo type of effect as radiations at high dose rates, that is, 
cell sterilization with cessation of growth after a few cell 
divisions. That in this instance cell sterilization is 
involved, and not merely a slowing of the growth, is 
indicated by investigations of clone size distributions in 
single cell plating experiments. 


A. H. W. Nias 
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o - Dark Repair of Ultra-violet Injury in E. coli 
l during Deprivation of Thymine 


‘Unrra-viorer irradiation produces injuries in bacteria 
which can be repaired in certain strains either by exposure 
to light (photoreactivation)! or by incubation in the 
 dark®!, A photoreactivating enzyme extracted from yeast 
-- geconverts thymine dimers present in ultra-violet- 
. irradiated deoxyribonucleic acid (DNA) to thymine. An 
. enzymatic mechanism has also been proposed for the dark 
» reactivation of ultra-violet-irradiated bacteriophage in 
E.: coli B (refs. 5-7). This process was not inhibited by 
thymine deprivation*. In bacteria, dark reactivation can 
be demonstrated by recovery of the ability to synthesize 
. acid-insoluble DNA following ultra-violet irradiation®. It, 
. therefore, was of interest to see if this reactivation could 
-valso proceed under conditions of thymine deprivation. 
The triple auxotroph E. coli 15 T-A-U- (requiring 
- thymine, arginine and uracil) was used for these studies. 
DNA synthesis was inhibited by incubating the cells at 
37° in the presence of thymine but in the absence of 





arginine aod uracil. 


„pared in the two groups. 






“When arginine end camel were 
added, DNA synthesis resumed gradually and reached 
the normal rate only after 40-50 min of growth. However,» 
if the cells were supplemented with arginine and uracil in < 
the absence of thymine and incubated for 45 min, the 
synthesis of DNA began at the normal rate on addition 
of thymine. During the 90 min in thymine but without 
arginine and uracil (+T—AU), the cells acquired im- 
munity to thymineless death so that no loss of viability 
occurred when they were deprived of thymine during the ` 
subsequent 45 min period without thymine but with 
arginine and uracil (—T -+ AU). 

In order to test for reactivation in the absenco of DNA 
synthesis, the cells were divided into two groups and put 
through the same sequence of manipulations. Group A 
was irradiated before, and Group B irradiated after, the. 
45 min period minus thymine but with arginine and | 
uracil, Labelled thymidine was then added and the 
rate of uptake into the acid-insoluble fraction was comi; 


greater in Group A, it was taken as evidence for repair of 
ultra-violet injury which must have occurred during the 
period of thymine deprivation and in the absence of net 
DNA synthesis. 

2-5 ml. of an overnight culture of E. coli 15 T-A-U- was 
transferred into 10 ml. of M9 (glucose-salts minimal 
medium)" containing 2 pg/ml. thymidine, 20 ug/ml. 
uracil and 1:25 mg/ml. casamino-acids. The cells were 
grown with aeration to a concentration of 5 x 10%/ml. 
They were then centrifuged, suspended in M9 containing 
2 ug/ml. thymidineand incubated with aeration at 37° for 
90 min. The cells were then centrifuged, washed twice in 
M9 and resuspended in M9 at a concentration of 10° 


cells/ml. The suspension was divided into six 10-ml. 
aliquots. Three of these, Group A, were placed in separate 


10-cm Petri dishes. They were stirred magnetically and- 
exposed to 0, 300 and 600 ergs/mm®? of ultra-violet light 
from a 15-W low-pressure mercury germicidal lamp. All 
six samples were supplemented with 1:25 mg/ml. of cas- 
amino-acids and 20 ug/ml. of uracil and were then ineub- 
ated in the dark at 37° for 45 min. They were centrifuged, 
resuspended in 10 ml. of M9 and the remaining three. 
samples comprising Group B were then irradiated as 
described for Group A. Aliquots of 1-5 ml. were taken 
from each sample and supplemented with casamino-acids 
and uracil as before. Thymidine 2-“C of specific 
activity 30 ¢./mole was added at a concentration of 2-5 
ug/ml. and the cells were incubated with aeration at 37° C. 
At intervals, 0-05 ml. was withdrawn from cach aliquotiand. . 
pipetted into cold 5 per cent trichloroacetic acid (TCA). 
An additional 0-05 ml. was transferred into an equal 
volume of 0-01 M potassium cyanide for counting the 
numbers of cells with a microscope. The TCA precipi- 
tates were drawn on to cellulose filter disks (pore size 0-45 
microns) and washed twice with 2 ml. of water. After 
drying at room temperature, the disks were glued to 
aluminium planchets and their radioactivity was 
determined with a gas-flow windowless counter. 

Fig. 1 shows the incorporation of labelled thymidine 
into the acid-precipitable fractions of cells after irradiation ` 
at 0, 300 and 600 ergs/mm*. The cells irradiated with“ 
300 ergs/mm? and tested for uptake of thymidine after 
incubation in —T+AU (Fig. 14) show a more rapid 
uptake during the first 30 min than those cells that were 
first incubated in ~T+ AU, then irradiated and immed- 
iately tested for uptake (Fig. 1B). Similarly, at 600 ergs, 
DNA synthesis began in 10-20 min in cells that had been 
allowed to incubate after irradiation for 45 min in 
—T+AU before testing for labelled thymidine incor- 
poration (Fig. 14). However, in cells that had been 
irradiated following incubation in —T+AU and. then 
tested immediately, no incorporation of labelled thymidine : 
occurred during the first 20 min (Fig. 1B). £ 

These results indicate that some type of repair can 
occur which is independent of net DNA ryithesig and : 


If the rate of uptake was | 
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which can occur under conditions of thymine deprivation. 
There was a marked increase in the numbers of bacteria 
in the un-irradiated controls during the experiment, but 
the irradiated suspensions showed no increase in cell 
numbers. 

While this work was in progress, it was reported that the 
total number of thymine dimers remained constant 
following irradiation in both ultra-violet-sensitive and 
ultra-violet-resistant strains of E. coli!*. The authors 
suggested two possible mechanisms of reactivation: (1) 
That the resistant strains were able to incorporate 
thymidine slowly while thymine dimers were still present 
in the DNA; (2) that there was an e which cut 
the intact dimer out of the DNA. If the recovery of the 
ability to synthesize DNA after exposure to ultra-violet 
light were due only to the first mechanism, the incor- 
poration of labelled thymidine into the acid-insoluble 
fraction would not be affected by incubation in —T+AU 
and should be at the same initial rate in both groups of 
cells. Since the initial rate of incorporation is greater in 
cells which were irradiated and then incubated in 
—T+AU, the first mechanism does not afford a satis- 
factory explanation of the repair process. If thymine 
dimers are cut out of DNA during dark reactivation 
(mechanism 2) one would expect reconstruction of the 
DNA to occur with the insertion of thymine before replica- 
tion takes place. Direct evidence that t ine dimers 
are removed from acid-precipitable DNA has recently 
been obtained!**, Indirect evidence that thymine is 
successfully reinserted comes from the apparent recon- 
struction of active DNA that occurs in the reactivation of 
ultra-violet-irradiated 71 phage? and from mutation 
frequency decline during incubation under growth delay- 
ing conditions***, This re-insertion alone could not 
account for the increased uptake of thymidine in the 
samples incubated after irradiation for 45 min in 
-—T+AU. Assuming that approximately 1,500 mole- 
cules of dimer are formed per cell at 300 ergs/mm? (ref. 12), 
the amount of radioactivity contributed by replacement 
would be insignificant. The increased rate of thymine 
incorporation resulting from the period of —T+AU 
incubation after ultra-violet-irradiation provides addi- 
tional evidence that some part of the repair process, 
possibly including the extraction of thymine dimers, was 
taking place during thymine deprivation. Thus, the DNA 
would be prepared for the subsequent replacement 
of thymine, reconstruction of the DNA and replica- 
tion. 
I thank Prof. Paul WHoward-Flanders for his 
advice. 
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Hæmoglobin in the ‘Chromotrope’ of an 
Insect Parasitic N e 

Ir is many years since Cobb examined, with a ‘spectro- 
scopic eyepiece’ fitted to his microscope, the patch of red 
pigment found at the anterior end of the egg-laying female 
of the insect parasite Mermis subnigrescens'. He found 
strong absorption in the blue-violet, possibly slight 
absorption in the ‘outermost’ part of the red, but noticed 
none in the orange-yellow-green. Three living specimens 
were kindly sent me in 1963 by Mr. J. H. Newton, of 
Warboys, Hunts., and I have, therefore, had the - 
tunity of examining the pigment again. Using a Zei 
microspectroscope, I found that, contrary to Cobb's 
findings, there is some absorption in the green: the 
pigment is, in fact, hemoglobin. Although faint, and 
difficult to locate accurately, the a and b bands of oxy- 
hemoglobin are unmistakably present; the wave-length 
for the centre of each band is about 1 my greater than that 
for the corresponding band for the human blood with 
which it was simultaneously compared. The identifica- 
tion was confirmed on sectioned material by a benzidine 
test? (Fig. 1). 

Cobb® claimed that his experiments showed oviposition 
to be stimulated by red and infra-red light and inhibited 
by green ‘sereens’ including living foliage. He thought 
that the red pigment, “distributed with reference to 
certain cephalic nerves”, was a “chromotrope’’ concerned 
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: seful behaviour’’ of the fe 

- towards the blue sky and above the green foliage to where, 
in the browsing zone of the grasshopper, the longer wave- 
- lengths would stimulate egg laying. However, so far as I 
am aware, hemoglobin has not, as yet, been found in an 
organ of a sensory nature, and it would therefore be of 
interest to re-examine the matter before accepting Cobb's 
interpretation. Although mature females are not easily 
< found when sought, they are not infrequently encountered 
accidentally, particularly after heavy summer rain. I 

“would be grateful for the supply of any living worms. 

















i C. ELLENBY 
os... Department of Zoology, 
University of Newcastle upon Tyne. 
“Cobb, Nu A., J: Wash. Acad, Sci., 19, 159 (1920). 
_ * Pearse, A. G. E., Histochemistry, 998 (Churchill, London, 1961). 
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‘Separation of the Effects of Gibberellic Acid on 
_ Leaf and Stem Growth of Dwarf French Bean 


GreprRettixs are the most promising chemicals for 
controlling leaf expansion, but their effects on different 
plants differ for unexplained reasons. Thus, although 
_ dwarf bean and potato have the same endogenous gib- 
_ perellin, probably A; (ref. 1), they behave differently 
when sprayed with gibberellic acid (GA). Spraying whole 
: = plants increased the rate at which the leaves of both 
= species grew initially, but whereas the primary leaves of 
dwarf bean stop growing sooner than leaves of unsprayed 
‘plants and are no larger when mature’, leaves of sprayed 
potato plants continue to grow and when mature are 
-larger than on unsprayed plants**. The results of the 
experiment described here, which compares the effect of 
-applying GA to the primary leaves and to the stems of 
- dwarf bean, suggest that the different effects of GA on 
< leaf growth depend on the fact that it moves less readily 
in dwarf bean stems than through potato stems. 
Dwarf French bean plants (Phaseolus vulgaris) were 
grown from uniform seeds in a mixture of sand and peat 
ina glasshouse during summer. Nutrients were supplied 
by watering the pots with half-strength Hoagland’s solu- 
tion. After 11 days, when the folded primary leaves were 
ible between the cotyledons, the apical growing point 
vas removed from half of the plants and 2 ul. of ethanolic 
GA, containing 2 pg GA, was applied with a micrometer- 
_ syringe, either to the epicotyl or shared between a pair 
-of primary leaves. Axillary buds were removed when 
they appeared on plants without apical growing points. 
The plants were gathered when the primary leaves of 
intact untreated plants had stopped growing, and primary 
eaf areas estimated from length and breadth measure- 
ments. 
_ ‘Fig. 1 shows that GA applied to epicotyls of intact 
plants increased. primary leaf growth only transiently, 
hereas applied to the primary leaves it continued to 





































crease their growth and produced larger mature primary 
ves than in the controls. GA did not affect hypocotyl 
tension but lengthened epicotyls and higher internodes 
le 1). GA applied to the epicotyls increased internode 
extension twice as much as GA applied to the primary 
leaves. Removing the apical growing point prolonged the 
time primary leaves continued to expand and produced 
< Jarger mature primary leaves than in intact plants’, but, 
as with intact plants, GA produced larger mature primary 








CO Pable 1. Exrect or GA ON EXTENSION OF DWARF FRENCH BEAN 
C INTERNODES AFTER 42 DAYS. (Mean internode length mm) 
Hypocotyla Epicotyls Others 
20 Aper Untreated @1 45 244 
PARA, 1 GA on leaves 63 69 418 
: et 1 GA on epicotyls 59 94 647 
: Untreated 56 45 0 
Aror { eh on leaves _ 53 69 Q 
g GA on epicotyls 55 93 0 
S.E. 31 25 19 
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leaves only when applied directly to them (Fig. 1). 
Removing the apical growing point shortened hypocotyls 
but not epicotyls (Table 1). 

When both leaves and stems of potato plants were 
sprayed with dilute aqueous GA their internodes extended 
only slightly but they produced larger mature leaves’, ` 
whereas internodes of similarly sprayed dwarf French bean 
plants extended greatly? and their primary leaves grew 
larger only when they received GA directly. The prefer- 
ential growth of treated stems or leaves indicates that 
GA moves little within dwarf French bean plants. By 
contrast, the temporary proliferation of tubers when 
haulm of potato was sprayed suggests that GA‘ moves. 
in potato’. 

GA can increase either leaf or stem growth of bean but 
usually does not do both, which could imply that leaf and 
stem compete for growth substances or photosynthate. 
Removing the ‘apical growing point produced larger 
primary leaves which contain more gibberellin than 
primary leaves of intact plants, demonstrating that the 
apex and primary leaves compete for gibberellin”. How- ` 
ever, suppressing stem growth by removing the apical 
growing point should eliminate this competition, but when. 
plants without the apical growing point were treated with’. 
GA on their epicotyls, the growth of the primary leaves 
was still only increased transiently, indicating that in- 
ability of GA to move freely was more important than 
competition in preventing expansion of the primary leaves. 

A. W. WHEELER 
E. C. HUMPERIES 
Rothamsted Experimental Station, 
Harpenden, 
Herts. 
1 Wheeler, A, W., J. Bzp. Bot., 18, 38 (1962). 
* Humphries, E, C Nature, 181, 1081 (1958). 
2 Humphries, B. C., Ann. App. Biol, 46, 346 (1958). : LS 
+ Humphries, E. C., and French, S. A. W., Ann. App. Biol., 48, 177 (1080) 
* Humphries, E. C., and French, S: A. W., Ann. App. Biol., 49, 331 (1061). 
*Vyvyan, M. Ca, Ann. Bot., N.S., 38, 59 (1924), a ae 
? Wheeler, A. W.: Rep. Rothamsted Exp. Sta. for 1980, TOO GWI o 
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Water-conducting System of Symphyogyna 

THE gametophytes of the liverwort genera Hymeno- 
phyton, Podomitrium, Pallavicinia and Symphyogyna 
contain an internal water-conducting system which is 
strikingly analogous to the xylem of simple vascular 
plants. This system is composed of one or more strands 
of narrow diameter, elongate, thick walled, densely pitted 
conducting cells that are devoid of protoplasmic contents 
at maturity. The presence of this system was first noted 
by William Jackson Hooker' in Jungermannia (now 
Pallavicinia) lyellii. Leitgeb? pointed out that the cells 
of the strand were elongate, possessed oblique end walls 
and that the cell walls were considerably thickened and 

close-set pores. Tansley and Chick? reported 
that the contents of the cells of the conducting strand 
disintegrate during development and demonstrated that 
the strand is actually an efficient water-conducting unit 
within the thalli. 

A median longitudinal section through the midrib of 
a mature portion of a thallus of Symphyogyna circinata 
(Fig. 1, top) reveals the numerous pits within the thick 
walls of the conducting cells. However, even at highest 





Fig. 1. Symphyogyna circinata. Top, longitudinal section through a 
mature conducting strand and inner cortex (periodic acid—Schiff’s 
reagent; phase; xe. 533). Middle, longitudinal section of immature 
conducting cells. The protoplasm of the cells is still well organized. 


Several of the pits show copine perforations (electron mici ph; 

xe. 4.330). Bottom, longitudinal section of nearly mature conducting 

cells, Relatively little protoplasm remains in the conducting cells 
(electron micrograph ; =e. 7,330) 
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magnification the light microscope has proved inadequate 
to study details of the pits or to determine with certainty 
that the conducting cells are actually devoid of proto- 
plasm at maturity. Electron micrographs of the conduct- 
ing cells have shown that they are indeed empty at 
maturity. Quite unexpectedly they have also revealed 
that the pits are actually complete perforations in the 
walls between adjacent conducting cells (Fig. 1, middle 
and bottom). The pits are initiated about plasmodesmata 
in the walls of embryonic conducting cells. As the cells 
mature, a portion of the wall surrounding the plasmodesma 
is digested away to form a complete perforation in many, 
if not all, pits. 

These liverworts are vascular plants in their own right 
at least in the possession of a fully differentiated water- 
conducting system. 

James L. Smrre 

Department of Biology, 

University of Colorado, 

Boulder, Colorado. 
1 Hooker, W. J., British Jungermanniae (Longmans, London, 1812-1519). 
“Tate H., Untersuchungen ueber die Lebermoose, 3 (O. Deistung, Jena, 


* Tansley, A., and Chick, E., Ann. Bot., 15, 1 (1901). 


Enhancement of the Fruit-setting Activity of 
Indolyl-3-acetic Acid by Alkyl Substitution 
on the alpha n 


Since Gustafson! first demonstrated that parthenoearpie 
fruit growth could be induced in the tomato with indolyl- 
3-acetic acid, numerous investigators** have extended 
these investigations to include derivatives of indole and 
other growth substances. Several structurally unrelated 
compounds (for example, substituted phenoxyacetic, 
benzoic acids, ete.) were found to be more active in 
promotion of parthenocarpic fruit growth than the indoles*. 
Further, modification by monochloro substitution in the 
benzene ring of indolyl-3-acetic acid or esterification of 
the carboxyl group with a methyl or ethyl radical resulted 
in derivatives with greater activity than the parent com- 
pound’, Enhanced fruit-setting activity of indolyl-3- 
acetic acid by alkyl substitution on the a-carbon, with 
special reference to D,L-«-methylindolyl-3-acetic acid, is 
herein described. 

The p,L-a-methylindolyl-3-acetic acid (x-Me-IAA) was 
synthesized by reacting indole with lactic acid in the 
presence of potassium hydroxide in a high-pressure auto- 
clave at 240°-260° C for 16 hê. The resulting product was 
treated as described by Schlender® and crystallized from 
benzene-petroleum ether. The ethyl indolyl-3-acetate 
(EIA), indolyl-3-acetic acid (IAA), 4-chlorophenoxy- 
acetic acid (4-CPA), and gibberellin A, (GA,) were obtained 
from commercial sources. 

The relative effectiveness of the three indole derivatives 
in inducing parthenocarpie fruit growth was determined 
by applying approximately 13 mg of a lanolin mixture 
at 10-5, 10-4, 10> and 10 M concentration to tomato 
(Lycopersicon esculentum L. ev. Michigan-Ohio hybrid) 
ovaries of emasculated flowers. Lanolin alone was used 
for a control comparison. Three flowers of the first cluster 
of each of three plants were used for each chemical at 
each concentration. After seven days, ovary diameter 
and pedicel thickness were measured. A randomized block 
experimental design was utilized and the results were 
summarized by analysis of variance. When appropriate, 
differences among treatment means were delineated’. 

The effect of «-Me-IAA, EIA and IAA on promotion 
of parthenocarpic fruit growth is illustrated in Fig. 1. 
The «-Me-IAA derivative was more active than IAA and 
equal to EIA at 10-* and 10 M (Fig. 1). At 10* M it 
was difficult to assess the relative activity on the basis 
of ovary diameter alone, since both «-Me-IAA and BIA 
were at a supra-optimal concentration. No stimulation 
of ovary growth was apparent in the lanolin controls. 
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Comparative effectiveness of a-Me-TAA, ELA, and TAA in promotion 
of parthenocarpic tomato ovary growth 


Figi 
Associated with the initial stimulation of ovary growth 
-was a concomitant enlargement of the fruit pedicel. Using 

-> o pedicel enlargement as an index of biological activity, a 
<: clear separation was obtained, wherein «-Me-IAA was the 
most active, IAA the least and ETA intermediate (Fig. 2). 

- "The a-Me-IAA derivative was next compared with some 

established fruit-setting chemicals (4-CPA and GA,) at 
10-tand 109M. a-Me-IAA was equally active as GA, and 
“more active than 4-CPA at 10-* M (Table 1): At 10-* M, 
a-Me-IAA was more active than GA, and comparable to 
4-CPA. 

‘The enhanced activity of IAA in promotion of partheno- 
earpic fruit growth and enlargement of the fruit pedicel, 
following substitution of a methyl group for one of the 

hydrogens. of the a-carbon, may have resulted from im- 
`: proved absorption and/or translocation. Evidence has 
been presented that methoxylation of the «-carbon in- 
reased the absorption and transport of phenylacetic acid® 
and IAA? Further, both IAA and «-Me-IAA were found 
to be equally active in the Avena straight growth assay, 
where absorption-transport effects are minimized’. In 
contrast, no marked differences were noted in stem 
-.-@urvature of cucumber seedlings when TAA or «-Me-TAA 
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i  COMPANISON € or oe LINDOLYL-3-A08 + ChLono- 


` Table iD 
PHENOXYACETIC ACID AND GIBBERELLIN ‘Ag FOR PROMOTION oF PARTHEN O- 


CARPIO TOMATO OVARY GROWTH* 


Compound Molar concentration 
197* 10 


wa 
a-Methylindoly!-3-acetic acid 85a 12°6a 
4-Chlorophenoxyacetic acid 56b 13:34 
Gibberellin Ag Te 880 


* Means within a concentration followed by a different letter. are signi» 
ficantly different at P = 0-01, Results expressed as ovary diameter (mm) 
seven days after treatment, 


was applied to one of the cotyledonary leaves; however, 
plants treated with IA.A. recovered more rapidly than those 
treated with. «-Me-IAA‘’. Perhaps the presence of the 
methyl group on the a-carbon reduced or prevented 
degradation and, consequently, inactivation, and thus the 
differential activity observed in some plant responses may. 
be related to ease of degradation rather than absorption— ; 
transport characteristics. 

In summary, methylation of the g-carbon of IAA en- 
hanced the activity of the parent compound as measured. 
by the thickening of the pedicel and promotion of partheno- 
earpie fruit growth in the tomato: The «-Me-IAA deriva- 
tive was equal in activity to EIA and other established 
fruit-setting chemicals (4-CPA and GA,). 

This work was supported in part by a grant from the 
U.S. National Science Foundation (G@B-284). 

M: J. Burovac 
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Influence of Polyviny! Alcohol on the Growth 
-and Chlorophyll Content of Pisum sativum L. 


Tr has been claimed that polyvinyl alcohol (PVA) 
enhances both the growth and chlorophyll coneentration 
of certain green algae and pea plants'-*. This effect of. 
PVA on green algae has recently been questioned by Zuri» 
and Mayer‘, who were unable to confirm the earlier work. 
It is therefore appropriate to report briefly on some 
hitherto unpublished work relating to the effect of PVA 
on pea plants, which was carried out in this Laboratory 
shortly after the paper by Rejniak et al? was published. 

Seven Green Feast pea seeds were planted in each of 
24 glazed earthenware ‘pots (2-5 1. capacity) containing. 
washed river sand. Seven days after planting, four treat- 
ments were initiated using six pots per treatment, namely, 
daily application of 200 ml. per pot of: (a) tap water.. 
(control) ; (6) 1 p.p.m. ; (e) 10 p.p.m.; (d) 100 p.p.m. solu- 
tions of PVA in tap water. This volume. was more than | 
necessary to bring the sand to field capacity.. In addition, _ 
all pots received 200 ml. of mineral nutrient solution twice 
weekly throughout the duration of the experiment. When _ 
necessary, tap water was added in equal quantities to all 
pots to keep the sand moist. The PVA used consisted 
of a mixture of equal parts of ‘Rhodousol’ grades BS-10- 
and HS-10, both manufactured by the Société Usines 
Chimiques, Rhône-Poulene, Paris. The plants were grown. 
out-of-doors: 

Forty-three days after the treatments were started, ten. 
pairs of leaflets were collected at random from the plants 
The fresh-weight, area fone ide) amd 
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Table 1... Evracr or DIFFERENT CONCENTRATIONS OF POLYVINYL ALCOHOL ON THE GROWTH AND CHLOROPHYLL CONCENTRATION or GREEN FEAST 
ae Ë A ANTS 













































































Concentration of polyvinyl alcohol added in p.p.m, | 
o ooo 1 | 0 0 | 
Av. fresh wt. of shoots/pot (g): 54-42 59-28 5157 i 
Av fresh wt. of roots/pot (@) 2005. | 2870 | a2 | 2 
‘Av. dey wt. of shoots/pot(@) SSS 6-587 eos | oz | 
“Av. dry wt. of roots/pot (@) 7 244 zas | z2 
Av. length of stems /pot (em) 88 80-4 872 
‘Av. fresh wt. of 10 leaflets/pot Gng) | 823 811 840 
Av, area of 10 leaflets /pot (em*) ] 544 52-9 “56-0 
Av. tot. chiorophyll/10 leaflets/pot (mg) | 09 | 2u 214 
T Av. tot, chlorophyll /g leaflets/pot (mg) 255 2-61 2-58 
ES A A L EIES, 








chlorophyll content* of ten of these leaflets, using one from 
each pair, were determined. The remaining ten leaflets 
were used for determining their dry weight and total 
nitrogen content. The fresh and dry weights of the 
gemainder of the plants, and the length of their stems, 
were also determined. 
_ Phe results are summarized in Table 1. The main 
ture of these results is that none of the three treatments 
with PVA had a beneficial effect on the growth as assessed 
by fresh weight, dry weight, stem length of leaflet area, 
or on the chlorophyll concentration per unit fresh weight 
of leaflet material. The only statistically significant effects 
obtained were harmful ones and occurred at the highest 
PVA treatment used. 
- This lack of a stimulating effect of PVA on pea growth 
and chlorophyll concentration contrasts strongly with the 
“glaims made by Rejniak et al2 in which a 1 p.p.m. solution 
- of PVA was said to promote the fresh weight, height and 
chlorophyll concentration of pea shoots. 
_ In trying to reconcile the present results with the con- 
clusions of Rejniak et al., consideration should be given 
to the differences in procedure that were adopted in the 
two cases. Two main differences are evident. In the 
work recorded here the treatments with PVA were started 
germination and lasted for 43 days, whereas Rejniak 
apparently applied PVA at planting time (unspecified 
er of applications) and collected the plants 17 and 
yys after planting. In our work the determinations 
f chlorophyll were limited to the leaflets, while Rejniak 
et al. analysed the tops in bulk. 
The modifications in procedure used in our work should, 
wever, tend to magnify the effect of PVA on growth and 
hlorophyll concentration. It is possible, however, that 
the effect of PVA is limited to the very early stages in 
the development of the pea plant, in which case the present 
results suggest that those effects are eliminated by sub- 
uent growth. 
In similar experiments in ‘which a 1 p.p.m. solution of 
VA was supplied to Green Feast plants, we have estab- 
lished that PVA has no effect on the internode length of 
the plants. There can therefore he no question of PVA 
ffecting the relative proportion of leaf to stem tissue in 
he present investigation. The other puvsibility, namely, 
hat PVA increases the chlorophyll concentration of the 
stems only, appears to be very unlikely. ` 
As suggested by Zuri and Mayer‘, the possible presence 
f a stimulating contaminant in the PVA preparation 
used by Rejniak et al, could explain the differences in 
, results obtained in the different laboratories. | How- 
cl amination of the results published by 
jniak et al., it appears that the effects that are ascribed 
PVA do not have sny statistical significance due to 
nall number of replicates used by them, coupled 
ge variation that was obtained between 
Infortunately the journal in which the first 







































































` N.S, Treatments variance not significant at 5 per cent level of probability. 


paper on this subject was published’ is not available to 
us. aimee 
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Does Tyrosine increase Tree Growth and 
Resistance to Frost? 

A RECENT investigation’ on the free amino-acids mo ăć< 
somo forest plants has revealed that in ligneous foret 
plants tyrosine makes up a large part of the free aimino-" 
acids. Shikimic acid, a common precursor of aromatic 
amino-acids and of lignin, was detected in rasasnrable 
amounts only in the plants containing large amounts af 
free tyrosine in their leaves. From these results, intor- 
preted in the light of investigations earried out by Brad- 
fute and McLaren’, Flaig*, and Winter‘, it was postulated 
that apart from being important to plant growth itself 
tyrosine may play a specific part in the resistance to f 
of young shoots. The present investigation was carried — 
out -to test this hypothesis. 

Preliminary investigations of the effects of tyrosine on 
growth of two-year-old Picea mariana (Mill) seedings: 
and their resistance to frost revealed that daily addition 
of 2 ml. of tyrosine (conc., 0005 M) for 10 days had a 
marked beneficial effect on height growth (Table 1). 







Table 1. AVERAGE HEIGHT OF 2-YEAR-OLD BLACK SPRUCE BEFORE, AND 


AFTER DAILY ADDITION OF 2 ML. OF TYROSINE (CONCENTRATION, e005 MY 
Water only Water plus , 
Period No. of average tyrosine average é values Significance 
samples height (mm) height (mm)* 
Before 10 71-8481 70-8488 0150 NS. 
After 10 89-4 + 7'8 1019 £ 97 £210 BS. 


ressed as means + SE, 


* Exp. a 
For P = 0-05, ¢ = 2262; for P = P01, i = $250 


In order to test their resistance to frost, these seedlings 
were submitted to a temperature of 10°C for 24 h. 
The needles of the seedlings growing in soil with added — 
tyrosine remained alive, soft and attached to the twigs, 
whereas those of the control seedlings died immediatels 
became very hard and dropped rapidly. 

A second experiment was made to dete 
tyrosine in powder at two levels of co: 
an effect on survival of black spruce set 
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_ Variations in Daily Weight in Dairy Cattle 
URING the course of observations on the grazing 
iviour and production of dairy cattle in a high-altitude 
ical region, it. became apparent that consecutive 
woekly weighings of the cattle showed wide fluctuations. 
Two. series of investigations of the short-term variation 
n weight of a group of cattle were undertaken. In the- 
first investigation, a group of 14 pedigree Guernsey cattle 
-Were weighed at intervals of 2 h for a period of 66 h. The 
< regression equation of y,, the average weight in pounds of 
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a Fig, 1. Average weight of cattle, weighed at- 2-h intervals; straight line, regression; 
pene s 











e group of cattle, on x, } 











y= 0-434 + 941-2 a 


with a correlation coefficient of r= +056 (r2= 0:314): 

It. can be seen from Fig. 1 that the observed weights. 
fluctuate about. the regression, line of y; on w in a regular 
manner, suggestive of a sine curve. A sine equation of 
the form: Ae 


Ys= 15-93 sin 15t+ 0-434- 943-8 (2) 


can be constructed to give a good visual fit-to the observed 
data. tis the time in hours from 2 p.m. on the first day — 
of observations. The correlation coefficient for the relation | 
between y, actual observed weights, and ys, weights 
calculated from equation (2), is r= +0-86 (r= 0-74). 
In a second investigation a further group of 14 pedigree 
Guernsey cattle were weighed at intervals of 4 h fora. 
period of 124h. The regression equation of y,, the average _ 
weight in pounds of the group of cattle, on æ, hours from _ 
8 a.m. on first day of observations, is: fe 


Ya = 0-062x + 830-3 B) 


with a correlation coefficient of r= + 0:40 (20:16) 0 

Again it can be seen from Fig. 2 that a sine curve is 
likely to provide a better fit than a straight line and an 
equation of the form: 


--yo= 9°82 sin 15040-0621 + 8306 (4) 


ean be constructed to give a good visual fit. The correla- 
tion coefficient for the relation between y, actual observed 


weights, and yẹ, weights calculated from equation (4), 


isr= +098 (2=0-97), O oe ae 

The two equations (2) and (4), derived | 
from the two different series of observations, 
are both sine equations of general form: 


Bt; 

sate (5) 
where A=daily amplitude variation in 
pounds; minimum at 8 am.; B=daily ins. 
erease in weight; C= initial weight at t=0; 
t=time (h) from 2 p.m. on first day; y= 

average weight of the group of cattle. 

It would appear that equation (5) is a 
reasonably accurate. model of the daily 
pattern of weight variation in Guernsey: 
cattle living in cool, high-altitude conditions 
in the tropics with day and night of equal. 
length. These weight variations agree 
well with the observed grazing behaviour 
of the animals, details of which will be 
published elsewhore. The grazing behaviour 
of the two groups of animals did not differ, 
nor were there observable differences in the’ 
grazing behaviour of the weighed animals 
and unweighed animals also under observa- 
tion. 

In view of the regular rise and fall in. 
average weight of the group of cattle, and. 
the»eiailar behaviour of the individuals 
making up the group, with a minimum 

*veight at 8 a.m., a sharp rise during the day; 
and a peak weight at about 8 p.m, it is ` 
obvious that the time of day at which cattle 
are weighed will make an appreciable differ- 


y= A sin 15¢+ 
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ence to their observed weight. Any experi- 
mental groups of cattle which are having 


ae aan ar pace sen: as me a ae a Mo m their weights recorded should always. be. 
i Sm we paras em aes BeBe ae ‘weighed at the same time of day, which, 
Time (h) forthe conditions described, would be- 


. Fig, 2. Average weight of cattle, weighed at Ah ea straight line, regression; 


sine curve, approximation 





preferably around 8 am., to avoid the. 
dangers of daily weight variations masking. 
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true variations of weight over the period of the experi- 
ment. 

We thank Dr. W. J. A. Payne for the loan of a portable 
weighing machine, and Prof. J. F. Griffiths for his sug- 
gestions on the type of sine curve to adopt. 


R. J. YATES 
P. J. LARKIN 
Egerton Agricultural College, 
Njoro, Kenya. 
ENTOMOLOGY 


Light-dark Adaptation, and ‘Glow’, in Abnormal 
Moth Eyes without Pigment 

Tue role of pigment migration in light-dark adaptation 
of the eyes of nocturnal moths has long interested investi- 
gators!*, Efforts have been made to find out what part 
pigment migration plays in the behavioural changes 
associated with light-dark adaptation’, and in the pheno- 
menon called ‘glow’. Recently, it has been reported that 
adaptation in nocturnal moths occurs in two stages, the 
first of which is not accompanied by pigment migration’. 
The discovery that variations can occur in the light- 
threshold of a dark-adapted compound eye with practi- 
cally no change in the glow area® is further evidence of the 
independence of adaptation and pigment position. 

Recently, I was afforded a unique oppor- 
tunity to observe light-dark adaptation 
in some abnormal moths with vivid yellow 
eyes which entirely lacked eye pigments. 
The moths were Halisidota argentata Pack. 
(Arctiidae), which normally fly shortly 
after sunset and at intervals during the 
night. Only four males and one female were 
found at different times with this eye 
abnormality. It is unlikely that more will 
be found in the near future due to subse- 
quent decline of the field population, so 
the few observations made were considered 
of sufficient interest to warrant their 
publication at this time. 

There appeared to be little difference 
in the reactions to light between normal 
and abnormal moths. During the day, 
the abnormal moths remained immobile 
and lethargic, like normal moths. How- 
ever, after they were put into complete 
darkness for about 0-75 h during the day, 
when returned to the light they flew 
vigorously in their container for some 
minutes and then gradually became in- 
active. In this respect also they behaved 
like normal moths, becoming active at 
any time in the absence of light. When 
normal moths of this species are dark- 
adapted the eye exhibits a ruby-coloured 
glow spot in dim light. The abnormal 
moth eyes, after dark-adaptation, also 
showed a distinct glow ; however, the colour 
of the glow was silver, much like a mirror 
reflecting light. The glow persisted in 
the eyes of both normal and abnormal 
moths for about 20 min after they were 
returned to the light. Thus, apparently 
some morphological change affecting its 
reflectivity occurred in the abnormal eye 
when dark-adapting; the appearance of 
glow has usually been related in the 
past to pigment migration. 

The abnormal moths flew toward a 
point light source in a dark room after 
they were dark-adapted, in a manner 
similar to normal moths. 
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Fig. 1. Sections of normal eye (a, b) and p 
(a, c) light-adapted and (b 
pigment; Z, pigment behind fenest 
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After one week from emergence the yellow eyes of the 
abnormal moths became deep red in colour, possibly due 
to a change in the chitinous covering of the eye. All the 
foregoing observations were made with younger yellow- 
eyed moths. 

The external appearance of the yellow eye and the 
colour of the glow led me to suspect that the eyes lacked 
pigment. Some normal and abnormal moths were fixed in 
alcoholic Bouin’s fixative, with eyes both light- and dark- 
adapted. After staining with hematoxylin and eosin the 
heads were transversely sectioned at l0. Sections 
through the centre of the normal eye (a, b) and the 
abnormal eye (c, d) are shown in Fig. l in both the light- 
and dark-adapted state. 

The most obvious difference in Fig. 1 between the two 
is the lack of pigments in the abnormal eye. Nuclei (N) 
of the secondary iris cells are clearly visible in the abnormal 
eye, below the crystalline cone layer, but in the normal 
eye they are obscured by the dark iris pigment. These 
nuclei appear to have migrated backward during dark- 
adaptation in the abnormal eye, and since the eye lacks 
the secondary iris pigment, the appearance and disap- 
pearance of the glow during dark- and light-adaptation may 
have been caused by a change in reflectivity as a result of 
this migration of the nuclei. 

The lack of pigment in the abnormal moth eyes, together 
with the occurrence of behavioural changes obviously 
resulting from light-dark adaptation, and with the appear- 


d) dark-ada X. secondary e e Kpt nme a F retinal 
ark-adapted; X, ; + ret 
membrane; N, secondary cell nuclei 
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ance of a glow spot during das adaptation ens 
different colour), show that some process other than 
pigment migration is primarily responsible for adaptation 
in these moths; that is, pigment migration is a secondary, 
not a primary, factor in their adaptation. 

D. K. Epwarps 


Forest Entomology and Pathology Laboratory, 
Victoria, B.C., Canada. 
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Lipid Composition of the Eggs from an Aphid 
Tue eggs of aphids are usually difficult to find; to 
collect a sufficient quantity for chemical examination is 
generally unfeasible. In the summer of 1963, however, an 
extremely large population of Huceraphis punctipennis 
Zett. was observed on weeping birch, Betula 
tristris, near Driebergen, Holland. In late October the 
sexual females were ovipositing, and in mid-December 
900 eggs, weighing a total of 60 mg, were collected. The 
eggs were macerated in a small glass homogenizer and 
their lipids extracted three times with 0-5 ml. of CHC], / 
MeOH (2:1 v/v). The extracts were combined, evapor- 
ated to dryness at 30° C in a stream of nitrogen, redissolved 


in the extraction solvent and the lipids purified after the ` 


method of Folch et al.. The purified lipids weighed 
8-3 mg, or 13-9 per cent of the fresh weight of the e 
Eight mg of the purified lipids were placed on a silicic 
acid column and eluted first with ether to remove the 
neutral lipids and then with methanol to recover the polar 
lipids, as described by Nichols*. The neutral lipids weighed 
6-0 mg whereas 1-0 mg of the polar lipids was eluted. All 
6-0 mg of the neutral lipids were then placed on a ‘Florisil’ 
column which was prepared and eluted according to 
Carroll, The ‘Florisil’ column measured 0-9 em x 4:5 em 
and 4 column volumes of each fraction were collected. The 
identities of the lipids in each fraction were determined by 
thin-layer chromatography, following the general pro- 
cedures described by Mangold‘. The quantity in each 
fraction was determined by weighing on a microbalance 
having a sensitivity of + 5 pg. 
Table 1. PERCENTAGE OF FATTY ACID COMPOSITION OF THE TRIGLYCERIDES 
EXTRACTED FROM THE EGGS OF Euceraphis punctipennis ZETT. 


Fatty acid Carbon chain-length Percentage 
Laurie Cu if} 
Myristoleic C 314 
Palmitic Cg 85 
Palmitoleic Cre?’ 7-0 
Stearic Cis 30 
Oleic Oist: 20-4 
leic Cuts 6-0 


The results indicated that the neutral lipids contained 
85-9 per cent triglycerides, 4-75 per cent sterol esters, 
2:00 per cent free fatty acids and 7-75 per cent of hydro- 
carbons, free sterols, pigments and unidentified materials 
combined. The triglycerides were purified by preparative 
thin-layer chromatography‘, eluted from the silica 
with ether and hydrolysed by heating in a sealed tube at 
100° C containing 0-2 N ethanolic potassium hydroxide 
for 30 min. After cooling and acidification, the free fatty 
acids were extracted with ether, esterified with diazo- 
methane and analysed by gas-liquid chromatography on 
a polyethyleneglycoladipate column’. The fatty acid 
composition of the triglycerides is shown in Table 1. Of 
interest is the high proportion of myristoleic acid Cu: 1} 
which is present only in trace amounts in aphids*, It was 
not unexpected to find a high proportion of fatty acids 
with a chain-length of 14 carbons, for myristie acid (C,,) 
is generally the most abundant in aphids®. 
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The polar lipids were separated by thin-layer chroma- 
tography*. Based on the size of the spots after charring 
tie dincaiegreme, the ee sve were estimated to 

predic about 30 per cent of the total polar lipid fraction, 
which corresponds to 3-6 per cent of the purified lipid 
extract or 0-5 per cent of the fresh weight of the eggs. One- 
major and two minor phospholipids were present. The 
major phospholipid has been tentatively identified by 
co-chromatography with knowns as phosphatidylserine. 
The two minor phospholipids are unknown. 

I thank Prof. Dr. H. J. Vonk for allowing me to carry 
out this work in the Laboratory of Comparative Physi- 
ology, University of Utrecht. 


Frank E. STRONG 


Department`of Entomology, 
University of California, 
Davis, California. 
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CYTOLOGY 


Electron ane Autoradio ography y of the 
Nucleolus of Insect Salivary Gland Cells 


RELIABLE techniques of autoradiography at the ultra- 
structural level have been developed only during the past 
one or two years, and hence practical applications of this 
approach are, as yet, few. This communication describes 
electron microscope autoradiographs of the nucleolus with 
a technique! which enables quick processing of a large 
number of grids. 

Larval salivary glands of the chironomid Smittia were 
incubated in vitro for 20-25 min in Morgan, Morton and 
Parker’s Medium 199 supplemented with tritiated uridine 
at 60 ue./c.c. (sp. act. 3-0 c./mM, Radiochemical Centre, 
Amersham). The procedure adopted is identical to that 
we routinely use for the study of the glands with light 
microscope autoradiography where practically all the 
incorporation is sensitive to ribonuclease. After incuba- 
tion the glands were fixed in cold 1 per cent osmium 
tetroxide buffered with veronal acetate and embedded in 
methacrylate mixture*. Pale gold sections were cut with 
a Porter-Blum Servall microtome and mounted on 
‘Formvar’-coated and carbonized nickel grids. These were 
afterwards covered with a film of Ilford L4 emulsioni. 





1. meoenaloan f a section of nucleus sho! umerous grains 
Ao the nucleolus ae oe ‘over the H wing nnmn he organizer 
arrow 





Fig. 2. 





3. Autoradiograph where the grains close to the organizer (arrow) 
zu are ph whs over the nucleolus proper 


After varying periods of exposure at 4°-5° C in plastic 
boxes containing ‘Drierite’, the preparations were developed 
in Kodak D-19b or ‘Microdol-X’ for 5 min at 20° C, and 
then fixed for 10 min in acid hardening fixer (Johnson's 
*FIX-SOL’) diluted 9 times with water. 

The grids were then stained for at least l h in a saturated 
solution of uranyl acetate in 50 per cent alcohol. The 
gelatin layer of the emulsion was cleared by sublimation in 
the electron beam*. In other cases the gelatin was 
removed before staining by treatment with 0-05 N sodium 

idet or 0-1 N acetic acid’. 

A definite autoradiographic response is obtained over 
the nucleolus after an exposure of 60 days. After 90 days 
the silver grains are numerous over the nucleolus and few 
over the chromosomes (Figs. 1 and 2), In some instances, 
with the same exposure, the nucleolus alone appears to be 
labelled (Fig. 3). Background is negligible in preparations 
exposed up to 120 days. All the figures shown are after 

for 90 days. 

The low sensitivity of electron microscope autoradio- 
graphy when compared with light microscope autoradio- 
graphy (the sensitivity differs by a factor of about 5 in our 
system) is outweighed by the gain achieved in resolution. 
When the nucleolus is well labelled, the organizer region 
of the nucleolar chromosome is at best no more labelled 
than the rest of the chromosomes (Fig. 1)—a fact that had 
emerged from earlier light microscope studies* where 
incubations as short as 2 min were also studied. It is 
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now clear that grains occurring close to the organizer 
(Fig. 3) are localized over the nucleolus proper. 
The organizer region was examined in serial sections of 
different nuclei. The present observations add to earlier 
ones® which indicated that the organizer does not con- 
tribute to any observable extent to the synthesis of 
nucleolar RNA in the larval salivary gland cells of Smittia. 
This work was supported by the British Empire Cancer 
Campaign and the Damon Runyon Memorial Fund for 
Cancer Research (DRG-579). 
J. JACOB 
J. L. Sun 
Institute of Animal Genetics, 
University of Edinburgh, 
, Edinburgh, 9. 
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B Chromosomes in Wheat, Triticum 
aestivum L. 


For many years accessory or B chromosomes have 
been found in many species both in animals and plants. 
Among cultivated plants certain important species such 
as maize and rye have accessory chromosomes; but so 
far the presence of such chromosomes in wheat has not 
been reported. 

While making cytological observations concerning 
aneuploidy in ‘Aragón 03’, a variety of Triticum aestivum 
L. spp. vulgare MacKey, some plants with accessory 
chromosomes in their somatic cells were found. ‘Aragón 
03’ is a Spanish drought-resistant variety. 

All the B chromosomes found in these wheat plants are 
heterobrachial, euchromatic rather than heterochromatic 
and of smaller size than those of the normal haploid set. 









belonging to the same preparation of a plant with 2n = 42 
+1 acc. The preparations were made by Feulgen— 
propionic orcein stained squashes of root-tips which had 
‘been pretreated with «-bromonaphthalene. 


JUAN-RAMÓN LACADENA 


Estación Experimental de Aula Dei, 
Apartado 202, 
Zaragoza, Spain. 


VIROLOGY 


-- Effects of Freezing, Storage at Low 
< Temperatures, and Drying by Sublimation 
_in vacuo on the Activities of Measles Virus 


=O Viruses, like more complex biological entities, vary in 
their eryotolerance, their reactions to protective agents, 
and their resistance to drying by sublimation in vacuo}. 

Temperatures for the preservation of the activities of 

suspensions of viruses are chosen frequently on the basis 

of a facility capable of reaching — 40° or less, rather than 
"|: QR & comparative study of the effects of temperatures of 
Ey freezing and storage. Drying from the frozen state by 
<- sublimation in vacuo has been used for preparing stable 
preparations possessing activity after rehydration; the 
combinations of temperatures of freezing and drying 

- necessary to obtain preparations with maximum activity 

following rehydration have been investigated less fre- 

“quently?.4.. The investigations recorded here were made to 

determine the effects of temperatures of freezing, storage 
at low temperatures and temperatures of drying by 
sublimation in vacuo on the infectivity titres of suspensions 
of measles virus. The effects of additives were also 
investigated. 

The attenuated Edmonston strain of measles virus, now 
in its fiftieth passage in monolayer cultures of chick embryo 
tissues grown in Medium 199, was used in this work. 

- Optimum yields of virus were obtained after 6-9 days of 
Incubation at +32°. Following incubation, cells and 

© maintenance medium were pooled and centrifuged at 

- 2,000g at + 5° for 12 min; the infectivity titres of the 

-cell-free supernatants were 10%5-107-* plaque- -forming 

units/ml: Protective substances were added prior to 
- freezing. One substance, dimethyl sulphoxide (DMSO), 
> was added in a quantity sufficient to give a 2 per cent 
< concentration in the final suspension. The other (PDA), 
originated in the laboratories of Parke, Davis and Co., 
-consisted of calcium lactobionate and = normal serum 
albumin, human. The foregoing were added separately 
in amounts to give 1 per cent concentrations of each in 
the final suspension. 

To sublimate ice from suspensions of virus maintained 
at — 76°, a vacuum system (lyophilizer) capable of reach- 
ing a pressure of 10-5 torr. or lower was constructed). 
Specially fashioned ‘Pyrex’ tubes containing the frozen 
- samples were attached to the vacuum apparatus by stan- 

dard taper joints. The ends of the tubes were covered by 
low temperature liquids or sludges during the drying 
process. Two-tenths ml. of freshly prepared suspensions of 
measles virus were placed in the ‘Pyrex’ tubes and frozen 
by lowering the tubes, with rotation, into cold baths. 
Thawing was initiated at 37-5° and completed at room 
temperature (+ 18°). Dried samples were rehydrated with 
distilled water at + 15°. 

The titres reported are the geometrie means of paired 
samples. Variations in the titres of the paired samples 
subjected to similar conditions were analysed statistically. 
Differences equal to or greater than the means of sample 
differences plus three standard errors were considered to 
be significant. 
{a) non-frozen or frozen only, 0-2 log; (b) frozen and stored 
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The values obtained were as follows: ` 




































T OF Prerna 


‘able 1. Exreer -20°, ~40°, — 76° RYING BY 
SURLIMATION in TH TEMPERATURES OF 0°, — a OR oe ; 
ON THE Tree oes Prva ) OF MEASLES VIRUS SUSPENDED IN MEDIUM 

199 on MEDIUM 190 PLUS PARKE, Davis 'ADDITIVA'* 
Temperature Freeze Temperature of sublimation 
of freezing control 0° -20° ~ 40° 
Medium 199 

Control (non-frozen) 190" 
pre 20° 100%% 10437 19450 10%83 10%?" 
~ 40° 40%% 407788 10882 4100 10%: 
— 76° 102 ig qgan 108" 19 

Medium 109 plus Parke, Davis Ae 

Control (nom frozen) ; 
~ 20° 10°87 Oe 10" 10%" 
~ 40° Wie 1083 10% 1084 10% 
~~ 76° 19s 190% 10% 10a 1080 


mh *1 per cent calcium lactobionate and 1 per cent normat seram albumin, 
uman. 


at low temperatures, 0-35 log; (c) frozen and dried by — 
sublimation in vacuo, 0-50 log. TNS 
The titres of suspensions of measles virus in Medium 


199, Medium 199 plus PDA or Medium 199 plus DMSO ae 


frozen slowly at — 20°, —40° or —76° were not signifi- 


cantly different from those of the non-frozen controls 


(107-51, 107-22 and 1072 plaque-forming units/ml. respec: 
tively). After 180 days of storage at — 65°, following freez- 


ing at the temperatures above, significant decreases were , 


found in the activities of suspensions of virus in Medium 
199 frozen slowly at — 20° (105-89 plaque-forming unite/ 
ml.), — 40° (10% 5°) or — 76° (10%?*). The titres of suspen- © 
sions of virus in Medium 199 containing PDA or DMSO -` 

and treated as the above were not significantly different 
than those of the non-frozen suspensions. In general, 


the lowest titres were found in suspensions stored for- 


180 days at —40°; and in the majority of cases these’. 
titres were significantly lower. than suspensions stored at ~~ 
— 20° or — 65°. E 

The effects of temperatures of freezing and. bath 
temperatures during drying by sublimation in vacuo —— 
on the titres of suspensions of measles virus in Medium 
199 or Medium 199 plus PDA are shown in Table ko 





Following freezing, drying by sublimation in vacuo mma _ 


rehydration, the titres of suspensions of measles virus in. | 
Medium 199 were significantly lower than those of the: 
non-frozen or the freeze-control groups. In general, the- 
smallest declines in titres were found in suspensions dried 
at a bath temperature of 0°; the greatest declines in 
suspensions frozen at — 40° and dried at bath tempera- 
tures of —20°, — 40° or — 76°, or in suspensions frozen at 
— 20°, —40° or —76° and dried at — 40°. 
titre was found for suspensions frozen and dried at ~ 40°. 
The titres of the majority of suspensions of virus in... 
Medium 199 plus PDA, following freezing and drying, 
were not significantly different from those of the non- 
frozen or freeze-control groups. With one exception the 
groups showing significant declines in titres were those 
frozen at — 40° and dried thereafter. The smallest loss of 
titres was found for suspensions frozen at — 76° and dried: 
at 0°. For the several combinations of temperatures 
of freezing and drying, the titres of dried suspensions of | 
measles virus in Medium 199 plus PDA were significantly 
higher following rehydration than those of suspensions 
of virus in Medium 199. a 
Dried suspensions of virus in Medium 199 plus DMSO A 
were inactive on rehydration. ` 


Recent investigations have shown that dimethyl : 


sulphoxide is equal to or superior to glycerol in protecting 
cells and cellular particulates from the effects of freezing’ 
and storage at low temperatures*-*, The results presented: 
here indicate that dimethyl sulphoxide protects measles 
virus suspended in Medium 199 against the effects: of 
freezing and. storage at moderately low temperatures 
(— 65°). Preliminary work in our laboratories has shown. 


that dimethyl sulphoxide in low concentrations modified < 


the degree of super-cooling of solutions and shortened the 
freezing time of solutions. We have found also that 


the infectivity titres of suspensions of influenza virus T 
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The lowest 








decreased if super-cooling occurred, or if the freezing time 
was over-prolonged. The effects of the foregoing factors on 
ions of measles virus have not been investigated. 
ormal serum albumin, human, was found to protect 
suspensions of measles virus during the time required 
for making the serial dilutions necessary for titring. In 
the p tions used in our studies, virus represents 
but a small fraction of the total system. It is common 
practice to add serum albumin to dilute solutions of 
enzymes to prevent deleterious changes; the serum albu- 
min in Parke, Davis ‘Additive’, in a similar but as yet 
unknown manner, may prevent damage to viral particu- 
lates. 
The mechanisms by which calcium lactobionate func- 


-tions to stabilize suspensions of measles virus are not 


known. The effects of this compound on the formation 
of ice crystals or on the super-cooling of suspensions 
of virus are being investigated. 
The crystal structure of a frozen solution is dependent 
not only on temperature but also on the history of the 
ure for ing. The crystal pattern ofa solution 
slowly to —40° and maintained at that tempera- 
ture will differ from that of a solution frozen slowly to 
— 80° and rewarmed and maintained at — 40° (ref. 9). One 
eter which determines the characteristics of the 
solid state, the eutectic temperature, is difficult to calcu- 
late for a salt solution as complex as Medium 199. In 
most cases, the sharp eutectic boundary found for simple 
salt solutions is replaced in complex solutions by 
eutectic zones where progressive phase transitions occur. 
Our investigations emphasize the practical implications 
of the foregoing for the drying by sublimation in vacuo of 
7 ye of viruses. ai 
ys vesti n was supported, in part, by t 
AI-04137-02 of the U.S. National Institutes of Health. 
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In vitro Culture of Yaba Virus-induced Tumour 
from Monkeys 


Bearcroft and Jamieson’ discovered a tumour on the 


face of a rhesus monkey imported from India to their 


laboratory in West Africa. In rapid succession, similar 
tumours appeared in other Asian monkeys housed in the 
same colony. Andrewes et al.** demonstrated that the 
tumour was produced by a virus which probably belongs 
in the pox group. Investigators at the Roswell Park 
Memorial Institute** classified this tumour as a histio- 
a and demonstrated (by electron microscopy) that 

virus was indistinguishable from other viruses of the 
pox group, although no antigenic relationship to vaccinia 
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or monkey pox virus could be demonstrated. The virus, 
when fhowchased intravenously, produced lesions in the 
skin and internal organs of Asiatic monkeys, but monkeys 
imported from Africa appeared to be immune. The sus- 
ceptibility of human beings to this virus was observed in 
a laboratory accident in which an injection needle son- 
taining Yaba virus suspension accidentally penetrated the 
skin of an investigator‘. 
Early attempts to propagate this virus in tissue culture 
systems by the Roswell Park group were unsuccessful’. 
The work recorded here was undertaken to propagate 
the Yaba virus-induced tumour in tissue culture. A cell- 
free filtrate from a Yaba tumour excised from a rhesus 
monkey was injected subcutaneously into 3 sites of a 
recipient rhesus monkey. On the 27th day the tumours 
were removed aseptically along with several enlarged 
lymph nodes draining these areas. Attempts to culture 
these tissues were not successful. A 10 per cent sus- 
pension of the tumour was passed subcutaneously in a 
second monkey and minced material inoculated inte 
Leighton tubes containing various media. 
e cultures maintained at 37° C in Medium 199 
(ref. 10) with 20 per cent calf serum supported prolifera- 
tion in 4 of 14 tubes. On the eighth day of growth, this 
tissue culture was subcutaneously inoculated into monkeys 
and typical Yaba tumours were obtained. This third 
monkey passage of the virus was inoculated into the 
medium selected in the above experiments and prolifera- 
tion was observed for 28 days. A tissue culture sub- 
was then made, and subsequent growth was 
observed for 8 days. Fig. 1 shows the original explant 
on the 28th day. Figs. 2 and 3 show the same specimen 
at higher magnification. The cells appear morphologically 
to be epithelioid or fibroblastic, which is compatible with 
their possible histiocytic origin. 





Fig. 1. Yaba tumour explant én vitro 





. Yaba tumour cells at periphery of explant shown in Pig. 1 
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Fig. 3. Higher magnification of Yaba tumour cells from tissue explant 
shown in Fig. 1 


The cell on the extreme left of Fig. 3 may contain an 
inclusion body. If this observation is borne out by electron- 
microscopic investigation, the Yaba-histiocytoma cell origin 
of these cells will be strengthened. This preliminary com- 
munication points out that the virus-induced Yaba tumour 
itself can be perpetuated in simple cultures, and suggests 
a possible method for cultivation of the virus. Further 
investigations are needed before this cell culture can be 
developed into a useful tool for the investigation of this 
virus. 

This work was initiated while I was a staff member at 
Roswell Park Memorial Institute, Buffalo, New York. It 
was supported by grants from the U.S. National Institutes 
of Health and the American Cancer Society. 

ELMER T. FELTZ 
Virology Laboratory, 
Epidemiology Section, 
Arctic Health Research Center, 
U.S. Public Health Service, 
Anchorage, Alaska. 
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eee, C. H., Allison, A. ©., Armstrong, J. A., Beareroft, G., Niven, 
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MISCELLANEOUS 


Use of Glass Fibre Paper in Liquid 
Scintillation Counting 


Finer paper is frequently used as a means of supporting 
radioactive substances, such as proteins or the effluent 
from a column, for counting in liquid scintillation counters. 
While this is satisfactory for most isotopes in common 
use, the efficiency of counting tritium is undesirably low, 
being a fraction of the efficiency obtainable with tritiated 
toluene. Glass fibre paper, however, has been found to 
allow a much higher counting efficiency, approaching the 
theoretical maximum, 

The efficiency of counting typical water-soluble radio- 
active compounds supported on various filters was 
determined on a Nuclear Chicago model 724-725 liquid 
scintillation counter (this is a coincidence counter with 
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Optical density 


400 500 600 


Wave-length (my) 


Fig. 1. Absorbance of filters in toluene. 1, Filte: (Whatman 
No. 1); 2, glass paper (Whatman GF/C); 3, membrane filter (Oxoid) 


700 


photomultiplier tubes either side of the counting bottles). 
Known amounts of *H- and “C-labelled amino-acids were 
applied evenly to the filters, which were dried under an 
infra-red lamp and inserted in cylindrical form into 5-ml. 
flat-bottomed vials containing toluene-based scintillator 
(5 g/l. 2,5-diphenyloxazole; 0-3 g/l. 2,2-p-phenylenebis 
(5-phenyloxazole) ). It can be seen from Table 1 that 
the efficiency of tritium counting is very much greater, 
and the efficiency of carbon-14 counting is slightly 
greater, using glass fibre paper than using cellulose paper. 

gh be sttclisiaide 60 tip Wieden Nanananana A 
might be attributable to the vi of glass 
fibre when immersed in toluene (Fig. 1). That this is not 
so was demonstrated by counting vials containing radio- 
active protein entirely supported on cellulose, cellulose 
acetate, or glass paper and then counting the same vials 
with the radioactive material surrounded by a non- 
radioactive cylinder of a different material. All 
combinations were tried, and in no case with either 
earbon-14 or tritium was a significant decrease in count 
observed. It seems, therefore, that the lower efficiencies 
with cellulose or cellulose acetate could be a result of 
quenching by these materials, but that the optical density 
of the supporting substance is relatively unimportant. 


Table 1 


Maximum Counting 
‘Thickness loading efficien: 
(mm) (ml./em*) H rO 
Filter paper (Whatman No. 1) 


33cm x 3:3 cm 017 0-02 46 «61 
Glass paper (Whatman @GF/C), 

8-7 cm 0-34 0-04 208 75 
Membrane filter (Oxoid), 

3:0 cm diam, 0-12 0-01 69 64 


A further advantage of glass paper is that it holds about 
twice the volume of liquid as the same aroa of paper, 
enabling one to apply larger volumes of solution for drying. 
Tf even larger volumes are to be counted, aliquots may be 
applied successively with interjacent drying, or more than 
one piece of glass fibre may be counted in the same vial 
with no decrease in efficiency—a result implicit in the 
observation of Pinter et al.1, who found no reduction in 
count when up to 25 glass fibre disks were laid flat in 
counting bottles containing “C-cholesterol in solution. 
This has been found to hold true for tritiated compounds 


as well. s 
D. M. Gmr* 
Department of Radiotherapeutics, 
University of Cambridge. 


* Holder of a Medical Research Council scholarship for training in research 
methods, 
3 Pine, E G., Hamilton, J. G., and Miller, O. N., Anal. Biochem., 4, 458 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Monday, May I! 


WAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, 8.W.7), 
.m.——Prof. M. J. Wise, M.C.: “The Impact of a Channel Tunnel on 
Planning of B.E, England”. 


NSTITUTE OF BIOLOGY AND THE Evoeunics Society (at the British 

um (Natural History), Cromwell Road, London, 8.W.7), at 5.15 p.m.— 
n P.B. Medawar, F.B.S.: “Natural Selection and the Concept of Fitness” 
arth Darwin Lecture), 


INSTITUTE or ELECTRICAD ENGINEERS, ELECTRONICS Division (at Savoy 
ĉe, London, W.C.2), at 5.30 pan.—Diseussion on “Are Transistors 
i linble Enough ?”, 
ROYAL INSTITUTION, LIBRARY CIROLE (at 21 Albemarle Street, London, 
1), at p.30 pm.—Mr. A. H. Ewen: “The Letters of Count Rumford". 


UNIVERSITY er LONDON (in the Eugenics Theatre, University College, 
ower Street, London, W.C.1), at 6.30 p.m.—~Prof. J. Hemelrijk (Univer- 
ity of Amsterdam): “Designing an Orange Crate—a Statistical Packing 
` Problem’, * 





Tuesday, May 12 


SOCIETY OF CHEMICAL INDUSTRY, AGRICULTURE GROUP (at 14 Belgrave 
Square, London, 8.W.1), at 10.30 a.m.—-Annual General Meeting, followed 
by a full-day Meeting on “Factors Affecting Plant Composition”. 

_ ZOOLOGICAL SOCIETY OF LONDON (at the Zoological Gardens, Regent’s 
Park, London, N.W.1), at 5 p.m.—Selentifie Papers. 

INSTITUTION oF ELECTRICA) ENGINEERS, ELECTRONICS DIVISION (at 
Savoy Place, London, W.C.2), at 5.30 p.m.—Mr. C. F. Whitbread: “U, HLF. 
‘elevision Receiving Aerials”. 

Society OF CHEMICAD INDUSTRY, PLASTICS AND POLYMER GROUP (at 
the Film Theatre, Shell Mex House, Strand, London, W.C.2), at 6 p.m.— 
22nd Annual General Meeting. 


Tuesday, May 12—Friday, May 15 


Insrererion OF. MeOWANICAL ENGINEERS (at 1 Birdcage Walk, West- 
ater, London, S.W.1)—Conference on “Thermal Loading and Creep in 
ructires: and Components”. 


Wednesday, May 13 


Paren INSTITUTION OF RAMO ENGINEERS (at Birkbeck College, Malet 

treet, London, W.C.1), from 16.30 a.m. to 5 p.m.—Symposium on “Modern 

Techniques for Recording and Processing Seismic Signals”. 

. INSTITUTIONS OF ELECTRICAL ENGISEERS, ELECTRONICS DIVISION (at 

Savoy Place, London, W.C.2), at 5.30 p.m.—Prof. A. F. Huxley, F.R.S.: 

pa Annual Lecture. 

‘UNivenstry or LONDON (in the Eugenics Theatre, University College, 

Gower Street, London, W.C.1), at 5.30 p.m.—Prof. J. Hemelrijk (University 

of Amsterdam): “Statistical Research and Consultation at the Mathe- 

Watical Centre, Amsterdam—Case Studies”, * 

ROYAL SOCIETY OF Ants (at John Adam Street, Adelphi, London, W.C.2), 

in perio Pierre Auger: “International Space Research” (Trueman 
are). 








Thursday, May 14 


“Roya Society (at Burlington House, Piccadilly, London, W.1), at 
i pm—Prof, F. O. Williams, F.R.S.: “Inventive Technology—The 
Search for Better Electric Machines” (The Bakerian Lecture). 
O INSTITUTION OF ELECTRICAL ENGINEERS, POWER DIVISION (at Savoy 
hco, London, W.C.2), at 5.30 pin—Mr, E. A. K. Jarvis: “Control of 
mtor Voltage in A.C. Traction”, > 
Oocam Soctety (at the Northampton College of Advanced Technology, 
hn Street, London, £.C.1), at 6.15 p.m.—General Discussion on points 
¿rest arising from previous meetings. 


g 


J 


APPOINTMENTS VACANT 


PLICATIONS are invited for the following appointments on or before 
the dates mentioned: 
RESEARCH ASSISTANT (graduate in medicine or biology) IN THE DEPART- 
T or HisroLogy—-The Registrar, The University, Liverpool, quoting 

> No. CV/143/N (May: 15). 

$ MOTURER Or LECTURER. (preferably with particular interests 

theoretical chemistry) IN TRE DEPARTMENT OF CHEMISTRY -——The Regis- 
‘at, University College of Swansea, Singleton Park, Swansea (May 16). 

BRITISH COKE RESEARCH ASSOCIATION FELLOW (with a good honours 
degree or G.M.E.LLO.), for research in the carbonization of high polymers— 
The Registrar, The University, Hull (May 16). s 

; LECTURER IN SOCIOLOGY IN THE DEPARTMENT OF SOCIAL 
‘ istrar, The University, Nottingham (May 18). 
ad IN ELECTRICAL ENGINEERING IN THE FOLLOWING FIELDS: 
(1) SOLID Stare ELECTRONICS, (2) MRASUREMENTS, (3) ELECTRICAL POWER, 
or BL OAL ROTATING MACHINERY-—The Secretary, The Queen's Uni- 
rity, Belfast, Northern Ireland (May 18). j 
A L (2) IN Botany—The Registrar, University of 


EPARTMENT OF GEOLOGY, 
` ty: istrar, University of Khartoum, c/o Inter- 
versity Council for Nasal ueation Overseas, 33 Bedford Place, 
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SENIOR TECHNICIAN or TECHNICIAN IN THE WORKSHOP.G 
MENT OF PHysics, University of Khartoum—-The Hegistra: 
Khartoum, c/o Inter-University Council for Higher Education: 
33 Bedford Place, London, W.C.1 (May 26). : 

UNIVERSITY LECTURER IN THE DEPARTMENT OF GROLOwY Deo TD) 
Muir, Secretary of the Appointments Committee, Faculty of Geoersciy 
and Geology, Department of Mineralogy and Petrology, Downing Places, 
Cambridge (May 20). 

READER IN COMPUTER SCIENCE IN THE COMPUTER UNIT te lead a amali 
research group concerned with the general design and use af fature 
puting systems, including problems of man~machine commiaicat! 

cademic Registrar, University of London, Senate House, London, 


(May 21). ES 
DEMONSTRATOR (graduate) IN AGRICULTURE, spocinliziag in Crop ARTOGUDY 
ay 22)... ne 
enineer: 

x 













—The Registrar, The University, Nottingham (May : 
_ LECTURER (with a degree, preferably with honours, in mechanical nex 
ing of w recognized university, and preferably some industrial or resaarehy 
experience) IN MECHANICAL ENGINEERING at the University of (uee a 
Australia—The Secretary, Association of Commonwealth Univ PUNES: 
(Branch Office), Marlborough House, Pall Mali, London, SW. (Dowien 
and Brisbane, May 29). 

LECTURER (with an honours degree or a higher degres in payehelogy and’ 
with qualifications in education) IN EDUCATION IN Tap D) WENT 
EXTERNAL STUDIES, University of Queensland, Brishane, Australio- Thu 
Secretary, Association of Commonwealth Universities (ranch O DY, 
Marlborough House, Pall Mall, London, 8,W,.1 (London and Brisbane, 


May 29) 
PARAS 






CHAR OF RADIOLOGY at the University of Melbourne, Anstrato-- Tie 


Secretary, Association of Commonwealth. Universities (Branch Oce), 
i House, Pall Mali, Londen, 8.W.1. {Australia and Dorion, 
une 1). 


~ RESEARCH STUDENTS (with the degree of Bachelor or Master of a British 
University other than Manchester) IN Scrmnce—The Registrar. The Univer- 
sity, Manchester 13 (June 1). 


LECTURER IN PATHOLOGY (Morbid Anatomy}—The Registrar, The 
University, Bristol 8 Cum 6). 

LECTURER/SENIOR TURER (with strong research. interosta ti. rasib- 
anics or physics of solid materials) In MECHANICAL ENGINEERING ae ee 
University of Sydney, Australia—The z Association of Comen: 
wealth Universities (Branch Office), Maribo: House, Pall Mall, London, 


8.W.1 (Australia and London, June 12). 
PROFESSOR OF KaYProLogy—The Registrar, University Registre, Oxford 


(June 13). 

LECTURER IN MATHEMATICS at the University of Western Australias 
The Secretary, Association of Commonwealth Universities. (Branch Okee 
oe House, Pall Mall, Londen, 8.W.1 (Australia and Loudon, 

une 27). 

READER IN MATHEMATICS at the University of Western Australiei ho 
Secretary, Association of Commonwealth Universitiea (Branch OMh 
ew House, Pall Mall, London, 8.W.1 (london and Australie, 

une 27). A 

CHAIR OF BjoonnurerRY in the University of Tasmania The Soetarg, 
Association of Commonwealth Universities (Branch Office), Marlboroug! 
House, Pall Mall, London, 8.W.1 (Australia and London, June 30). 

CHIEF TECHNICIAN IN THE BIOLOGY LABORATORY, to take Charge of ie 
undergraduate and research laboratories from May 1065—~The Barear, T 
University of York, Heslington, York (June 30), 

TECHNICIAN IN THE PHYSICS LABORATORY, to take charge of the 
unde uate and research laboratories--The Bursar, The University of 
York, Heslington, York (June. 30), 

SENIOR LECTURER (preferably with experience in the field of immunidogy 
and its clinical application) IN BACTERIOLOGY at the Universite of Sydney, 
Australia—The Secretary, Association of Commonwealth Universities (Bran 
Office), Marlborough House, Pall Mall, London, S.W.1 (Australia and 
London, July 14). 

Basic GRADE BIOCHEMIST (preferably with previous experience of Toegital 
work) IN THE GROUP LABORATORY —Group Secretary, General Hospital, 
Sandford Road, Cheltenham, Glos. 

BIOCHEMIST, to assist in studies of the significance of the reaplrets 
enzymes of muscle tissues and their subcellular components in 
to the curing of meat-—The Director of Research, British Food Mar 
ing Industries Research Association, Randalls Road, Leatherhead, © 

BIOCHEMIST, to work on intermediary metabolism: af the lens 
reference to development of cataract—aA. Pirie, Nafield 
Ophthalmology, The University, Walton Street, Oxf 

LECTURER (with a good degree and up-to-date expe 
IN THE DEPARTMENT OF PHYSIcs—Clerk to. the Gove 
Polytechnic, Holloway, London, N.7. 
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and/or research experience) IN AIRCRAFT StTRUCTURES—Head of the De- 
partment of Aeronautics and Space Technology, Northampton College of 
Advanced. Technology, St. John Street, London, H.0.1. 

MASTER TO TEACH PHYSICS throughout the school, with a good share of 
sixth form work; and a MASTER TO TEACH MATHEMATICS up to “0” level, 
with some Puysics—The Headmaster, King’s School, Worcester. 

RESEARCH ASSOCIATE (recent Ph.D. or very well qualified M.S. graduate) 
IN THE DEPARTMENT OF BIOCHEMISTRY, to work in the general area of pro- 
tein structure and function—Dr. G. H. Dixon, Department of Biochemistry, 
University of British Columbia, Vancouver, Canada. 

SCIENTIFIC INFORMATION OFFICER (with a selenite degree, a reading 
knowledge of one or more foreign languages, and the ability to write clear, 
concise English), for work which involves abstracting, reviewing and classify- 


ing the world literature of soil science, and the storage and retrieval of 
entific information—The Director, Rothamsted Experimental Station, 
Harpenden, Herts. 


SENIOR LABORATORY TECHNICIAN I (registered), for a research post in a 
sex chromatin survey of new-born babies, with some chromosome analysis 
~The Superintendent, Children’s Hospital, Western Bank, Sheffield 10. 

TECHNICIANS (female), for antiserum production and reference work; 

A SENIOR or PRINCIPAL Sc! TEN EINIO OFFICER (male or female), for 
quality control and research-——Dr. G, W. Miller, National Director, Canadian 
pea Cross Transfusion Service, 95 Wellesley Street E., Toronto 5, Ontario, 

nada 

ZOOLOGIST or PHYSIOLOGIST (graduate), to assist in the British Empire 
Cancer Campaign research on the biology of cancer including tissue culture 
~The Secretary, Mount Vernon Hospital, Northwood, Middlesex. 


REPORTS and other PUBLICATIONS 


(not ineluded in the monthly Books Supplement) 


Great Britain and Ireland 


Albright and Wilson, Ltd. Albright Magaz he apr No. 1 (February 1001) 
Pp. 32. (London: Albright and Wilson, Ltd., 1964 
EMI Electronics, Ltd. The Wells Series of Nucleonie Instrument Mode 
Pp, 12. (Hayes, Middx.: EMI Electronics, Lid., 1964.) 262 
The Macaulay Institute for Soil Research, Collected Papers, Vol. 6, 
1958-1960. Edited by Alexa M, B. Geddes and Rosaleen Noble. Pp. 24+ 
rg Nos. 1-88. (Craigiebuckler, Aberdeen: The Mascanlay Institute for 
eon Y Research, 1964.) {262 
The Offices, Sho : and Railway Premises Act 1063: a General Guide. 
Prepared by the Ministry of Labour and the oe Office of Information. 
Pp. 47, (London: H.M. Stationery Office, 1964.) 2s, 6d. net. [28; 
Ministry of Agriculture, Fisheries and Food, Agricultural PT 
Approval Scheme, (Insecticides, Fungicidesand Herbicides). Listof Approved 
Products 1964 for Farmers and Growers. Pp. 421. (Pinner, Middx, : 
Ministry of Agriculture, Fisheries and Food, 1964. ` [262 
University of Oxford. Comments of the General Board of the Faculties on 


the Report of the Committee on Postgraduate Studies. (Supplement No. 2 
to the University Gazette, February, 1964.) Pp. 34. (Oxford : The Universtiy 
1964.) is. 


[ 

The Technologist, Vol. 1, No. 1, (January 1964). Published quarterly. 
Pp. xiv +42. Annual subscription ‘soe. Single 7s. 6d. (London: Sir Dane 
Pitman and Sons, Ltd., 19 [262 

Department of Scientife, ‘and Industrial Research: National Physical 
“Laboratory. Notes on Applied Science No. 34: Principles of Pneumatic 
Gauging. By Dr. J. C. Evans and I. G. Morgan. Pp. ili+4848 natos, 
(London : H.M. Stationery Office, 1964.) 58. net, 

The MH istorieal Relations of Science and Technology. By Prof. A. Binet 
Hall. (inaugural Lecture, 19 November 1963.) Pp. 12. (London : Imperial 
College of Science and Technology, 1964.) 2s. [26 

Hertfordshire County Council Technical Information Service. References 
on Mathematical Programming (excluding Linear Program: ming), Pp 30, 
‘Roe Green, Hatfield: Hertfordshire County Council Tehni ara brary an 

nformation Service, Hatfield College of Technology, 1964.) 3s (bee 

Be corpo of Scientific and Industrial Research: National Pyle 

Laboratory. The Inclusion of Equivalent Metric Values in Scientific Papers. 
Second edition, revised by P Bigg. Pp. v+18. (London: 
Stationery Office, 1968.) 1%, 9d. net. [eee 262 

Bulletin of the British Museum (Natural History). Geology. Vol. 9, 
No. 4: On the Skull of Ps Sel gue By Dr. Akten Walter Crompton. 
Pp, 67-82 -+ plate 1. 9s. logy. Vol. 11, No. 3: The Cheilostomatous 
Polyzoa Neoeuthyris ine nN egillivray) and Reginella doliaris (Maple- 
stone). By Anna B. Hastings. Pp. 243-262 + plates 1-3. 11s. Vol.11, No. 4; 
The Marine Enoplida (Nematoda): s Comparative Study of the Head. By 
William G, Inglis. Pp. 263-376, 35s. (London: British Museum (Natural 


History), 1964.) 
Pp. 1016. (London : 


tory): 1004) Buyers Guide 1964. 
19815 10s, 

The Manchester Museum. Report of the Committee for the year ending 
July Bist, 1963. Pp. 20. (Manchester: The Museum, The University, - 


10h versity of Birmingham. Report of the Vice-Chancellor and Principal 
for the Calendar Year 1963. Pp. 39. University Research Committee— 
Thirty-fourth Annual Report on Research and Publications, Session 1962- 
1963, Pp. 161. Report of the Council for the year ended 31st December 1963 
and Accounts for the year ended’ 3lst July 1963. Pp, 30. aie : 
The University, 1964.) (26 

The British Drug Houses, Lid. B.D.H. Lead-Free Reagents fi ‘or r Food: 
stuifs Analysis. Pp. 3. (Poole: British Drug Houses, Ltd., 4.) {262 

Incandescent, Ltd. Leafiet No, V74: Heat Treatment- Pusêr Furnaces, 
Pp. 8. (Smethwick : Incandescent, Ltd., 1964.) {262 

Cement and Concrete Association. Films available on Joan from the 
Cement and Conprete Association. Pp. 12. (London: Cement and Concrete 
Association, 19 (262: 

Agricultural Research Council easy Laboratory. ARCRL 11: 
Interim Report—Radioactivity in Milk, Fp. vit-16. (London: 
Agriouitural aoe Council, 1964. Available from E M. Stationery 
Office. 8 net 

Madleal Research Council. The Exposure of the Population to Radiation 
from Fallout. (A Re eport to the Medical Research ‘onal Hy their Committee 
on Protection Against Fonizing Radiations.) Pp. 1 (London: Hy 
Stationery Office, 1964.) 1s. net. 

Field Studies Council. Annual Report, 1962-68. Pp. 85+5 photogs be 
(London: Field Studies Council, 196: Pos 

The Library Association. Annual Report 1963. Pp. 31. (London: The 
Library Association, 1964.) {262 


The eugene, 
(262 


LECTURER (with “gh aondernie qualifications and ‘relevant. industrial 
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-Other Countries 


Geological Survey, Uganda, Geological Maps. 1/250,000-—-Geological 
Maps: Arua, Pakwach, Moroto, Fort Portal, Kampala, Mbarara, Masaka, 
Kabale. 1/250 ,000-——Bouguer Contours and Gravity Stations : Arua, 
Pakwach, Moroto, Fort Portal, Kampala, Mbarara, Masaka, Kabale. 
1/1,500, o00—Geolg ical Map of Uganda, Atlas Edition. 1/1, 250, ,000— 
Bouguer Contour Map of Uganda. (Entebbe, Uganda : Geological Survey, 
1960, 1961 and 1962.) 

Colony of itis. Annual Report of the Meteorological Deparenest 
1962. Pp. 15. Meteorological Observations and Climatological Summaries, 
January, 1963. Pp, 1i+21. February, 1963, Pp, 21. March, 1963. Pp, 21. 
(Port Louis: Government Printer, 1963. ) 122 

Runoff-Farming in the Negev Desert of Israel: Report on the Avdat and 
Shivta Farm Projects for the years 1958-1962, By Michael Evenari, Leslie 
Shanan and Naphtali H, Tadmor, Pp, 143 +12 plates. (Rehovot : The 
National and University Institute of Agriculture, 1963.) 122 

Inter-American Institute of Agricultural Sciences. Bibliographical List 
No. L, (Rev.), Supplement 1 : Coffee—hibliography of Publications available 
in the Institute Library. Compiled by G. P. de Montoya. Pp, vili+181. 
(Turrialba, Costa Rica: Inter- American Institute of Agricultural Sciences, 
1963.) 2 dollars. 262 

United States Department of the Interior : Fish and Wildlife Service. 
Report of the Bureau of Commercial Fisheries for the calendar year 1961, 
Pp. iii+82. (Washington, D.C.: Government Printing Office, 1963.) [268 

Educational Services Incorporated, ESI Quarterly Report, Winter-Spring 
1004; ) Pp, 148. (Watertown, Mass.: Educational Services Incorporated, i 

Instituto de Investigacao Cientifica de Mocambique. Novos Taxa 
Entomológicos, (Suplemento à Revista de Entomologia de Mocambique}. 
No. 31, (Novembro 1963): A Note on the Difference Between Listropsyila 
chelura Rothschild and L, cerrita Jordan, with Description of Two New 
Subspecies (Siphonaptera, Hystrichopsyllidae). By E. Haeselbarth. Pp. 18. 
No. 32, (Novembro 1963): A Remarkable New Primitive Dragonfly (Odonata) 
from the Victoria Falls. By Eliot Pinhey. Pp. 6. No. 33, (Dezembro 1963): 
Paussus lusotropicalis n, sp., um Novo Paussideo do Sul género Marskal- 
lipaussus Kolbe (Col. Carab. Pauss.) (11.a Contribuicao pA o Estudo 
Monográfico dos Paussideos). Por Ed. Luna de Carvalho. Pp, 6. (Lourenco 
Marques: Instituto de Investigacao Cientifica de anias ‘1983. > [262 

Institutt for Atomenergi, Kjeller. Kjeller Report No. 62: An Analysis. of 
Slipi in Gas-Liquid Flow ‘Applicable to the Bubble and Slug Flow Regimes. 

By L. G. Neal. Pp, vii-+-15+4 figures. (Kjeller, Norway: Institutt for 
Atomenergi, Kjeller Research Establishment, 1963.) 262 

Annual Report a the Durban Museum and Art Gallery for the Municipal 
Year 1962-1963. Pp. 24. Durban Museum Novitates. Vol. 7, Part 5, (31st 
January, 1984): Miscellaneous Taxonomie Notes on African Birds, XXI 
By P. A. Clancey. Pp. 125-140. 35 cents. (Durban: Durban Museum and 
Art Gallery, 1963 and 1964.) 

Hunga: National Commission for Unesco. Report on the Work of the 
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“HE debate on automation in industry and commerce, 
4 which. was opened by Viscount Hanworth in the 
House of Lords on April 8 in a well-informed and wide- 
ranging speech, was notable for some outstanding speeches 
ich brought out the wide implications of the whole 
ject. Viscount Blakenham, who replied at length for 
. Government, responded to Lord Hanworth’s sug- 
gestion that adoption of automation might be accelerated 
by a tax relief or subsidy on the purchase of new capital 
equipment and promised to put the point before his col- 
leagues in the Government. It must be admitted, how- 
ever, that the subsequent Budget has been bare of any 
proposals for stimulating such developments along lines 
which were also advocated by Viscount Astor and Vis- 
count Caldecote. 
Lord Hanworth, after reviewing briefly some of the 
opportunities for the application of computers, pointed out 
t there were human obstacles to the increased use of 
mation, both in the board-room and in the Trade 
ions. The major obstacles were not, in fact, technical 
e passive or negative attitude of managements and 
Unions, coupled with ignorance of what could and 
should be done. For this reason he urged a firm lead 
rom the Government and suggested specifically a capita- 
ion tax on firms situated in an area of full employment, 
asa strong inducement to increased efficiency as well as 
a means of controlling the location of industry. Technical 
colleges too should be assisted in buying their own compu- 
_ters, but. he did not think that the proposal for a National 
titute of Automation was sound. There was already 
he United Kingdom Automation Council, working 
ough. existing organizations, and some first-class work 
also being fostered by the Department of Scientific 





e majority of ‘speakers in the debate, Lord 
worth was concerned with the need to plan for the 
changes which automation would inevitably cause, 
Britain must aim to arrange these changes in step 
with the build-up of automation. However, he did not 
hink that Britain was near the point when she could 
counter serious labour trouble. Nevertheless, he thought 
it was necessary to examine the redundancy aspect 
to plan the expansion of certain consumer industries 
in areas where unemployment was likely. To encourage 
‘increased mobility of labour he thought that pensions 
seniority, for example, should be transferable when 
move was made to a new location at the request of the 
stry of Labour. A thorough investigation was 
ired into the factors inhibiting mobility and those 
g movement in the population. 

Lord Hanworth showed. that in this connexion he was 
li aware of the importance of transport and that the 
hole question was part of the wider problem of planning 
our resources so as to meet the needs of the different 
regions and of the nation as a whole. He recognized that 
t was related also to the question of industrial training 
nd particularly industrial re-training, though he did not 
think that the increased demand for maintenance tech- 
cians would be quite so big as was sometimes suggested. 
Shift work was likely to increase, but, on the other hand, 
ation would eliminate not only many tedious and 
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repetitive tasks involved by mechaninio: buai 
dangerous and unhealthy work. Britain, he th 
would be wise to concentrate developments where the 
were most important, as in production industrins a 
particularly those concerned with exports. W 
major responsibility must rest with manage 
greater sense of responsibility and a stricter disciply 
were needed throughout industry. 
Lord Shackleton took up this last point and in 
that the responsibility rested entirely with manage noe 
However, Lord Hobson and Lord Taylor strongly de- 
sented, maintaining that much of British manag: 
was highly efficient—in spite of Lord Taylor quoting 
Thomas Legge’s maxim regarding industrial disease 


















no part of the worker’s duty. Lord Shackleton, however, 
was even more concerned that Britain should recognize the 
magnitude of the problem and insisted on the fundamental 
importance of the Man-power Researeh Unit of ithe 
Ministry of Labour. He, too, urged the importarice of 
pension rights being transferable and admitted the 
importance of real co-operation between management and. 
Trade Unions. His final point regarding the mere f 
leisure was the major theme of the speech by the Bishop 
of Coventry, who regarded the resettlement of w 
displaced by automation as the most serious asper 
problems and insisted on the importance of o 
conceived schemes of industrial resettlement and e 
training designed to encourage flexibility of mind. 
Britain is behind such countries as Sweden, The Neth 
lands and France, and it should be remembered, too, that 
there are real difficulties in re-training for the middie- 
aged and older workers who might find uniearning as 
great a problem as learning. He, too, stressed the inv. 
portance of transferability of pension and referred also to 
the need to adapt apprenticeship training to the needs of 
to-day and make it easily available to e larger propa: on 
of the population. 
Lord Caldecote, who also defended British manager 
and advocated better tax and financial incentives, con 
mented on a lack of understanding between engineers 
scientists and financiers. He thought that the re oe 
associations could make a much bigger contribution moo 
automation if adequately supported, but stressed ihe 
urgency of being prepared for the changes that lay ahead. 
In this connexion, Lord Caldecote also weleomed the 
establishment of the Man-power Research Unit, the: 
United Kingdom Automation Council and the Indus 
Training Act, as well as supporting what had alr 
been said about transferability of pensions and then 
for adequate housing arrangements. Lord Bowden bogan 
by noting the rapidity of developments with computers; 
those introduced about 1950 could work a few hundred 
times as fast as an ordinary man could in 1938; those 
now being sold, however, were some thousand tim as 
fast as the primitive computers of 1950, and calè 
were now possible at about a million t 
a good man with pen and paper. Th 
such a development in the task of Gover 
meteorology, for example, were as yet so 
ciated. ae 
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"|. sane and realistic. 
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Tt was iiiforiunate, said Lord Bow r 
Treasury had not yet grasped the Hisar nes of these 
machines or given to their development the support 
which, in his view, would have been justified. On this, 
however, he was challenged by Lord Blakenham, who 
referred to the support given by the National Research 
Development Corporation in the early days. He stated 
that the Corporation was supporting work on diagnosis by 
computerized medical records and that in the past twelve 
months the Department of Scientific and Industrial 
Research had placed £150,000 of development contracts 
with British firms as a first contribution to a programme 
of more than £1-5 million for developing the basic 
elements of computers. While he did not dispute Lord 
. Bowden’s assertion that Britain was now outdistanced 
by the American industry, Lord Blakenham thought that 
the discrepancy between 17,000 computers in use in the 
: United States and 800-900 in the United Kingdom was 
< more a measure of the relative sluggishness of the British 


oo industrial market. 


While regretting Britain’s failure to keep her hold on 
the world market, Lord Bowden said that it usually cost 


“> as much to get a machine into use and working as it cost 
-> to build it, and he again attributed the insufficient atten- 
> tion to the complex problem of organizing the use of 


computers in Britain to the lack of imagination. at the 
Treasury. He was convinced that it was essential for the 
Government to give a lead in investigating the use as well 
as the development of computers, but the design of 
machine tools and control mechanisms, an essential factor 
in handling computers, was a problem to which the 
universities and industry must direct increasing attention 
in co-operation. He insisted that further postgraduate 
education in such devices as the Special Institutions 
proposed by the Robbins Committee was essential, and 
“they should be located where they could be collaborated 
with industry which had been established and which 
could be developed. 
Lord Williamson, pointing out that automation was 
“only one field, urged that technological advance was 
“needed over a much wider field, and stressed the urgent 
importance of greater attention to the social aspects of 
technological development. This was a main theme of 
‘the speeches by Lord Milne, Lord Peddie, Lord Hobson 
(who claimed that the Trade Unions were far less obstruc- 
tive than, earlier speakers had suggested), Lord Stonehaven 


and Lord Taylor. 





Viscount Blakenham’s reply for the Government was 
He recognized that the advances of 
a the past ten years emphasized by Lord Bowden held vast 


implications and entirely agreed that automation was 








vitable and that we must plan to meet its social and 
uman consequences. After noting that automation 
Zit offer great advantages in economics of material as 
ll as opportunities for improving quality, he suggested 
that the careful and detailed investigations needed to 
apply general principles might be one reason for the 
relatively slow progress in Britain. He said that the 
Government was considering what more could be done to 
assist the Industrial Automation Group which had 
recently been formed by the Committee of Directors of 
Research Associations. Britain’s own computer industry 
was already satisfying British requirements. On the 
psychological approach, he agreed that. re-orientation 
courses for management were needed to assist the intro- 
duction of the new techniques, and on the social aspects 
he referred to the establishment of a special mit in the 


International Labour : Organization to 
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wok out and 

co-ordinate a programme for the benefit of all countries 
which were affected by automation. In Britain, besides 
the Man-power Research Unit at the Ministry of Labour, 
which was concerned with identifying probable changes in 
the occupational structure and between particular types of 
skill and was working in close touch with the staff of the 
National Economic Development Council and academic 
research workers, the Ministry was sponsoring academic 
research projects into the man-power question. The 
Human Sciences Committee of the Department of Scientific 
and Industrial Research was sponsoring a series of case. 
studies of the technological change and a study of the : 
managerial implications of office automation. 

Nevertheless, Viscount Blakenham agreed that more i 
expenditure on education was needed as well as farther 
research into the techniques of automation, and he thought 
the National Research Development Corporation might 
have a part to play in filling the gap between the maker 
of equipment and the user. In conclusion, he said that — 


the Government was paying careful attention to ‘the 


question of how to direct and co-ordinate the extra effort : 
required and supply some central drive. 

It could be argued that one opportunity has been missed 
in the Budget which was presented to Parliament the 
following week, but financial and taxation incentives are 
probably not the most important factors. The debate © 
itself could contribute substantially to the basic task of 
education; however, it did supply some evidence that 
more is being done in the Trade Unions and elsewhere 
than is often admitted or recognized. Te is interesting, 
however, to find little support in the debate for the view. 


which W. W. Allen has formed, on the basis of experience | — 


at Fawley with the productivity agreements and some | 
later enquiries into British industry. According to Mr. 

Allen, virtually all workers in British industry are under- 

employed and that the normal working week is already 

too long, although it is often argued that excessive over- 

time is worked. Mr. Allen puts this as unnecessary beyond 

the 2 or 3 per cent required to cope with emergeney or 

maintenance situations; 90 per cent of that at present 

worked, he considers, could be eliminated with benefit to 

production. 

It is important to note that Mr. Allen also believes that 
basic wages and salaries are too low and that he challenges. 
the growth rate of 4 per cent for the British economy re- 
garded as appropriate by the National Economic Develop- 
ment Council as too low—-something between 8 and 12 per 
cent is more likely to be the proper figure when the extent 
of the lack of balance between the size of the work force 
and the amount of capital equipment has been determined 
and corrected. His argument, none the less, strongly © 
supports all that was said in the debate about attention 


to the social and human aspects of development, whether > : 


through automation or any other means. The removal 
of any reasonable fears of redundancy through appro- 
priate pension and re-training policies and programmes ‘is. 
an essential condition of economic development. It is 
disappointing to find that there is only slight reference to 
this aspect in the recently published review of the first 
year of the growth programme by Sir Robert Shone, the 
director of the National Economie Development Council. 
Man-power presents, indeed, one of the eight major 
problems to be solved, but it is scarcely in keeping with: 
its importance to say merely that the Council intends to 
review at an early opportunity the progress of work on 
the forward planning of labour requirements, training, 
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mobility, preservation of pension rights and financial 
provisions for redundancy. 

In tho year of a general election, party conflict is only 
too likely to disturb the co-operation which is so essential 
if the task of establishing confidence between employers 
and employees and the central government is to succeed. 
Even the task of public education can be hindered. For 
that reason alone it is imperative that both the Govern- 
ment and the National Economic Development Council 
should tackle these aspects of development with real 
urgency and drive before party conflict becomes too 
acute. It is no less imperative that some real break 
should be made with Britain’s ingrained practice of 
bolstering inefficiency wherever found and that Britain 
should adopt a more ruthless policy towards firms and 
organizations that fail to move with the times. The 
debate gave perhaps a rather too optimistic picture of 
the situation as a whole and scarcely any speaker referred 
to this real weakness in British practice. Britain cannot 
expect to reap the full advantages of automation or other 
forms of technological advance, however humane and 
far-seeing her social policy, unless she designs her fiscal 
and economic policies to encourage efficiency and experi- 
ment and not to shield the inefficient and backward. 


BABBAGE’S DREAM IN ACTION 


Decision-making Processes in Pattern Recognition 

By Dr. George S. Sebestyen. (ACM Monograph Series.) 
Pp. vilit+162 (illustrations). (New York: The Macmillan 
Company; London: Macmillan and Co., Ltd., 1962.) 
55a. 


An Introduction to Algol Programming 
By R. Wooldridge and J. F. Ractliffe. (Applied Mathe- 
matics Series.) Pp. x+131. (London: The English 
Universities Press, Ltd., 1963.) 25s. net. 


Input Language for Automatic Programming Systems 

By A. P. Yershov, G. I. Kozhukhin and U. M. Voloshin. 
Authorized translation from the Russian with an intro- 
duction by R. W. Hockney. (A.P.I.C. Studies in Data 
Processing, No. 3.) Pp. ix+70. (London, New York: 
Academic Press Inc., Ltd., 1963.) 258. 


The Compatible Time-Sharing System 

A Programmer’s Guide. By F. J. Corbaté, M. M. Daggett, 
R. ©. Daley, R. J. Creasey, J. D. Hellwig, R. H. Orenstein 
and L. K. Korn. Pp. x +96. (Cambridge, Mass.: Tho 
Massachusetts Institute of Technology Press, 1963.) n.p. 


Charles Babbage and His Calculating Engines 

Selected Writings by Charles Babbage and Others. 
Edited, and with an Introduction by Philip Morrison and 
Emily Morrison. Pp. xxxviii+400. (New York: Dover 
Publications, Inc.; London: Constable and Co., Ltd., 
1961.) 2 dollars. 


HE first four books reflect in differing ways modern 

trends in the technique of digital computer usage. 
Dr. Sebestyen, whose book is based partly on work done 
at the Massachusetts Institute of Technology, points out 
that computers are hungry for input data, and the recogni- 
tion of patterns is likely to become of paramount impor- 
tance. He is concerned with pattern ‘detection’, that is, 
with detecting the common attributes of a set of inputs; 
a practical pattern recognition device might be based on 
the results of a pattern detection study. No unifying 
concept or general theory has yet emerged in this field. 
Nevertheless, the author offers a presentation of the main 
theoretical and statistical ideas which appear to be relevant 
to the problem. On account of its theoretical nature, the 
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bulk of the book may seem somewhat remote from 
the practical problems mentioned in the introduction, 
such as the recognition of a spoken word independently 
of the speaker who utters it, or the recognition of a speaker 
regardless of the spoken text. However, this sort of 
treatment is essential if something better than an ad hoc 
approach to pattern recognition is to be achieved, and the 
book is much to be welcomed. 

The book of Wooldridge and Ractliffe is essentially a 
guide to writing Algol programmes for Elliott com- 

uters. Where Elliott Algol differs from official 
Algol 60, there is a footnote to the effect. It seems some- 
what contrary to the spirit of Algol to teach it in this 
way, and the book would have been of much wider interest 
if it had treated Algol in general, indicating by footnotes 
or otherwise where specific implementations differed. 
However, the book will, no doubt, be useful to those who 
have Elliott machines, although I fear that they will 
regret the absence of a comprehensive index. 

The book by the Russian authors is for Algol experts. 
It contains an account of a computer input language 
closely resembling Algol 60, but having additional 
features, notably more powerful means of describing 
atrays, of defining functions, and of specifying itorative 
loops. The formal description of the language consists 
of a complete reproduction of the Algol 60 report with 
new (clearly marked) sections inserted to cover the new 
features, and with those sections which are not applicable 
to the new language enclosed in brackets. The introduc- 
tion by Mr. R. W. Hockney, of the English Electric Co., 
explains and, to a minor extent, evaluates the innovations. 
While the more die-hard “Algol lawyers’ will disap- 
prove of any meddling with the text of the Algol report. 
those who wish Algol to be a living rather than a dead 
language will welcome the initiative shown. 

The Compatible Time-Sharing System of the Massachusotts 
Institute of Technology is a new departure in man- 
machine relationships, and is designed to give a user vory 
much closer contact with a large computer than he ordin- 
arily enjoys. Previous applications of time-sharing havo 
been designed primarily to use the time of a computer 
more efficiently; here the object is to let the user work at 
his own speed and in his own way, the machine sharing 
its time between a group of such users, each working at 
his own console and receiving a few milliseconds or a few 
seconds of computer time when he needs it. The system 
is based on a slightly modified and somewhat enlarged 
IBM 7094 computer, and is compatible in the sense that 
the ordinary programming methods and languages used 
with that machine are available. Instead of using decks of 
punched cards, the programmer keeps all his files of 
information, programmes as well as data, in the computer. 
These normally reside on a disk memory and come into 
the core storage when needed. The user can put informa- 
tion into the machine from his keyboard and make any 
necessary.modifications rapidly and easily. He can cause 
programmes to be compiled and run by typing suitable 
commands, and he can have results or diagnostic informa- 
tion printed out on his console. When he is satisfied that 
a programme is working properly, he can hand it over 
to the background load of the system and receive his 
results later. The booklet is intended primarily as a guide 
for the user, and I found it adequate for this purpose when 
I had the privilege of working at the Massachusotts 
Institute of Technology last summer. I strongly recom- 
mend it, however, to other computer specialists, especially 
those who wish to visualize what computer service installa- 
tions may be like in five years’ time. 

The last book is of a different character. It contains a 
series of extracts from the writings of Charles Babbage 
and his contemporaries. ‘‘Babbage’s Dream Come Truo” 
was the title given to a review of the manual of operation 
of the Harvard Mark 1 computer written by L. J. Comrie 
and published in Nature (158, 567; 1946). Since that 
time, more and more people have enjoyed and admired 
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Babbage’s writings. Unfortunately, these writings in 
their original editions are far from accessible, and the 
present volume, which contains reprints of selected 
chapters from Babbage’s autobiography and from the 
collection of papers put together by his son and published 
after his death (Obituary, Nature, 5, 28; 187 1), is very 
welcome. It includes most of the material relating to 
computing machines, and some enjoyable extracts on 
other subjects; these serve to round out the picture of the 
man and his many activities. Babbage is extraordinarily 
readable, and I heartily recommend this volume of extracts 
to those who have not so far made his acquaintance. 
M. V. WEEKES 
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MATHEMATICAL PROBABILITY 


Integration, Measure and Probability 

By Prof. H. R. Pitt. (University Mathematical Mono- 
graphs.) Pp. viiit+110. (Edinburgh and London: 
Oliver and Boyd, Ltd., 1963.) 25s. 


BSERVING the natural world, scientists contend 

with indeterminacy and experimental error; error 
occurs increasingly on passing from exact to less exact 
sciences. Sometimes experimental conditions cannot be 
varied, data are collected as events occur, and the possible 
error is greater. Such limitations created the need for 
statistics and statistical physics, based on mathematical 
probability. 

Following Kolmogoroff, probability in Prof. Pitt’s 
-book is a non-negative completely additive set function (a 
measure) with greatest attained value one, with most 
statistical parameters defined by integration. Un- 
doubtedly the most successful integral of the past fifty 
years is Lebesgue’s. Through those years, expositions 
became increasingly elegant, and one of the neatest 
accounts of Lebesgue integration can be found here. Any 
competitive (non-Lebesgue) integration theory will have 
to acquire an elegance like this. 

The integral A(8) of a simple function 6 relativo to a 
measure is a simple sum. For any real function f the 
upper integral L(f) of |f] is the infimum of sums of A (9m), 
for all sequences of simple functions Gm > 0 that satisfy: 


If] < E Om 


Further, f is integrable, with integral L(f+) — L(f-), 
where f+, f- are the positive and negative parts of f, if 
there is a sequence {On} of simple functions such that 
L(f — On)» 0. The essentials of integration theory are 
covered before p. 45. 

Section 13 explains clearly the ideas of a random vari- 
able and functions of it, together with Tchebysheff’s 
inequality, distributions and characteristic functions, 
independence, mean, and variance. In further sections, 
Prof. Pitt defines point and (absolutely) continuous 
distributions in k-dimensional Euclidean space, the usual 
statistical parameters, conditional probabilities, Bayes’s 
theorem, the correlation ratio, regression curves, and 
several distributions including the joint distribution of 
the mean and variance of a normal sample. 

Ordinary statistical students will find most of their 
probability theory here. The @-distribution (incomplete 
B-fanction), Student’s ¢ (the ratio of a normal and a y 
variable), and Snedecor’s F and Fisher’s z (from the ratio 
of two T-distributions) are missing. But as Prof. Pitt 
did not intend to discuss mathematical statistics, ho had 
to draw the line somewhere. 

The Central Limit problem is discussed following 
Kolmogoroff, Khintchine and Lévy. Borel’s 0,1 principle, 
auto-correlation, the Wiener and Poisson processes, and 
suggestions for further reading, conclude the book. 
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A small point is that theorem 4, p. 8, is correct, though 
proved wrongly. For if In =[~n-4, 0) then Jn = 
[— ð, —e] for 3 > s > 0, and Ja is disjoint from Jm if 
m+ < s. However, though needed for Lebesgue integra- 
tion, complete additivity is not necessary for Lebesgue- 
type theorems to hold (see Henstock, Theory of Integration 
(Butterworths, 1963), where special cases of a new theory 
are given). Thus we can remove Kolmogoroff’s restriction 
of complete additivity. This remark does not detract 
from Prof. Pitt’s book, since it was written before mine 
appoared. 

Prof. Pitt and Oliver and Boyd are to be congratulated 
on an excellent beginning of a new series of monographs. 

R. Henstoox 


MODERN TRENDS IN SEISMOLOGY 


An Introduction to the Theory of Seismology 
By Prof. K. E. Bullen. Third edition. Pp. viii+381. 
(Cambridge: At the University Press, 1963.) 57s. 6d. net. 


‘I “HE years following the publication of Bullen’s Intro- 
duction to the Theory of Seismology in 1947 have seen 
a very considerable growth in earthquake science; new 
branches of the subject have been developed, the relation- 
ships with geology and physics have become closer, and 
the need for an up-to-date edition has been pressing. 

Now an extensive revision of a treatise in these circum- 
stances becomes a matter of nice discrimination. Where 
the value of the earlier edition had been abundantly 
proved there was little need to change the fundamental 
plan of exposition; but a writer with less discrimination 
and self-discipline could easily have spoiled the unity of 
the work by overloading it with the details of a large 
number of modern researches. Prof. Bullen’s book in 
both its first edition and in the revised second edition 
has been remarkable for the economical way in which an 
enormous body of theory and relevant fact has been set 
out at modest length in an entirely readable form. The 
third edition retains all these characteristics while incor- 
porating much of the modern development. These 
additions are all the more vivid inasmuch as some of them 
involve Bullen’s own recent researches, 

The steady growth in the popularity of Bullen’s Intro- 
duction to the Theory of Seismology indicates how valuable 
it is proving to students and working seismologists alike. 

comparison of the second and third edition 
indicates how, even apart from essentially new topics, the 
science has advanced. For example, there is now more 
to be said about the distribution of density within the 
Earth, and much of the argument rests on Bullen’s own 
researches; the importance of geochemical arguments is 
increasingly apparent. The regions A to G into which 
Bullen more than twenty years ago divided the interior 
of the Earth have now come into fairly general use; it 
would indeed have helped the reader if these regions had 
been indicated in the various diagrams that show the 
variation of velocity, density and elasticity within the 
Earth, 

The subject of the long-period oscillations of the Earth, 
largely dormant since Love’s researches in 1911, has 
received considerable attention during the past twenty 
years, and a suggestion of Benioff that the strain seismo- 
graph at Pasadena had recorded a free oscillation of 
57-min period resulting from the Kamchatka earthquake 
of 1952 November 4 gave a new impetus both to the 
theoretical calculation of free periods and to the search 
for more definite evidence of their existence. Extensive 
computations of these periods were made by Pekeris and 
others: the verification, the result of analyses of the 
records of the Chile earthquake of 1960 May 22 both on 
seismographs and on a tidal gravity meter, was announced 
during the Helsinki meeting of the International Associa- 
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tion of Seismology and Physics of the Earth’s Interior in 
1960. The remarkable accord of the results of four 
independent groups of workers is described without 
exaggeration by Prof. Bullen as ‘most dramatic”; these 
and subsequent results, as well as their application to the 
` internal structure of the Earth, are recorded in a separate 
chapter which by itself would justify the appearance of 
a new edition. 

Prof. Bullen, however, has ably brought the edition up 
to date on all fronts. Much work has recently been done 
on focal mechanisms, and this somewhat controversial 
topic is very fairly treated. The chapter on ‘‘Seismology 
and Nuclear Explosions”, impracticable to summarize 
here, is certainly the best synopsis of the subject I have 
seen. Looking ahead, but perhaps only a little way ahead, 
Prof. Bullen has included a stimulating chapter on “‘Extra- 
Terrestrial Seismology”. He points out how important a 
knowledge of the internal constitution of the Moon and 
the planets, particularly perhaps the terrestrial planets, 
will be in relation to our own planet and to the solar 
system as a whole; the recording of meteoric impacts on 
the Moon would add to the available information about 
the population of extra-terrestriel space. Bullen’s final 
remark is worth recording: ‘It will be of some interest 
to know how much revision this chapter will require in 
say 10 years’ time”. 

Many other topics, such as tsunamis, T phases and 
Airy phases, ocean-bottom seismographs and model 
seismology, are brought up to date or summarized. The 
space occupied is naturally a matter for the author’s 
discretion, but one wishes he could have devoted several 
pages to the large and still developing subject of model 
seismology instead of rather Jess than a single page. 
The number of misprints is negligible. Geophysicists 
have come to expect a high standard in Prof. Bullen’s 
writings; in this new edition they will not be 
disappointed. R. STONELEY 


PROBLEMS OF HEARING AND 
DEAFNESS 


Modern Developments in Audiology 

Edited by James Jerger: Pp. xii+ 446. (New York: 
Academic Press, Inc.; London: Academic Press, Inc. 
(London), Ltd., 1963.). 12 dollars. 


LTHOUGH audiology, as a multi-disciplinary ap- 
proach to the problems of hearing and deafness, 
had its origins in the ‘thirties, it was not until during the 
Second World War that the term was coined. Since 
then, developments have been rapid and a considerable 
body of literature in the shape of articles in a variety of 
professional journals has been published. There have, 
however, been relatively few books which have attempted 
to weld this heterogeneous mass of information into a 
coherent shape, and the present work is a timely contribu- 
tion to this need. - 

It is evident that developments have now reached the 
stage when it is beyond the capacity of one author to 
have adequate expertise in all the related fields. Jergor 
has made use of a fine team to describe developments in 
their own particular fields of interest, and a brief indication 
of some of the matters covered by these authors may show 
the scope of the work, although the summaries scarcely 
do justice to the material included. 

Naunton, writing on “The Measurement of Hearing by 
Bone Conduction”, discusses the principles of bone con- 
duction and the difficulties of constructing theories which 
fit clinical observations, especially in cases of middle-ear 
pathologies. Measurements can be clinically informative 
but their interpretation is by no means certain either with 
regard to pathology or theory. In Chapter 2, Rudmore 
takes us into a realm of automation in audiometry. A 
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variety of automatic audiometers is described, some of the 
latest of which incorporate computers containing informa- 
tion storage and decision-making circuitry based on binary 
logic. In a chapter on “Functional Hearing Loss”, 
Chaiklin and Ventry criticize the poor methodology used 
in investigations of functional loss and the too great 
pre-occupation with malingering. A variety of commonly, 
and not so commonly, used tests is clearly described, and 
although the information contained here is valuable it 
seems more likely to ‘date’ than that contained in some 
other sections of the book. Frisina, discussing the “‘Meas- 
urement of Hearing in Children”, gives a useful summary 
of the tests that have been evolved for young children at 
different stages of development and maturation. He 
rightly points out that most of the measurements so far 
used relate to sensitivity, although one might question 
his suggestion that speech audiometry has been principally 
used for threshold measurement. In Britain at least, a 
great deal of work in speech audiometry has been related 
to suprathreshold investigation. Goldstein, in Chapter 6, 
gives an excellent outline of the fundamentals, criteria 
and variables in electro-dermal and electro-encephalo- 
graphic audiometry. A salutary point is made in the 
statement that this type of audiometry is inadequate to 
determine anything but sensitivity. Jepsen has rightly 
been chosen to give an account of ‘“Middle-Ear Muscle 
Reflexes in Man” in recognition of the contribution made 
by Danish audiologists to this particular field of study. He 
describes clearly the use of acoustic bridges to measure the 
impedance of the tympanic membrane and quotes cases 
to show how an investigation of the stapedius muscle 
reflexes, made by means of impedance measurements, can 
contribute to clinical diagnoses of recruitment, conductive 
deafness and, in some cases, psychogenic deafness. 

Dixon Ward, who has made a study of industrial deaf- 
ness, contributes a chapter on “Auditory Fatigue and 
Masking”. In this he gives a thorough account of thres- 
hold shifts and the conditions which bring them about. 
However, it is evident that this field of study, which is 
basic to an understending of industrial deafness, is still 
full of uncertainties, and Ward predicts that it will be a 
long time before a ‘compact device’ will be developed 
which can indicate when its wearer has had ‘the maximum 
tolerable exposure to noise’. “Auditory Adaptation” is 
closely related to the previous topic and Small, in diseus- 
sing the variety of measures which have been developed, 
makes a general criticism of over-simplification and the 
absence of a straightforward technique of measurement. 
Bocca, with an international reputation in audiology, 
together with Calearo has written a most lucid chapter on 
“Central Hearing Processes”. They stress the important 
point that the central auditory system has an integrative 
function and that, consequently, the evaluation of dis- 
orders must be made by appropriate tests and not on 
the capacity to discriminate single sound elements. The 
parameters of frequency and intensity become less and 
less significant as one moves from the cochlear nuclei to 
the cerebral cortex. Clarke and Bilger take up a new 
approach to hearing measurement in “The Theory of 
Signal Detectability and the Measurement of Hearing”. 
The authors believe that loosely defined concepts such as 
‘hearing’, ‘threshold’ and ‘response’ may be more 
precisely defined by means of mathematical theory. 
Mathematical analysis of the parameters will, it is sug- 
gested, provide a significant contribution to the develop- 
ment of a comprehensive theory of hearing. 

In a final chapter on “Research Frontiers”, Harris swn- 
marizes developments towards what he believes to be the 
ultimate aim of audiology—the construction of an array 
of objective tests which will determine the integrity of 
each part of the auditory system from the pinna to the 
cortex. In so far as audiology may be equated with the 
measurement of function this would undoubtedly be a 
main goal, but it could be argued that audiology has also 
a significant part to play in contributing to the alleviation 
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of malfunction. Hore it overlaps with otology on one 
hand and education or rehabilitation on the other. 

In the face of such a wide coverage of topics, it is perhaps 
ungracious to ask for-more, but the inclusion of binaural 
hearing and speech audiometry as separate topics would 
have been welcomed. It is true that both subjects are 
mentioned in different chapters where their inclusion is 
appropriate, but specific contributions in these two fields 
would have been useful in view of the fact that both are 
essential matters of study for audiologists and develop- 
ments in both have been very considerable. 

Tho work, however, is warmly commended to all 
interested in audiological problems. Each reader will 
have his own specific interests and may not wish to make 
too close an acquaintance with every topic discussed, and 
yet it is difficult to see how ignorance of any of these 
developments is compatible with good clinical or experi- 
mental work. It should serve as a standard reference 
work for some years to come, and the very full list of 
references at the end of each chapter enhances its value 
for this purpose. ` T. J. WATSON 


BRITISH MAMMALS RECORDED 


The Handbook of British Mammals 

Edited for the Mammal Society by H. N. Southern. Pp. 
xxi+465+460 photographs. (Oxford: Blackwell Scientific 
Publications, 1964.) 37s. 6d. net. 


HE study of mammals in Britain has only ever had the 

support of a rather small, though ardent band of 
naturalists. Yet with remarkable regularity, once every 
few decades, their accumulated knowledge erupts into 
@ great work on British mammals. The first ordering of 
scattered information was undertaken by Thomas Bell 
in his History of British Quadrupeds, Including the Cetacea, 
published by Van Voorst in 1837. His list of indigenous 
terrestrial mammals stood slightly short of our present 
list, but was diversified by the inclusion of an oared shrew 
Sorex remifer, a beech martin, and three species of hares. 
There were no introduced species to describe except the 
long-established fallow deer, rabbit and rats, and a third of 
the book was devoted to domestic animals. Thirty-seven 
-years later, in 1874, Bell, with the assistance of Tomes and 
Alston, completely revised the book. The Irish hare was 
now seen as a@ variety of the mountain hare, the oared 
shrew had gone, and several species of bats had lost their 
identity. Neither Darwin’s new ideas nor the theory of 
the transformation of species were mentioned, but the 
woodeut of the former and rather sad-looking Sorex 
remifer had been transferred to become a vignette to the 
water shrow. 

In 1896, Lydekker produced A Handbook to the British 
Mammalia, a rather slight work that was in no way a 
forerunner to the present Handbook. He was able to add 
to his list the yellow-necked mouse which had been first 
recorded in Britain in 1894, and he recognized only one 
species of martin. Millais’s large three-volume work of 
1904, The Mammals of Great Britain and Ireland, with its 
careful documentation and lavish illustration gets less 
attention than it deserves. In fact, Millais set a high 
standard that culminated in a work that was to eclipse 
his own, namely, Barrett-Hamilton’s History of British 
Mammals. Also, Millais added a new species to the British 
list by describing the Orkney vole. The History was an 
exhaustive compilation that appeared in successive parts 
between 1910 and 1921, covering bats, insectivores and 
rodents. Then it stopped and the projected parts on 
carnivores, deer and whales never appeared. 

This is the heritage of The Handbook-of British Mammals. 
It has embraced the knowledge but discarded the format 
of all these earlier works and appears as a fresh and 
stimulating publication; it is crammed with new informa- 
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tion, and breaks new ground in its subject-matter and 
illustrations; and it has the backing of authority in the 
pooled resources of the Mammal Society of the -British 
Isles. It is an excellently produced and scholarly achieve- 
ment which, because the Society has subsidized it, can 
become a popular one too. 

The Handbook is really two books in one: a ‘systematic 
account of British mammals, and a guide to their general 
biology and study in the field. The systematic section is a 
masterly condensation of facts on the distribution, appear- 
ance, measurements, habitat, habits, reproduction, popula- 
tion, food, predators, and relations with man, of every 
species. There are eight more species than nineteenth- 
century writers had to cover, for there have since been 
introduced the grey squirrel, edible dormouse, coypu, 
mink, muntjac deer, sika, deer and chinese water deer, 
and there is added the last but one indigenous mammal 
to be discovered—the Scilly shrew; in all, fifty-four terres- 
trial mammals. In addition, the common and grey seals 
are described and twenty-three species of whales. Every 
account has references to the main sources of information, 
and to Continental publications that give valuable informa- 
tion on the broader status of our species. It is admirably 
up to date in references to recent papers, including 
1963. 

The general section on populations and techniques 
pioneers a new field. There is no tradition of wild-life 
management studies in Britain, but this section indicates 
the problems involved and the ways in which field studies 
can be systematically approached. A section on museum 
techniques is included with, at last, definitions of ‘greatest 
skull length’, ‘basal length’, ‘condylo-basal length’, and 
other exasperating variables. 

The book is a skilfully edited compilation of the 
work or notes of more than twenty authors. The Handbook 
took eight years to complete and the long delays that arise 
in collecting such a diversity of contributions are acknow- 
ledged by the editor, but at least no unfortunate member 
of the Mammal Society of thé British Isles has had to be 
singled out for blame. Contrast Mr. Southern’s praise of 
his co-authors with the unhappy straits of Thomas Bell 
in 1874, who had been so long delayed in producing the 
revised Quadrupeds that Bell wrote in his preface of the 
advantage of having Mr. Tomes as co-author: “Tt is 
painful to be obliged to add that the extremely dilatory 
manner in which this advantage was bestowed, caused 
extreme uneasiness both to Mr. Van Voorst and to the 
author, and occasioned the lamented delay”. 

I see the Handbook as a vigorous publication that will 
not only go through several reprintings but will also be 
enthusiastically revised into new editions. There is no 
shortage of new information: the Handbook is full of 
personal communications and references to Ph.D. and 
D. Phil. theses, and this store of unpublished material is 
added to regularly in the Bulletin of the Mammal Society. 
Even since the Handbook has been published a new bat 
has been discovered to live in Britain, and perhaps feral 
reindeer will soon be added to the list. 

The Handbook should, I think, be expanded. Chapters 
dealing generally with the distribution of Britain’s mam- 
mals, their history, and relations with man would be most 
valuable, and with some courage a start might be made on 
distribution maps. The editor seems to have been un- 
certain what he should do about feral domestic animals 
and extinct species. On one hand, white cattle, feral goats 
and Soay sheep now find space only under sufferance, 
but deserve full treatment. On the other hand, brief 
accounts of selected extinct mammals, such as beaver and 
wild boar,.seem to have been included for no other reason 
than to satisfy long-standing tradition. But perhaps 
this is a misinterpretation and their inclusion does not 
signify @ nostalgia for lost species so much as a reservation 
of space in anticipation of the time when they will be 
reinstated in Britain’s nature reserves and national 
parks. P. A. JEWELL 


no.aoss May 16, 1964 


John Clayton 

Pioneer of American Botany. By Prof. Edmund Berkeley 
and Dorothy Smith Berkeley. Pp. ix+236. (Chapel 
Hill, N.C.: University of North Carolina Press; London: 
Oxford University Press, 1963.) 6 dollars; 48s. 


OT only is John Clayton: Pioneer of American 
Botany an informative account of the life and works 
of John Clayton (1694-1773), one of the pioneer botanists 
of the New World and whose name is commemorated in 
Olaytonia, but it is to some extent an illuminating and 
authoritative chronicle of botany and botanists in the 
eighteenth century. Successive chapters deal with various 
aspects of Clayton’s life—domestic, professional (as Clerk 
of the Court of Gloucester County, Virginia) and botanical 
—and of his botanical travels, investigations and corre- 
spondence with the leading botanists of his day. Among 
the latter were Linnaeus, Catesby and Gronovius. p 

‘Clayton is perhaps most noted for his extensive botani- 
eal collecting, but he was evidently also an acute observer 
since he entered into the botanical arguments of the day 
(for example, concerning sex in plants), and he provided 
detailed descriptions and critical comments with many 
of the plants which he forwarded to his friends in Europe. 
In 1739, J. F. Gronovius published Flora Virginica, which 
he had compiled from Clayton’s specimens and descrip- 
tions. A second edition appeared, in 1762, edited by his 
son, L. T. Gronovius, and although a supposedly superior 
version of this was prepared by Clayton it was never 
published, and the manuscript is now lost. However, it 
was soen by John Ellis, whose manuscript list of classes 
and genera which were included in Clayton’s edition is 
reproduced as a valuable appendix to the present volume. 
Other chapters deal fully with many of the relevant back- 
ground events and characters of the times, including details 
of the Clayton family and of their life in Virginia. In 
places, the text would have been easier to follow if a 
‘family-tree’ of the many persons involved and a map of 
Clayton’s journeys in America had been provided. 
Clayton’s place among the botanists of the eighteenth 
century and his contribution to American plant taxonomy 
are fairly surveyed and summarized. 

A pleasant and noteworthy feature of the book is that 
the text is not encumbered with unnecessary details and 
obscure references since, where relevant, these are giver 
in full, together with a complete bibliography, after the 
appendix. There is also an index. 

There are extremely few slips or printing errors, except 
in the acknowledgements where at least three names are 
slightly incorrect, but the use of ‘Scotch’ for ‘Scots’ or 
‘Scottish’ (pp. 45 and 60) is unfortunate. The book is well 
produced, and is a competent and thorough treatise on 
Clayton which deserves to be in the libraries of all institu- 
tions undertaking active taxonomic research. Its high 
price and specialist nature, however, will probably largely 
confine it to these places. C. A. Stace 


Technology and Economic Development (An American 

Scientist Book) 
Pp. xi+200. 
4.50 dollars. 


N September 1963, the Scientific American devoted its 
entire issue to a symposium of papers on technology 
and economic development with particular reference to the 
problems of the developing countries and how their 
development can be most effectively assisted by the richer 
and more advanced nations. These essays, together with 
a select but adequate bibliography, have now been 
printed in book form and the book makes an admirable 
complement at the technical level to M. P. Hoffmann’s 
recent World Without Want, the general pattern and theme 
of which it follows closely (Nature, 202, 72; 1963). 
With the exception of Prof. Asa Briggs’s historical 
introduction and the contributions by Mr. Pitambar Pant 
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(New York: Alfred A. Knopf, 1963.) 
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on the development, of India, of Dr. C. Furtado on the 
development of Brazil, and Mr. A. Goldschmidt, of the 
United Nations Department of Economic and Social 

airs, on the development of the United States South, 
the contributors are all from the United States, but the 
unity of outlook and approach is marked. 

Following Prof. Briggs’s introductory chapter, the 
problems of population, food, water, energy, minerals and 
education for development sre discussed in successive 
chapters, followed by one on the structure of develop- 
ment, Four chapters dealing successively with tho 
development of Nigeria, India, Brazil and the United 
States South follow, and finally Prof. E. S. Mason considers 
the planning of development. Less elementary than 
World Without Want, this lucid and competent exposition 
of technical assistance and all that it implies is also 
addressed to the general reader and represents a contribu- 
tion to the dispassionate understanding of the subject on 
which the Scientific American and its contributors are to 
be warmly congratulated. R. BRIGHTMAN 


The Design of Electric Circuits in the Behavioral 
Sciences ° 

By Prof. Tom N. Cornsweet. Pp. xi+329. (New York 

and London: John Wiley and Sons, Inc., 1963.) 68s. 


HIS book assumes that the reader initially knows 
nothing about the terms, definitions, theories and 
apparatus used in the design of electric circuits. The first 
80 pages lead the reader at a very gentle pace through the 
elements of the subject—1} pages are devoted to drawings 
and photographs of dry batteries and an equal space to a 
discussion of fuses and fusing. In the remainder of the 
book the author applies the principles to the design of a 
variety of equipments, including switching circuits for 
use with Skinner boxes, circuits to provide clectric shocks, 
models of parts of organisms, and very simple amplifiers. 
For those who can still remember their physics at the 
Ordinary Level of the General Certificate of Education the 
early chapters aro unnecessary and tedious. In these and 
later chapters too much space is given over to photographs 
of things seen in most laboratories and to simple descrip- 
tions of elementary phenomena. But any experimental 
psychologist who has to construct his own apparatus 
would find the book useful to him—particularly in design- 
ing switching circuits. J. T. ALLANSON 


Speech Disorders 

Aphasia, Apraxia and Agnosia. By Sir Russell Brain. 
Pp. v-+184. (London: Butterworth and Co. (Publishors), 
Ltd., 1961.) 42s. net. 


HEN, a century ago, disorders of languago due to 

cerebral lesions first attracted attention, it was 
hoped that the close investigation of clinical cases would 
throw light on normal language mechanisms. Although 
since then neurologists have compiled a mass of clinical 
observation, these hopes have not been fulfilled. The 
distinguished author of Speech Disorders: Aphasia, 
Apraxia and Agnosia has long advocated a new approach, 
by neurologists in co-operation with psychologists, 
phoneticians, linguists and others concerned in the study 
of language. This new approach now at last shows signs 
of being under way. 

Lord Brain’s book will be of help to those concerned 
in modern aphasia work. It presents the salient facts in a 
concise fashion, with plentiful reference to the relevant 
literature. Present knowledge is discussed in relation to 
the concept of the ‘schema’, introduced by the author 
into the field of aphasia studies, and a blueprint for future 
progress presented. The book is supplemented by bricf 
chapters on agnosia (recognition defect) and apraxia 
(disorder of skilled movement). It constitutes a useful 
introduction into a field of bewildering complexity. 
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RESEARCH AND EDUCATION IN A NEW UNIVERSITY * 
By Dr. G. TEMPLEMAN 


Vice-Chancellor, University of Kent at Canterbury 


HEREVER one looks to-day the picture is the same. 

New universities are being founded and old ones 
are being quickly and greatly enlarged. Everywhere men 
are clamouring for more of the things which universities 
exist to do. The reason for this is not far to seek. We are 
entering an age of enormous technical progress, beside 
which even the great changes we have witnessed in the 
past two hundred years seem likely to pale quickly into 
insignificance. One of its consequences is that we are 
coming to depend more heavily than ever before on a 
nucleus of able and highly trained people who can win 
new knowledge and put it to practical use. 

It is part of the business of universities to produce such 
people, and this I would guess is chiefly why there is now 
an insistent world-wide demand for more universities. 
It is also the reason why in Britain in the past twenty 
years universities have moved from the edge to the centre 
of public concern. I am convinced of the imperative 
necessity of the kind of enlargement of university work 
which is now being undertaken in Great Britain. My 
only concern here would be whether we have yet braced 
ourselves to go as far or as fast as the needs of the age 
demand that we should. What concerns me much more, 
however, is the fear that by directing, as we are doing, 
practically the whole of our attention to the business of 
enlarging university provision in Britain, we may well be 
neglecting to look at some of the other problems concerning 
universities and the part they ought to play in the age in 
which we are now entering. These problems, so it seems 
to me, are at least of equal urgency with the problem of 
merely enlarging the amount of university work now being 
done. I have a particular and immediate anxiety in this 
matter, because, as circumstances have fallen out, for 
the time being I have a high degres of responsibility for 
the shaping of one of these new universities. What I 
and my immediate colleagues do or fail to do now may well 
put a more or less indelible imprint on a new institution. 

If we ask what universities think their present task to be, 
or if we enquire what they are now doing and why they 
are doing it, then the first thing which will strike us, I 
think, is the difficulty of obtaining an accessible answer. 
It is not possible to point to some generally agreed defini- 
tion, neither are we able to look at some rule or regulation 
which sets these things out in black and white. Neverthe- 
less there is a widely held and generally agreed notion of a 
university’s duty in present circumstances. It shows 
itself less overtly in definition; but it is generally visible 
everywhere in practice. There is a general consensus of 
opinion on this matter not often talked about or discussed, 
but which in practice underlies what is done. 

I think that the most satisfactory short statement of 
what British universities now generally conceive their 
duty to be was made nearly fifty years ago by the very 
distinguished Manchester historian T. F. Tout. He said: 
“True universities are associations of scholars and students, 
teachers and taught, whose ideal end is to make the life 
of learning and science possible, whose greatest function 
is the advancement of learning, and whose rank in the 
academic hierarchy ultimately depends upon the contribu- 
tions made by their members to the sum of human know- 
ledge and the enlargement of the range of human thought. 
. .. The true measure of academic progress is the share 
which the university takes in the advancement of know- 
ledge, and the part which it plays in training its alumni 
in original investigation”. 

* Substance of the Seventeenth Amos Memorial Lecture delivered at 
East Malling Research Station on March 19. n 


I take it we can accept without question that an essen- 
tial part of every university’s duty is to advance know- 
ledge through systematic research. But what do we think 
of the other part of Tout’s statement, that side by side 
with the duty of research is the duty of training students 
in original investigation? To put it in more precise terms: 
do we think that the chief purpose of undergraduate 
studies is to produce apprentice research physicists, 
chemists and biologists, or budding professional historians 
or neophyte literary critics? Because, make no mistake 
about it, that in effect is what Tout means: and it goes 
deeper than that, because I think it would be fair to say 
that Tout’s definition of university duty is that which 
is most widely accepted and practised in British universi- 
ties at the present time. It is a notion which closely 
relates the aptitude for research to high intellectual com- 
petence, which tends to assume that only those who win 
new knowledge can really be said to be interested in 
knowledge and truth for their own sakes, and which 
accepts without question that the chief purpose of a 
university training is to produce an expert, or a potential 
expert, in something or other. 

It is easy to eriticize this notion, and it is often done. 
One can rail against narrow specialization, against woe- 
fully congested undergraduate courses and against the 
blinkered intellects they produce. I do not want to 
criticize at this superficial level. I suggest looking at this 
matter more dispassionately, and I am venturing to do so 
because, as I hinted earlier, I think it is something of 
critical importance to all of us. This is because, whether 
we like it or not, universities, what they do and the 
people they train, are in the future going to dominate our 
common life much more than they have ever done in the 

ast. 

We should begin by taking this commonly held notion 
of what undergraduate studies ought to do seriously. 
There is much to be said for it, far more than many of 
its critics will allow, and it represents an honest attempt to 
grapple with some uncomfortably intractable facts. 

The first of these is what I might call the constantly 
moving frontier of knowledge. Now, in so many fields of 
knowledge, particularly in the natural sciences and the 
mathematical sciences, to-day’s knowledge is only a 
stepping-stone to to-morrow’s discoveries, and yesterday’s 
knowledge is of little more than antiquarian interest. 
In the sciences especially this fact is a powerful support 
for the contention that undergraduates ought to be 
trained to be scientists rather than taught about this or 
that branch of science. It is a less-formidable argument 
in the case of the non-science subjects, where an estab- 
lished body of knowledge is more in evidence, and where 
knowledge tends to become obsolete more slowly. In 
these cases, that is, in the humanities and the social 
sciences, there is less excuse for pretending that under- 
graduates cannot be trained in the subject as a subject, 
and fer less reason for protending that they must be turned 
into professional historians, literary critics or professional 
economists in the course of their undergraduate studies. 

Secondly, we have to recognize another obvious fact; 
that is the enormous growth in the mere mass of know- 
ledge available to us over the past fifty years, and with 
that must be coupled an awareness of the present speed of 
accumulation of new knowledge in many subjects. Prac- 
tising scientists will not need me to tell them how diffieult 
it is to keep up with what is happening in their own bit of 
their own specialty. The growth of knowledge is, I 
think, a strong argument for undergraduate specialization. 
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It is demonstrably more difficult now even than it was 
thirty years ago when I was a student to master more than 
one subject in an undergraduate course to a level appro- 
priate to this purpose. Yet, here again I think something 
could be done. The syllabuses of undergraduate courses 
are constantly enlarged because it is felt by those con- 
cerned, doubtless rightly, that some important .new 
development in the subject ought to find a place in the 
curriculum. It is generally found much less easy to make 
compensating adjustments for such additions by dis- 
carding something already there. Yet, given the position. 
as it is, there is probably much that could and ought to be 
discarded from many existing undergraduate syllabuses in 
most subjects. 


Thirdly, there is another important consideration which, 


at first sight, seems to tell very heavily in favour of our 
present method of handling undergraduate studies. It 
is the fact, amply attested by experience, that study in 
depth is essential for the achievement of the kind of 
mastery of a subject required at university-level. Genuine 
competence in any branch of knowledge is only forged 
after the individual has personally wrestled with at least 
some of the details of the matter. I confess I see no 
escape from this. At some point in his undergraduate 
studies, the student must cease to rely entirely on second- 
hand information and opinions. He must himself venture 
near to the frontier of knowledge in his subject, and experi- 
ence for himself what it is really like there. For this there 
is no substitute. 

Fourthly, there is another matter, not so much talked 
about, but which I think important. We are all too prone 
to think that a student’s education ends when he leaves 
the university, and that, therefore, the things judged 
essential for him to know in his own subject must, by hook 
or by crook, be stuffed into him before he takes his first 
degree. Again, working scientists will not need me to tell 
them how false this view is. Even more important, the 
high-pressure injection of a mass of information, which 
many undergraduate courses now require, can, and this is a 
matter of common experience, so easily destroy interest 
and, the will to learn to say nothing of the student’s 
recognition that his undergraduate course is the beginning 
and not the end of a process of education which ought to be 
life-long in its extent. 

Clearly we cannot just dismiss the present general 
attitude to undergraduate studies in universities, as many 
are inclined to do, as unimaginative persistence in what 
have now become traditional methods. Wo have to 
recognize: 

(1) That study in depth, which means some measure of 
severe and detailed concentration within the limits of a 
particular subject, is an essential part of the proper and 
necessary intellectual training of every undergraduate 
whatever his subject. 

(2) That in the natural sciences the quick movement of 
knowledge makes it necessary to conceive undergraduate 
work as primarily training to be a scientist rather than as 
training in a particular body of knowledge and experience. 

(3) That this does not apply with anything like the 
same force in non-science subjects, where there is very 
little excuse for constructing, say, undergraduate courses in 
history as if their primary purpose was to produce budding 
professional historians. 

(4) That the heavy pressure and congestion in all 
present undergraduate studies arise in part from the 
mere secular growth of knowledge as well as from the 
widespread conviction that an undergraduate course is 
the last chance that many will get or be willing to take of 
systematic study in their chosen speciality. 

But having said all this we have to face another un- 
doubted fact. It is that very many, perhaps the majority, 
of those who pass through our undergraduate courses will 
not become research scientists, professional historians or 
literary critics. They will undertake a wide variety of very 
different tasks. They will teach the young, they will 
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become involved in that vast field of activity we label 
administration, they will shape plans and policies on 
which tho welfare of many of us will vitally depend, they 
will go to trade and industry, some will enter the ministry 
of the church and others will become journalists. 

To many of those who form this majority of our students, 
the work they do in their undergraduate studies will not 
be a direct form of professional preparation, yet for this 
substantial majority undergraduate studies ought to be a 
training of unique value. Each one of them has three 
years which can be devoted without distraction to the 
concentrated study of things which are serious and impor- 
tant in themselves. Such study, whether it is of history, 
economics, literature, law, politics or the classics, ought 
to inculeate habits of systematic work and dispassionate 
thinking. It ought to develop powers of judgment and 
discrimination as well as the capacity to reflect sincerely 
and intelligently on what is studied. Not least it ought, 
if I can put it crudely, to be an eye-opener on tho adult 
realities of man and affairs both past and present. 

These are not mere words, for this is what ought to 
happen and what does not happen now to anything like 
the extent to which we are entitled to expect it should. 
It does not happen as much as it should: 

(1) Because we are not insistent enough about the necd, 
the virtue, the over-riding importance of good teaching. 

(2) Because convention has been allowed to establish 
high barriers even between neighbouring disciplines at 
undergraduate-level, and because the departmentalization 
of studies in many places has boon carried to absurd 
lengths. 

(3) Because what I can only describe as resoarch con- 
siderations have come to dominate undergraduate studies 
in the non-science subjects to what I firmly beliove is an 
unhealthy and undesirable extent. I can only speak with 
any real knowledge of my own subject, which is history. 
There I am convinced that the supreme educative value 
of this discipline is in real danger of being lost to under- 


-graduates by the almost morbid pre-occupation of many 


who teach it with the technical trivialities of research 
method. 

(4) Because we find it difficult to rid ourselves of the 
notion that an undergraduate course is the end and not 
the beginning of real education for many who take it. 
This means too often that we get our priorities wrong. 
We emphasize the importance of information to the detri- 
ment of the stimulation of interest and the cultivation of 
critical understanding. 

What of the scientists, who are rightly coming to form 
an increasing proportion of our undergraduates ? 

As I previously said, I think we have to accept that 
undergraduates in the sciences need to learn to be scientists 
rather than to learn about this or that branch of science. 
What concerns me is that we should not continue as wo 
now do to leave the matter there. 

The influence of science is now all-pervasive. The results 
of scientific research make a constant and sometimes a 
catastrophic impact on our common life. Scientific 
knowledge is now setting us new and enormously challeng- 
ing problems of social, political, military and, above all, 
of a moral kind. In my view it is no longer tolerable that 
many scientists should continue to maintain an attitude of 
indifference and unconcern to the larger consequences of 
what they do. It is no longer good enough for them to say 
that their business is with science and the advancement of 
scientific knowledge, and that what others make of what 
they discover is no business of theirs. 

In any event, in part, this kind of attitude in many 
scientists is due to a reluctance on the part of universities 
to recognize that they have a duty to encourage those 
reading the sciences to look over their intellectual fences, 
and to cultivate at least a minimal awareness of the 
larger consequences of what they do in their scionce. 

Again this point is equally true in the rather different 
context of the non-scientist. In this day and age, ought 
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any university to be content to have its graduates in arts 
and the social sciences almost wholly ignorant of the aims 
and methods of the natural sciences and about the impact 
of science on society ? For my part I do not think any 
university should be content with this state of affairs. 

What I have been trying to say in all this is really quite 
simple. It is this: universities now produce for us a 
growing number of relatively highly trained specialists. 
This they must continue to do, for there is an inescapable 
social and economic need for these people. What I have 
been contending is that we ought not to be content to have 
these folk simply as experts, or potential experts in their 
individual subjects. We, that is the public at large, 
ought also to begin to insist that these highly trained 
specialists ought to have a much more clearly informed 
sense of social and moral responsibility than most 
of them now possess when they finish their univorsity 
courses. 

At present one of the few heartening things about the 
university scene in Great Britain is that there is a wide- 
spread concern about the matters I have just been discuss- 
ing. This is the more praiseworthy because, as you 
know, since the end of the Second World War the British 
universities have been through a time of rapid growth and 
development such as they have never experienced before. 
Moreover, this growth and development, with all the 
strains and stresses it produces, has to go even further 
and faster in the immediate future. u 

It was with the kind of problems I have just briefly 
raised that Lord Lindsay was passionately concerned 
when he became the first principal of what is now the 
University of Keele in 1949. It was tragic that he died 
before he was able to realize anything but a rather rudi- 
mentary notion of his ideas in practice. However, I 
venture to think that when we come to look back on this 
post-war period and on the ferment of ideas as to what 
universities ought to do, we shall discover that Lindsay 
was far more influential in shaping opinion than many 
would now be prepared to concede. 

In the established universities, too, the past ten years 
have seen @ variety of experiments in tho re-organization 
of undergraduate courses and in new methods of teaching. 
Many of these have admittedly been rather hesitant and 
tentative; but perhaps I may just mention one I happen 
to know about as an example. In the University of 
Birmingham, all first-year undergraduates in every faculty 
are now required in their second term to attend a course 
of what are called “Inter-Faculty Studies’, In these 
lectures, carefully organized tutorials, directed reading and 
written work are focused on topics of general social, scien- 
tific and philosophical importance. Up to now the results 
of this effort in stimulating the broadening of under- 
graduate interests and the development of a more-informed 
awareness, particularly of the impact of science on society, 
have been encouraging. 

However, it is in the newest generation of universities, 
of which Kent is one, that the most radical and far-reach- 
ing changes are now being actively canvassed. Here let me 
say one thing with all the emphasis I can command. What 
is being proposed, and to a less extent what is being done, 
in these new universities should not be regarded as mere 
‘gimmicry’ or as the effort of new places to put themselves 


on the map as quickly as possible at all costs. Many of ` 


us who are connected with the new universities think 
wo have an opportunity to press forward with the reform 
and improvement of undergraduate studies which is not 
so easily available in established universities. Our 
organization and the conventions which govern it are not 
yet set, and we feel we have a particular obligation to 
seize the chance of making our contribution in this critical 
field to the business of university development at a vital 
time. 

In the new University of Kent at Canterbury our ideas 
of re-shaping undergraduate studies take into considera- 
tion the following: 
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(1) We have to set before ourselves as a first priority 
the cultivation of good teaching, the making of a particu- 
lar effort in the business of the care of students. I think 
it would be fair comment to argue that in many areas of 
study in universities over the past twenty years research 
pre-occupations have tended to overshadow the impor- 
tance of undergraduate teaching in the minds of many. 
Promotion has tended to come primarily as a result of 
research achievement and the published work which is its 
result. This in itself is quite proper; but it is a matter 
of keeping a proper balance, and the duty of teaching will 
not be so highly esteemed ag it ought to be if it comes to be 
generally thought that it is regarded as secondary to 
research. 

(2) We need to modify the rigours and the narrowness 
of many specialized honours courses, without sacrificing 
the essential study in depth and that severe concentration 
on @ limited field which every undergraduate ought to 
experience. I do not believe that multi-subject degreo 
courses are the answer. ‘Too often they seem to lead to 
nothing more than the simultaneous study of a number of 
unrelated, or at best very loosely related, separate bits 
of individual subjects. In Canterbury we are going to 
try another way. All our undergraduate courses will be 
in two parts. Part 1 will extend over the first four terms. 
It will be concerned with an area of study wider than the 
conventional single subject. This will usually comprise 
the territory jointly covered by two. or three related 
subjects of the normal type. It will involve a deliberately 
integrated approach to this field of study and not merely 
the aggregation of the individual contributions of the 
separate disciplines lying within it. In this way funda- 
mental principles are to be exhibited, the essential con- 
nexions made between related topics, and a better founda- 
tion than can usually be contrived is to be laid for the 
more specialized and advanced study appropriate to 
Part 2. Part 1, as we seo it, must be the outcome of 
a genuinely co-operative effort designed to plan a single 
scheme of study carefully structured to achieve appro- 
priate depth and sophistication. 

The intention is to apply these guiding principles to 
the various areas of study. The physical sciences provide 
a typical example of what we have in mind. Thus Part 1 
in physical sciences for all students will consist of a single 
carefully planned scheme of study dealing with the 
structure of matter, its electrical properties, quantum 
mechanics, thermodynamics and the like, elaborated 
through the study of the principles involved and their 
illustration by experiment. This should provide a prepara- 
tion both systematic and comprehensive for those 
proceeding to Part 2 in physics, in chemistry or in any 
of the other specialist options available there. 

Part 2 covers the last five terms of the undergraduate 
course. Since we believe that specialization is academically 
proper and necessary at this stage, the intention is to 
provide a range of what will be chiefly, but not entirely, 
single-subject options within each area of study. So 
continuing the illustration from the physical sciences, tho 
undergraduate who has successfully completed Part 1 in 
this field can continue with Part 2 in, for example, physics 


_or in chemistry. Our expectation is that many students 


will desire to proceed from Part 1 to Part 2 in the same 
general area, of study. However, we are anxious that 
some candidates who have passed in Part 1 in one field 
should have thé opportunity to switch for the remainder 
of their courses to an elaborated form of Part 1, to be 
called Part 1A, in a quite different area of study. In 
this way we hope it will be possible to achieve useful 
combinations between, for example, physical and social 
science, and to provide some students with a broader form 
of training more suited to their capacities and to their 
eventual needs. 

This will be a difficult scheme to plan and to operate. 
We do not claim that it is the only or the perfect answer, 
but we have sufficient confidence in it to feel it is worth a 
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very serious trial. Its success will in large measure depend 
on the enthusiasm and imagination of those who teach, 
on careful tutorial supervision, and not least on systematic 
work in term and in vacation. 


(3) But we have to look beyond this. We need to try to ` 


awaken our science students to the larger implications of 
their science and not to be content to leave our non- 
science students in ignorance of the methods and outlook 
of the science which will bulk so large in their world. In 
this task I think direct instruction has its place, although 
it may well be a limited placo. I think also that some kind 
of appropriate test, perhaps an essay paper in the final 
examination, ought to be generally used to ensure that 
these things are taken with sufficient seriousness. I would 
be prepared to withhold a degree if such evidence was not 
forthcoming. 

But when all is said and done, I would guess that in 
this vital matter we have to rely mainly on indirect 
methods. Students have always educated each other when 
they have had the chance. In present conditions that 
chance is often lacking. That is why I, for one, attach 
such importance to student residence, particularly to the 
kind of collegiate residence we are striving to provide at 
Canterbury. This is no luxury. It is a vital necessity if 
wo are even to have a chance of succeeding in this critical 
job of achieving. undergraduate education side by side 
with undergraduate training. The habit of intelligent 
genoral reading once acquired is a powerful agent for 
intellectual improvement. In my judgment we should 
see to it that our university libraries pay more attention 
to this evident student need than many of them now do. 

(4) I would hope that in the future we may become 
steadily less obsessed than we now are by the conviction 
that when a studont takes his degree his education is 
automatically ended. Already the facts of life are begin- 
ning to force this on our attention in the sciences. It is 
clear that what is inadequately called the periodic 
retraining of graduates is now becoming a real necessity 
in many science subjects. I am geing to be rash enough 
to suggest that this is where the real future of what are 
now called extra-mural studies in universities lies. As I 
seo it they ought to become more and more agencies 
through which graduates can keep up to date in their own 
specialties. 

(5) Whether we like it or not, in our final examinations 
we put a more or less indelible mark on the young. The 
man with a third class is going to find it extraordinarily 
difficult to live this down. That we ought to select, that 
we ought to classify, seems to me clear. What I wonder 
is whether we are really justified in putting this indelible 
mark on so many of the young on the result of work done 
in a few hours on a few days. I think we probably ought 
to be feeling our way to reliance, at least in part, on other 
evidence when we make our final assessment of an under- 
graduate. We might, for example, deliberately decide to 
take into account, in part at least, evidence of his per- 
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formance during his course. I would not want to labour 
this point here and now, but I think it is a small but very 
important consideration which I, for one, hope universities 
will give more attention to in the future. 

As to postgraduate studies, two things seem to me to be 
clear. First, there ought to be more and better provision 
than there now is both for those who proceed to higher 
degrees by research, and for those who seek higher degroos 
by examination. I am sure also that any university which 
does not have a substantial element of postgraduates in 
its student body will be a poor university. One of the 
things which concerns me very much about tho University 
of Kent is that we shall there manage quite early in our 
existence to achieve at least a sizable leaven of post- 
graduate students. 

Secondly, though I know this is heresy, I often wonder 
whether we are right in assuming, as we generally do, that. 
normally postgraduate studies must follow immediately 
after an undergraduate course. Five or six years con- 
tinuously in a university environment is not necessarily 
good in itself; while, for some subjects at least, a little 
adult contact with the real world has a remarkable way 
of sharpening the wits and shaping the judgment for the 
demanding business of effective academic research. 

As for research itself, it is at least half the task of any 
university worthy of the name, and the reputation of tho 
place will and should depend in large measure on its 
research achiovement. Now I should want to be the last 
to lay profane hands on this academic god, but I think 
sometimes he is worth rather more critical scrutiny than 
he often gets. I am going to do a little critical scrutiny 
now by asking a series of questions to which I do not know 
the answers, but which, nevertheless, I think ought to be 
asked. 

We habitually make a formal distinction in the sciences 
between fundamental and applied research. Fundamental 
research we say is the business of universities. Applied 
research is the job of other people. How real is this 
distinction to-day? Can it survive as a working rule, 
sufficiently flexible to be disregarded when need arisos ? 
Is it a good thing that some of our best scientific minds 
should not be concerned with putting new knowledge to 
practical use? Have universities hitherto tended to be 
rather inward looking in matters of research, too chary of 
involving themselves too deeply with outside agoncios? 
I know there are good reasons why this should have been 
so, but I wonder whether times are not changing. My 
impression is that an increasing amount of important 
scientific work is being done outside universities. Do we 
not have to recognize that fact? Is it not possible that 
universities and other bodies concerned particularly with 
scientific research could not devise means of co-operation 
advantageous to both and damaging to neither? I think 
it ought to be possible and I think we ought to try. 

What I can say is that my own University is anxious to 
seek opportunities of this kind. 


UNIDENTIFIED EXCESS ALPHA-ACTIVITY IN THE 4-4-MeV REGION 
~ IN NATURAL THORIUM SAMPLES 


By Dr. R. D. CHERRY*, Dr. K. A. RICHARDSON and Pror. J. A. S. ADAMS 


Department of Geology, Rice University, Houston, Texas 


HERDYNTSEV and Mikhailov! recently reported the 
presence in geologically young samples of an 
a-particle emitter with a complex spectrum in the 4-2-4-6 
MeV region. They detected this «-emitter in preparations 
of “thorium” and “uranium”, separated from samples of 
molybdenite and fossil bone; these preparations contained 


* On leave from Department of Physics, University of Cape Town, South 
Africa, 1962-63. 


subordinate amounts of other elements and exhibited 
excess activity in the foregoing energy band. Additional 
experimentation involving «—y-coincidence measurements 
and ion-exchange chemistry was utilized to substan- 
tiate their claim that the radioactive element causing 
the activity was curium-247. This identification was 
considered to be in accord with previous work?:*, which 
indicated the presence in some natural minerals of an 
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excess activity of a daughter of curium-247, namely, the 
-well-known nuclide uranium-235. 

The main purpose of this article is to report that we 
too have observed an unidentified «-activity with an 
energy of about 4:4-MeV in certain samples. Fig. 1 
shows the «-spectrum obtained from the mineral thorite 
separated from a sample of Conway granite from New 
Hampshire, United States. (Thorite and other radio- 
active minerals in the Conway granite were identified by 
Richardson‘, and ‘«-particle spectrometric studies of these 
minerals have been described by Richardson‘ and Adams‘. ) 
A few micrograms of thorite were dissolved in acid, and 
the solution was evaporated on a stainless-steel planchet. 
The planchet was then placed in a vacuum chamber, 
1-2 mm away from a semi-conductor detector 1 em? in 
area. The resulting spectrum was measured on a multi- 
channel pulse-height analyser in a counting period of 
40h. 

The detector used in this experiment had a resolution 
of less than 1 per cent for «-particles in the energy range 
shown in Fig. 1. However, the overall resolution in this 
spectrum, limited by the source thickness, is between 
5 and 10 per cent. Shortly after the spectrum in Fig. 1 
was obtained, background in the counting chamber was 
measured over a 4-day period. No background «-activity 
was found except a negligible amount in the 5-48-MeV 
region, attributed to radon-222. Errors in the number of 
counts in each channel due to counting statisties are 
indicated in Fig. 1. The 4-4-MeV line has been resolved 
in spectra from replicate counts of the source represented 
in Fig. 1. : : 

It can be seen that the resulting spectrum is a typical 
‘thorium series’ spectrum with two exceptions, namely: 
(1) a line at about 4:38 MeV; (2) & minor peak ‘at about 


NATURE 





` May 16, 1964 VoL, 202 


4-77 MeV. The latter is almost certainly representative 


_of a minor contribution from the uranium series nuclides 


uranium-234 (4-77. MeV), radon-226 (4:78 MeV) and 
thorium-230 (4-68 MeV), and need cause no comment. 
Other members ‘of the uranium series are probably also 
present, but their activity is obscured by the heavy 
thorium series predomination. Thus the bulge on the 
upper side of the 3-98-MeV thorium-232 peak can be 
explained plausibly as the result of a contribution from 
uranium-238 (4-18 MeV). The line at 4:38 MeV is more 
intriguing, and forms the basis of this article. Before 
discussing it further, it is perhaps worth while to mention 
that a similar (although not so pronounced) line has been 
observed at about 4:4 MeV in the «-spectrum from some 
grains of the mineral huttonite from the same granite. 
Once again this is a spectrum dominated by the thorium 
series a-activity. 

Our results, unlike those of Cherdyntsev and Mikhailov, 
were obtained without any substantial prior chemical 
treatment—dissolution in acid is all that was involved. 
Reservations about chemical uncertainties and contamina- 
tion possibilities are thus considerably reduced, and we 
feel that our results provide substantial support for the 
foregoing authors’ claim that there is excess a-activity 
present in certain natural samples in the 4:2-4-6 MeV 
region. Positive and definite identification of the source 
of this activity is, we feel, still an unresolved problem. 
A search through tables of known «-particle energies 
(Table 1 of Perlman and Rasmussen® and Table 26 of 
Hanna’) reveals that the only nuclei which are known to 
emit «-particles of energy between 4:25 and 4:55 MeV 
in any quantity (1 per cent of the total a-activity being 
taken as a criterion) are uranium-235, with a major group 
at 4-40 MeV, and uranium-236, with groups at 4-45 and 
4-50 MeV. Uranium-236 has a half-life of 2-4-x 107 
years®, and it is accordingly highly unlikely that it will 
still continue to exist unsupported in present-day speci- 
mens. The uranium-235 a-energy is almost exactly right. 
However, examination of Fig. 1 shows that if the unidenti- 
fied activity is assigned to uranium-235 then we require a 
staggering U ; 8U activity ratio, 1-2 orders of magni- 
tude greater than the usual value encountered in Nature. 
This is improbable to say the least; even the relatively 
minor uranium-235 ‘excesses’ of up to 1-45 times normal 
which have been reported by Cherdyntsev et al. are 
not yet fully substantiated (see, for example, the negative 
results of Wetherill et al.*). It thus appears unlikely that 
the 4:4 MeV activity can be ascribed to an «-emitter the 
energy spectrum of which has already been measured 
experimentally. 

Future experimental work on «-radioactivity might well 
provide the answer. Meanwhile, we are left with the task 
of speculating as to which ‘unknown’ «-emitter is respons- 
ible. «-Decay energetics and systematics are of some help 
in providing a lead. Thus Fig. 1 of Perlman and Ras- 
mussen’ shows that an «-emitter giving the required energy 
and possessing a sufficiently long life is most likely to be 
found either in the region between A~230 and Å ~ 250 
or else in a rather narrow band around or just below 
A~208. A more detailed study, has suggested to us only 
two possibilities, namely, curium-247 (as suggested by 
Cherdyntsev and Mikhailov?) and plutonium-244. Our 
own work, since it has so far involved no chemistry and 
no attempts at refinements such as «-y coincidences, can 
shed no further light on the situation, and if Cherdyntsev 
and’ Mikhailov’s extra information in these spheres is 
substantiated then plutonium-244 would appear to be 
ruled out. We are, however, unconvinced by their identi- 
fication of curium-247 for the following reasons: > ° 

(1) They state that “the decay period of curium-247 
is estimated at about (2:5 + 0-5) x 108 years”. A recent 
careful re-determination by Fields et al.” has, however, 
given a half-life of (1-64 + 0-24) x 107 years. If this were 
so, then we must reject curium-247 on the same grounds 
that we have rejected uranium-236, that is,-it-is highly 
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unlikely that there is still sufficient curium-247 around to 
make a substantial contribution to an «-spectrum. 

(2) Agreement with the predicted decay-energy of 
curium-247 is not very good. Thus Foreman and Sea- 
borg" estimate the Q-value for the curium-247 decay to be 
5:29 MeV. This implies a ground-state «-particle energy 
of about 5-18 MeV. From this we can subtract an amount 
of up to 0-25 MeV to allow for decays to excited states 
(Cherdyntsev and Mikhailov detected «~y coincidences 
with gammas of up to 0-25 MeV). The predicted «-particle 
energy could then be as low as 4:93 MeV. This is far above 
the median observed energy of about 4:4 MeV, and close 
examination of Fig. 6 of Foreman and Seaborg shows that 
it is highly unlikely that their prediction is in error by 
more than 0-2 MeV. 

What, then, about plutonium-244? This, too, has a 
half-life which is rather too low to be feasible, namely, 
(7-6 + 2) x 107 years, as determined by Diamond and 
Barnes" seven years ago. Its possible existence in Nature 
has been considered previously? ; but it has generally been 
disregarded since the half-life was determined experi- 
mentally. A plutonium fraction from samples with 
plutonium-236 tracer showed no detectable activity at 
4-4 MeV. 

In conclusion, we would suggest that great interest 

would attach to: (a) Attempts to find excess e«-activity 
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in tho 4-4-MeV region in other naturally occurring samples ; 
(b) the application of chemical and coincidence techniques 
to such excess activity in order to check on the results 
of Cherdyntsev and Mikhailov; (c) a re-determination 
of the plutonium-244 half-life, and, if feasible, a determ- 
ination of the energies of the plutonium-244 a-particles 
in order either to eliminate finally or to substantiate the 
natural occurrence of plutonium-244. 

This work was supported in part by a Robert A. Welch 
Foundation grant (K~-054b) to one of us (J. A. S. A.). 
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IN SUPERIMPOSED VISUAL FIELDS 


By Dr. J. M. NAISH 
Royal Aircraft Establishment, Farnborough, Hants. 


ECENT developments in aviation have led to the 

requirement for a pilot to fly ‘on instruments’ while 
observing the forward view. This amounts to performing 
concurrent tasks based on information available in visual 
fields which are separated in position and in which the 
information may take differing visual forms. It is possible 
to change the relative position of these fields by super- 
imposing one on the other, and also to alter the visual 
forms available in one to conform with form relationships 
in the other. An investigation has been undertaken! to 
examine the influence of these factors, of position and 
form, on the combination of information in superimposed 
fields, as shown by the performance of associated con- 
current tasks. 


Influence of Relative Position of Visual Fields 


Experiment 1. Combination of simple fields superimposed 
in different relative positions. In tho simplest case: (a) 
fields may be superimposed in the same direction and at 
the same distance (that is, by means of a reflecting col- 
limator aligned with the forward view in flight). They 
may also be superimposed: (b) in the same direction but 
at different distances (for example, by drawing an un- 
collimated pattern on the windscreen of a vehicle). In 
the third case: (c) it is possible to arrange the superimposed 
field peripherally and relatively close to the observer (as 
when indicators are mounted on the cockpit coamings 
and seen peripherally”). Clearly, in (b) and (c) the visual 


presentations must take gross form if the forward view - 


(or ‘background’) is to be continually observed, in order 
that the superimposed forms may be seen with unaccom- 
modated or peripheral vision, that is, the associated 
visual task must be of a simple nature. i 

The concurrent task capability for these three cases 
was investigated with ‘simple tasks consisting in: (1) the 
recognition of numerals appearing in the visual back- 
ground, presented at a rate and at a size requiring con- 
tinual observation with central vision, while (2) performing 


a tracking task by nulling (longitudinal) movements 
observed on rotating a black and white helix, the helix 
being disposed in the modes (a), (b), (c) with respect to 
the background. High-light brightness was in the range 
5-25-ft. lamberts and contrast in the range 0-67—0-97. 
Numerals were presented at rates between 0-6 and 1:0 
per sec, with critical detail subtending between 2 and 
3-5 min of arc, and subjects were required to achieve 
more than 95 per cent successful recognitions. The supor- 
imposed field was presented at 240 in. for (a) and at 
about 25 in. for (b) and (c). The tracking task was carried 
out with programmes scaled to five different speod 
settings, and tracking errors were integrated during runs 
of 50 sec. 

The results obtained with eleven subjects in the threo 
modes showed highly significant differences when com- 


‘pared on a basis of angular speed of the tracking display 


(P = 0-001). However, when compared on tho basis of 
linear display speed, no significant differences betwoen 
modes were found. 

These results were interpreted by noting that whilo 
angular velocity is important in determining the detcct- 
ability of visual stimuli it may be less important in 
determining information transfer in the situation of this 
experiment. If the transfer of information is considered 
to depend on recognizing the passage of one display 
element (a black or white section of the helix) through 
its own length, the information acquired per unit time 
will depend only on linear speed of the display. On this 
basis, Table 1 shows it was not possible to distinguish 
‘between the three modes (a), (b), (c) in the associated 
concurrent task capability, for the simple tasks used. It 
was concluded that relative position of the superimposed 
field was without effect on concurrent tasks of simple 
nature, according to an information model appropriate to 
the experimental situation. It was, however, noted that 
modes (b) and (c) gave rise to some visual distress. 

Experiment 2. Combination of complex fields. While it 
is possible to regard several relative positions of super- 


` 642 


Table 1. RESULTS OF ANALYSIS OF VARIANCE FOR TRACKING ERRORS OF 11 
SUBJECTS WITH $ POSITIONS OF SUPERIMPOSED FIELD AT 5 LINEAR SPEED 


SETTINGS 

Peak indicator Differences for Differences for 
speed (in./sec) field position subjects 

0-47 n.s n.s. 

0-84 ns. ns. 

1-50 Ls. ns. 

2-62 n.8. n8. 

R.E sig. (P =0-05) 


4-78 
n.s. =not significant. 


imposed fields as equivalent when simple information is 
presented, it is more difficult to extend this equivalence 
to complex fields because of limitations on information 
capacity, for the overall system, imposed by the need to 
use peripheral or unaccommodated vision in one field. 
For complex fields, presentation in a common field 
position (case (a)) is to be preferred because of an informa- 
tion capacity unlimited in this way and because transfer 
between fields then implies no abnormal use of the eyes. 
The object of the second experiment was to examine 
combination of more complex fields superimposed in a 
common position. 

The concurrent tasks consisted of: (1) acknowledging 
the appearance of a low-contrast patch of white light, 
appearing at irregular intervals in random positions 
within a 30° field, while (2) performing a two-dimensional 
tracking task, using pursuit commands and ancillary 
steering information. The brightness of the field (1) was 
10-ft. lamberts, with patches subtending 10 min of arc 
at brightness 12-5-ft. lamberts, and the brightness of the 
6-5° superimposed field (2), in which the presentation was 
made in green light, was matched to the same general level, 
the common presentation distance being 6 ft. Subjects 
were provided with a cancelling button to acknowledge 
visual stimuli in the background (1) and also with a 
control column, acting through an aircraft stimulator, 
to null commands (or ‘flight director’ instructions) pre- 
sented in azimuth and elevation, while acquiring ancillary 
attitude information from an artificial horizon. With this 
complex of steering information, presented in the super- 
imposed field (2), subjects carried out a tracking task 
consisting of six level turns through 90° at 3° per sec. 
Performance of the visual acquisition task (1) was 
measured by the time taken to acknowledge stimuli and 
performance of the tracking task (2) by mean modulus 
errors in azimuth and elevation (use of the latter method 
can be justified in the aeronautical context by showing 
that zero tracking errors can be achieved in a manner 
consistent with good airmanship’). 

Subjects were six pilots with at least 50 h instrument 
flying experience, who first performed the acquisition 
task (1) by itself, then the tracking task (2), and then 
both tasks together. The tracking task was, however, 
performed in two modes, referred to as U and D, with 
the steering information presented by means of a reflecting 
collimator (adjusted for zero parallax) against the back- 
ground field for the U mode, and presented in the same 
visual form but in the conventional instrument panel for 
the D mode (corresponding to the so-called ‘head-up’ and 
‘head-down’ modes of flight). In all, each subject per- 
formed five sub-tasks, namely, 1, 2U, 1 + 2U, 2D, 
1 + 2D, or 1, 2D, 1 + 2D, 2U, 1 + 2U, three subjects 
- performing U before D and the other D before U. 

Combination of the superimposed fields was assessed 
by examining whether the effect of each task on the other 
was less in the U mode than the D mode. First, per- 
formance of the tracking task (2) was compared by t-test 
with performance of the same task performed concurrently 
with the acquisition task (1 + 2), showing differences in 
the azimuth and elevation channels to be both insig- 
nificant (fs = 0-708, 0-506) for the U mode, and showing 
elevation differences to be again insignificant (ts = 0-212) 
but with azimuth differences significant at the 5 per cent 
level (?, = 2-736) for the D mode. (Comparison of tracking 
performance, by itself, in the U and D modes showed no 
significant difference.) In other words, the effect of 
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adding the acquisition task was only apparent in the 
head-down (D) mode of the concurrent task. Secondly, 
performance of the acquisition task was examined by 
analysis of variance for three modes, the task by itself (1), 
the task performed concurrently with the tracking task 
in the head-up mode (1 + 2U) and concurrently in the 
head-down mode (1 + 2D). Subject differences were 
insignificant but mode differences were highly significant 
(P = 0-001) and means for the three modes are compared 
in Table 2. 


Table 2, MEAN TOŒ (SE0) FOR 6 SUBJECTS PERFORMING ACQUISITION TASK 
IN 8 MODES. 5 PER CENT CRITICAL DIFFERENOE=1°29 SEO 


Task performed Task performed Task performed 
alone (1) concurrently head-up concurrently 
Mode (1+20) head-down (1 +2D) 
Mean time 1-23 0-88 3-86 


These results show a significant effect for addition of 
the tracking task in the D mode but not for the U mode, 
since means for the task alone (1) and when performed 
concurrently head-up (1 + 2U) were separated by less 
than the 5 per cent critical difference. It was also found 
that acquisition times were more consistent in the U 
mode than in the D mode, with coefficients of variation 
of 42 per cent and 83 per cent, respectively, and there 
were more missed signals in the D mode. 

It is clear from these comparisons that the tasks were 
without effect on each other with fields superimposed in 
a common position, but there were degradations in per- 
formance when the fields were separated (as in conven- 
tional flight), with loss of tracking performance in the 
azimuth (demand) channel and increased acquisition 
times, of greater variability. These results were inter- 
preted as showing the combination of more complex 
fields of information when superimposed in a common 
position. The advantage of combination is typified by a 
reduction in acquisition time for stimuli appearing in the 
background, of the order of 3 sec for a situation simulating 
the aeronautical case of combined instrument and visual 
flying, and this value is of the same order of magnitude 
as gaps of (pilots’) attention observed by Ellis and Allan 
in airfield approaches®. 

It was concluded that use of a common field position 
permits combination of fields which can be of greater 
complexity than those of Experiment 1. 

Experiment 3. Confirmation of combination in real flight. 
Qualitative confirmation of the preceding results was 
obtained in flight trials using a reflecting collimator to 
present an electronically generated display as part of the 
pilots forward view (Fig. l, where a subsequent and 
somewhat improved form of display is shown). Measures 
of performance could not be related solely to visual 
information in this case, because of the interfering effects 
of kinesthetic information, and the results obtained were 
purely subjective. Two cases were examined (a) during 
visual take-off, when the pilot obtained visual information 
mainly from the external world, and (6) during an 
‘instrument’ approach when the display field was of chief 
importance, so that there was a change in the dominant 
field of information for the two cases. Successful take-offs 
were reported by 17 subjects, who stated that while 
information was drawn mainly from the external field 
they were aware of being able to acquire attitude informa- 
tion from the display in a monitoring role. Successful 
‘mstrument’ approaches were made by 13 subjects, using 
the display for guidance, who stated that they were able 
to see the ground to an extent governed by visibility. 

These results were useful in providing subjective 
evidence of combination in superimposed fields under the 
more exacting conditions of real flight, and they also 
indicated that the identity of the dominant field is of 
little importance. 

Experiment 4. Combination shown by critical examina- 
tion of superimposed fields using simulation. In order to 
develop a more rigorous method for assessing the ability 
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to observe concurrently in superimposed 
fields, the display field (which was of adequate 
complexity) was presented in the laboratory 
as in Experiment 2, but against an artificial 
background simulating the forward view in 
flight. The system of background simulation‘ 
will not be described in detail here, but it will 
be noted that the forward view was provided 
with 6 degrees of freedom for simulating 
‘visual’ flight over a limited ‘landscape’. The 
important point in the present context is 
that by linking this system to the aircraft 
simulator subjects could ‘fly’ themselves 
through the simulated external field (as dis- 
tinct from watching a film taken during 
flight). The combined visual field for display 
and forward view is shown in Fig. 2, in 
which scene brightness varied between 2-ft. 
and 4-ft. lamberts from runway to sky. 

Subjects were guided through the simu- 
lated external world by the superimposed 
display, by presenting turning demands at 
convenient positions in the simulated land- 
scape. In this way it was possible to ` 
control the forward view while subjects 
used the superimposed field in a precise 
manner (with mean modulus heading errors 
less than 1°). It was arranged that after completing 
ten turns through 90°, each at a rate of 3° per see, the 
forward view would be that corresponding to the view 
along a runway during an approach, when a pilot 
would normally be very concerned about the align- 
ment of his velocity vector with the runway. At this 
point, and without foreknowledge on the part of 
subjects, the display was made to demand a slight 
deviation (about 3°) of flight path from the runway, 
in order to see whether this divergence would be detected 
by subjects. 

All thirteen subjects who reached this point, by using 
the display with requisite accuracy, were observed to fly 
‘visually’ along the runway, ignoring the divergent display 
demand. From this it was clear that subjects observed 
concurrently and critically in both fields obtaining precise 
guidance from the superimposed display, while observing 
the visual background with the same care as in an 
approach. It was concluded that fields superimposed in 
a common position may be combined to an extent per- 
mitting critical examination of complex visual informa- 
tion, a result of some importance in 
aviation. 


Fig. 1. 


"Influence of Form of Presented Information 


The importance of positional relationships between 
(complex) superimposed fields has been demonstrated, 
with advantage to the common field arrangement. Fields 
superimposed in this way may not, however, necessarily 
constitute a single field because the information repre- 
sented in each, in some visible form, may vary according 
to different schemes. It is thus also of importance to 
consider how the organizations of visible form affect 
combination of information in superimposed fields (the 
information being that which justifies the representational 
activity’). 

In general, the visible forms presented in each super- 
imposed field will be capable of infinite variation, but 
when. a display is superimposed on the background of the 
observer’s natural environment, the type of visual form 
available in this background field will to a large extent be 
determinate (for example, as a function of the observer’s 
position, attitude and velocity). In this case, which is of 
some practical significance, the immediate question will 
be whether the superimposed display should conform to 
type, that is, whether it should also be in pictorial form. 
Other display variables, such as the némber, grouping 
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Pilot’s combined visual field of display and forward view in aircraft 


and information content of compenent forms, will then 
be largely prescribed. 

It has been suggested by Grether®. in the aeronautical 
context, that a pictorial display (which may be defined 
as a modelling or simulation of a visually perceived 
situation’) should be capable of interpretation with the 
same ease as the natural environment. If this is true it 
should be possible to learn to use a pictorial display very 
rapidly. Moreover, when superimposed on a conformable 
visual environment, that is, one based on the same point 
of view as the pictorial display, it should be possible for 
the combined fields to be treated to a large extent as a 
single field. In other words, the superimposed display 
should add little to the observer’s interpretative load. 

Experiment 5. Combination of conformable fields. (A) 
Ease of learning for pictorial display. The object of this 
experiment was to determine whether a pictorial repre- 
sentation of flight data can be readily interpreted, in 
comparison with the conventional arrangement of non- 





- Fig. 2. 


Combined visual field of display and forward view in simulator 
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pictorial (symbolic) flight instruments, in which only the 
values of quantities are represented. A pictorial display 
of flight information in the form of the so-called contact 
analogue (analogue of the forward view with which visual 
contact is supposed), and consisting in two orthogonal 
sets of perspective lines, has been described by Barnes 
and Coulshed’, This type of display may be simplified 
by showing only one set of perspective lines, limited by 
an (invisible) envelope convergent on a single vanishing 
point (Fig. 34); moreover, its information content may 
be increased by using displacements of the vanishing 
point to represent steering (flight director) commands 
(Fig. 3B, C). This display was superimposed on the 
simulated forward view, by the means previously de- 
scribed, and conformity was achieved by sympathetic 
movements of the visible and artificial horizons, and by 
adopting the convention that a fixed reference mark 
(circle) in the display represented a direction associated 
with the aircraft (longitudinal axis or, alternatively, 
velocity vector), while a movable direction (vanishing 
point) represented a direction towards which to steer. It 
will be noted that this display reverts to a simple attitude 
indicator when steering demands are satisfied, so that a 
large part of the information required for instrument 
flight is available in a simple pictorial form. 

The experiment was first performed with pilots experi- 
enced in instrument flight (minimum, 50 h) but having 
no knowledge of the operational possibilities of the experi- 
mental display. Instruction in use of the display, by 
means of Fig. 3, was given to seven subjects, and it was 
found that these subjects could not achieve successful 
operation of the display when used by itself in the aircraft 
simulator. Use of the display was then demonstrated, to 
the same subjects and to a further group of six similar 
subjects, against the artificial background (which was now 
added, to the simulation), by operating the ‘aircraft’ con- 
trols through an auto-pilot fed with the same steering com- 
mands as presented in the display. Subjects were thus 
largely relieved of work load, but it was arranged for the 
auto-pilot operation to be slightly imperfect, so that 
subjects would feel challenged to show a better per- 
formance, by taking manual control. It was then found 
that twelve subjects disengaged the auto-pilot and ‘flew’ 
a tracking task similar to that of Experiment 2, with 
mean modulus heading errors less than 1°, after a mean 
demonstration time of 4-25 min, while one subject failed 
completely. This showed that the pictorial display could, 
in fact, be learnt very quickly, in comparison with normal 
instructional standards, provided a working demonstra- 
tion was given against a representative background: but 
display use could not be learnt by these subjects simply 
on the basis of explanation by diagram. 

The experiment was then repeated with a group of 
nine pilots having extensive flight instrument practice 
(instructors), who were aware of the operational capability 
of the system (that is, they knew that the display could 
be successfully used). These subjects were given instruc- 
tion by diagram (Fig. 3), followed by a training period of 
60 sec in basic simulator and display usage (without 
steering commands), after which their performancé was 
immediately measured in the typical tracking task. In 
this case, subjects were not provided with either auto- 
pilot or visual background. It was found that all subjects 
performed satisfactorily under these conditions, with 
mean modulus heading errors of average value 0-84° 
(S.D., 041°). This result showed that the pictorial 
display could be learnt without the aid of back- 
ground and auto-pilot, in a very short time indeed, 
by subjects having foreknowledge of, the possibility 
of success and the stimulus of competition (with the 
first group). l 

The differences in time and training necessary to reach 
comparable levels, for the two groups of subjects,- were 
attributed to psychological factors affecting the ability to 
start performing, rather than the ability to perform. 
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DISPLAY IN STRAIGHT AND LEVEL FLIGHT 
WITHOUT FLIGHT DIRECTOR DEMANDS. 





B TURN TỌ STARBOARD z 


Fig. 3. Head-up display of flight director and attitude information. 
Unsatisfied demand on left-hand side; satisfied demand on right 


More detailed experiments were also carried out with 
novice pilots to plot the course of the learning curve for 
the pictorial display. In this case the learning time was 
longer (about 20 min) and more variable, as would be 
expected, but the main conclusion was confirmed, namely, 
that a pictorial display may be easily used, as shown by ~ 
short learning times. (Quantitative comparisons of 
learning times for equivalent pictorial and symbolic 
displays is possible by means of a rather detailed and 
indirect argument’, leading to the conclusion that a 
reduction of learning time of at least 10 to 1 is possible 
with the pictorial display.) 

(B) Ease of learning for pictorial display in combination 
with visual background of real flight. To test the corollary 
that a pictorial display, presented in the same field position 
on a conformable visual background, should enable the 
observer to treat both fields as a whole, each being 
interpreted by the same rules, ease of learning was 
examined in flight. The experimental arrangement was 
that of Experiment 3 (display presented by reflecting 
collimator) and subjects were required to use the display 
for heading lock (maintaining a chosen heading), height 
lock, change of heading and ground-controlled approach 
(G.C.A.). 

Subjects were divided into two groups, the first con- 
sisting of eleven pilots who had been trained in using 
the display (in the simulator) and the second of seven 
pilots who had received no prior training. Table 3 shows 
the analysis of results according to prior training for the 
prescribed manœuvres. It will be seen that subjects 
without prior training were no less successful than sub- 
jects with training, in all manceuvres. It must be noted, 
however, that while the accuracy of the final manceuvre 
(G.C.A.) could be checked independently (by success in 
landing) only subjective criteria (pilots’ reports) were 
available for the other manceuvres. These results were 
nevertheless substantiated by later trials in which the 
performance could be monitored by an independent 
observer. It must also be noted that some of the informa- 
tion required for each manceuvre was foreknown by 


Table 3. ANALYSIS OF SUCOESS IN PRESCRIBED MANŒUVRES WITH PIC- 
TORIAL DISPLAY SUPERIMPOSED ON FORWARD VIEW IN FLIGHT 


Pre-flight Number of subjects succeeding in 
training Heading lock Heightlock Heading change G.C.A, 
Simulator 11 (100%) 9 (82%) 11 (100%) 7 RIER 
Nil 7 (100%) 7 (100%) 7 (100%) 6 (86%) 
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subjects, who initiated their own demands, but in later 
trials it was arranged for these demands to be initiated 
independently, with similar results. 

These results show that subjects were able to learn to 
use a pictorial display superimposed on a conformable 
background without prior training, at least to a standard 
sufficient for adequate contro] during flight, and to a 
standard sufficient for accurate guidance and control 
during an approach. This is taken to mean that the 
combined visual fields were sensibly treated as a single 
field, by a ‘common interpretative method. All subjects 
also stated that use of the display under these conditions 
required no conscious thought. It was concluded from 
this, and from the evidence (Experiment 5A) of a visual 
background helping to stimulate learning, together with 
the evidence of concurrent critical interpretation (Experi- 
ment 4), that the conformity of presentation possible 
with a pictorial display superimposed on the forward 
view is effective in promoting combination of visual 


fields of information, enabling the fields to be treated 


as a whole. 

Baperiment 6. Influence of representation within a common 
framework. The principle of treating superimposed and 
conformable fields as a whole, by the exercise of common 
interpretative rules, may also be applied to a single visual 
field, by representing all relevant information in a unified 
framework. The advantage of ease of learning found for 
the first case, which appears to be due to ready acquisition 
of a complex of time-dependent information, could then 
lead to a corresponding improvement in the use made of 
information represented in a single framework, that is, to 
an improvement in performance in an associated task. In 
other words, by representing more information (increase 
of content) within a single unified scheme it might be 
possible to improve the conditions for acquiring informa- 
tion. A single field united in this way could then, in 
turn, be used to advantage as a superimposed field, as a 
further extension of conformity. 

To test this influence, the tracking task of Experiment 2 
was performed with the three displays D1, D2, D3 (shown 
in Fig. 4, where D1 is the experimental display, D2 the 


“so-called roller-blind display, and D3 the so-called zero- 


reader display). In D3 only steering demands are shown, 
and when demands have been satisfied (Fig. 4, lower half) 
the display is identical with that for zero demand. In the 
other displays attitude information is shown, for example, 
by the position of the artificial horizon, and when demands 
are satisfied the nature of the manceuvre in progress is 
also shown, that is, with D1 and D2 the user has more 
relevant information than in D3, and this should lead to 





Di De. D3 


Fig. 4. Comparison of head-up (D1), roller-blind (D2), and zero- 
reader (D3), flight directors. Demand for climbing turn to left shown 
above ; satisfied demand shown below 


“ 
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an improvement in tracking performance. The difference 
between D1 and D2 lies in the use of a common framo- 
work of presentation, since in D2 the steering commands 
are presented in the axes of the cross-wires (aircraft axes) 
against a background in geographical axes, while in DI 
all information is presented in geographical axos, and a 
difference in performance for D1 and D2 could show the 
influence of a unified scheme of presentation. 

These displays, driven by the same steering signals (and 
with the same movement conventions), were used by 
twelve subjects (pilots of varying ability and experience) 
in the aircraft simulator, D1 being presented by colima- 
tion, while D2 and D3 were panel-mounted. Subjects 
performed the tracking task twice with each display, in 
balanced order, and tracking errors were measured to an 
accuracy of + 2 per cent. Analysis of variance for 
subjects, displays and runs gave the results shown in 
Table 4, where it is seen that subject differences were 
significant (chiefly in the heading channel), as was reason- 
able with pilots of varying ability and experience, and 
display differences were also significant, especially in the 
azimuth channel (P = 0-001), in which demands were 
made. Means for the three displays are shown in Tablo 5. 


Table 4. ANALYSIS OF VARIANCE FOR 12 SUBJECTS (S) USING 3 DISPLAYS (17) 
FOR 2 RUNS (R) OF TRAOKING Task 


Differences for 
Source of variance Heading errors Height errors 

s sig. (P=0-01) sig. (P=0-05) 
D sig. (P=0-001) sig. (P = 005) 
R n.s. Ta. 
SD n.8. n.s. 
SR mg. R.s. 

2.8. n.a. 


DR 
n.s. =n0t significant. 


Table 5. MEAN TRACKING ERRORS FOR 3 DISPLAYS (6 PER CENT CRITICAL 
DIFFERENOE 0-36°) 


Channel D1 D2 2 BS 
Heading Q-51° 0-98° 141° 
Height (ft.) 29-8 51-1 68-7 


Means in heading for D1, D2 and D3 were soprrated 
by the 5 per cent critical difference, and wero in the 
ratio 1, 2, 3, approximately, while height means could 
not be thus separated, as was reasonable since subjects 
were simply required to maintain constant height. 

The experimental results thus confirmed that provision 
of more relevant information (D1, D2) led to improved 
performance, and showed that presentation within a 
common scheme (D1) gave a further improvement. (Some 
allowance must be made for the fact that tho director in 
D2 sometimes moved in jerks, an effect tending to 
emphasize the co-ordinates of presentation.) These 
results were confirmed subjectively by pilots’ reports on 
ease of use, which placed the displays in the same order. 
and showed that subjects tended to use other panol 
instruments with D3. It will also be noted that the 
results with D1 and D2 support the principle demon- 
strated by Poulton® that performance is improved when 
information is available about the error to be corrected 
(steering signal) and about the direct effect of control 
actions (nature of mancuvre). 


Conclusion 


The results of this work may be summarized in the 
concept of treating superimposed fields as a single field 
of visual information. This process is aided by uso of a 
common field position, and by conformable (in this case 
pictorial) presentation, in which use of a common frame- 
work may be advantageously exploited. In the aero- 
nautical application, a reflecting collimator may be used 
(with relevance to safety) to present steering information 
during visual flight, with improved tracking accuracy, 
rapid learning and self-evident use. Application is also 
possible, in principle, to television presentation of supor- 
imposed fields. The influence of errors and limitations 
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has also been studied}, with results which do not vitiate 
the findings here. 

I thank Miss H. M. Ferres, Prof. D. M. MacKay and 
Mr. R. J. Lees for their advice, and the pilots who have 
flown the experimental equipment. 
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NEWS and VIEWS 


Materials Research at the Royal Armament Research 
and Development Establishment: 
Dr. L. F. C. Northcott, C.B.E. 


Ox March 8, Dr. Northcott retired from the post of 
principal superintendent of the Materials Division of the 
War Office, Royal Armament and Development Estab- 
lishment, Fort Halstead, Sevenoaks, Kent. Dr. Northcott 
graduated B.Sc. at the University of Birmingham im- 
mediately after the First World War, and gained his Ph.D. 
in 1924 and D.Sc. in 1938. He joined the staff of the then 
Research Department, Woolwich, in 1924 under Dr. 
Harold Moore, initially to study the casting of brass 
ingots on behalf of the British Non-Ferrous Metals 
Research Association. Later he studied the heterogeneity 
of steel ingots and steel casting. During the Second 
World War his section was housed at the National Physical 
Laboratory, Teddington, but in 1947 Dr. Northcott 
returned to Woolwich as superintendent of metallurgical 
research. He was promoted to principal superintendent 
in 1954, and, on the amalgamation in January 1955 of 
the Armament Research Establishment with the Arma- 
ment Design Establishment to form the organization now 
known as the Royal Armament Research and Develop- 
ment Establishment, Dr. Northcott was appointed head 
of the Materials Division with responsibilities at Fort 
Halstead and Woolwich. During his long association with 
the Establishment and its forerunners, Dr. Northcott 
published many papers on a wide variety of investigations 
in ‘both the ferrous and non-ferrous fields, including the 
casting of steel ingots; temper brittleness in alloy steels; 
centrifugal casting of steels, copper-base alloys and 
aluminium-base alloys in chill and sand moulds; powder 
metallurgy; veining and sub-boundary structures; cast- 
ing techniques for non-ferrous alloys; titanium alloy 
steels; extrusion of light alloys; crystal structure, segre- 
gation of deformation of copper-base alloys, and thermal 
fatigue. He has also written a book on molybdenum. 
Dr. Northcott served as vice-president of the Institution 
of Metallurgists from 1953 until 1956 and again from 
1957 until 1963, when he became president. He has also 
served on the Councils of the Institute of Metals and the 
Tron and Steel Institute. In the Birthday Honours List 
of 1961 he was appointed C.B.E. Dr. Northcott has been 
retained by the War Office in an advisory capacity. 


Applied Mechanics in the University of Liverpool: 
Prof. G. D. Galletly 


Dr. G. D. GarrerLy, assistant director, Advanced 
Materials Research and Development Laboratory, Pratt 
and Whitney Aircraft, and head of the Mechanical 
Behaviour Group, has been appointed to the newly estab- 
lished chair of applied mechanics in the University of 
Liverpool. Dr. Galletly, who is thirty-six years of age, 
was educated at the University of Liverpool, where he 
graduated B.Eng. with first-class honours in 1947, and 
M.Eng. in 1950. He served as a civil engineer officer in 
the Royal Air Force from September 1947 until September 
1949. In 1949 he was awarded a Massachusetts Institute 
of Technology scholarship and a Fulbright travel grant 
and undertook a course of study at Massachusetts Tn- 
stitute of Technology, where he graduated S.M. in 1950, 


and Sc.D. in civil engineering in 1952. From October 
1952 until April 1955 he served as a structural research 
engineer with the Structural Division at the Taylor Model 
Basin, U.S. Navy. In April 1955 he was appointed a 
specialist in structural mechanics with Shell Development 
Co., California, and in 1961 he was appointed assistant 
director, Advanced Materials Research and Development 
Laboratory, Pratt and Whitney Aircraft, and head of the 
Mechanical Behaviour Group, where he has been respons- 
ible for initiating and directing research in creep and 
fatigue of metals and composite materials, and the 
development of elasto-plastic methods for analysing high- 
speed rotating machinery. Dr. Galletly will take up his 
appointment on October 1. 


Physics in the Victoria University of Wellington, New 
Zealand : Prof. N. F. Barber 


Dr. N. F. BARBER has been appointed professor of 
theoretical physics in the Physics Department, Victoria 
University of Wellington. After graduating with first- 
class honours in physics at the University of Leeds in 
1931, Dr. Barber spent a few years teaching, and then, 
in 1937, joined the Admiralty Scientific Pool, where he 
was engaged on a variety of experimental and theoretical 
problems of a classified nature. During this period he 
made a substantial contribution to the development of 
‘degaussing’.. In 1944 he transferred to a new Admiralty 
group concerned with sea-waves, and it is for his theoretical 
and experimental investigations of sea-waves which he 
started at this time that Dr. Barber is perhaps chiefly 
known. Much of his work on defining and measuring 
random fields in two or more directions is applicable 
equally to sea-waves, radio-waves and microseisms: his 
frequency analyser has stood the test of time for twenty 
years. Dr. Barber went to New Zealand in 1950, working 
successively in the Naval Underwater Research Labor- 
atory, the Geophysics Division of the Department of 
Scientific and Industrial Research, and the Dominion 
Physical Laboratory. In 1960 he was visiting professor 
at the University of California, San Diego, later spending 
a period at the Woods Hole Oceanographic Institution. 


Social Anthropology in the University of Edinburgh 
: Prof. K. L. Little 


Dr. K. L. Lreruz has been appointed to the newly 
instituted chair of social anthropology in the University 
of Edinburgh. Dr. Little is at present a reader in social 
anthropology at the University, and since 1950 has been 
head of the Department of Social Anthropology. He 
gained his first degree at the University of Cambridge 
and a Ph.D. at the University of London. After graduating, 
he held a research studentship at Trinity College, Cam- 
bridge, and also taught in the University of London, 
being appointed in 1947 to a lectureship in anthropology 
at the London School of Economics. In 1956-57 he was 
appointed a visiting professor of anthropology in the 
University of California, and was seconded as professor of 
anthropology at the University of Khartoum in 1958. 
In 1963 he was Frazer Lecturer in the University of 
Cambridge. Dr. Littles research work has taken him 
abroad on several occasions—mainly to Africa where 
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most of his field work has been carried out. His early 
research interests were centred on race relations in 
Britain, the subject of his first book, Negroes in Britain. 
While retaining his interest in this subject, however, he 
has lately directed his attention to the problems of African 
social change, and particularly to urban problems in 
Sierra Leone and other West African countries. In the 
conduct of these West African research projects he has 
been supported by the Nuffield Foundation, by the Depart- 
ment of Technical Co-operation, and by Unesco. Dr. Little 
acted also as the first convener of the Committee for the 
Centre of African Studies recently established, at the 
invitation of the Government, in the University of 
Edinburgh. 


Theoretical Biology in the State University of New 
York, Buffalo 


A Txeorericat Biology Unit has been established 
in the State University of New York at Buffalo, under the 
auspices of its School of Pharmacy. The prime object is 
to interpret, on a firm quantitative basis, information on 
the mechanisms of fundamental life processes and to 
construct hypotheses concerning these processes which, it 
is hoped, will assist in the design of subsequent experi- 
mental investigations. Research topics at present include 
an investigation of the mechanisms of biomacromolecular 
and polymacromolecular replication and their evolution. 
Other investigations are concerned with energy conversion 
and transfer within membranes and macromolecular struc- 
tures. These questions involve applications of irreversible 
thermodynamics, ‘state logic’ and sutonomous com- 
putation theory, electromagnetic theory, and quantum 
mechanies. The construction and evaluation of molecular 
and mathernatical model systems will form an important 
part of the programme, and the Unit will comprise an 
interdisciplinary complement of research staff with bio- 
logically oriented mathematicians, physicists, physical 
chemists and engineers rubbing shoulders with theoretic- 
ally oriented biochemists, pharmacologists and chemists. 

It is envisaged that this development will become one 
of the major research activities of the University, and 
first-class staff are at present being recruited to form a 
powerful team which can adequately face this formidable 
task of pushing back the frontiers of knowledge in the 
areas of evolution of life and cell propagation. As joint 
heads of this new venture are Prof. J. F. Danielli, chair- 
man and professor of biochemical pharmacology at 
Buffalo (formerly professor of zoology in King’s College, 
University of London), well known for his theoretical 
interpretation of the biological membrane structure, and 
Prof. A. I. McMullen (formerly of King’s College, Cam- 
bridge, and. of the Natural Rubber Producers’ Research 
Association), professor of theoretical biology and well 
known for his theories of macromolecular replication. 


“Research into Water Conservation and Effluent 
Treatment 


AN earmarked grant of up to £39,400 spread over four, 
years has been awarded by the Department of Scientific 
and Industrial Research to the eight textile Research 
Associations—the Cotton, Silk and Man-made Fibres 
Research Association (Shirley Institute), the British Hat 
and Allied Feltmakers Research Association, the Hosiery 
and Allied Trades Research Association, the British Jute 
Trades Research Association, the Lace Research Associa- 
tion, the British Launderers’ Research Association, the 
Linen Industry Research Association, and the Wool 
Industries Research Association—to support a collabora- 
tive research project on water conservation and the 
treatment of effluents throughout the textile industry. 
The estimated cost of the research is about £59,000 and 
the balance is being met from the special fund set up in 
1963 by the eight Associations. This is the sixth D.S.LR. 
earmarked grant to be awarded. The textile industries 
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are substantial users of water. More efficient use of the 
water available and, where possible, re-use would lead 
to a reduction in water consumption by the textile 
industry in general and, in some areas with a limitod 
water supply, to an increase in productivity. The textile 
industry also has its own effluent treatment and dis- 
posal problems. The proposed work is divided into four 
sections: (a) to establish water usage targets in the 
industry and to develop methods for achieving such 
savings; (b) to investigate contra-flow processing and 
re-use of processed and purified water; (e) to investigate 
and devise acceptable methods of treatment for toxtile 
effluents; (d) to study operations in balancing tanks and 
mixing; sedimentation, filtration and centrifuging; bio- 
chemical oxidation and synthetic detergent removal. The 
project is being steered by a sub-committee with Mr. J. 
Leicester, director of research of the British Launderers’ 
Research Association, as its chairman. 


IBM 7090 Computing Centres at the Imperial College of 
Science and Technology 


IBM United Kingdom, Ltd., is making available, froo 
of charge, an IBM 7090 data-processing system, a smaller 
IBM 1401 data-processing system for data preparation 
and output, and appropriate peripheral equipment to the 
Imperial College of Science and Technology. A 7090 
Computing Centre is to be set up by the College which 
will provide facilities and staff. It will be directed by 
Prof. 8. Gill, recently appointed to the new chair of 
computing science and to the directorship of the College 
Computer Unit. Other educational institutions, selected 
by mutual agreement, will be invited to participate 
in the programme of the Centre: they will include all 
universities and university colleges in the United King- 
dom. One-third of the total time available on the equip- 
ment will be for the use of the Imperial College, one-third 
for the invited universities and colleges, one-third for IBM. 

As a further contribution to the operation of the 
Centre, IBM United Kingdom, Ltd., will grant £18,000 a 
year for five years to support the work being done in 
furthering the objective of the Centre; this will be done 
through the foundation of research fellowships and 
studentships at the Centre. Half this grant will be for 
the use of Imperial College, half for the use of invited 
universities and colleges. The agreement between the 
Imperial College and IBM United Kingdom, Ltd., is 
initially for a period of five years. 


Science and Government in India 


Is his presidential address, “Science and Government”, 
to the National Academy of Sciences in India at the 
thirty-third annual meeting at Allahabad during February 
15-16, Prof. P. Maheshwari was concerned largely with 
the work of Government in ensuring a supply of com- 
petent scientists (Pp. 14. Allahabad: National Academy 
of Sciences, 1964). After discussing the Government's 
responsibility for higher education and referring to the 
decision of the University Grants Committee of India to 
set up some centres of advanced study and to the employ- 
ment of women scientists, he referred particularly to the 
problems arising in sending students abroad for post- 
graduate education. He emphasized the need for greater 
care in the selection of students who were sent overseas 
and to the problems of ensuring that the students returned 
to India after training. Here he referred to the pools of 
scientists which the Council of Scientific and Industrial 
Research had constituted, and suggested that although a 
pool post should be available immediately when a post- 
graduate returned from abroad it might be provided on 
a one-year basis duririg which time the graduate could 
find a place for himself. Many directors of institutes or 
heads of university departments were not enthusiastic, 
however, about having pool officers posted in their 
laboratories, and this matter needed careful examination. 
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Prof. Maheshwari went on to discuss more particularly 
the human problems involved, particularly the weak- 
nesses of the Indian student and of Indian bureaucracy. 


University of Oxford and the Robbins Report ; 

Tue report of a Committee appointed by the Heb- 
domadal Council of the University of Oxford to consider 
points arising out of the Robbins Report recommends 
the appointment of a Commission to enquire into, and 
report on, the part which Oxford plays now and should 
play in the future, in the system of higher education 
in the United Kingdom, having special regard to its 
position as a national and an international University 
(Supplement No. 7 to the University Gazette, March 1964. 
Pp. 11. Oxford: The University, 1964. 6d.). In the 
light of its findings, the Commission should consider: 
(1) whether central institutions of the University are 
satisfactory and effective; (2) whether the present 
arrangements for the appointment and functions of the 
Vice-Chancellor require reconsideration; (3) whether the 
University is adequately equipped with its present 
organization to make its proper contribution to the 
discussion and formulation of policy in higher education. 
Jt is also recommended that the Commission should con- 
sider the present relations between the Colleges and the 
University in the same context, the finance, staffing and 
organization of research, including libraries, methods of 
teaching, and of selecting undergraduates, and of the 
selecting and supervision of postgraduate students, in- 
cluding the proportion of postgraduates to undergraduates 
to be achieved over the next fifteen years. 
domadal Council has adopted the recommendations and 
Lord Franks has accepted the Council’s invitation to 
serve as chairman of the Commission. 


- Daedalus - 

Tur whole of the winter 1964 issue of Daedalus, the 
journal of the American Academy of Arts and Sciences, 
is devoted to the subject of “A New Europe”. Although 
Dr. A. King’s article, “Science and Technology in the 
New Europe”, in which he describes briefly the European 
institutions of science and the organization of research, 
international co-operation in research, and education, 
science and the economy and the development of scientific 
policy, is that of most immediate interest to the scientist, 
several other articles are of general interest. Writing 
on “Old Nations, New Europe”, Prof. R. Aron has 
some interesting comments on universities; Lord Franks 
deals with Britain and Europe; Prof. K. D. Bracher, 
with problems of parliamentary democracy in Europe; 
Prof. R. Dahrendorf, with recent changes in the class 
structure in European societies; Prof. S. M. Report dis- 
cusses the changing structure and contemporary European 
politics; and A. Touraine, management and the working 
class in Western Europe. There are three papers dealing 
with education: education in the new Europe, by F. 
Bowles; the European school system: problems and 

- trends, by F. L. Carazza; and “Is Europe Facing its 
Educational Problems?” by S. Hessel. Bureaucracy and 
democracy in the new Europe are discussed by Prof. C. 
Frankel, and economic integration in the new Europe by 
R. Mayne, 


The Incorporated Linguist f 
Beswes the Threlford Memorial Lecture, “Practical 
Grammar”, delivered by Prof. A. S. C. Ross at the 
British Academy on November 9, The Incorporated 
Linguist for January 1964 (No. 1, Vol. 3) includes two 
articles on the language leboratory. The first, by Miss 
M. A. L. Sculthorp, discusses its role in adult language 
courses, pointing out that electronic equipment is no 
guarantee that language teaching or learning becomes 
more effective: too many short cuts are demanded to-day 
and a satisfactory knowledge of a language can only be 
acquired with time end hard work and constant practice. 
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Given the right conditions and competent staff, the 
language laboratory has helped to achieve better stan- 
dards. In the second article, “The Language Laboratory— 
the Answer to Industry’s Language Problem ?”, Mr. 
C. 8. W. Hocking insists that only if industries play their 
part and release their staff generously for intensive tuition 
can the language laboratory help to solve the present 
language problem. 


Careers for Young People 


Tue National Union of Teachers’ Annual Guide to 
Careers for Young People, March 1964, gives a survey 
covering some. forty occupations, each entry moreover 
indicating where further information can be obtained 
London: National Union of Teachers, 1964. 
4s.). Generally, it does not include information about 
scientific careers, though there are entries for electricity 
supply, engineering training and librarianship, as well as 
teaching. The same issue includes a survey by K. M. 
Allsop of opportunities for those without the General 
Certificate of Education, and also for the handicapped; 
an article by Ross Martin introducing the school-leaver 
to the purposes and activities of Trade Unions; a survey 
of books and issued aids on careers; and a guide to the 
provisions of the Industrial Training Act. 


Research and Development of the British Broadcasting 
Corporation 


A LECTURE, “The Challenge of Circumstances”, de- 
livered by W. Proctor Wilson, head of the British 
Broadcasting Corporation Engineering Research Depart- 
ment, as the fifth of the second series of B.B.C. Lunch-time 
Lectures, gives a vivid account of research apd develop- 
ment in the Corporation seen as a response to challenging 
circumstances over the past forty years (The Challenge of 
Circumstances. Pp. 16. London: British Broadcasting 
Corporation, 1964). Mr. Wilson brings. out very clearly 
the contribution of research to the expansion of the 
television service since 1946, including such topics as: 
the standards conversion involved in the choice of the 
625-line standard for B.B.C.2 with the retention for 
many years of the 405-line standard; the development 
of the ‘Cablefilm’ technique in 1958 for transatlantic 
interchange of important news items; the improvements 
in television recording and the extensive research on the 
modified ‘compatible’ system of colour television specified 
by the National Television System Committee, which has 
since been examined in comparison with the revived 
French SECAM and German PAL systems by a special 
colour sub-committee of the European Broadcasting 
Union. Other work has provided valuable information on 
the effect of different kinds of terrain on radio waves in 
the very-high-frequency band, on the acoustical behaviour 
of studios, while the development of the very-high- 
frequency sound service and of stereophonic broadcasting 
both depended on the response of the engineering research 
department to the challenge of circumstances. Such 
research is essentially forward-looking, and Mr. Wilson 
insists that, if the B.B.C. is to maintain its leading place 
in the art and science of broadcasting, independence of 
thought is its greatest ally. f 

B.B.C. Engineering Monograph No. 51, Radiophonics 
in the B.B.C., by F. ©. Brooker, describes the Corpora- 
tion’s Radiophonic Workshop, the type of work under- 
taken and the equipment used (Pp. 19. London: British 
Broadcasting Corporation, 1963. 5s.). Much of the equip- 
ment is necessarily concerned with the manipulation of 
tape-recordings using fairly standard equipment, but some 
ancillary pieces of equipment such as the Keying Unit, 
the Leevers—Rich Eight-track Recorder, and the Twenty- 
channel Mixing Console, which have been specially 
developed, are also described, as well as the electronic 
gunfire effects generator, developed earlier for direct, or 
‘spot’, effects in studios. Use of radiophonic sound has 
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become established as a valuable aid to creating the 
desired atmosphere in both sound and television broad- 
casts, and sometimes as the centre feature of a programme. 


Specifications and Criteria for Biochemical Compounds 

Specifications and Criteria for Biochemical Compounds 
was published in 1960, and contained information on 113 
compounds of biochemical interest. The first supplement, 
which has recently been published, covers 108 compounds 
not described in the original volume, together with 
revisions of a few of the earlier specifications (National 
Academy of Sciences~National Research Council. Pub- 
lication 719: Specifications and Criteria for Biochemical 
Compounds, Supplement One. Pp. 178. Washington, 
D.C.: National Academy of Sciences—National Research 
Council, 1963. 3.50 dollars). The information supplied 
includes structural formule of the compounds, brief notes 
of sources and methods of preparation, and some of the 
physical properties, for example, melting-point, optical 
density, specific rotation, and paper chromatographic 
behaviour in different solvents. Information is also given 
on the impurities likely to be present, methods of assay, 
stability and methods of storage. There is a short section 
on enzymes, which is to be much expanded in the future. 
This new publication almost doubles the purine and 
pyrimidine section, and the number of compounds under 
the heading “Lipids” has been increased from 12 up to 57. 
There is a cumulative index covering the original volume 
plus the supplement. The supplement and the original 
volume should certainly be in any biochemistry library. 
They can both be obtained, in loose-leaf form, from the 
Printing and Publishing Office of the National Academy 
of Sciences, 2101 Constitution Avenue, N.W., Washington, 
D.C., 20418. 


“Field Studies Council 


THe number of students attending Field Studies 
Centres during 1962-63 continued to grow, and, largely 
as a result of the opening of the seventh centre at Orielton, 
there was a further increase of 7 per cent. The total 
number of weeks devoted to study were 10,290, distributed 
as follows: (1) biological subjects, 5,532; (2) countryside 
and natural history’ subjects, 282; (3) geographical and 
geological subjects, 3,807; (4) art, 231; (5) archeology, 
221; (6) other courses, 217. The number of students 
attending the Centres during this time was 10,187, sub- 
divided into the following categories: (A) sixth forms, 
6,187; (B) other forms, 251; (O) training colleges and 
teacher courses, 1,361; (D) universities, 1,353; (E) tech- 
nical colleges, 179; (F) amateurs, 856. Full details of 
the Council’s activities and reports on the individual 
centres are given in the annual report for 1962-63 (Pp. 
35+5 photographs. London: Field Studies Council, 
9 Devereux Court, W.C.2, 1964). 


The Scottish Epilepsy Association 


Tux Scottish Epilepsy Association had its beginnings 
as a voluntary association set up in Glasgow in 1950 and 
worked for a period as a branch of the British Epilepsy 
Association. In 1954 the Scottish Epilepsy Association 
was established as an autonomous body. The objects of 
the Association are to provide welfare services for the 
epileptic and for his family; to provide sheltered work- 
shops for training and employment; to help the general 
public to a better understanding of epilepsy with the 
view of dispelling the prejudices ranged against epileptics; 
to sponsor and encourage research into the causes and 
treatment of epilepsy and to stimulate medical and 
medico-social research; to maintain international con- 
tacts in order to promote mutual benefit by exchange of 
viows and experience. Details of the way these objects 
are being met are described in the eighth annual report 
for 1961-62 (Pp. 38. Glasgow: Scottish Epilepsy Associa- 
tion, 1964). 
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Geological Research in Africa 


In recent years there has been a marked increase in 
the amount of geological research being carried out in 
Africa from British universities. In future, this trend is 
likely to continue, and, moreover, since in newly inde- 
pendent African States most of the resources available 
for geological work must of necessity be used for projects 
of immediate economic potential, an increasing proportion 
of fundamental research and basic mapping will have to 
be tackled by politically and financially independent 
outside bodies. In view of this situation, the symposium 
which was held at the University of Leeds during March 
12-14 was designed to attract a large proportion of the 
British-besed geologists, and allied scientists working in 
Africa, in order that they should meet one another, dis- 
cuss common problems and interests and exploro the 
possibilities of effecting some co-ordination of their pro- 
grammes. The ‘seventy members of the symposium, who 
included Dr. L. Cahen, director of the Musée Royal do 
TAfrique Centrale, attended a series of scientific sessions 
covering a wide rango of fields of interest, in which the 
stress was laid on summarizing work in progress rathor 
than on presenting final results. Seven speakers discussed 
problems in Precambrian rocks, ranging over the whole 
of the continent. Further talks were given on alkaline 
complexes in East Africa, on mineralization in southern 
Africa and on the application of geochronology, photo- 
geology and geochemistry to African problems. At the 
general meeting which concluded the symposium, it was 
suggested that further symposia should be held at regular 
intervals, and that the heads of the larger research teams 
should jointly consider the possibility of forming a com- 
mittee to formulate policy concerning British university 
research in Africa. 


Chemical Analyses of Australian Rocks 


A COLLECTION of about 3,200 chemical analyses of 
igneous and metamorphic rocks of Australia, compiled by 
Dr. Germaine A. Joplin of the Department of Geophysics, 
Australian National University, has been published by the 
Bureau of Mineral Resources, Geology and Geophysics, 
Canberra (Bulletin No. 65: Chemical Analyses of Austra- 
lian Rocks. Part I: Igneous and Metamorphic. Pp. 446. 
Canberra City, A.C.T.: Department of National Develop- 
ment, Bureau of Mineral Resources, Geology and Geo- 
physics, 1963). The analyses are arranged lithologically, 


. with an index of rock names, an extensive index of 


localities, and a bibliography of 602 references. Although 
some of the older information included because of its 
historical interest is incomplete and unreliable, this forms 
but a small fraction of the whole, and the Bulletin can be 
claimed to be the largest compilation of its kind available 
for any country of the British Commonwealth. Petrol- 
ogists and geochemists alike will be grateful for the care 
and clarity with which the data have been presented. A 
companion volume (Part IT) on the chemistry of Australian 
sedimentary rocks is in preparation. 


The Rigidity of the Earth 


Gorxysiorsts have had much cause to be indebted to 
the Royal Astronomical Society for the support and 
encouragement which that Society has given to the 
investigation of the Earth sciences. This indebtedness 
has been further increased by the foundation and endow- 
ment by the Society of the Harold Jeffreys lectureship. 
the lectures to be given on geophysical subjects. The 
endowment was made possible by the proceeds of the 
volume issued by the Society to mark the seventieth 
birthday of Sir Harold Jeffreys. It gave his friends much 
pleasure that Sir Harold agreed to deliver the first lecture, 
at Burlington House on October 25, 1963, under tho title 
“How Soft is the Earth ?”. The lecture has now been 
published (Quart. J. Roy. Astro. Soc., 5, No. 1,10; 1964). 
Sir Harold dealt with tidal friction, the formation of 
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mountains and the strength of the Earth, discussing in 
particular the laws of imperfect elasticity, and giving a 
clear statement of many of the views which he holds. 
He concluded his lecture by directing attention to a 
number of fields where additional work is needed. Further 
gravity surveys are required, both a world-wide general 
survey and more localized surveys of important regions. 
Detailed comparisons between. vertical movements of the 
surface and gravity anomalies would be useful. On the 
physical side, there is scope for further work on stress- 
strain relations near the elastic limit, and a quantitative 
theory of plastic instability is needed. Finally, differences 
of properties (such as travel times of seismic waves) 
between different land masses are now known, and there 
are many problems arising in the interpretation of these 
differences. 


Kingsley’s Turbidimetric Method for Determination of 
Serum Total Cholesterol 


Tue sodium ethylate turbidimetric method for the 
determination of total cholesterol in serum, originated by 
Velu and Velu and later modified by Kingsley, is a suit- 
able method as a screening test because of its simplicity 
and rapidity. An evaluation of the method has been 
carried out, with special reference to its accuracy and 
turbidity-producing mechanism, by Dr. Masaka Kawade 
and Dr. Kazuo Saiki, of the Department of Clinical 
Pathology and Internal Medicine, Mie Prefectural Univer- 
sity School of Medicine, Tsu (Mie Medical Journal, 12, 
No. 3; 1963). A high correlation was obtained between 
the method of Kingsley and that of Zak. The materials 
responsible for turbidity production are the dissociated 
lipid moieties of lipoproteins other than phospholipids, 
namely, cholesterol, its ester and triglycerides. The par- 
ticipation of triglycerides in turbidity production has 
been eliminated mainly by using serum for standard 
material. Kingsley’s method is a useful technique for 
a test because of its simplicity and rapidity. In special 
cases with hyperglyceridzemia, however, it gives higher 
cholesterol values than are obtained by.a colorimetric 
method. 


Diffusion in Gel Techniques for Immunological Analysis 


Tae Editor has been informed that copies of Ouchter- 
lony’s review on “Diffusion in Gel Techniques for Im- 
munological Analysis”, alluded to by Mr. J. F. Soothill 
in his review of Dr. F. Peetoom’s book, The Agar Pre- 
cipitation Technique and its Application as a Diagnostic 
and Analytical Method (Nature, 201, 1154; 1964), are avail- 
able from Technical Information Services, LKB-Produkter 
A.B., Stockholm 12, “at a very nominal charge”. 


University News: Edinburgh 
Tux following appointments to lectureships have been 
announced: Dr. M. H. Palmer (chemistry); Dr. C. M. 
Glennie (mathematics); Dr. G. S. Pawley (natural 
philosophy). 
St. Andrews 
Tue following appointments to lectureships (unless 
otherwise stated) have been announced: St. Salvator’s 
College, P. D. L. Constable (statistics); O. M. B. Henderson 
(geology); Dr. R. K. Mackie (Imperial Chemical Indus- 
tries Research Fellow in chemistry). Queen’s College, 
Dr. P. M. Spencer (physics); J. M. Anderson (physics); 
W. M. Young (physics). 
Sussex 


Mr. J. MAYNARD SMITH, at present reader in zoology 
in University College, London, has been appointed pro- 
fessor of biology and dean of the new School of Biological 
Studies, which is to open in October 1965. 


The Night Sky in June 


New moon occurs on June. 10d 04h 23m v.t. and full 
moon on June 25d Olh 09m. The following conjunctions 
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with the Moon occur: June 2d 18h, Saturn 3° N.; June 
Td 17h, Jupiter 3° N.; June 30d 00h, Saturn 3° N. Moer- 
cury is in conjunction with Mars on June 1d 17h, Mercury 
being 3° S., and Mercury with Aldebaran on June 15d 
03h, Mercury 5° N. There is a partial eclipse of the Sun 
on June 10, invisible at Greenwich. There is a total 
eclipse of the Moon on June 24-25, visible at Greenwich. 
Moon enters penumbra June 24d 2th 58m, Moon enters 
umbra 23h 08m, total eclipse begins June 25d 00h 16m, 
mid-eclipse Olh 06m, total eclipse ends Olh 57m, Moon 
leaves umbra 03h 03m, Moon leaves penumbra 04h 14m. 
Moonset at Greenwich is at 03h 54m. Magnitude of 
eclipse 1-56. Mercury is too close to the Sun for observa- 
tion. Venus is at inferior conjunction on June 19, and is 
not favourably situated for observation. Mars and 
Jupiter rise before the Sun, but are not favourably situated 
for observation. Saturn rises at Oh 45m, 23h 50m and 
22h 50m on June 1, 15-and 30, respectively. Its stellar 
magnitude is +1-0 and its distance from the Earth on 
June 15 is 876 million miles. It is in Aquarius. There is 
one occultation of a star brighter than magnitude 6 
visible at Greenwich: June 3d 02h 27.1m, + Agr. 
(reappearance), The summer solstice occurs on June’ 
21d 08h 57m. 


Announcements 


Pror. A. R. COLLAR has been appointed chairman of 
the Aeronautical Research Council in succession to Prof. 
G. Temple, who retired on March 31, having completed 
his three-year term of office. Prof. Collar is Sir George 
White professor of aeronautical engineering in the 
University of Bristol and was president of the Royal 
Aeronautical Society during 1963-64. Prof. Temple will 
remain on the Council as an independent member. 


Pror. R. MATTHEWS, emeritus professor of botany in 
the University of Aberdeen, has been awarded the Royal 
Society of Edinburgh’s Neill Prize for the period 1961-63, 
for his distinguished writings on the geographical rela- 
tionships of the British flora, and for many other out- 
standing contributions to botany, horticulture, agriculture 
and Nature conservation in Scotland. 


Tue ninth annual meeting of the Health Physics 
Society will be held in Cincinnati during June 14-18. 
Further information can be obtained from Harry F. 
Kolde, Taft Sanitary Engineering Center, Cincinnati 26, 
Ohio. 

A SUMMER school in “Theoretical Chemistry” will be 
held in Oxford during July 9-23. Further information 
can be obtained from the director, Prof. ©. A. Coulson, 
Mathematical Institute, 10 Parks Road, Oxford. 


A OONFERENCE on “Precision Electromagnetic Measure- 
ments” will be held in Boulder, Colorado, during June 
16-18. Further information can be obtained from the 
Technical Information Office, National Bureau of Stan- 
dards, Boulder Laboratories, Boulder, Colorado. 


Tue seventh International Embryological Conference 
will be held in Edinburgh during September 6-10, 1965. 
Further information can be obtained from the Secretary 
to the Editorial Board of the Journal of Embryology and 
Experimental Morphology, Department of Zoology, Univer- 
sity College, Gower Street, London, W.C.1. 


AN international symposium on ‘“Magneto-Hydro- 
dynamic Electrical Power Production”, organized by the 
European Nuclear Energy Agency of the Organization 
for Economic Co-operation and Development and the 
Institut National des Sciences et Techniques Nucléaires, 
will be held in Paris during July 6-10. The purpose of 
the symposium will be to examine present-day research 
on magneto-hydrodynamic processes for direct conversion. 
of energy into electricity. Further information can: be 
obtained from the European Nuclear Energy Agency, 
38 Boulevard Suchet, Paris 16°. 
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THE MATHEMATICAL ASSOCIATION 
ANNUAL CONFERENCE 1964 


HE annual conference of the Mathematical Associa- 

tion, held in London during April, was the first London 
conference at which residential accommodation was 
available. Some 200 members occupied rooms in the new 
south-side building of the Imperial College of Science and 
Technology, and they, with several hundred more non- 
resident members, attended meetings and lectures in the 
Hall of the Royal Geographical Society. At the Official 
Reception by the Imperial College of Science and Tech- 
nology, members were received by Prof. H. Jones in the 
unavoidable absence of the Rector. 

In his report on current affairs, Mr. J. T. Combridge 
expressed the Association’s appreciation of the facilities 
granted by King’s College, University of London, for 
previous London conferences. He outlined the progress 
in the formation of the Institute of Mathematics and its 
Applications, in the formation of which the Association, 
as a member of the Joint Mathematical Council, had 
played a leading part. He hoped that the Institute 
would be representative of the whole field of mathematics 
in Britain. As teaching is being regarded as ‘responsible 
mathematical work’ under the Institute’s regulations, he 
hoped members of the Association would support the 
Institute by applying for their appropriate grade of 
fellowship or membership. The Bulletin of the Institute 
would, in the first instance, be prepared by Dr. E. T. 
Goodwin, a member of the Editorial Board of the Associa- 
tion. 

The Working Party of the Conference on Mathematics in 
Education and Industry is now known as the Industrial 
Committee of the Mathematical Association on the 
understanding that every grade of mathematical education 
is represented on it. A report was given on the successful 
project of a group of schools, under the direction of 
Mr. B. T. Bellis of Highgate School, which is building up 
contacts and holding discussions between school and 
industry, and also with establishments of further educa- 
tion. The Association is also setting up a Schools and 
Universities Committee to study and to report on matters 
of common interest, such as the diversity of university 
courses and the varying standards of entry. This Com- 
mittee was later given the task of ensuring that the 
Association played its full part in discussions and action 
on the supply and training of teachers of mathematics. 

The Association has taken joint action with the Associa- 
tion of Teachers of Mathematics over the Certificate of 
Secondary Education to ensure that the views of subject 
teachers are sought. The two diploma examinations 
(teaching and technology), which the Association organ- 
izes, were reported to, be going well. 

In conclusion, Mr. Combridge expressed appreciation of 
the work done by Mr. A. W. Riley as chairman of the 
Teaching Committee over the past eight years which have 
seen the publication of several major Association reports. 
Mr. Riley is resigning and his place is being taken by Dr. 
G. Matthews, at present of St. Dunstan’s College, Catford, 
but soon to become director of the Nuffield Foundation 
Project in Primary Education. 


The Thirteenth Grade 


Mr. J. B. Morgan began his presidential address by 
outlining the development of the existing organization 
of the Association, in which the Council conducts the 
official business, charging the Teaching Committee, the 
Branches Committee and any ad hoc committees with 


specified duties, receiving reports from them and taking 
final responsibility for resulting action. Before tho 
Second World War, its chief activities had been the 
publication of reports on the teaching of particular 
branches of mathematics in schools. 

The Education Act of 1944 had widened the interest in 
mathematics in schools and had brought a new approach 
to learning in the primary schools. The Association’s 
reports for Technical Schools and Colleges, Primary Schools 
and Secondary Modern Schools followed. 

When the recruitment and training of teachers became 
a major problem the Association had done what it could 
to direct the attention of those in authority to the in- 
creased demand for mathematicians, but it had never 
sought to acquire social influence or political power, and 
the traditional form of its organization was unsuited to 
political activity. It could and did, however, institute 
a diploma in mathematics for teachers in 1961, and now in 
1964 was offering one in technology. Moreover, its 1963 
Report on the Supply and Training of Teachers of Mathe- 
matics had been well received generally. Mr. Morgan 
hoped that the Association would be prepared to act on the 
recommendations of that report, even at the cost of step- 
ping outside its customary boundaries. 

Instances of interference with sound school development 
by political action beyond the control of teachers had been 
well exposed by Mr. J. S. Robinson in his articlo in The 
Times of March 11. Other pressures would arise from the 
continuing increase of numbers in sixth forms and from 
the implementation of the Robbins Report. 

Concurrently with the attacks on grammar schools 
had come a move to undermine mathematics as one of 
the bastions of scholarship in the sixth forms. The main 
element in this attack was the recommendation of the 
Incorporated Association of Head Masters at Euster 
1963 thet mathematics should be reduced to a single 
subject at the Advanced Level of the General Certificate 
of Education. “Double mathematics” was not a historical 
accident, said Mr. Morgan. ‘Mathematics has always been 
a major cultural force in Western civilization; it has car- 
ried the main burden of scientific reasoning; it has changed 
the course of philosophy and theological doctrino; it has 
supplied the substance of economic and political theories; 
it has fathered logic and influenced music, art and litera- 
ture. Above all this it stands in its own right as an 
incomparably fine human achievement. At this moment 
it is playing a more explicitly fundamental part in social 
changes than it has for three centuries.” 

Mr. Morgan considered that it was untrue to say that 
mathematics lacks the intellectual range and content to 
compare with, for example, a. classical courso in Greck 
or Latin, or a science course in physics and chomistry. 
It was a subject in which different pupils advanced at 
very different speeds. It was impossible, in his view. to 
devise a syllabus and examination at Advanced Level for 
mathematics as a ‘single subject’ that would provide both 
a reasonable foundation and test for the moderate engineer 
or scientist and also a challenge to the gifted young 
mathematician and abler scientist. 

Administrative problems of course loomed very large, 
but it was to be feared that many headmasters who once 
believed in age, ability and aptitude, and were free to 
make special arrangements, were now discouraged and 
allowing themselves to be fettered by purely administra- 
tive difficulties. It was easy to fail to appreciate the 
possible influence of the liberal and cultural qualities of 
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mathematics on sixth formers, who were given oppor- 
tunities to read round their subject. The learning of 
mathematics was organic and would grow wherever it 
was given room; like angling, it could “never be fully 
learnt’. 

One difficulty attendant on the success of mathematics 
as a single Advanced Level subject only was that of 
producing a convincing syllabus. Tho suggested syllabus, 
to look respectable, had to be oversize, with pupils not 
expected to cover more than, say, three-quarters of it. 
This meant danger in the selection of university applicants 
on the evidence of one such Advanced Level examination, 
for when only a portion of a logically continuous syllabus 
need be covered, what has been omitted? Inadequate 
evidence is attended by risk. Further difficulty arises 
over parity with those Advanced Level subjects that form 
one-half of “double mathematics”. 

It was contrary to Mr. Morgan’s own experience to 
suppose that the depth of the ideas of ‘modern’ mathe- 
matics, coupled with the irrelevance of complicated 
techniques, tended to establish the single subject. Al- 
though the theoretical mechanics syllabus needed curtail- 
ing, room must be found for other branches of physics— 
a valuable nursery of mathematical model making. 
Much more guidance was needed from the universities 
about the new courses that were being designed. Modern 
mathematics might provide an exciting single subject 
for the classic or the historian, but the mathematics 
specialists and engineers and perhaps able scientists needed 
the double subject. 

In reforming school syllabuses it wag irrelevant to 
copy experiments in countries where conditions were 
widely different. The high wastage-rate in the five-year 
degree courses of some European universities should be 
compared with the low wastage-rate presupposed in the 
Robbins Report’s advocacy of three-year degree courses. 
The Times (March 14) had stressed the need for keeping 
university entrance standards high. 

The Mathematical Association, through its members, 
and especially through its Branches, could do much to 
extend the relations between schools, universities and 
industry. The time had perhaps come for a review of its 
organization. One scheme was the project being led by 
‘Mr. B. T. Bellis of Highgate School. The Association 
must necessarily be a little detached from particular 
projects, but it should be ready to help wherever possible. 
It should encourage headmasters and local education 
authorities to release teachers for such work and defray 
their expenses. The possibilities of television also needed 
further investigation. The reform of mathematics in 
schools was not only an essential pedagogic study; even 
more, it was a struggle for national prosperity. 


The Supply and Training of Teachers of Mathematics 


The Association’s recent report on the supply and 
training of teachers, the ‘Williams Report’, was the first 
major subject for discussion at the conference. Mr. J. B. 
Morgan, in introducing*the main speakers, Mr. ©. T. 
Daltry and Mr. A. Barton, stated that in this most urgent 
matter the time for platitudes was past. 

Mr. Daltry paid tribute to the work of Mrs. Williams 
and Mr. Fleming, now engaged in similar work in Ghana. 
It was a sombre fact that nearly 25 per cent of persons 
entering training colleges in 1962 did not possess a pass at 
the Ordinary Level of the General Certificate of Education 
in mathematics. In the past six years the training 
colleges have faced up to this challenge and the expansion 
of their mathematics departments has been most hearten- 
ing. Mr. Daltry thought the tide was turning, though one 
in every five candidates at London was withdrawing when 
degree results were known. There is, at present, no appre- 
ciable increase in the number of graduates. Mr. Daltry 
considered that England showed up badly in its lack of a 
requirement for professional training. He considered 
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such training to be essential and spoke of the growing 
need for in-service training. 

Mr. Barton was both lively and provocative. He 
considered teachers had to be born first and made after, 
and this was a good Report to assist the making. He 
questioned whether the standard of teaching is in fact 
improving, and he sensed that the person was mattering 
more than the matter. He would encourage more to read 
mathematics by starting university courses entitled 
“Mathematics and its Applications”. (A later speaker, 
in support, stated that such a course is planned for the 
Bristol College of Advanced Technology.) He further 
questioned the value of the fourth-year course and felt 
that two years part-time in teaching posts would be a 
better training. 

Subsequent speakers spoke of the need to think in terms 
of teaching specifically for the Certificate of Secondary 
Education; the failure of the Report to mention the work 
being done in the colleges of technology (Battersea College 
of Advanced Technology runs very liberal courses for 
intending and practising teachers and reported that many 
of its students go into teaching and not technology). 
The need to spread available mathematics lecturers around 
the many training departments was raised and the wisdom 
questioned of some colleges, only, developing strong 
mathematical sides. The case of closed-circuit television 
in teaching training was noted. It was reported that at 
one college in 1963, 43 per cent of the girls entering had ` 
not passed the Ordinary Level of the General Certificate of 
Education and at least 50 per cent of these had been 
encouraged to give up mathematics after not more than 
three years secondary education. It was questioned 
whether the Association could stand aside and allow this 
state of affairs to continue when the primary mathematical 
education of the country was being entrusted to such 
persons. 

The work of the University of Exeter Institute of 
Education in introducing I.T.V. broadcasts for teachers 
in rural areas was praised. 


Mathematics for Scientists and Engineers 


Prof. W. G. Bickley and Dr. J. Crank led the discussion 
on mathematics for scientists and engineers. Prof. 
Bickley spoke of the tremendous social significance of 
mathematics in the world of to-day and questioned the 
right of any modern mathematician to turn to his ivory 
tower. We shall need more and better engineers and this 
required more and better mathematicians. He castigated 
the university mathematics departments which failed to 
realize that their students were the future lecturers and 
professors of engineering. He sounded a note of warning 
that if the mathematicians will not, and the engineers 
cannot, then the engineers would consider that it is easier 
to cure ‘cannot’ than ‘will not’, and would say that their 
mathematics is far too important to be left to the mathe- 
matician. He emphasized that there are few techniques 
which the mathematician has invented and the engineer 
and scientist has not used. The grammar schools and 
universities can take little credit for this. Most applica- 
tions have been developed by engineers and scientists. 

Prof. Bickley made a special plea for the mathematician 
to be a better engineer and for the engineer to be a better 
mathematician. He criticized those teachers and lecturers 
who did not know what went on in the other associated 
subject classroom next door, and made no effort to find 
out. The mathematician should regard it as his profes- 
sional duty to take every chance of taking engineering 
problems and abstracting the necessary mathematical 
relations. Prof. Bickley’s course would be unified, with 
vectors, matrices, ordinary and partial differential equa- 
tions, statistics and numerical analysis taught to all and 
with tensors, integral transforms and complex variable 
for the more able. He would treat numerical analysis as a 
breaking down of problems and not as a mere matter of 


‘conference on the “Geometry Dilemma”. 
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programming. He felt programming could be left to the 
less able. His final appeal was to the grammer school 
master to encourage their best boys and girls to take up 
engineering as being a useful job in which they would find 
a lot of pleasure. 

Dr. Crank, a physicist by training and in industry, 
and latterly a mathematician by adoption, referred to the 
report issued by the Organization for Economic Co-opera- 
tion and Development and spoke of the difference in 
character and thinking between the mathematician and 
the scientist (and engineer). This difference is something 
which, all too often, both sides fail to appreciate. He 
stressed the need for postgraduate specialist courses such 
as are already provided in many colleges of advanced 
technology. Only thus can an overcrowding of the 
undergraduate syllabus be avoided. While he did not 
consider any great changes in school courses to be neces- 
sary, other than a knowledge of modern mathematics, he 
felt, as did Prof. Bickley, that undergraduate courses 
should place much more emphasis on formulation and less 
on solving. His ideal syllabus would be that given in the 
report issued by the Organization for Economic Co-opera- 
tion and Development, but he would vary the amount of 
mathematics as between the theoretical and practical 
physicist. He regarded the computer as having tremend- 
ous motivating power for the student; and spoke of the 
need for the engineer to acquire the same facility with 
the computer as he would expect to have with the lathe. 
This imposes on the lecturer a need to teach mathematical 
techniques appropriate to the computer’s finite steps. 

In the subsequent discussion Mr. F. W. Kellaway and 
Mr. A. W. Geary spoke of the need to motivate the pupils 
at school to work and to think, and to leave the colleges 
to teach the user mathematics. Mr. Kellaway regarded the 
Newsom Report as being as important as the Robbins 
Report and directed attention to the importance of 
proper training of the fifteen-year-old apprentice. As a 
principal of a regional college of technology he deplored 
the teaching of ‘calculations’ by engineers and made a 
strong appeal for the establishment of separate depart- 
ments of mathematics in all colleges of technology. Mr. 
Geary and others spoke of the need for co-ordination be- 
tween departments. 


The Geometry Dilemma 


Dr. J. E. Wallington led the third discussion of the 
He felt that 
the present tendency to replace analysis and geometry 
by analysis and algebra was representative of a sickness 
in our approach to geometry, but he saw no evidence that 
geometry as a subject would be allowed to die. While 
the modern mathematician must divorce himself from 
physical experience he saw no reason to ignore it. The 
greatest mathematicians would admit their use of dia- 


‘grams, and modern algebra was full of geometrical names 


and ideas to designate its properties and processes. In 


-criticizing the old geometry syllabuses, he outlined the 


University of Hull syllabus which he suggested brought 
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out both the beauty and the significance of geometry in 
modern mathematics. 

Dr. Wallington appealed for the early introduction of 
co-ordinate geometry in schools, and for the teaching of 
two- and three-dimensional geometry in parallel. In his 
view, students were entering universities or going into the 
world with less logical ability than of yore, and he ques- 
tioned the value of set theory in acquiring this ability. 

The discussion from the floor represented the confusion 
which exists in most teachers’ minds as to how one can 
reconcile teaching logic with geometry, when the only 
logical way seemed to be to start at the middle, work on 
establishing the standard results, and then work back and 
establish the premises. Nevertheless, all speakers felt that 
geometry had a place in school and university syllabuses, 
as suggested by Dr. Wallington. Some initiative in setting 
new style examination papers for the General Certificate 
of Education would seem to be required. 

In summarizing, Dr. Wallington felt that the discussion 
had shown that Euclid, instead of being found at fault, 
had proved himself to be too good for the age group for 
which we tend to use him. Unfortunately we had found 
nothing to replace him for this age group. 


General Lectures 


Dr. R. C. H. Tanner, speaking on “Mathematics begins 
with an Inequality”, showed how inequality, having been 
an integral part of the algebra courses up to about sixty 
years ago, seemed to disappear from the algebra syllabus 
with the First World Wer only to return quite recently. 
The reason was not clear. 

Mr. G. Smithers gave his most constructive ideas on a 
new single applied mathematics paper at Advanced Level 
to include statistics and probability, circuits, differential 
equations, linear programming, games, vector algebra and 
rigid and particle dynamics and thus develop mathemati- 
cal aptitude. 

In the finel lecture, Dr. J. C. Polkinghorne, with the 
disarming title of “Mathematics of Elementary Particles”, 
in one lively hour developed elementary particle physics 
from the quantum theory through the S.U. theory to the 
recent apparent verification of that theory. 


Elections 


At the annual general meeting, Dr. I. W. Busbridge 
was elected president for 1964-65. The following officers 
were re-elected: Honorary Treasurer, Mr. R. E. Green; 
Honorary Secretaries, Mr. F. W. Kellaway and Miss R. K. 
Tobias; Editor, Dr. E. A. Maxwell; Librarian, Prof. R. L. 
Goodstein; Honorary Assistant Secretaries, Messrs. K. J. 
Backhouse, B. J. F. Dorrington, Miss E. M. Holman, Dr. 
E. Kerr and Mr. C. Steele; Honorary Assistant Treasurer, 
Mr. N. Q. Dodds. The work and influence of the Associa- 
tion continue to grow and, with the need for proper 
public relations, Instructor Captain R. G. Cross, R.N. 
(Retd.), was elected to the list of assistant secretarios to 
meet the requirement. R. G. Cross 


THE FEDERATION OF EUROPEAN BIOCHEMICAL 
SOCIETIES 


OLLOWING a decision taken at Oxford on July 18, 
1963, the Federation of European Biochemical 
Societies came into being on January 1, 1964. Its first 
meeting, organized by the Biochemical Society for the 
Federation, was held during March 23-25 at University 
College, London, and was attended by more than 1,000 
biochemists. The nineteen European biochemical societies 
which have so far joined the Federation are those of 


Austria, Belgium, Bulgaria, Czechoslovakia, Denmark, 
Finland, France, East Germany, West Germany, Great 
Britain, Hungary, Italy, The Netherlands, Norway, 
Poland, Portugal, Spain, Sweden and Switzerland. 
Individual biochemists from the U.S.A. and U.S.S.R. 
were also present, but the East German delegates were 
unable to obtain visas to attend the meeting. The 
participants were welcomed by the first chairman of the 
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Federation, Prof. F. C. Happold (Great Britain). In 
addition, all overseas biochemists were invited to a 
reception given by the Minister for Science. 

The central feature of the meeting was a one-day 
symposium, arranged by Dr. F. Sanger (Cambridge), on 
“The Structure and Activity of Enzymes”. Present-day 
interest in the study of biological activity at the mole- 
cular level was roflected in the fact that three of the four 
sessions were devoted to ribonuclease, chymotrypsin and 
hæmoglobin, proteins which have been intensively studied 
from this point of view in the past few years. The 
primary structures of all three are now known. The 
amino-acid sequence of ribonuclease has been known for 
some time and that of hemoglobin has recently been 
elucidated, while the complete primary sequence for 
chymotrypsin was given at the symposium by Dr. B. 8. 
Hartley (Cambridge) and Dr. B. Keil (Prague). While 
these findings and similar work on trypsin are of funda- 
mental importance, the nature and spatial relationships 
of the residues in the active regions are being actively 
pursued. This was evidenced by the presentation of 
papers on the active sites of ribonuclease, certain esterases, 
carbonic anhydrase and chymotrypsin, and on con- 
formational investigations using both purely chemical 
techniques with chymotrypsin and X-ray analysis with 
ribonuclease, hemoglobin, chymotrypsin and chymotryp- 
sinogen. Notable among these was a paper by Dr. M. F. 
Perutz (Cambridge), who discussed the change in the 
position of the ®-chain sub-units within the molecule of 
hemoglobin during oxygenation. The problem of the 
dissociation of hemoglobin was taken up by a number of 
speakers, and it is apparent that most of the phenomena 
involved can be explained if hemoglobin is thought of as 
an equilibrium system between the tetramer molecule 
and its symmetrical «8 sub-units. 
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Two colloquia were also arranged, on widely differing 
topics. Prof. C. E. Dent (London) arranged a colloquium 
entitled ‘“Tnborn Errors of Metabolism”, and Dr. L. 
Fowden (London) arranged one on “Biochemistry of 
Chloroplasts”. Although obviously completely different 
in content, both were equally well attended and aroused 
considerable interest. In the other major event of the 
meeting, the Jubilee Lecture of the Biochemical Society, 
Prof. E. Lederer (Paris) discussed ‘“The Origin and Func- 
tion of Some Methyl Groups in Branched-Chain Fatty 
Acids, Plant Sterols and Quinones”. Evidence was 
presented which indicated the origin of methyl and 
methylene groups in the compounds mentioned from either 
S-adenosyl methionine or propionic acid. The lecturer 
finally considered the possible role of quinones, each with 
a characteristically situated methylene group, in oxidative 
phosphorylation. 

In addition to these events, the scientific programme 
also included the presentation of 139 short papers. 

The scientific programme was accompanied by several 
social activities, among which were a conversazione 
attended by about 1,000 participants and guests, and a 
meoting dinner. 

The size and scope of the meeting met with general 
approval. and the organization of it, for which Drs. 8. P. 
Datta and W. J. Whelan were largely responsible, set a 
standard which subsequent organizers will wish to 
emulate. The Federation, the purpose of which is to 
encourage closer contacts between European biochemists, 
was thus given an auspicious start. General support from 
the Royal Society, the Wellcome Trust and numerous 
industrial companies must be acknowledged, as it con- 
tributed greatly to this success. It is planned to hold a 
meeting each year in a different country, and in 1965 the 
host country will be Austria. I. R. JOHNSTON 
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EARTH-IONOSPHERE CAVITY RESONANCES AND THE PROPAGATION 
OF EXTREMELY LOW FREQUENCY RADIO WAVES 


By Dr. F. W. CHAPMAN and Dr. D. LLANWYN JONES 


Wheatstone Laboratory, King’s College, London 


N account was given in Nature some years ago! of an 
4 å experimental investigation on the propagation of 
audio-frequency radio waves around the Earth. In thees 
experiments lightning flashes from distant storm centres 
were used as the source of the electromagnetic waves 
and, from an analysis of the spectrum of the radio atmo- 
spherics so produced, the attenuation of radio waves 
propagated between the ground and the ionosphere was 
deduced for the frequency range 100 c/s~16 ke/s. It was 
found that the spherical cavity between the ground and 
the ionosphere produced a marked attenuation at fre- 
quencies around 2 ke/s and that in the very low frequency 
band (3-30 ke/s) the attenuation decreased to a minimum 
value at a frequency of about 10 ke/s. In the extromely 
low frequency band (3 c/s-3 ke/s) below 2 ke/s the attenua- 
tion again decreased to a low value of about 2 db. per 
1,000 km path at a frequency of 100 c/s. It was clear from 
these experiments that the attenuation of extremely 
low frequency radio waves was not only low but also was 
tending to lower and lower values as the frequency 
decreased below 2 kce/s. We were therefore loft with the 
conclusion that signals radiated by lightning discharges 
would be propagated to greater and greater distances as 
the frequency decreased, in fact there existed the possibil- 
ity of a standing-wave system or resonator type of oscilla- 
tion in the cavity formed between the Earth and the 
ionosphere. From purely theoretical reasoning Schu- 
mann?) first predicted the possibility of such resonances. 


Earth-ionosphere cavity resonances were recently 
detected by Balser and Wagner‘, who, by a digital 
sampling technique, demonstrated that world-wide light- 
ning discharges excited a noise spectrum which contained 
maxima and minima corresponding to the resonant 
frequency range of 7 c/s—c. 40 c/s. More recently, Gendrin 
and Stefant® have observed geomagnetic field resonances 
in the frequency range 0-2 c/s-30 e/s. 

Our own observations in this region of the spectrum 
were chiefly undertaken in order to determine the manner 
in which extremely low frequency radio waves are propa- 
gated between the Earth and the ionosphere. In particu- 
lar we wished to extend the attenuation curves of Chap- 
man and Macario! down to lower frequencies since the 
propagation constant in this region of the spectrum was not 
known. 

In order to examine the first few resonant modes of 
oscillation in the Earth-ionosphere cavity, due to world- 
wide thunderstorm activity it was necessary for us to 
determine the spectrum of the electromagnetic noise 
field in the frequency band ranging from about 4 efs to 
40 c/s, the upper limit being set to avoid interference from 
electric power lines. We have measured the radial 
(vertical) component of the electric field and have util- 
ized three independent methods of recording. Use was 
made of a swept-frequency integrating spectrometer, 
waveform and magnetic tape-recording techniques. The 
results to be described are based on the records obtained. 
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with the integrating spectrometer. The frequency band 
was swept initially in a period of 15 min and later in 1 h 
and the spectrum of the incident noise field plotted auto- 
matically by means of a pen recorder. Cavity resonance 
modes up to the sixth order have been detected and their 
frequencies and amplitudes measured’. 

Observations of the spectrum of the field have been 
made during the period June 1961-August 1962 and 
approximately 5,000 spectra have been obtained. We 
find that a peak or series of peaks in the noise spectrum 
corresponding to the resonant modes of the Earth- 
ionosphere cavity are frequently present. A typical 
example of the records is shown in Fig. 1. The resonant 
frequencies recorded for the first few modes have mean 
values of 8-0 + 0-1, 14:1 + 0-2, 20 + 0-4, 26 + 0-8 and 
33 + 1:5 c/s. Although the amplitude of the cavity 
resonances has generally been observed to be quite low 
(of the order of 100 uY sec m~t), it is to be noted that during 
the geomagnetically disturbed period during July 1961, 
the frequency of the first-order mode increased to about 
8-4 c/s and there was a corresponding increase in the 
amplitude and the Q-factor of the resonances. On the 
other hand, the frequency and amplitude have been found 
to change very little during subsequent geomagnetic 
events of a similar magnitude. The explanation of this 
phenomenon may lie in the fact that a polar cap absorption 
event occurred during July 1961 (ref. 7). Such an event 
is generally associated with an increase in the D region 
electron density down to latitudes of about 60°. To 
produce the observed effects, an increase of electron 
density on a world-wide basis would be required. No 
significant correlation between cavity resonances and 
either local or planetary K indices has yet been found. 
It would appear, therefore, that a polar cap absorption 
event is associated with a marked change in the mode 
frequencies of the resonator. 

In dealing with our experimental results woe have to 
take into account two distinct pieces of experimental 
evidence relating to the propagation of extremely low 
frequency radio waves, the earlier measurements of 
attenuation! over a frequency range of 100 c/s-3 ke/s 
and the observations on Earth-ionosphere cavity reson- 
ances. Both can be explained in terms of effective para- 
meters assigned to the cavity, and it was against this 
background that it was decided to extend the earlier 
observations to frequencies below 100 c/s in order to 
compare the two sets of experimental evidence and the 
theory of propagation. In what follows it will be seen how 
far the experimontal results of our present observations on 
Earth-ionosphere cavity resonances can be reconciled 
with the earlier attenuation measurements by the assump- 


tion of two relatively simple different profiles for the lower 
region of the ionosphere: the first, a homogeneous 
sharply bounded ionosphere which has been much used 
in the wave-guide theory of the propagation of both 
extremely low and very low frequency radio waves®®; 
the second, a sharply bounded double-layered profile, 
which is the more realistic, and, as was expected, leads to 
a more satisfactory extension of the attenuation curves of 
Chapman and Macario? to frequencies below 100 c/s. 
Other profiles are mentioned and a further investigation 
of their application to this work is being made. 

The earlier attenuation measurements were explained 
in terms of propagation in the ‘wave-guide’ bounded by a 
perfectly conducting Earth and an imperfectly conducting, 
sharply bounded homogeneous ionosphere. At tho ex- 
tremely low fréquencies now considered (frequencies below 
100 c/s) the electric field is essentially radial (vertical) 
and the wave propagates in the zero order wave-guide 
mode®*. The cavity resonance may be interpreted in 
terms of a standing wave system set up by direct and anti- 
podal extremely low frequency waves resulting from world- 
wide lightning activity. Maxima in the observed spectrum 
of extremely low frequency electromagnetic noise corre- 
spond to the constructive interferences of those wave 
trains. As already mentioned, Schumann? first suggested 
the possibility of cavity resonator modes of oscillation 
of this type. 

From Schumann’s work it may be shown that the 
vertical component of the electric field is represented by an 
expression of the form: 

fS 


es bc, cere 5 

E(f) = A(f) “dn — PS O(n) Cn(8) (1) 
where n represents the order of the cavity resonator modes 
(n= 0,1, 2, 3, etc.) and the following definitions apply. 
A(f) is a term which varies only slowly with frequency 
compared with the term inside the summation which 
defines the resonator modes. A(f) is independent of n 
and 6, 0 being the polar angle relative to the source and to 
point of observation. Seis a factor related to the propaga- 
tion constant P of the electromagnetic fields in the 
cavity by P=j2nfSo/c, j being +/—] and c the velocity of 
electromagnetic waves in free space. The functions 
@(n) and Cn(8) depend on n and 6 only and fa = 
eVnin + 1)/2xa gives the resonance frequencies of tho 
nth. order mode for a perfectly conducting ground and 
ionosphere?’, ‘a’ being the radius of the Earth. 

Evidently from the foregoing relation for E(f), if S, isa 
real quantity resonances occur at frequencies defined by 
Jn’ ~ fn/So, these being the resonant frequencies of the 
Earth—ionosphere cavity resonator. 
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In reality, S, is a complex quantity and in the case of 
the sharply bounded homogeneous ionosophere may be 
expressed in tho form S,? = 1 — mj?/*(2xf)-1", where m 
is an ionospheric parameter defined by m = e/hV on 
where œr = Ne*/eymy = oi/e,. o¢ being the conductivity 
of the ionosphere, £, the permittivity of free space and h 
the height of the ionosphere. 

The conductivity of the ground, og, at all frequencies 
considered is such that og Ðo: (ref. 10).. Thus m, the iono- 
spheric loss parameter, is a real quantity. In the trivial 
case in which the ionosphere is considered to be a perfect 
conductor m = 0 and therefore S, = 1, and the valuos of 
Jn defined above apply. These resonant frequencies are 
10:6, 18-3, 25-9, 33-6 c/s for n = 1, 2, 3 and 4. 

Since the ionosphere is not a lossless medium at these 
frequencies the observed resonant frequencies fn’ are 
lower than fn. As already mentioned, the values of 
Jn’ have been determined from our experiments for values 
ofn from 1 to 5. By calculating the variation of E(f) with 
frequency (equation (1)) for each of the observed modes, 
that is, each value of n, it is possible to determine the 
value of m which ensures that E(f) has a maximum at 
each observed resonant frequency fa’. Thus the appro- 
priate ionospheric loss parameter m or the conductivity 
Ot = &,w, at each of the frequencies fn’ may be determined. 
It follows that by expressing the propagation constant 
P in the form P = « + jB, where « and 8 are the attenua- 
tion and phase factors respectively, these quantities are 
given by: 


KI mS) = 0-182 fn Inv (1 — mnf 


& = 
db./1,000 km 
B = kRS, = 0-0209 fa’ Rev (1 — mj Pinja y P) 


rad/1,000 km 


and the phase velocity v may be determined from v = 
2nfn'/B and hence c/v = RS,. 

The effective attenuation constant and phase velocity 
have thus been determined for each of the observed mode 


10 
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Fig. 2. Variation of attenuation with frequency. -—-—-—, Experimental 
results of Chapman and Macario; —-—--, experimental results of Jean 
et al. (mean curve); —— derived results assuming a two-layer model 
with s = 30 km, k = 70 km: Curve 1, wp = 55x 10t sec; wy” = 1:15 
x10" sect; curve 2, wp’ = 3x10* sec; -œwr” = 1-15x10° sec"; 
curve 8, œr = 3x10 seo; wr” = 5x103 sec, (Curves 1 and 2 
apply under ‘normal’ conditions and curve 3 is that obtained following 
the nuclear explosion.) ——--, derived results for the frequency-variant 
homogeneous model; —-——, derived results of Harris and Tanner 
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Fig.3. Derived variation of c/v with frequency. ~, Derived results 
for a two-layer model with wr” = 1:15x 10° sec", s = 30 km, A = 70 km; 
Curve 1, wm,’ = 10‘ sect; curve 2, my’ = 3x10 sec; curve 3, œp = 
55 x 10* seot; —~—derived results for the frequency-variant homo- 
geneous model; — — — derived results of Harris and Tanner 


frequencies of the Earth~ionosphere cavity. The results 
are shown in Figs. 2 and 3 together with the experimental 
results of Chapman and Macario and of Jean™ at the 
higher frequencies. As can be seen, the present results 
extend these earlier results and fall between the day and 
night values of the earlier workers. The attenuation 
may be expressed in the form: 


a = 0-072 f™8 db./1,000km 7 <f < 40¢/s 


Harris and Tanner™ have derived similar results by a 
different method from the experimental work of Balser 
and Wagner. These are also compared with the present 
results in Fig. 2 and it can be seen that their values for the 
attenuation are slightly lower. 

Although, as will be seen from Figs. 2 and 3, the assump- 
tion of a perfectly conducting Earth and an imperfectly 
conducting homogeneous and sharply bounded iono- 
sphere gives reasonable values for the attenuation and 
phase velocity in the frequency range 8-33 c/s, two prob- 
Jems arise. First, a constant value of the ionospheric 
loss parameter ‘m’ will not satisfy the experimental data 
since, as was also found by Raemer*, the effective value 
of ‘m’ must increase with frequency implying a corre- 
sponding decrease in the effective conductivity of the 
ionosphere. Secondly, Raemer and Galejs** have pointed 
out a rather more serious objection to this frequency 
variant ionospheric model. Tho Q-factor of the resonances 
calculated in terms of the model is rather lower than the 
experimentally observed value. In order to remove this 
objection, Galejs'® has introduced an exponential model 
which is capable of predicting the correct ‘Q-factor’ for 
the resonances and gave resonance frequencies within 
half a cycle of the experimentally determined values. 

In the present work we have adopted a different 
approach by calculating the effect of ionospheric stratifica- 
tion on the cavity resonances by means of a simple two- 
layer model. Any model in which the electron density is 
considered to increase with altitude will lead to attenuation 
values which are lower than those obtained in the homo- 
geneous case. 

We have thus considered the effect of a model ionosphere 
having two discrete homogeneous regions (that is, model 
D and E regions) on the cavity resonances. The basis of 
the calculations is the theoretical work of Wait'!*. In the 
case of the two-layer model ionosphere the factor m 
becomes complex. The relation for E(f) above still 
describes the behaviour of the cavity, but the resonant 
frequencies and corresponding ‘Q-factor’ of the resonances 
will be changed due to the fact that S, is modified by the 
complex nature of m. 
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Fig. 4. The two-layer ionosphere model 


The calculations made for the two-layer model are 
involved and will not be discussed in detail here. We 
have shown, however, that by considering the frequencies 
of the cavity resonances in conjunction with the attenua- 
tion measurements of Chapman and Macario and Jean it is 
possible to derive a two-layer model ionosphere which is 
in accord with the experimental results'?. The derived 
model consists of a homogeneous ‘D region’ of conductiv- 
ity 2-6 x 107 mho/m, 30 km thick, sharply bounded at 
an altitude of 70 km, and overlain by an ‘E region’ of 
conductivity 10- mho/m (Fig. 4). 

The propagation constant appropriate to this model 
has been calculated in terms of the full wave-guide theory 
and the results are shown in Figs. 2 and 3. As may be seen 
from Fig. 2 the attenuation is considerably lower than 
for the case of a homogeneous model ionosphere. Corre- 
spondingly the ‘Q-factor’ of the cavity resonances in the 
two-layer case is about twice the value derived for the 
homogeneous case. 

The agreement between the calculated and observed 
resonance frequencies of the cavity for the derived two- 
layer model is shown in Table 1. 


Table i 
n 1 2 3 4 5 
Calculated fa 7-90 140 20-2 26:2 32:5 
Observed fa 796 141 20+2 26-1 32:5 


It is of interest to consider also the effects of the 
American nuclear explosion of July 9, 1962, on the fre- 
quencies of the resonance modes'*. These have been 
discussed and interpreted on the basis of the theory fora 
homogeneous ionosphere!®, It is possible to account for 
the experimentally observed depression of the mode 
frequencies from those obtaining under normal conditions 
by means of a two-layer ionospheric model. It is found 
that a two-layer model having the following parameter 
values provides a reasonable agreement with the experi- 
mental results, a,’ = 3 x 104 sec, œr” = 5 x 105 sec", 
s = 30 km and k = 70km. On the basis of this interpre- 
tation the effect of the explosion is not to lower the height 
of the lower ionosphere but to decrease the conductivity 
of the # region. The latter explanation would seem to be 
more in accord with very low frequency noise observations 
since the general level of very low frequency noise appears 
to be only slightly affected by nuclear explosions**. The 
variation of attenuation with frequency after the explo- 
sion is shown in Fig. 2. The attenuation is increased in the 
lower extremely low frequency band but is practically 
unaltered in the upper extremely low frequency band 
and in the very low frequency band. 

Finally, it should be stated that the two-layer iono- 
spheric model, defined by the parameters œr, as derived 


NATURE 657 


by us is an effective ionospheric profile for world-wide 
extremely low frequency propagation which must account 
for both the observed cavity resonances and! the attenua- 
tion measurements of Chapman and Macario! and Jean 
etal.. In attempting to reconcile a single model with the 
two sets of measurements a difficulty arises in that the 
cavity resonance phenomenon depends on world-wide 
ionospheric conditions whereas the attenuation measure- 
ments refer to either day or night conditions of propagation 
over relatively short distances (ref. 1, d < 4,000 km). 
Now since the attenuation is higher by day than by night 
in the upper extremely low frequency band it might be 
inferred that it is the day-time propagation conditions 
that are mainly responsible for the observed mode damp- 
ing of the Earth-ionosphere cavity. But at the lower 
frequencies, the depth of penetration of the waves into the 
lower ionosphere is such that the lower ‘E region’ may 
significantly affect propagation. This is exactly what we 
find if we compare our derived model with other iono- 
spheric profiles. Although it is not strictly permissible to 
compare a model relating to very long distance propaga- 
tion with ionospheric profiles derived ‘locally’ under day 
and night conditions, it is interesting to observe the 
similarity between our theoretical ionospheric model and 
some experimentally determined profiles such as those 
given by Titheridge*?. Our values for ow,’ and s for the 
‘D-region’ are in good agreement with Titheridge’s day- 
time profile, but y” is considerably lower due to tho fact 
that the mean ‘H-region’ conductivity used in our model 
is determined mainly by ‘#-region’ conditions on the night 
side of the Earth. The ‘D-region’ of the model thus 
corresponds to the day-time ‘D-region’ of the ionosphere 
while the model ‘H-region’ conforms more with night -time 
ionospheric conditions. 

A second possible reason for the low value of œr” may 
be the presence of the Earth’s magnetic field which has the 
effect of reducing the effective value of œr below the actual 
value”? as determined, for example, from an electron 
density measurement?!. This effect is most marked in the 
‘E-region’ and negligible in the ‘D-region’. 

We are thus left with the conclusion that, although a 
stratified ionosphere as postulated here can account 
for our experimental observations, it is the lower con- 
ductivity of the day-time ‘D-region’ and the night-time 
‘E-region’ that is responsible for the observed world- 
wide propagation characteristics of extremely low 
frequency radio waves. The attenuation factor in tho 
extremely low frequency band tends to lower and lower 
values as the frequency decreases, a fact which undoubt- 
edly accounts for the existence of naturally excited 
electromagnetic resonances of the cavity between tho 
Earth and the ionosphere. 


1 Chapman, F. W., and Macario, R. ©. V., Nature, 177, 930 (1956). 
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A SELF-STERILIZING COATING FOR SPACECRAFT SURFACES 


By MYRA WILLARD and ALICE ALEXANDER 
Materials Technology Department, Hughes Aircraft Co., Culver City, California 


NTERNATIONAL concern has been expressed over 
the contamination of extra-terrestrial bodies with 
biological organisms from Eartht. The reasons include: 
(1) Exploration of space provides a unique opportunity 
to investigate ‘pre-life’ and ‘life’ processes—for example, 
the elucidation of the formation and replication of com- 
plex molecules which form the basis of life may be possible. 
Contamination by similar molecules of terrestrial origin 
obviously will complicate this investigation. (2) Bio- 
logical contamination which could propagate on an extra- 
terrestrial body may upset the ecology of that body. 
Recommendations have been made by the Committee on 
Contamination by Extraterrestrial Exploration to prevent 
contamination of extra-terrestrial bodies until careful 
biological investigations have been conducted*. To assure 
extra-terrestrial biological integrity requires spacecrafts 
to be sterile both internally and externally at the time 
" of launching. 

It has been generally agreed that the lunar environ- 
ment will not support ‘life’ processes?. However, during 
the early stages of the development of the Surveyor space- 
craft designed to soft-land on the Moon, efforts were 






























Table 1. SPOROCIDAL AOTION AND SHELF LIFE oF THERMAL COATING 
CONTAINING FORMALDEHYDE 
Spore population after 19 days incubation at 37° C 
Sterilization Test I | Test II | Test III | Test IV | Test V 
test (fresh (1 week | (2 weeks | (3 weeks | (4 weeks 
mixture) | storage) | storage) | storage) | storage) 
Paint sample 
No.1 
Coupon 4 10* 0 0 
Coupon B 150* 0 o 
Paint sample 
No, 2 
Coupon A 0 6 it) 
Coupon B 0 0 0 
Paint, sample 
0. 
Coupon A 10* 0 0 
Coupon B 40" 0 0 
Spore recovery 
control 
Coupon 1 8-1 x 10° 
Coupon 2 7-5 x 10° 
Coupon 3 70 x 10° 
Coupon 4 7-5 x 10¢ 
Average 7-5 x 10° 
Original 
Population ~1x 10? 











* First colonies appeared after 14 days incubation. 


made to develop processes resulting in a completely sterile 
spacecraft on arrival on the Moon. 

Sterilization techniques chosen for the Surveyor included 
heat sterilization to achieve internal sterility (destruction 
of embedded micro-organisms and those on interior 
surfaces) and gas sterilization just prior to launching 
with 12 per cent ethylene oxide-88 per cent ‘Freon 12’ 
to achieve external sterility. However, surfaces existed on 
the Surveyor which required application of a thermal 
control coating subsequent to heat sterilization. This 
operation would result in recontaminating the spacecraft 
with embedded viable micro-organisms. Experiments 
demonstrated the inability of the gas sterilant to pene- 
trate the coating sufficiently to sterilize the surfaces’. 

A decision was made to develop a self-sterilizing coating 
by incorporating a sterilizing agent in the thermal control 
coating formulation. The coating formulation was a 
water-base inorganic material comprised of potassium 
silicate binder and aluminium silicate pigment. To pro- 
vide self-sterilizing activity, 3:7 per cent formaldehyde 
was added to the coating. 

The sterilizing properties of the paint~sterilant mixture 
were tested using the following procedure. Three samples 
of the paint formulation were used to assure some 
statistical certainty of results. The samples of paint were 
prepared by mixing 9 ml. of thermal coating and 1 mi. 
of 37 per cent formalin (C.P.). Six aluminium coupons 
(1 in. x 1/2 in. x 1/16 in.) previously sterilized in closed 
Petri dishes were each inoculated with 107 spores of 
Bacillus subtilis suspended in distilled water, and allowed 
to dry in the air at room temperature. Sets of two coupons 
were painted with 0-1 ml. of each of the three samples of 
formaldehyde-coating mixture and allowed to dry at 
37° C for 24 h with the Petri dishes slightly opened. Each 
dried coupon was aseptically placed in 10 ml. sterile dis- 
tilled water and the coating removed by ultrasonic 
scrubbing. Suitable dilutions were made for pour plates 
with tryptone glucose extract agar. The plates were 
incubated at 37° C for 19 days and colony counts made 
daily after the initial 48 h incubation. To determine the 
storage life of the paint-sterilant mixture this test was 
repeated weekly for four weeks. 

The test results (Table 1) demonstrate the sterilizing 
properties of the formaldehyde—paint mixture. No viable 
organisms were recovered after exposure to one of the 
paint-—sterilant samples when the fresh formulation was 
used or after the formulation had been stored for four 


Table 2. SPOROOIDAL ACTION AND SHELF LIFE OF THERMAL COATING CONTAINING FORMALDEHYDE. INHIBITION TESTS 














Test I Test III (2 weeks storage) 
Specimen [$$ | 
Dilution * Dilution * 
1 2 à 2 
ı Coupon 1 1,290 1,010 1,630 
2 900 1,180 1,080 
3 1,340 1,050 1,480 
Average 1,180 1,080 1,360 
Original + 
Population 1 990 
2 920 j~ 
3 1,040 è 
Average 980 





Spore population after 48 h incubation at 37° C 





Test IV (3 weeks storage) Test V (4 weeks storage) 





Dilution * Dilution * 
8 2 1 2 
1,100 1,490 1,280 
1,680 1,470 1,230 
1,270 1,310 1,140 
1,350 1,420 1,210 


* If all the formaldehyde had grame] in sample, concentration in aliquot used for pour plate would be: dilution 1, 3-7 x 10 g/ml.; dilution 2, 


87 x 107° g/ml.; dilution 8, 37 x 10-7 g/ml. 
t Plate counts of stock spore suspension. 
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weeks. Nor were viable organisms recovered after they 
had been exposed to the remaining two paint-sterilant 
samples which had been stored for 1-4 weeks. Curiously, 
a few viable spores were recovered from specimens 
exposed to the latter samples when the fresh mixtures 
were used. In these cases, however, lethal action of the 
paint mixtures was still very good with a kill of 10%-10¢ 
spores per specimen. 

To be certain of the validity of the interpretation of 
the sporocidal properties of the paint—sterilant mixture, 
two control tests were necessary: a spore recovery test 
and a residual formaldehyde inhibition test. In the spore 
recovery test, coupons were inoculated and painted as in 
the sterilization test except that the paint formulation 
contained no formaldehyde. The dried coupons were 
placed in sterile water and the paint removed by ultra- 
sonic scrubbing. Dilutions, pour plates and plate counts 
were made to determine the spore recovery. The results 
(Table 1, spore recovery control) showed that all spores 
deposited on the test specimens were recoverable. Thus, 
any viable micro-organisms remaining after exposure to 
the paint—sterilant mixture would be recoverable. 
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The residual formaldehyde inhibition test was con- 
ducted to determine whether residual formaldehyde 
transferred to the growth medium with the test dilution 
aliquots would have a bacteriostatic effect on the growth 
of viable micro-organisms. Aluminium coupons were 
prepared as in the sterilization test except that no spores 
were introduced on to the coupons. The coupons were 
painted with 0-1 ml. of the formaldehyde-thermal coating. 
Each dried coupon was aseptically placed into 10 ml. 
sterile distilled water and the paint removed ultrasonic- 
ally. 1,000 spores of B. subtilis were added to each 
prepared dilution. 1-ml. aliquots were removed to prepare 
pour plates with tryptone glucose extract agar. The 
plates were incubated for 48 h at 37° C, after which plate 
counts were made. 

The results (Table 2) show no inhibition of bacterial 
growth by formaldehyde residue in the growth medium. 
The entire population of micro-organisms added (10%) 
produced colonies within 48 h. 

1 Phillips, Charles R., and Hoffman, Robert K., Science, 182, 991 (1960). 
3 Science, 128, 887 (1958). 


* Varga, R. J., Surveyor Spacecraft System Final Sterilization Report, 1, 
SSD 3372R (June 1963). 


ACCURACY OF DETERMINATIONS OF SERUM MAGNESIUM BY FLAME 
EMISSION AND ATOMIC ABSORPTION SPECTROMETRY 


By Dr. WARREN- E. C. WACKER*, CHUZO IIDA and KEICHIRO FUWA 


Biophysics Research Laboratory, Division of Medical Biology, Department of Medicine, Harvard Medical School and 
Peter Bent Brigham Hospital, Boston, Massachusetts 


ECENT studies in this laboratory have demonstrated 
the pertinence of the Beer-Lambert Law to atomic 
absorption spectroscopy f. As a result, a marked increase 
in analytical sensitivity has been obtained by directing 
the flame through a horizontal, tubular absorption cell, 
thereby elongating the length of the absorption path. 
The development of exceedingly sensitive atomic absorp- 
tion spectrometers for routine analytical purposes is a 
direct product of this work. 

There has been some uncertainty concerning the true 
concentration of magnesium in human serum resulting in 
some ambiguities concerning the significance of measure- 
ments of this element in pathological states. It seemed 
important therefore to examine this problem critically 
and provide data with suitable and sensitive methods. 

The present communication describes a method for the 
measurement of magnesium in human serum utilizing a 
long flame path design. In these circumstances magne- 
sium can be measured directly in 1 : 50 aqueous dilution 
of serum. Accuracy‘ has been determined by measure- 
ments of the U.S. National Bureau of Standards samples. 

In addition, a direct comparison of measurements made 
by atomic absorption spectroscopy with those obtained 
using a multichannel flame spectrometer has been carried 
out® on both certified National Bureau of Standards 
materials and serum. These investigations provide, for 
the first time, verified data on accuracy of two methods 
employed for the analysis of magnesium in biological 
fluids. They demonstrate that average normal serum 
contains 2-1 m.equiv. of magnesium per litre’, as we 
previously demonstrated by flame spectrometry®. 

The light source was a hollow cathode discharge tube, 
W1~22604 (Westinghouse Electric Corp.). The light from 
the hollow cathode lamp was collimated by a quartz lens 
(focal length: 15 cm) placed 5-5 cm from the tube window; 
it passed through the absorption cell and was focused on 
the entrance slit of the monochromator. The distance 


* Investigator, Howard Hughes Medical Institute. 

t The terminology for accuracy, repeatability, etc., is that suggested by 
the American Chemical Society as recorded by Hughes, H. N., el al. (Anal. 
Chem., 24, 1349 (1952) ). 


between the lens and the entrance slit was 71-8 cm. 
Morganite recrystallized alumina tubing, having an inside 
diameter of 1:9 cm and a length of 25 cm, was used as the 
absorption cell. It was mounted as previously described‘. 

The sample was sprayed into the absorption coll by 
means of a Beckman atomizer burner (No. 4020). The 
fuel was a mixture of commercial hydrogen at a pressure 
of 2-8 lb./jin? and air at a pressure of 10 Ib./in.2. The 
flow-rate of the sample through the burner was 1-5 ml./min. 

The entrance and exit slits of the Zeiss monochromator- 
M4QIII were 0-03 mm wide; the latter was set at 2852 A. 
A multiplier photo-tube (R.C.A. 1 P28) detected the absorp- 
tion of radiation. Circuits for the high-voltage power 
supply and amplifier were virtually identical to those used 
in a multichannel flame emission spectrometer’. The 
output signal of the amplifier was displayed on a direct 
current microammeter*. 

A multichannel flame spectrometer with automatic 
background correction was used for measuring mag- 
nesium by flame emission’. The sample was aspirated 
and excited with a Beckman burner and an oxy-hydrogen 
flame.. The magnesium line at 2852 A was utilized for all 
measurements. 

Standard solutions were prepared from rods of mag- 
nesium metal (Johnson Matthey, Inc., London) dissolved 
in metal-free 6 N hydrochloric acid and diluted in water 
which had been purified by passage over a mixed bed—ion 
exchange resin and then distilled in all-glass stills to 
yield a standard solution containing 10,000 p.p.m. of 
magnesium. Concentrated stock solutions were diluted 
further with metal-free distilled water. The concentra- 
tions utilized for working standards varied from 0-1 to 
1 p.p.m.; these must be prepared just prior to use. 

For atomic absorption measurements, serum samples 
were diluted fifty times with metal-free distilled water. 
Serum samples measured by flame emission were diluted 
four-fold with redistilled 5 per cent trichloroacetic acid 
(TCA). 

National Bureau of Standards base alloy labolled 
National Bureau of Standards No. 171 and dolomite 
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Table 1. 
Readings 
Mg concentration 1 
i (p.p.m.) log (Z,/I) where I, = 80 
OL 0-046 0-052 0:052 0:052 
0-3 0-171 0-171 0'163 0-163 
` 05 0-290 0301 0:301 0-290 
07 0:412 0-412 0:426 0412 
10 0-581 0-602 0-581 0:581 
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REPEATABILITY * OF MAGNESIUM STANDARDS USED FOR ATOMIC ABSORPTION WORKING CURVE 


5 6 Mean + S.D. C.F. 
(p.p.m.) (per cent) 
0-052 0-052 0-051 + 0-002 4 
0-163 0-168 0-166 + 0-004 3 
0:312 0-290 0-297 + 0-009 3 
0-398 0-426 0-414 + 0-011 3 
0-581 0-602 0°588 + 0-011 2 


* Bach concentration of the standard solution was measured repetitively by the same analyst. 


National Bureau of Standards No. 88 served as the certified 
standards of accuracy. These were dissolved in metal- 
free 6 N hydrochloric acid and diluted with metal-free 
distilled water. 

A typical working curve for standard solutions of 
magnesium of 0-1, 0-3, 0:5, 0-7 and 1-0 p.p.m. obtained by 
atomic absorption measurements is shown in Fig. 1A and 
measurements of repeatability obtained on standards are 
recorded in Table 1. The coefficient of variation (C.V.) 
of 6 replicate readings varies from 4 per cent at 0-1 p.p.m. 
to 2 per cent at 1 p.p.m. 
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Fig. 1. Magnesium calibration curves for atomic absorption (A) and 
flame etnission (B) analysis. The bars indicate the standard deviations 
of measurements at the indicated concentration 


The accuracy of the method was determined by meastir- 
ing National Bureau of Standards base alloy standard 
No. 171. One analyst performed seventeen measurements 
of the same standard known to contain 0-954 p.p.m. of 
magnesium over & period of two weeks (Table 2). The 
value obtained was 0-956 + 0-035 p.p.m. with a coefficient 
of variation of 3-7 per cent. The overall accuracy of the 
mean of these 17 -determinations was 100-3 per cent. 
National Bureau of Standards No. 88 was also analysed. 
The certified known value was 0-647 p.p.m. The mean of 
13 measurements was 0-664 + 0:18 p.p.m., equivalent to 
102-6 per cent of the expected value. 

The repeatability of measurements of magnesium as well 
as its recovery were determined on a 1 : 50 dilution of two 
normal sera to which 0-2 ug of the element were added 
(Table 3). The coefficient of variation for 6 replicate 


Table 2. ACOURAOY OF MAGNESIUM ANALYSES BY ATOMIO ABSORPTION: 
NATIONAL BUREAU OF STANDARDS No. 171 BASE ALLOY 


Magnesium content 


Sample “p.m. 
1 0°92 
2 0-98 
3 092 
4 0-95 
5 0°95 
6 1:05 
7 0-805 
8 0-92 
9 0-96 

10 0:92 
11 0-92 
12 0-96 
13 0-96 
14 0-98 
16 0-95 
16 1-06 
17 0-95 


Mean 
Certified known value of National 
Bureau of Standards No. 171 


0-956 + 0-035 C.V. 3-7 per cent 
0-954 Accuracy 100:3 per cent 


determinations on these sera was 1-7 and 4 per cent 
respectively. In each instance the recovery of added 
magnesium was 99 per cent. 


Table 3. REPEATABILITY AND RECOVERY OF MAGNESIUM IN NORMAL 
SHRUM MEASURED BY ATOMIO ABSORPTION 
Magnesium Coefficient 
Sample No.of Mean + $.D. of variation Recovery 
analyses (m.equiv./I.) (per cent) (per cent) 
Serum 4 6 2°30 + 0:04 22 — 
Serum 4 + 
0-82 m.equiv. Mg 6 3-09 + 0-08 1-7 99 
Serum B 6 2-38 + 0-08 40 — 
Serum B + 
0-82 m.equiv. Mg 6 3-17 + 0-12 3B 99 


Triplicate analyses of serum obtained from 10 normal 
individuals were also carried out (Table 4). A mean value 
of 2-14 + 0-17 m.equiv./l. was obtained. 


Table 4. PRECISION OF SERUM MAGNESIUM CONCENTRATION OF TEN 
NORMAL PERSONS AS MEASURED BY ATOMIO ABSORPTION SPROTROSCOPY 


Magnesium po-eauiv./1.) 


Sample No. 1 3 
1 210 2-06 214 
2 2-02 214 2°30 
3 2°26 2°38 2-39 
4 2-02 2°22 2°30 
5 1-81 1-85 1-89 
6 210 2-14 222 
7 2°18 222 2-39 
8 2-02 1:98 2-06 
9 1:89 1-98 2-06 

10 30 2:30 2-39 


Mean + S.D.: 214 + 0-17. C.V. 8 per cent, 


A typical calibration curve using working standards 
for flame emission is also shown in Fig. 1B. The repeat- 
ability varied, from 7 per cent at 2 p.p.m. to 2 per cent at 
26 p.p.m. The accuracy of the emission method as judged 
by measurement of National Bureau of Standards standard 
No. 171 was 98 per cent. Eleven determinations on the 
standard known to contain 9-54 p.p.m. gave a value of 
9-36 + 0-32 p.p.m. The certified value of National 
Bureau of Standards No. 88 (dolomite) is 6-47 p.p.m. + 
0-30 p.p.m. The mean of 11 measurements was 6°64 or 
102-6 per cent of the known value. 

The repeatability of measurements of the serum 
magnesium by flame emission spectroscopy of 2 normal 
persons was 2-2] + 0:08 m.equiv./l. and 2-17 + 0:12 
m.equiv./l. The recovery of the magnesium added to 
each. of these sera was 98 and 99 per cent respectively. 

Table 5 compares directly simultaneous measurements 
of the magnesium concentration of seven serum samples 
both by atomic absorption and by flame emission spectro- 
metry. ` 


Table 5. COMPARISON OF NORMAL SERUM MAGNESIUM CONOENTRATION 
MEASURED BY ATOMIC ABSORPTION AND BY FLAME EMISSION SPECTROSCOPY 


Magnesiura concentration (m.eguiv./).) 


Sample Emission Absorption 
1 1:96 210 
3 x 234 2-35 
5 1:87 1-85 
6 2°04 215 
q 219 2-26 
9 1-93 1-98 
10 214° 2:33 


The pioneering efforts of Walsh! have resulted in the 
development of atomic absorption spectroscopy as a 
powerful new tool for the measurement of metals in bio- 
logical materials. The application of the physical prin- 
ciples of molecular to those of atomic absorption spectro- 
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scopy greatly increases the sensitivity of the method 
which can now be exploited for routine analytical 
purposes‘. The work recorded here demonstrates that the 
long path-length absorbing cell permits the direct measure- 
ment of magnesium concentrations in serum with a high 
degree of precision and superb accuracy simply by diluting 
serum 1 : 50 with water. The repeatability obtained with 
standard solutions varies from a maximum of 4 per cent 
at the lowest concentration measured to a minimum of 
2 per cent at 1 p.p.m. The repeatability of measuring 
magnesium in serum varied between 1-7 and 4 per cent, 
thus the biological content of this fluid in no way affects 
the determination adversely. The accuracy ascertained 
by the measurement of certified National Bureau of 
Standards standards was 100-3 and 102-6 per cent, while 
recovery of magnesium added to serum was 99 per cent, 
virtually perfect coincidence. On this basis the serum 
magnesium concentration of 10 normal persons, determ- 
ined by this method to be 2-14 + 0-17 m.equiv./l., can be 
accepted as representing an absolute analytical mean and 
distribution. 

The concentration of magnesium in seven of the same 
sera measured by the atomic absorption method was 
also analysed by flame emission spectrometry. The 
results obtained by the two methods differed by less than 
4 per cent. These results also indicate that the precision 
and accuracy of the emission method are comparable to 
the atomic absorption method as judged by measurements 
of repeatability of National Bureau of Standards standards 
and of recovery of magnesium added to serum. 

Tho mean of normal serum magnesium concentrations 
has been-the subject of intensive discussion in the litera- 
ture concerning the ‘true’ concentration of magnesium in 
normal human serum’. Values as low as 1-5 and as high 
as 2-2 m.oquiv./l. have been stated to reflect precisely the 
trne magnesium concentration of serum; such variations 
most likely reflect the different analytical methods 
used®”-14, Unfortunately, accuracy has not been exam- 
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ined in these studies; apparently some authors are under 
the impression that studies of recovery of an added 
element can be used as an adequate gauge of analytical 
accuracy. That this assumption is not acceptable has 
been documented and discussed thoroughly™. 

The accuracy of the standards used here has been 
validated directly by comparison with certified samples of 
the National Bureau of Standards which serve as primary 
standards of accuracy. Previous conjectures concerning 
the suitability of certain magnesium salts to serve as 
standards lack the benefit of experimental validation’. 

Since a number of disease processes can now bo related 
to the diminution? or the increase! in magnesium in human 
serum, it should be of considerable general value that the 
magnesium concentration of normal human serum can be 
considered to approximate 2-1 m.equiv./l. closely. 

This work was supported by the Howard Hughes 
Medical Institute, by grants-in-aid from the U.S. National 
Institutes of Health of the Department of Health, Educa- 
tion and Welfare, HH-07297 and AM-—04477, and by the 
Nutrition Foundation, Inc. 
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MOLECULAR WEIGHT FRACTIONATION OF POLYANIONS BY 
CETYLPYRIDINIUM CHLORIDE IN SALT SOLUTIONS 


By T. C. LAURENT and J. E. SCOTT 


Department of Medical Chemistry, University of Uppsala, Sweden, and the Department of Connective Tissue Research, 
Institute of Medical and Biological Sciences, Retina Foundation, Boston, Mass., and Medical Research Council 
Rheumatism Research Unit, Canadian Red Cross Memorial Hospital, Taplow, Berkshire 


ETYLPYRIDINIUM chloride and other amphipathic 
cations are widely used as precipitants for poly- 
anions!. The precipitates are soluble in salt solutions at 
a ‘critical electrolyte concentration’ (CEC), which depends 
primarily on: (a) the type of cationic group in the deter- 
gent’; (b) the type of anionic group in the polyanion; 
{c) the nature of the salt®, Thus, given a particular organic 
precipitant, polyanion mixtures may be fractionated 
according to their respective CECs in a given salt 
solution®?. In this kind of system it was shown qualita- 
tively by Scott that the molecular weight (M.W.) of the 
polyanion also influenced the CEC, high molecular weight 
polyanions having higher CECs than low molecular weight 
polyanions of similar chemical constitution!. Quantitative 
investigations were first carried out by Laurent et al.%5, 
who determined molecular weights of fractions of 
hyaluronate and heparin obtained according to the CEC 
principle. A hypothesis of the mechanism of the CEC 


. phenomenon was proposed by Scott®, in which the law 


of mass action was applied to the equation: 


P2M+ + 2RtX- = P2R+ + 2MtX- 


(P2- is a polyanion with z anionic sites, R+ is a pre- 


cipitating cation and M+X- is the solvent electrolyte.) It 
was concluded that there should be a linear relationship 
between z and log CEC. Since z, in a linear polymer built 
up of a fundamental repeating unit, is directly propor- 
tional to molecular weight, log CEC should therefore be 
proportional to 1/M.W. The results of Laurent et al.*:5 
fitted this relationship well’. This article reports work 
on keratansulphate, polyacrylate and chondroitin-4- 
sulphate, to tost the relationship further. 

Polyacrylate was prepared by neutralizing with sodium 
hydroxide pooled samples of polyacrylic acid of very 
varied viscosity, kindly supplied by Imperial Chemical 
Industries, Ltd., Manchester. The fractions were obtained 
in sodium chloride solution by the technique of Scott 
etal.’. Limiting viscosity numbers (n) were determined on 
the fractions in 0-2 M sodium chloride solution and are 
given in Table 1. (S/D) was determined by sedimentation 
equilibrium® on two fractions, and these data gave, 
assuming that the modified Staudinger equation can be 
used for the fractions, the proportionality M.W. œ ()!:**. 
There seems to be a linear relationship between log CEC 
and ()-1:*? as required by the hypothesis (Fig. la). The 
scattering of the points around the lines in Fig. 1 can be 
explained by experimental errors. 
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Chondroitin-4-sulphate fractions were prepared by 
Drs. Gardell and Szirmai according to the column tech- 
nique of Antonopoulos et al.®. Each was tested for homo- 
geneity by refractionation and chemical analysis. All 
had identical sulphur contents. S2%,w was determined 
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Fig. 1. Log CEC plotted versus (7)-!-** for polyacrylate (a) and versus 
IAM.W. for chondroitin-4-sulphate (3) 
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Fig.2. a, Log CEC plotted versus 1/M.W. for keratansulphate fractions ; 
b, comparison between CEC and the normality of salt needed to elute the 
same fractions from ECTEOLA 
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Table 1. LIMITING Viscosity NUMBERS (7) OF PoLYACRYLATE FRACTIONS 
OBTAINED BY METHOD oF Scorr et al. (ref. 7) 


CEC (molarity 
Fraction No. n (ml./g) of NaCl) 
1 8-0 0-487 
2 3:42 0-462 
3 1:27 0-437 
4 1-06 0:412 
5 0-89 0:387 


for all fractions in-a Spinco analytical ultracentrifuge. 
The molecular weights were estimated from the sedi- 
mentation data using a relationship between the two 
parameters obtained by a combination of data published 
by various authors!*-18, The results are shown in Table 2. 
There is a linear relationship between log CEC and 
1/M.W. (Fig. 1b). We thank Drs. Gardell and Szirmai for 
allowing us to use the results obtained on these samplos. 


Table 2. MOLEOULAR WEIGHTS OF CHONDROITIN-4-SULPHATE FRACTIONS 
OBTAINED BY THE METHOD OF ANTONOPOULOS et al. (ref. 9) 
CEC (molarity 
Fraction No. . of MgCl.) M.W. 
1 0-3 26,500 
2 0-35 32,300 
3 0-4 37,000 
4 0-45 38,500 
5 0-5 46,200 


Keratansulphate, prepared by Anseth and Laurent, 
was taken from bovine corneal stroma. It had 
previously been fractionated on an EOTEOLA column. 
CECs of these fractions were determined by the method 
of Scott! (Table 3). The plot of log CEC against 1/M.W. 
is a straight line for fractions VIII-XI, but fractions 
VII and XII lie below and above the line respectively 
(Fig. 2a). The analytical data of Laurent and Anseth® 
show that fraction VII differs significantly from the 
others, especially in nitrogen content and ash value, and 
fraction XII is also not entirely typical. Fractions VILI- 
XI are analytically indistinguishable. It is probable 


operand 


that this method of plotting may be a way of testing for~- — 


chemical homogeneity in a series of fractions from a 
heterodisperse polyanion®, limited by the available 
accuracy of the molecular weight determination. 


Table 3. CECS oF KERATANSULPHATE FRACTIONS PREPARED BY LAURENT 
AND ANSETH (ref. 13), MEASURED BY THE METHOD OF Scort (ref, 1) 


Fraction No. CEC (molarity M.W. 
(ref. 13) of NaCl (ref. 13) 
XN 2-00 19,700 
XI 1:49 17,200 
x 1-18 14,200 
IX 0-97 12,650 
VIII 0:75 9,900 
VI ” 0-43 8,700 


E: When the CECs of fraction VII-XI are plotted 
against the salt concentrations at which they are eluted 
from ECTEOLA, there is a good linear relationship 
(Fig. 2b). It is thought that this is the first instance in 
which this comparison has been made and suggests that 
similar results may be expected from either technique. 
The relationship 1/M.W. œ log CEC has been shown to 
be applicable to all five linear polyanions so far tested. 
four of which were naturally occurring and one synthetic. 
This investigation was supported by 2a U.S. Public 
Health Service grant NB 03370 from the National 
Institute of Neurological Diseases and Blindness. 
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HUMAN BLOOD GROUP FACTORS IN NON-HUMAN PRIMATES 


By Dg. J. MOOR-JANKO WSKI 
National Institute of Dental Research, Bethesda, Maryland 
Dr. ALEXANDER S. WIENER 


Serological Laboratory of the Office of the Chief Medical Examiner of New York City, and Department 
of Forensic Medicine, New York University School of Medicine 


AND 


Dr. CHARLES M. ROGERS 


Yerkes Laboratories for Primate Biology, Emory University, Atlanta, Georgia 


EVERAL Regional Primate Centers have recently been 

established in the United States, because of the in- 
creased interest in non-human primates as experimental 
animals. One of the prime base-line investigations carried 
out concerns the blood groups of these animals. The 
importance of the subject is evidenced by the recent 
publication of a number of comprehensive reviews!-°). 
Investigations by one of us (A. 8. W.) on the blood groups 
of non-human primates date back about three decades 
and, recently, the availability of these animals in Primate 
Centers has made possible the continuation of the in- 
vestigations on a larger scale. Results have been obtained 
which were not included in the reviews cited!-*; a pre- 
liminary report on some of these newer findings has 
already appeared‘, and detailed papers are in the press®-§, 
In the meantime, a considerable amount of additional 
information has been accumulated, and the purpose of 
this article is to summarize these most recent findings. 

The most obvious approach to the blood grouping of 
non-human primates is to use reagents prepared primarily 
for testing human blood. Such reagents have to be 
further processed by absorption with red cells of non- 
human primates in order to remove hetero-agglutinins 
not giving group-specific reactions‘. Another approach. is 
to iso-immunize primates of the same species, or to 
immunize experimental animals with red cells of non- 
human primates. Both forms of immunization experi- 
ments are now in progress, but this article is concerned 
with the findings obtained by using suitably absorbed 
reagents originally prepared for testing human red cells. 

However, it should be mentioned here that the possible 
existence in non-human primates of ‘naturally’ occurring 
iso-agglutinins other than anti-A* and anti-B has also been 
investigated. For this purpose, cross testing of red cells 
with sera within the same A~B-—O group has been carried 
out to a limited extent so far in chimpanzees, orang-utans, 
gibbons and baboons, but no distinct reproducible 
reactions have been observed. 

Table 1 shows the results of tests for the A~B-O groups 
in a number of species of apes and monkeys. As first 
pointed out by von Dungern and Hirschfeld®, and then 
by Landsteiner and Milller™, apes, with the exception of 
gorilla, have blood giving A~B-O group reactions virtually 
indistinguishable from those of human blood. In the 
case of Old World monkeys, on the other hand, the red 
cells fail to react with anti-A and anti-B reagents, while 
red cells of New World monkeys give only B-like re- 
actions’!, Wiener et al.1213 showed that in monkeys there 
is a reciprocal relationship between the group specific A 
and B substances in secretions and the agglutinins in the 


serum, so that, by testing saliva and serum, monkeys also - 


ean, as a rule, be classified in the A-B-O groups. 

' The apes shown in Table 1 were grouped by testing 

their red cells with anti-A and anti-B reagents* absorbed 
* To avoid ambiguity, symbols for blood factors and their corresponding 

antibodies are printed in bold type, symbols for genes and genotypes are 


printed in italics, and symbols for agglutinogens, phenotypes and blood- 
group systems are printed in regular type. 


with chimpanzee group O red cells. For tho reciprocal 
test their sera were absorbed with human group O red 
cells and then tested against human red cells of groups 
O, A, A, and B. 

In the case of the Old World monkeys, the red cells 


- proved to be inagglutinable by anti-A and anti-B reagents, 


though, not infrequently, they were weakly clumped by 
non-specific heteroagglutinins remaining in the antisera 
despite absorption with chimpanzee red cells. In these 
animals, therefore, the blood-group classification was 
based on the reactions of the saliva and serum. 

In the New World monkeys, the presence of B-like 
agglutinogens on the red cells complicated the picture. 
Here the classification into groups was based primarily 
on the saliva reactions. 

As shown in Table 1, most chimpanzees were group A. 
while a small minority were group O; none was group B 
or group AB. In gibbons and orang-utans only groups 
A, B and AB have been found. Blood from only two 
gorillas has been tested by us so far; in both cases the 
red cells gave weak reactions for B, and the classification 
as B-like was confirmed by tests on the saliva and serum. 

All the apes the saliva of which has been examined so 
far have proved to be secretors of A-B-H substances 
with the exception of a single orang-utan. In this single 
animal, the possibility of error has been excluded by 
multiple repetition of the tests on more than one sample 
of saliva. 

In monkeys, as has been explained, tests on saliva 
were essential for their A-B-O group classification. All 
monkeys tested so far have proved to be secretors of 
the A-B-H substances. The findings in Table 1 are self- 
explanatory, the most striking being the scarcity of 
group O. 

The inhibition tests for the H factor in saliva of monkeys 
and apes were carried out by the titration technique. 
Titres obtained were equal to, or exceeded, those of human 
saliva. In tests for A and B factors, on the other hand, 
the titres were often lower than those of human saliva. 
Simian saliva showed high reactivity for the H factor; 
however, the red cells of both apes and monkeys gave 
negative or only weak reactions with the anti-H reagents 
used (Ulex europaeus), as compared with human red cells. 

With the help of a human anti-Lewis serum from a 
clinical case of Lewis sensitization, it was possible also to 
test for the Lewis substance in simian saliva, using the 
quantitative inhibition technique. The particular serum 
available gave distinct clumping with ficinated human 
Le(a+) red cells; such Le(a+) ficinated red cells were 
therefore used as indicators for these tests. By this tech- 
nique, there was generally no difficulty in classifying 
individual animals as either Lewis positive or Lowis 
negative. As shown in Table 2, a characteristic pattern 
emerged for each primate species. For example, the groat 
majority of chimpanzees are Lewis negative (typo nL), 
though there are individuals whose saliva appears to give 
weak inhibition. In contrast, all the orang-utans tested 
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Table 1. THE A-B-O GROUPS 
Blood groups g Reactions Reactions 
Species s of of 
ie) A B AB blood saliva 
Chimpanzee 
Pan satyrus 4 
Present series 7 82 0. Like in man All secretors of A-B-H 
Previous series (ref. 4) 10 81 0 substances 
Totals 17 113 0 
Orang-utans 
Pongo pygmaeus f 
Present series 0 13 2 Like in man Among 26 tested, 26 secretors 
Previous series (ref. 4) 0 9 1- and 1 non-secretor of A~B-H 
Totals $ 0 22 3 substances 
Gibbons 
Hylobates lar 
Present series - 0 0 1 Like in man All secretors of A-B-H 
Previous series (ref. 4) 0 2 8, substances 
Hylobatus lar pileatus ` z 2 
Previous series (ref, 4) 0 0 0 
Gorillas 
Gorilla gorilla gorilla 
Previous series (ref, 4) 0 - 0 0 B-like* Secretor of B and H substances 
. Baboons j ; a 
Previous series (ref. 4) wk 
Papio cynocephalus and >: : g 
nubs 0 33 29 Red-cellsdo not | Allsecretors of A~B~H 
Inbred hybrids . 0 0 2 react} - substances 
Back-cross Papio a 
anubis x cynocephalus 7 
Present serles g $ 
Papio anubis and z 
cynocephalus 0 3 -5 
Pigtail monkeys ‘ Í ; 
Macaca nemestrina ` Red cells'do not | Al secretors of H and- very ' 
Present series 0 0 0 reactt weak B 
Rhesus monkeys 
Macaca mulatta - ei 
Present series 0 0 0 Red cells do not Secretors of H; secretors of B 
Previous series (ref. 4) 0- 9 o react} of various strengths 
Celebes black apes ` ‘ 
Cynopithecus niger : 
Present series ` 1? 7 0 Red cells do not | AH secretors of A~B-H 
reactt substances 
Java Macaques Í Pe 
Macaca irus 
Previous series (ref, 4) 1 7 8 Red cells donot | Allsecretors of A~- -H 
Present series 0 1 0 react} substances 
Squirrel monkeys 
Saimiri sciurea i 
Present series 1 3 0 Red cells B-like§ | Allsecretors of A and/or H 
substances 
Cebus monkeys ~ 
Cebus albifrans è pee 
Present series 1 0 0 Red cells B-like§ | All secretors of B and/or H 
substances 




















- ™ Red cells only feebly clumped by anti-B reagents, 
` ' t Inbred species as described previously (ref: 1). 
f¥Blood group classification based on reactions of saliva and serum. 


§ Blood group classification based entirely on reactions of saliva. The B-like reactivity of red cells is characteristic of all New World monkeys (ref. 10), and 


is apparently independent of the saliva reactions, 


so far have proved to be Lewis positive (type Les). 
Similarly, striking differences exist among the other non- 
human primate species tested (cf. Table 2). Of interest is 
the fact that all these animals except for a single orang- 
-utan were seecretors of the H substance, indicating that 
secretions of H and of Lewis are independent of one 
another in non-human primates. This lends support to 
the theory of Grubb! that in man the salivary Lewis 
and secretor types are inherited independently of one 
another (cf. also Ceppellini**). 

In the interpretation of the results on the M-N factors 
one has to be aware that reagents prepared from different 
immune rabbit antisera differ in their cross-reactions with 
non-human primate blood. As Wiener!* and Landsteiner 
and Wiener!’ have pointed out, this merely reflects the 
multiplicity of serological specificities (or blood factors) 
that characterize these agglutinogens (as well as all other 
ageglutinogens). However, since red cells from anthropoid 
apes share the great majority of the M blood factors of 
human blood, there is relatively little difficulty in demon- 
strating the presence or absence of M agglutinogens in ape 
blood. Tests for N factors offer greater difficulty, but the 


S 


Table 2. LEWIS TYPES AS DETERMINED BY INHIBITION ON SALIVA 
Previous (ref. 4) and present series combined 








Lewis type a 
Species | 
Les Weak nL 
Chimpanzees 
Pan satyrus 0 8 22 
Orang-utans 
Pongo pygmaeus 25 0 0 
Gibbons 
Hylobates lar 0 1 7 
Gorillas 
G. gorilla gorilla 0 1 0 
Baboons 
Papio cynocephalus ? 7 17 
Pigtail monkeys : 
Macaca nemestrina 5 0 0 
Celebes black apes 
Cynopithecus niger 10 0 0 
Cebus monkeys 
Cebus albifrans 0 0 4 
Squirrel monkeys 
Saimiri sciurea 0 0 6 

















* Les, secretor of Lewis substance; nL, non-secretor of Lewis substance; 
weak, feeble inhibition of Lewis antiserum. 
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Table 3. THEM AND N BLOOD FACTORS 
Previous (ref. 4) and present results combined 














7 M-like factors NY factor 
Species —~ aia 
Present | Absent Totals Present Absent Totals 
Chimpanzee ; | 
an satyrus 130 0 130 42 62 ' 104* 
Gibbons : 
Hylobates lar : lt 8 9 9 0 9 
Hylobates lar pileatus 1 0 1 0 1 1 
Orang- -utan 
ongo pygmaeus 12 12 24 0 24 24 
Gorilla $ 
Gorilla gorilla gorilla 1° 0 1 1(?) 0 1 





* The anti-NY reagent (extract of Vicia graminéa seeds) was not available when the first chimpanzees in our series were tested, so that only lot out of 


the total of the 130 chimpanzees have been tested for NV factor. 
Weakly reactive. 
t In two cases, the reactions were not readily reproducible. 


use of extracts of Vicia graminea seeds!*, which detect 
the so-called NY factor, has helped to simplify that 
problem. 

Definitive results were obtained in tests on ape red 
cells by the use of suitably absorbed anti-M reagents. 
These reagents were prepared from sera of rabbits made 
immune with human M red cells, with chimpanzee red 
cells and with baboon red cells. Conclusive results were 
also obtained on ape red cells tested with reagents con- 
taining anti-NY (Vicia graminea) lectins. 

On the other hand, the reactions with monkey red cells 
present greater difficulties in interpretations. Therefore, 
tho preliminary findings in Table'3 are given only for 
apes. As can be seen, here again there are pronounced 
differences among the species examined. 

The more complex findings in monkeys will be discussed 
in detail in a separate article. 

So far as the Rh-Hr types are concerned, every one of 
more than one hundred chimpanzees tested so far have 
proved to be of type Rh,Ch, that is, the blood cells have 
factors Rho, and hr’, but lack rh’, rh” and hr’. Since the 
absorption of human anti-Rh, reagents with chimpanzee 
red cells fractionates the antibodies they contain®, it is 
evident that the Rh, factors of human and chimpanzee 
blood are not identical. All gibbons tested so far have 
proved to be of type rhGi, that i is, the red cells have only 
factor hr’. The situation in orang-utans and gorillas is 
more complicated, as has been pointed out for the pre- 
vious series, while red cells of monkeys give no clear 
reactions with any of the human Rh-Hr antisera used. 

Preliminary experiments with a very potent anti-I 
serum have shown only relatively weak reactions with 
the red cells of all apes tested, not comparable in titre 
or avidity with the reactions given with human red cells. 
On the other hand, surprisingly, red cells of Cebus monkeys 
reacted intensely with titres equal to or greater than those 
of human red cells from adults. 

Only a limited number of experiments have been done 
with reagents of other specificities, such as anti-Kell, 
anti-Duffy, ete. In view of the difficulty in distinguishing 
the group-specific reactions of such reagents from those 
due to the non-specific heteroagglutinins also contained 


EFFECT OF SUPERFUSED OUABAIN 





in these reagents, especially with sera requiring the anti- 
globulin technique, the results obtained have been 
difficult to interpret. 

A short series of tests with anti-P reagents indicate 
that chimpanzees are P-negative in line with somo early 
observations of Landsteiner and Levine". 

The tests were carried out in the Serological Laboratory 
of the Office of the Chief Medical Examiner. and were 
aided by U.S. Public Health Service grant GM -09237-02 
of the National Institutes of Health. 

We thank the Yerkes Primate Laboratory of Emory 
University, Atlanta, Georgia, the Delta Primate Rosearch 
Center of Tulane University, New Orleans, Louisiana, and 
the Southwest Foundation for Research and Education, 
San Antonio, Texas, for blood and saliva samples frora 
the non-human primates reported here. We also thank 
Dr. Kenneth S. Brown, Human Genetics Branch, National 
Institute of Dental Research, U.S. National Institutes of 
Health, for helpful advice while editing our consecutive 
reports on non-human primates. 
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ON THE CONTRACTILITY OF THE 


HEART OF THE FROG 


By Dr. J. L. BROADBENT 
Smith Kline and French Research Institute, Welwyn Garden City, Herts. 


IARDIAC glycosides mobilize previously bound cal- 
cium of the heart, and this mobilization goes hand- 
in-hand with the positive inotropic actiont?. However, 
calcium is believed to be involved in a normal muscle 


contraction at several different sites. In particular. the 
mobilized calcium might be made available either at the 
postulated labile calcitum-complex at the inner surface of 
the heart necessary for excitation—contraction coupling?*, 
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from R. temporaria used in previous ex- 
periments. 10 min later ouabain 2 x 10-* 
dissolved in low-calcium Ringer’s solution 
was administered for a 30-min period 
either in the superfusion fluid or in the 
perfusion fluid. Ouabain in the perfusion 
fluid, as is well known, caused the twitch 
tension and cardiac output of the de- 
pressed hearts to return to near normal 
levels; but after a while there was reduced. 
diastolic relaxation of the ventricle and 
the cardiac output then fell, Ouabain 
added to the superfusion fluid caused a 
slow increase of the twitch tension which 
in most experiments returned to 4~} of 
the normal level (a few hearts stopped 
beating in the absence of stimulation). 








Despite this increase in the twitch tension, 
the cardiac output stayed low. The 
differences between the actions of per- 
fused ouabain and superfused ouabain 
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Fig. 1, Comparison of ouabain applied at the external and internal surfaces of the 
depressed frog heart, In each tracing, from above downwards, are recorded ventri- 
c movements (systole being shown by an upwards movement) and cardiac output 
Above each tracing, changes in the composition of the superfusing 


each 10 sec, 


LCR + Ouabain — 


A are illustrated in Fig. 1. 

A comparison was made of the output 
of 7 depressed hearts stimulated by per- 
fused ouabain, and 7 depressed hearts 
stimulated by superfused ouabain. The 
mean stroke volume and the standard 
error of the mean, in drops, were cal- 
culated for a preliminary ‘control period’ 
of perfusion with Ringer’s solution and 
at the height of the ouabain-induced 
stimulation. In ouabain-perfused hearts 
the mean output in the control period 
was 1:96 (+ 0-29) and when stimulated 
1-64 (+ 0-40). For ouabain-superfused 
hearts the corresponding values were 
1-90 (+ 0-44) and 0-32 (+ 0-09), respec- 
tively. The output of ouabain-super- 
fused hearts is significantly lower than 
either the output in the control period 
(P > 0:02) or the output of ouabain- 
perfused hearts (P > 0:01). Tracings 
of individual heart movements studied by 





> 


25 


fluid are shown (LOR = low-calcium Ringer’s solution). Below the tracings, changes 
in the composition of the perfusing fluid are shown {R = frog Ringer's solution). The 
figures are heart rates, in beats per min, counted at various times in the course of the 
experiment. Upper tracing: ouabain in the superfusing fluid causes a slow increase 
in the twitch tension of the depressed heart which reaches a maximum (shown in the 
second part of the recording) 25 min later. Despite the increase in twitch tension 
the cardiac output remains low. Lower tracing: ouabain in the perfusing fluid 
increases both twitch tension and cardiac output to near normal levels, after which 
there is incomplete ventricular relaxation and the cardiac output falls 


greatly increasing the speed of the record- 
ing drum showed that the hearts stimu- 
lated by superfused ouabain were not 
relaxing completely in the diastolic 
period; this failure of relaxation was 
presumably the cause of the low cardiac 


or at the actomyosin where calcium is also required’. 
Since ouabain enters the tissues of the heart®, ouabain 
perfused through the chambers of the frog heart would 
first be in contact with the excitation—contraction coupling 
mechanism, and might later reach the actomyosin. On 
the other hand, ouabain superfused’over the exterior of 
the heart might reach the actomyosin first and the excita- 
tion—contraction coupling mechanism later. 

Frog hearts (Rana pipiens) were dissected and perfused 
as previously described’, and in addition the external 
surface of the heart was superfused with Ringer’s solution 
dripping from a cannula in contact with the outer side of 
the venous cannula, just above the insertion of the venous 
cannula into the heart. Thus the perfusion fluid was in 
contact only with the inner heart surface, and the super- 
fusion fluid only with the external surface of the heart. 
At the beginning of each experiment hearts were perfused 
with Ringer’s solution and superfused with low-calcium 
Ringer’s solution (this did not depress the hearts). The 
composition of Ringer’s solution was as previously 
described’. When heart rate, heart movements, and 
cardiac output were steady, the hearts were depressed by 
perfusion with low-calcium Ringer’s solution. The depres- 
sion was greater in R. pipiens hearts than in the hearts 


output. 

These experiments support the view 
that ouabain can influence the contractility of the frog 
heart by actions at two different sites. One site is at the 
inner surface of the heart, the second site is probably 
located at the actomyosin. Frog hearts depressed by re- 
ducing the calcium content of the perfusion fluid, or by the 
addition to the perfusion fiuid of narcotic drugs, are de- 
pressed at the first site, and the positive inotropic action 
of ouabain is due to a stimulant action on the depressed 
excitation—contraction coupling mechanism’. 

However, the centre of interest in cardiac glycosides 
lies in their therapeutic value in human chronic congestive 
heart failure. The precise nature of the functional lesion 
in the failing human heart is not known. But, unlike the 
depressed frog heart, the human heart suffers excessive 
dilatation, and this dilatation is reversed by treatment 
with cardiac glycosides®. Because, also, of the coronary 
vascular system (absent from the frog heart), cardiac 
glycosides may reach the actomyosin of the human heart 
more readily than in the frog heart. These factors suggest 
that the mechanisms of the stimulant actions of cardiac 
glycosides in the depressed frog heart, and in the failing 
human heart, could be different, and that in the human 
heart, as distinct from the frog heart, the action on acto- 
myosin may be of therapeutic significance. 


` 


ee CO ae Ti 


No. 4933 May 16, 1964. 


I thank Mr. R. A. Burton for assistance, and Dr, W. A. 
Bain for advice. 


1 Lüllmann, H., and Holland, W. C., J. Pharmacol. Exp. Ther., 187, 186 (1962). 

? Klaus, W., and Kuschinsky, G., Naunyn-Schmiedeberg’s Arch. exp. Path. 
Pharmak., 224, 287 (1962). 

3 Littgau, H. C., and Niedergerke, R., J. Physiol., 148, 486 (1958). 


NATURE 


667 


‘Farah, A., and Witt, P. N., in First Intern. Pharmacol. Meeting, 3 (Perga- 
mon Press, Oxford, 1963). 

4 Lee E 5., in First Intern. Pharmacol. Meeting, 3 (Pergamon Press, Oxford. 
1 š 


t Waser, P. G., Experientia, 18, 35 (1962). 

7 Broadbent, J, L., Brit. J. Pharmacol., 18, 167 (1962). 

8 Broadbent, J. L., Brit, J. Pharmacol., 21, 78 (1963). 

? Stewart, H, J., and Cohn, A. E., J. Clin. Investigation, 11, 917 (1932). 


AN IN VITRO TEST FOR ATOPIC REAGINS BY DOUBLE-LAYER 
LEUCOCYTE AGGLUTINATION 


By A. P. RIDGES and Dr. R. AUGUSTIN 


Immunochemistry Unit (Cancer Research), Department of Bacteriology, University of Liverpool 


EAGINS, the skin-sensitizing antibodies occurring 
characteristically in the serum and tissues of asthma 
and hay-fever sufferers, have independently and simul- 
taneously been shown in several laboratories!:* to be 
8.4 *-globulins. Augustin eż al.* further found that only 
reagins—and not y-globulin antibodies—are capable of 
giving Layton’s® passive cutaneous anaphylaxis reactions 
in monkeys, which are thus a true animal equivalent of 
Prausnitz—Kuestner! reactions in man. Yet 43 years after 
their discovery we still lack a proved in vitro equivalent. 
This article introduces a new method for measuring 
antibodies. A. critical evaluation proved it to be capable 
of measuring reagins and to approach the sensitivity of 
the Prausnitz—Kuestner reaction itself. 

It has been known for a long time that leucopenia (and 
thrombocytopenia) not only occurs in anaphylaxis with 
conventional antibodies, but also in atopic subjects after 
injection of the appropriate antigen, the allergen; the 
so-called hemoclastic crisis* and Vaughan’s leucopenic 
index? are well known to allergists. There have also 
been numerous reports that the in vitro addition of antigen 
to the leucocytes (or whole blood) of sensitized animals 
causes immobilization’, death (as indicated by uptake of 
dye)’, lysis- and/or histamine release!*-!©, Each of 
these manifestations in turn has been asserted®-!¢—and 
refuted??-18—to be a measure of reaginic activity. Neither 
has there been any agreement on the mechanisms of these 
reactions. Leucocyte damage has been attributed to the 
interaction of antigen with antibody adsorbed on the 
leucocyte surface!*:?°, to a mechanism resembling that of 
the Middlebrook—Dubos test?! (that is, to the interaction 
of free antibody with antigen adsorbed on the leucocytes), 
to the secondary adsorption of antigen-antibody com- 
plexes on the leucocytes after their initial formation in 
the bloodstream?*-*4 and to leucocytes with antibody-like 
properties (as at present surmised for lymphocytes in 
delayed-type reactions) interacting with antigen, that is, 
to a reaction not involving serum antibodies!®.5, 

There has been no conclusive evidence about the type 
of antibody involved in leucocyte damage although there 
have been claims that only non-precipitating heat-stable 
antibodies are involved in leucocytolysis?**. Reports 
on the involvement of complement in these reactions have 
been equally controversial??,#* and human and rabbit 
leucocytes appear to have been used interchangeably for 
the passive sensitization of leucocytes with human 
antibodies*»14. 

In 1962, one of us reported?’ that human leucocytes 
are capable of adsorbing in vitro reagins from grass pollen 
reaginic sera—as judged by Prausnitz—Kuestner transfer 
in man and confirmed by passive cutaneous anaphylaxis 
in monkeys?*®, This adsorption of reagins by leucocytes 
has been made the basis of the test recorded here. 

As did others before us®*:*1, we found that it is extremely 
difficult to wash leucocytes free from serum proteins, 


* BÁ =y,4; nomenclature according to the two standard works on the 
subject, that is: (1) Analyse Immunoelectrophorétigue par Grabar, P., et 
Burtin, P. (Masson et Cie éd., Paris, 1960); (2) Les globulines Seriques du 
Systéme Gamma, Heremans, J. F. (Masson et Cie éd., Paris, 1961). 


particularly from y-globulins. In addition, we found that 
thoroughly washed leucocytes could be agglutinated not 
only by specific anti-y-globulin serum, but also by specific 
anti-8,A-globulin serum; that is, leucocytes carry on 
their surface 8,4- as well as y-globulins. We found further 
that people sensitized with a particular antigen always 
carried the homologous antibodies on their leucocytes; 
for although the addition of the appropriate antigen to 
these (washed) leucocytes of sensitized subjects did not 
cause agglutination, the further addition of a rabbit or 
human precipitating serum (for the antigen) to the washed 
cell unit did bring about agglutination. Normal human 
leucocytes were not agglutinated by in vitro incubation 
with human antibodies; we usually incubated the 
thoroughly washed normal leucocytes for 2 h with the 
antibody-containing serum, then treated the washed, now 
antibody-covered, cells as before with excess antigen, 
followed (after renewed washing) by a known precipitating 
serum for the antigen. From this it may be deduced that 
our double-layer agglutination is due to antibodies on the 
surface of the leucocytes and not to some intrinsic anti- 
determinant properties of the leucocytes or other 
mechanism. 

Human and rabbit precipitating sera for the antigen 
were equally effective in causing specific agglutination of 
leucocytes that had been covered in turn with human 
antibody and with the corresponding antigen. On the 
other hand, the initial in vitro coating of normal leuco- 
cytes with antibody was in our hands species specific; as 
judged by our test, we were unable to coat rabbit leuco- 
cytes with human antibodies or human leucocytes with 
rabbit antibodies. 

The test was positive when the leucocytes of untreated 
hay-fever subjects (together with pollen extract and 
rabbit antiserum for the pollen extract) were used, as 
well as when normal leucocytes incubated with the sern 
of these untreated hay-fever subjects were used. We 
chose ‘pretreatment’ sera which did not contain any 
precipitins for pollen, either by gel diffusion or by the 
‘Bis-diazotized-benzidin’ method* or by passive cutaneous 
anaphylaxis in guinea pigs. The y-globulin fractions of 
such pretreatment sera were prepared free from reagins?® 
and proved incapable of sensitizing the leucocytes for 
agglutination, while the reaginic 8,A-globulin fraction: 
did. This is proof that our test measures reagins and we 
first thought that it was specific for reagins, that: is, that 
reagins had the same special affinity for leucocytes that 
they have for skin. Our belief was strengthened when we 
found that heating for 7 h at 56° C abolished both the 
Prausnitz~Kuestner transfer activity of these sera and 
their capacity to sensitize normal leucocytes for double- 
layer agglutination. 

However, we now know? that not only reagins but 
also other antibodies are affected by heating at 56° C: 
for example, we know that the precipitating capacity of 
human y-globulin antibodies is affected. Moreover, pre 
cipitating y-globulin antibodies for pollens, prepared free 


from reagins??.3t (checked by Prausnitz—Kuestner transfer 
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tests), also sensitized leucocytes specifically for double- 
layer agglutination, as did the y-globulin precipitins of 
serum sickness sera and those of Hashimoto sera (each 
with the appropriate indicator system). As with reagins, 
heating at 56° C destroyed the coating capacity of these 
y-globulin precipitins—or else their subsequent reaction 
with the antigen. 

The test is very sensitive; sera of siblings of Hashimoto 
patients (but not of normal subjects) with negative pre- 
cipitin, complement fixation and tanned cell titres for 


thyroglobulin: gave, nevertheless, positive double-layer: 


leucocyte agglutination after incubation with normal 
leucocytes. The test was also positive without incubation 
with serum, when the siblings’ washed leucocytes were 
used. Precipitating antibody solutions usually caused 
specific breaking up and lysis of leucocytes rather than 
agglutination; they had to be diluted to induce agglu- 
tination similar to that produced by the reagins. Reaginic 
‘pretreatment’ sera containing no antibodies other than 
reagins (as well as the separated reaginic fractions) were 
capable of sensitizing normal leucocytes, even when 
diluted a hundred-fold (with normal serum). 

Double-layer leucocyte agglutination, although in its 
present form not specific for reagins, appears thus to be 
the first in vitro test that has been shown conclusively to 
measure reagins. Moreover, the sensitivity of the test 
approaches that of the Prausnitz—-Kuestner transfer reac- 
tion itself since most Prausnitz—Kuestner reactions become 
negative at serum dilutions of 1/100—1/1,000. The precise 
nature of the cells involved and various quantitative 
aspects are still under investigation. The search for a 
cell capable of specifically and/or preferentially adsorbing 
reagins continues. 

It may be important to emphasize that double-layer 
leucocyte agglutination due to reagins does not give us 
any clue in respect of the valency of the reagins, but does 
prove that reagin-allergen combination oceurs. Our data 
further show that agglutination and lysis of the leucocytes 
(due to the interaction of antigen with antibody on the 
surface of the leucocytes) do not require serum comple- 
ment. This is similar to the findings of Ono% and Allan®* 
with rabbit and guinea pig leucocytes, parallels ascites 
lysis by antibody*? and supports the findings of Middleton 
and Sherman*®. 

We thank Miss G. M. Lloyd for preparing the serum 
fractions used in this work and also the doctors and staff 
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of the Liverpool Chest Hospital and the Allergy and 
Thyroid Units of the David Lewis Northern Hospital, 
Liverpool, for their collaboration. The work was sup- 
ported by U.S. National Institutes of Health grant 
AI-03961—03 and by the North West Cancer Research 
Fund, Liverpool. 
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OF SYNGENEIC SPLEEN OR THYMUS CELL SUSPENSIONS 


By Dr. HENRY R. HILGARD*, Dr. EDMOND J. YUNISt, KENNETH SJODIN, Pror. CARLOS 
MARTINEZ} and Pror. ROBERT A. GOOD§ 


Department of Physiology and the Pediatric Research Laboratories of the Variety Club Heart Hospital, 
University of Minnesota School of Medicine, Minneapolis, Minnesota 


ECENT investigations, particularly in rodents, have 
established that the thymus is essential for the 
development of immunological responsiveness’-*§. Thym- 
ectomy of the new-born mouse causes marked atrophy of 
the lymphoid tissues, depletion of lymphocytes in the 
peripheral blood, and serious impairment of immuno- 
logical capacity®.*. These animals are often unable to 
reject allogeneic skin or tumour grafts®* and they show 
impaired ability to produce circulating antibody against 
certain antigens’’*. Spleen cells derived from neonatally 


* Research Fellow, Departmént of “Pediatrics, Public Health Service 
grant 571-HE-5462. 
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thymectomized mice are defective with respect to the 
capacity to produce graft-versus-host reactions®. These 
changes are accompanied by a generalized wasting syn- 
drome characterized by failure of body growth and early 
mortality®-*. 

The immunological deficit and growth’ failure of 
neonatally thymectomized mice may be prevented by 
several procedures performed within the first three weeks 
of life. These procedures are grafting of new-born or adult 
syngeneic or allogeneic’ thymus‘ ’°, intraperitoneal im- 
plantation of ‘Millipore’ chambers containing thymic 
tissue11-12, injection of adult syngeneic spleen or lymph- 
node cells}, 13, and the administration of thymocytes from 
new-born or adult, syngeneic or allogeneic donors". 
Dalmasso 2} al.1° also reported that wasting could be 
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Fig. 1. Body-weight curves for neonatally thymectomized C3H mice 


which were untreated. The curves are adjusted so that day 0 represents 
the day on which maximum body-weight was attained, These mice were 
32-45 days old when they attained their maximum body-weight 


averted by the injection of a suspension of adult syngeneic 
spleen or thymus cells into 40-day-old neonatally thym- 
ectomized mice. Although-these investigations have firmly 
established that wasting produced by neonatal thym- 
ectomy can be prevented, reversal of the wasting process 
once it has become established has not been reported. 
The present investigation was designed to ascertain 
whether or not wasting disease could be reversed after it 
had become clinically evident. Experiments in this 
direction are of particular interest since at least two 
diseases of man, an ataxia-telangiectasia syndrome! and 
agammaglobulinemia of the Swiss type'*, involve the 
triad of deficient body growth, immunological impairment, 
and failure of normal thymic development??-+®. 

Mice of the C3H and A strains of both sexes were 
thymectomized within 24 h after birth by the method 
used in this laboratory’®. Body-weights of these mice 
were recorded daily. All neonatally thymectomized C3H 
and A mice used for these experiments showed regular 
weight gains for the first 4 weeks of life and reached a 
maximum body-weight when they were between 32 and 
45 days of age. Thereafter they showed the pattern of 
regular weight losses which is characteristic of neonatally 
thymectomized mice of these strains during wasting. The 
point of onset of wasting was considered to be the day 


-on which the maximum weight had been attained. 


Various treatments wore instituted 5-9 days after the 
onset of wasting when the thymectomized mice had lost 
8-16 per cent of their body-weight. At the time of treat- 
ment recipient mice were 37-50 days of age. Groups of 
wasting thymectomized C3H mice were treated with 200 
million spleen or thymus cells from 2-month-old syngeneic 
C3H donors, or with subcutaneous thymus grafts from 
either 3-day-old or 2-month-old syngeneic donors. A 
group of wasting thymectomized A strain mice was 
treated with an injection of 200 million spleen cells 
derived from 2-month-old allogeneic C3H donors. Sus- 
pensions of cells from thymus and spleen were prepared 
in lactate-Ringer’s solution, using a loose-fitting Potter— 
Elvehjem glass homogenizer. All suspensions wore 
injected intraperitoneally within 0-5 h of preparation. 
Reversal of the wasting process was considered to be 
achieved if the treated mice showed a return to normal 
body growth and appeared clinically healthy 60 days 
after treatment. 

The immunological capacity of spleen celis from some 
of the mice which showed reversal of wasting was evaluated 
using the graft-versus-host assay of Simonsen ef al.. 
This assay measures the degree of spleen enlargement 
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induced in young Fl hybrid recipients of spleen cells 
from one of the parent strains. Each litter of 6-8 eight- 
day-old (C3H x DBA/2)F1 hybrid mice was divided into 
three groups of 2 or 3 mice each. At least 2 mics in each 
litter received an intraperitoneal injection of 30 million 
spleen cells from: (a) adult non-thymectomized C3H 
mice (positive control); (b) adult (C3H x DBA/2)F1 
hybrid mice (negative control); (c) neonatally thymectom- 
ized C3H mice which either were untreated or had received 
treatment during the wasting process. Eight days after 
cell administration the hybrids were killed, their body 
and spleen weights determined, and the relative spleen 
weight (mg spleen/10 gœ body-weight) calculated. 
Finally, the ‘spleen index’ was determined by dividing 
the mean relative spleen weight of the mice receiving 
spleen cells from treated or non-treated thymectomized 
mice by the mean relative spleen weight of the mice 
injected with (C3H x DBA/2)F1 hybrid spleen cells. 
Spleen index values greater than 1-30 are usually 
considered to indicate a significant graft-versus-host 
response*?. 

The results of these experiments are shown in Table 1. 
It is apparent that wasting due to neonatal thymectomy 
can. be reversed by the administration of syngeneic adult 
spleen cells, and less effectively by the administration of 
syngeneic adult thymocytes. The attempts to revorse 
wasting by thymus grafting were unsuccessful. Typical 
weight curves for untreated thymectomized mice and 
for thymectomized mice treated with syngeneic spleen 
cells are shown in Figs. 1 and 2. The results of the graft- 
versus-host assays demonstrate that spleen cells from 
treated mice which recovered from wasting have con- 
siderably greater immunological reactivity than spleon 
cells from untreated thymectomized mice (Table 1). 

It is concluded from these experiments that wasting 
produced by neonatal thymectomy is a reversible process. 
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Fig. 2. Body-weight curves for neonatally thymectomized C3H mice 


which received an injection of 200 million syngeneic adult spleen cells 

5-9 days after the onset of wasting (day of injection shown by dot on 

the curve). The mice were 32-45 days old when they attained their 

maximum body-weight prior to injection. Reversal of the wasting 

process, Indicated by a return to normal body growth, was achieved in 
8 of the 9 injected mice 
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Table 1. REVERSAL OF WASTING DISEASE IN NEONATALLY THYMECTOMIZED MICE 
Mice showing restoration Spleen indexes of 
i i of growth and survival graft-versus-host 
Strain of neonatally Treatment 5-9 days Donor age and strain 60 days after treatment reactivity obtained - 
thymectomized recipient after onset of wasting in (C8H x DBA/2)F1 
No. Per cent hybrids 
C3H None None 0/20 0 13 mice, all < 1:33 
C3H 200 x 10° spleen cells 2-month-old C3H 8/9 89 1:78, 2:85, 2-45* 
C3H 200 x 10° thymus cells 2-month-old C83H 3/10 30 1:84, 231, 3:28* 
C3H Thymus graft 2-month-old C3H 0/7 0 == 
C3H Thymus graft 8-day-old C3H 0/6 0 — 
A None None 0/10 0 — 
A 200 x 10° spleen cells 2-month-old C8H 0/6 0 — 











* Spleen indexes obtained from three mice showing reversal of wasting. 


at least within the period of 5-9 days after rogular weight 
losses have become evident. Reversal of wasting obtained 
with either syngeneic spleen or thymus cells is associated 
with an increase of immunological reactivity in the 
graft-versus-host assay. In this connexion, East et al.*4 
have described a pathogenic hepatotrophic virus present 
in some mice thymectomized at birth, which apparently 
does not appear in non-thymectomized or sham-thym- 
ectomized mice. It may be postulated that such infections 
are present in thymectomized mice and rasult in the 
general dobilitation which is recognized clinically as 
wasting disease. If so, then the demonstrated reversal of 
wasting may reflect an increased immunological ability to 
cope with these infections conferred by the injected 
immunologically competent spleen or thymus cells. It is 
also interesting to point out that, if DeVries eż al.?? are 
correct in their concept that wasting iù neonatally thym- 
ectomized mice is a consequence of an ‘autoimmune’ 
process, then this process is also reversible by supplying 
cells with immunological potential. The failure to reverse 
wasting disease with allogeneic adult spleen cells is prob- 
ably-a consequence of homologous disease produced in the 
thymectomized recipient mice by the injection of im- 
munological active cells capable of rejecting recipient 
tissues*®. Experiments are in progress in an attempt to 
provide a definitive explanation of the failure of thymus 
grafts to reverse the wasting process. 

This work was supported by grants from the American 
Cancer Society, the National Foundation, the U.S. Public 
Health Service (7#-02085, C-3511, 5T1-HE-5462) and 
the American Heart Association. 
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NUCLEOTIDES AND ADENOSINE MONOPHOSPHATE DEAMINASE ACTIVITY 
OF MUSCLE IN PRIMARY HYPOKALAMIC PERIODIC PARALYSIS 


By Dr. ANDREW G. ENGEL*, Dr. CLARENCE S. POTTER and Dr. JOHN W. ROSEVEAR 


Mayo Clinic and Mayo Foundation, Rochester, Minnesota 


REVIOUS investigations)? have raised the possibility 
that a reduction in concentration of high-energy 
phosphate compounds could occur in skeletal muscle 
during attacks of primary hypokalemic periodic paralysis. 
To investigate this possibility further, samples of muscle 
were obtained from a 22-year-old man who had had 
recurrent attacks of primary hypokalemic periodic paraly- 
sis since the age of 12 years. During attacks, which were 
induced readily by loading with sodium or carbohydrate 
or by rest after exercise, the serum potassium concentra- 
tion decreased to as low as 2-2 m.equiv./l. Epinephrine 
administered intra-arterially caused rapid paralysis of 
the perfused forearm muscles. A standard work load 
induced a greater increase in lactic and pyruvic acids in 
venous blood than was noted in normal subjects*. The 
family history of this patient was negative for periodic 


* Recipient of a special fellowship (BT 722) from the National Institute of 
Neurological Diseases and Blindness, U.S. Public Health Service. 


paralysis. Other causes of sporadic hypokalemic periodic 
paralysis—primary hyperaldosteronism, renal or gastro- 
intestinal potassium wastage, and hyperthyroidism—were 
excluded by the appropriate tests. 

The investigations which form the basis of this com- 
munication are listed in Table 1. Samples of muscle for 
chromatography of nucleotides were obtained from the 
patient five times (three times when he was paralysed 
and twice when he was in the non-paralysed state) and 
from the paraspinal or hip-girdle muscles of four control 
patients who were undergoing orthopedic procedures. 
The samples which were to be used for chromatography 
were frozen in liquid nitrogen immediately after removal, 
pulverized under liquid nitrogen, and then extracted with 
perchloric acid by the method of Hurlbert et al.*. The 
extracts were chromatographed according to the method 
of Hurlbert et al.8. A monitor record of the absorption 
at 265 mu of the column eluate was produced by & strip- 
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chart recorder. The absorption peaks of the monitor 
records were identified by their position in relation to that 
of known compounds and by the ultra-violet absorption 
spectra of the pooled fractions corresponding to each 
~ peak. i 


Tabie 1. LIST OF INVESTIGATIONS PERFORMED 
Date Muscle; status Serum K Work on biopsy 
(m.equiv./1.) 
3/8/62 L. vastus medialis; 2-45 Chromatography 
no motion 
7/6/63 L. vastus lateralis; 25 Chromatography; AMP deaminase; 
no motion enzymatic assay of adenine 
nucleotides 
7/6/63 L. paraspinal; 25 Chromatography; AMP deaminase; 
no motion enzymatic assay of adenine 
nucleotides 
7/16/63 R. gluteus max.; 58 Chromatography; AMP deaminase; 
no paresis enzymatic assay of adenine 
. nucleotides 
7/16/63 R. peroneus brevis; 58 MP deaminase 
no paresis 
7/16/63 R. paraspinal; 58 Chromatography; AMP deaminase 


no paresis 


The quantities of ATP, ADP, AMP and NAD * recovered 
from the first sample taken during. paralysis and from three 
of the control samples were estimated from the molar 
absorbancy coefficients of these compounds‘ and were 
about the same in all four samples (Table 2). In addition, 
in a subsequent series, no appreciable differences were 
found by this method between the amounts of ATP, 
ADP, AMP and NAD recovered from two paralytic and 
one non-paralytic sample from the patient (Table 3). 
Microenzymatic assays, by the method of Munch-Petersen 
‘and Kalckar5, of ATP, ADP and AMP were performed on 
aliquots of the perchloric acid extracts. Although by 
this method a larger amount of ATP was found in the 
extracts than could be recovered after chromatography, 
there again was no appreciable difference between the 
amounts of ATP or ADP present in the patient’s paralytic 
and non-psralytic samples (Table 4). : 


Table 2. CHROMATOGRAPHIC RECOVERIES OF NUCLEOTIDES 
Recoveries, ymoles/g wet wt. 
Nucleotide Paralytic Control Control Control 
(L. vastus med.) 1 2 3 
ATP 2-53 212 1-23 1-68 
ADP 0-38 0-48 0-39 0-59 
AMP 0-03 0-03 0-02 0-06 
NAD O1L 0-16 0-14 015 
Table 3. CHROMATOGRAPHIC RECOVERIES OF NUCLEOTIDES FROM THREE 


SAMPLES OF PATIENT’S MUSCLE 
Recoveries, pmoles/g wet wt. 


Nucleotide Paralytic aralytic Non-paralytic 
CL. vastus lat.) (L. paraspinal) (R. gluteus max.) 
ATP 1-80 2-20 2-16 
ADP 0:38 0-41 0:54 
AMP 0-02 0-02 0-06 
NAD 0-16 OIL O14 


Yable 4, MICROBNZYMATIC ASSAY OF ADENINE NUCLEOTIDES FROM THREE 
SAMPLES OF PATIENT’S MUSCLE i 


Recoveries * - 
Nucleotide Paralytic Paralytic Non-paralytic 
{L. vastus lat.) (L. paraspinal) (R. gluteus max.) 
ATP 8°78 (0:22) 3:32 (0-18) 3-76 (0°15) 
ADP - 0-43 0-31 
AMP — 0-01 kE 


* Unbracketed values are umoles per wet weight; values in paren- 
theses are zmoles/mg non-collagen nitrogen, 


Of special interest was the difference noted in the 
monitor records of column eluates during chromatography 
of extracts prepared from muscle obtained from the 
patient in the paralysed state compared with those of 
muscle from the patient in the non-paralysed state and 
from normal subjects. Three monitor records representing 
the paralysed state lacked a small peak that was present 
in the records representing four normal controls as well 
as in two records representing the patient in the non- 
paralysed state. Evidence that this peak was due to 
IMP was obtained from its position on the monitor record, 
its wave-length of maximal ultra-violet absorption, its 
ratios of absorption at 250 mu to that at 260 my and at 
280 my to that at 260 my, and its paper chromatographic 


* Abbreviations used in this communication are: ATP=adenosine 

triphosphate; ADP=adenosine diphosphate; AMP=adenosine mono- 
phosphate; NAD=nicotinamide-adenine dinucleotide (DPN); IMR= 
™mosine monophosphate; ITP =inosine triphosphate. 


NATURE 


671 


characteristics compared with the authentic compound 
in two different solvent systems. 

The chromatographic démonstration of IMP in muscle 
extracts had been related by Ronzoni et al.* to injury of the 
tissue by cutting, freezing and thawing. Because all 
the samples in the work recorded here were subjected to 
these injuries, a factor other than the mode of handling 
of the tissue was presumed to account for the failure to 
recover IMP from the paralytic samples. 

Since IMP is formed in muscle by the action of AMP- 
deaminase on AMP’, the activity of this enzyme was 
assayed (Pennington’s method’) in two paralytic and three 
non-paralytic samples from the patient and in five control 
samples. Activity of AMP-deaminase was definitoly less 
than normal in all five samples from the patient, regardless 
of whether he was paralysed or not (Table 5), The differ- 
ence is significant below the 1 per cent level. When the 
concentration of the extract from the patient’s muselo 
was increased from 1 : 500 to 1 : 20 in the final reaction 
mixture, enzyme activity decreased further, as expected 
from Conway and Cooke’s® investigations of this enzyme 
in muscle. Mixing the extract of the patient’s muscle 
(at 1 : 300) with an extract from a control muscle (at 
1 : 500) produced a summation of the separate activities, 
indicating the absence of a significant level of enzyme 
inhibitor in dilute extracts of the patient’s muscle. 


Table 5. AMP-DEAMINASE ACTIVITY* IN MUSCLE 


Control Patient 
Sartorius 78-4 Vastus lat., paralysed 14 
Gluteus med. 98-0 Paraspinal, paralysed 4:2 
Gluteus max. 107-0 Peroneus brev., non-paralysed 93 
Vastus lat. 44-4 Gluteus max., non-paralysed 2-3 
Gastroenemius 43-5 - Paraspinal, non-paralysed p? 
Mean 74:3 Mean tô 


* Activity expressed as «moles of ammonia formed per mg of non- 
collagen nitrogen per 10 min at 37° ©, 

The possibility that AMP-deaminase was complotely 
absent from the patient’s muscle and that the low activity 
encountered could be attributed to erythrocytes included 
in the sample, or that the patient’s muscle fibres contained 
normal amounts of an isoenzyme similar to that of erythro- 
cytes, was excluded by increasing the concentration of 
the substrate, AMP, from 5 to 50 umoles/ml. of the final 
reaction mixture. This did not increase enzyme activity’. 
That the erythrocytes did not share the enzyme defect 
with muscle was shown by assay of AMP-deaminaso (by 
the method of Conway and Cooke?) in erythrocytes from 
the patient and from four healthy persons. Activities 
of 18-4 pmoles of ammonia per ml. of erythrocytes per 
10 min at 30° C were found for the patient and 12:9 
(10-0-17-1) for the healthy controls. 

A decrease in AMP-deaminase activity has been 
reported®-!° in muscles of mice with hereditary muscular 
dystrophy and of patients with the Duchenne typo of 
muscular dystrophy. The latter also show a decrease in 
the activities of glycolytic enzymes". The mean AMP- 
deaminase activity in the muscles of our patient with 
periodic paralysis was lower than that reported by 
Pennington” as the mean activity in the muscles of five 
different dystrophic patients, and the activities of phos- 
phorylase and phosphoglucomutase were in the normal 
range in our patient with periodic paralysis'*, The normal 
activities of these two glycolytic enzymes and the remit- 
tent nature of the patient’s weakness militate against the 
possibility that he might have two primary diseases, 
namely, muscilar dystrophy and periodic paralysis. 
However, the selective diminution of AMP-deaminase 
activity cannot be equated to the metabolic fault that 
causes known types of periodic paralysis since thero was 
no significant difference between the activity of this 
enzyme in the samples of muscle from three other patients 
with primary periodic paralysis, of which two were hypo- 
kalemic and one normokalemic in type, and those from 
five control subjects. 

Although AMP-deaminase is present in skeletal muscle 
in high concentration and is known to be associated with 
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the microsomal (sarcotubular) fraction'’, its physiological 
function in muscle remains obscure. However, since a 
system exists in skeletal muscle for the re-amination of 
IMP to AMP in the presence of ATP? 4, a, possible physio- 
logical function of AMP-deaminase could be to maintain 
low concentrations of AMP in muscle. This would be 
advantageous i in re-synthesis of ATP by adenylate kinase 
since IMP does not have the inhibitory effect on adenylate 
kinase that AMP has. In liver, IMP also could function 
ag a precursor to ITP; ITP, in turn, functions as a coen- 
zyme to phosphopyruvate carboxylase which converts 
oxalacetate to phospho-enol-pyruvate. The latter 
reaction has been shown to be significant in glycogen 
synthesis, via the dicarboxylic acid shuttle, in liver but 
not in muscle!17, 

It is possible that the decreased AMP-deaminase activity 
in the patient’s muscle was the result of repeated severe 
paralytic attacks which may have dilated and disrupted 
the sarcotubular system!*. The alternate possibility, 
that a moiety of hypokalemic periodic paralysis exists 
which is conditioned by a defect in AMP-deaminase in 
muscle, can be looked on only as speculative. No simple 
explanation is seen at present to relate the AMP-deaminase 
deficiency, the patient’s weakness, and a possible abnormal- 
ity of carbohydrate metabolism in primary hypokalemic 
periodie paralysis. On the other hand, the physiological 
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function of AMP-deaminase in musele, and the possibility 
that a defect in this enzyme might contribute to the patho- 
genesis of paralytic attacks, merit further investigation. 
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INTRACELLULAR LOCALIZATION OF FOUR DEHYDROGENASES IN 
HUMAN SKIN FIBROBLASTS IN TISSUE CULTURE 


By R. G. SPECTOR, D. E. MUTTON and J. L. HAMERTON 
Pediatric Research Unit, Guy’s Hospital Medical School, London, S.E. 


HE use of tetrazolium compounds in histochemical 

reactions has greatly facilitated the accurate local- 
ization of dehydrogenase enzymes in intact cells? In 
the liver, Plaut and Sung found NAD (nicotinamide 
adenine dinucleotide) specific isocitric dehydrogenase in 
mitochondria. In the same tissue, the NADP (NAD- 
phosphate)-lnked dehydrogenase has also been shown 
to be essentially mitochondrial in origin’. In the placenta, 
however, Villee’ has demonstrated NAD-dependent 
isocitric dehydrogenase both in the mitochondrial and 
in the non-particulate fraction. 

In the present work, an investigation had been made of 
the distribution of the two varieties of isocitric dehydro- 
genase in human fibroblasts compared with that of an 
NAD-dependent enzyme, «-glycerophosphate dehydro- 
genase, and of succinic dehydrogenase which acts inde- 
pendently of co-enzymes. 

The fibroblasts were derived from forearm skin biopsies 
taken from karyotypically normal female volunteers and 
cultured im vitro’. Flasks with confluent sheets of cells 
were trypsinized and the cells suspended in approximately 
1 ml. of growth medium. Single drops of this suspension 
were placed on coverslips in roller tubes and incubated 
at 37°C. After 1-5 h, 2 ml. of medium woro added to each 
tube and the tubes incubated in roller drums for periods 
of 2-5 days before processing. 

The coverslips were then washed twice with Hanks’s 
solution at pH 7 and immersed in the following incubation 
mixtures for 2-5 h at 37° C: 

(A) Succinic dehydrogenase: Hanks’s solution, 0-75 ml.; 
0-5 M sodium succinate, 0-25 ml.; 0-04 M sodium cyanide, 
0:25 mol.; nitro-blue tetrazolium, 2:0 mg. 

(B) «-Glycerophosphate dehydrogenase: Hanks’s solu- 
tion, 0:75 ml.; 0-5 M sodium a-glycerophosphate, 0-25 ml.; 
0-04. sodium cyanide, 0-25 ml.; nitro-blue tetrazolium, 2-0 
mg; NAD, 1-0 mg. 


(C) Isocitric dehydrogenase: Hanks’s solution, 0-75 ml.; 
0-5 M sodium isocitrate, 0-25 ml.; 0-04 sodium cyanide, 
0-25 ml. ; nitro-blue tetrazolium, 2-0 mg. To this mixture 
either 1-0 mg of NAD was added in order to demonstrate 
the NAD-dependent enzyme, or 1:0 mg of NADP was 
added to demonstrate the NADP-dependent enzyme. 

For comparative studies, replicate series of coverslips 
were processed simultaneously. 

Enzyme activity, due to succinic, «-glycerophosphate, 
NAD- and NADP-dependent isocitric dehydrogenases, was, 
present in the cytoplasm of the fibroblasts but little 
or no activity was detected in the nuclei. 

Succinic dehydrogenase (Fig. 4) was present in granules 
throughout the cytoplasm and cell processes, and beyond 
this showed no intracellular localization. The appearances 
were consistent with an intra-mitochondrial reaction. 

NAD-dependent isocitric dehydrogenase (Fig. 2) showed 
a very similar distribution to that of succinic dehydro- 
genase. The NADP-dependent enzyme (Fig. 3), however, 
showed high activity in a ring of particles surrounding 
but not in contact with the nucleus. In addition to these 
large prominent granules, less strongly reacting particles 
were present in all areas of the cytoplasm including the 
cell processes. 

a-Glycerophosphate dehydrogenase (Fig. 1) showed a 
different reaction pattern, the enzyme being concentrated 
on the nuclear membrane which in some cases itself 
reacted strongly, forming a ring around the central pale 
area of the nucleus as well as being present in particles in 
all regions of the cytoplasm. This characteristic appear- 
ance was rarely seen with the other enzymes investigated. 

In all the coverslips examined some cells were present 
which, in addition to granular enzyme activity, showed a 
uniform or finely particulate reaction over the entire 
cytoplasm; such cells lying adjacent to cells with the 
more uniform types of ‘background’ staining and thus 


no.49a3 May 16, 1964 NATURE 673 


jee pent A 





Fig. 1. a-Glycerophosphate staining showing random distribution of 

cytoplasmic granules and positive reaction of the nuclear membrane. 

The positively staining granules appearing inside the nucleus are actually 
in the overlying cytoplasm ( x 4,000) 





Fig. 2. Cell stained for NAD-dependent isoctric dehydrogenase. The 
positively reacting granules are distributed throughout the cytoplasm. 
The nucleus and nuclear membrane are unstained (x 2,500) 





h AANE: MEN 
Fig. 3. NADP-dependent isocitric dehydrogenase showing ring-like 
arrangement and absence of staining of the nuclear membrane ( x 2,500) 





Fig. 4. Succinic dehydrogenase showing cytoplasmic granules in 
addition to background activity in the form of fine particles. Sume of 
the latter are arranged in small vesicles ( x 4,000) 
eliminating the possibility that these colls resulted froin 
technical artefacts. Nevertheless, diffusion through the 
mitochondrial membrane could cause this appearance 
although it is difficult to explain why neighbouring cells 

reacted in different ways. 

These observations show that a-glycorophosphate. 
succinic and isocitrie dehydrogenases aro predominantly 
cytoplasmic enzymes having distributions consistent with 
mitochondrial association. The most characteristic mito- 
chondrial enzyme of these is succinic dehydrogenase’. 
The other enzymes examined, however. do not have an 
identical pattern. In many cells the NADP-dependont 
isocitrice dehydrogenase shows maximum activity in 
particles forming a ring around the nucleus (but with 
little contact with the nuclear membrane), while «-glycoro- 
phosphate dehydrogenase activity appears to be presont 
in particles making contact with the nuclear membrane in 
addition to other regions in the cytoplasm. If all these 
granular reactions indicate mitochondrial activity. then 
these results suggest a heterogeneity of mitochondrial 
function in the same cell typo. It has been shown pre- 
viously® that succinic dehydrogenase and NAIH-dia- 
phorase are present in different mitochondria of tho same 
coll. 

Frederic and Chevremont? have described rhythmical 
movement of mitochondria towards the nucleus in Irving 
fibroblasts and mitochondrial contact with the nuclear 
membrane at a time when nucleolar material was migrating 
to the cytoplasm. This type of intracellular relationship 
could explain the positive reaction of the nuclear mem- 
brane for «-glycerophosphate dehydrogenase in somo of 
the cells examined, but this appearance was not usually 
seen with the other dehydrogenases and it is possible 
that the nuclear membrane itself exhibits specific onzymo 
activity or that the mitochondria which come in the most 
intimate contact with the nucleus are those containing 
a-glycerophosphate dehydrogenase. 

Both NAD- and NADP-dependent isocitrie dehy dro- 
genases are present in cytoplasmic particles (probably 
mitochondria), their distribution being similar to that 
found in liver cells+5. No explanation of the perinucloar 
ring of particles with NADP-dependent enzyme activity 
can be offered. 

The oxtra-particulate background reaction which somo 
cells exhibit with all the enzymes tested could result from 
mitochondrial disruption®. In the present work, however, 
living fibroblasts were used and adjacent cells often showed 
purely particulate staining. It is therefore possible that 
extra-mitochondrial parts of the cytoplasm contain 
dehydrogenase activity, although the possibility of 
artefact cannot be ruled out. 

At present work is in progress on the distribution of 
the above enzymes in the cytoplasm during tho different 
stages of the cell cycle. Tho influence of using fixatives 
and different tetrazolium salts on these appearances is 
also being investigated. 
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SEROLOGICAL RELATIONSHIPS AMONG POLYHEDRAL PLANT VIRUSES 
AND PRODUCTION OF HIGH-TITRED ANTISERA 


By HARI AGRAWAL 
Department of Virology, State Agricultural University, Wageningen 
AND 
D. Z. MAAT 
Institute of Phytopathological Research, Wageningen, The Netherlands 


EROLOGICAL relationships among elongated plant 

viruses showing some similarities in their morphology 
and other characteristics have been reported earlier by 
several workers'-*, To reveal such distant serological 
relationships it was found necessary to obtain sera of 
high titrest*. (Apparently, there is some confusion in 
the use of this term. According to Carpenter, the titre 
of an antiserum is the reciprocal of the last dilution 
showing definite reaction with the appropriate antigen. 
Agreeing with this definition, we have used the term 
accordingly.) 

Sera of high titres for polyhedral (so-called spherical) 
plant viruses, and serologically related groups among 
these viruses, have not yet been reported, although a 
similar approach was made by MacLeod and Markham”. 
They reported a serological relationship between turnip 
yellow mosaic and wild cucumber mosaic viruses. In the 
absence of proper controls in these tests, Van Regenmortel!* 
pointed out that this reaction was only due to cross- 
reacting plant antigens. 

In the work recorded here with five isolates of cowpea 
mosaic virus (CPMV) antisera obtained gave titres of 
8,192-32,768 in Ouchterlony agar-gel diffusion tests. A 
detailed identification and characterization of the cowpea 
mosaic virus and the five isolates used in the present 
investigations were made by Agrawal'’. The viruses were 
purified by a modification of the chloroform—butanol 
procedure. The details of this procedure have been 
described earlier!*. The red clover mottle virus (RCMV) 
used was a Dutch isolate, closely related to the red 
clover mottle virus described by Sinha!®*. The ROMY was 
purified by a slightly different procedure than the CPMV, 
using phosphate-citric acid buffer pH 7-0 for homogenizing 
the leaf material, followed by adjustment of the pH to 
4-0 and subsequent low- and high-speed centrifugation. 
This procedure apparently gave better preparations. 
A purified sample of turnip yellow mosaic virus (TYMYV) 
was kindly supplied by the Department of Biochemistry, 
State University, Leyden. Since bean pod mottle virus 
(BPMV) has not been reported so far from the Netherlands 
and we did not wish to import a new virus here, antisera 
for this virus were kindly supplied by Dr. J. B. Bancroft, 
Lafayette, Indiana, and by Dr. H. A. Scott, Beltsville, 
Maryland. 

Purified virus solutions at a concentration of about 
10 mg/ml. were used as antigen to inject the rabbits. 
Rabbits previously bled for normal serum were given 2 
intramuscular injections of 2 ml. each (containing equal 
quantity of Freund’s incomplete adjuvant), one in each 
of the hind legs. This was followed after 4 weeks by an 
intravenous injection of 1 ml. virus in the lateral ear 


vein. After 2 weeks, the rabbits were injected again 
intramuscularly with 2 ml. virus mixed with an equal 
quantity of the adjuvant. Finally, 3 weeks later, the 
rabbits were bled and antiserum obtained. These antisera 
had titres as high as 8,192-32,768, unknown so far, for 
polyhedral plant viruses. In some cases, the titre was 
somewhat lower and could be raised by an additional 
intravenous injection of 1 ml. virus. The differences in 
the titre of the antisera of the different CPMV isolates 
with the homologous antigen, utilizing the same immun- 
ization schedule, are presumably due to individual re- 
sponse of the rabbits. 

All tests were made in agar-gel diffusion, using merthio- 
late as a preservative at a concentration of 0-005 per cent. 
The addition of merthiolate did not interfere with the 
tests and the Petri dishes were kept for several days at 
room temperature before final observations were recorded. 
Undiluted crude sap from infected plants was used as 
antigen for the tests. Similar sap from healthy plants 
served as control. In some tests, centrifuged sap or 
purified viruses were also used as antigen. There was 
essentially no difference in the results except sometimes 
the precipitin lines were clearer with the purified virus 
than the crude sap. This was due to the different antigen— 
antibody ratio in the two cases, since this ratio is known 
to affect the position and stability of the band!®. The 
results of the tests are summarized in Table 1. It can be 
seen from the table that the CPMV isolates, Vu, Vs and 
Trinidad, are very closely related or are identical. 
Similarly, the Sb and Nigerian isolates show close relation- 
ship with each other. All these isolates in turn are related 
to each other and show close resemblances in their 
biological, physical and chemical properties as shown 
by Agrawal, who classified them into 2 strains. The 
isolates Vu, Vs and Trinidad constituted the severe 
strain designated as the S strain, and the Nigerian 
and Sb isolates constituted the yellow mosaic strain 
designated as the Y strain. This suggested classification 
was, however, made using sera having low titres (1,024). 
By means of the high-titred sera used in the present 
tests this relationship can be seen very clearly. It 
was further confirmed by placing the different antigens 
surrounding the same antiserum well (Fig. 1). The 
precipitin bands from the Vu, Vs and Trinidad isolates 
coalesced on one hand, while those due to the Sb and 
Nigerian isolates coalesced on the other. 

The convergence of the adjacent bands in the Ouchter- 
lony test indicates serological identity while the formation 
of spurs indicates a serological relationship but not 
identity”. It can be concluded from the tests indicated 
above that the five cowpea mosaic virus isolates possess 
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Table 1. SEROLOGICAL RELATIONSHIPS ANONG ISOLATES OF COWPEA Mosaio VIRUS (CPMV), RED CLOVER MOTTLE Virus (RCMV) AND BEAN Pop MOTTLE 
Virus (BPMV), AS DETERMINED BY THE OUCHTERLONY AGAR-GEL DIFFUSION TECHNIQUE 

















i * | 3 J 
Ce ec Atera t : Bancroft’s Scott's ' Normal 

Antigent Vs l Vu Trinidad Nigerian Sb RCMV BPMV BPMV serum | 
Cowpea mosaic virus, | ! | 

Vs isolate 8,192 8,192 8,192 128 64 2 — fs 4 — ! 
Vu isolate 16,384 8,192 16,384 256 ! 64 4 — P 16 ~- 
Trinidad isolate 16,384 8,192 16,384 128 64 18 — . 16 -- 
Nigerian isolate 16 4 128 32,768 2,048 — — 0 
Sb isolate 16 2 128 16,384 2,048 — — | 0 à 
ROMV 2 0 2 — — 256 — 0 yi 
Turnip yellow mosaic i 

virus (TYMV) _ _ _ — — — l — z 

Sap from healthy plants . — — — — — — — ' — 














* Tho numbers in the columns represent the reciprocal of the highest dilution of the respective antiserum which reacted with the indicated antigen. 


+ All the antigens were used in the form of undiluted 
experiments. There were no differences in the titres in the two cases. 
0 = undiluted antiserum; — = no reaction. 


common. structural groupings. The presence of the spur 
as seen in the figure indicated that the two groups repre- 
senting the 2 strains possessed some antigenic structures 
not shared by the two. The pattern was exactly similar 
as shown in Fig. 1 when the central well contained anti- 
serum against Vs, Vu or Trinidad isolate. The position of 
the spur corresponded accordingly when the central well 
contained antiserum against Sb or Nigerian isolate, indicat- 
ing again that these two isolates had some antigenic groups 
not present in the isolates belonging to the S strain. 

Of interest is the distant serological relationship between 
the cowpea mosaic virus isolates, bean pod mottle virus 
and the red clover mottle virus (Table 1). The RCMV 
antiserum was made by a slightly different immunization 
procedure than the CPMV, and was found to have a 
titre of 2,048 in micro-precipitin tests earlier. The low 
homologous titre of 256 with this antiserum in the present 
tests was probably due to the low antigen concentration. 
Shepherd}* found a serological relationship between a 
cowpea mosaic virus isolated from Arkansas, bean pod 
mottle virus, and the Trinidad and Nigerian isolates. 
All these isolates in his tests (Shepherd, personal com- 
munication, 1963) also reacted with the antiserum made 
against the Vu isolate. Table 1 also indicates the possible 
existence of strains of the bean pod mottle virus, since no 
reaction was obtained against Bancroft’s pod mottle virus 
antiserum, while the antiserum from Scott gave a reaction. 
Tests were made to ascertain the negative results with 
varying concentrations of antigen and antibody. It is 
possible that the two virus isolates, namely, Bancroft’s 


HO \ OA 


o \S 
F 


Q 
© 9 


Fig. 1. Ouchterlony agar-gel diffusion plate showing relationship among 
the five cowpea mosaic virus (CPMV) isolates. The surrounding wells 
contained antigens: (A) Vs isolate; (B) Vu isolate; (C) Trinidad 
isolate; (D) Sb isolate; (E) Nigerian isolate; (H) contained sap from 
healthy. plant. The central well (F) contained antiserum against Vs 
isolate. Convergence of adjacent precipitin bands indicates that the 
viruses in adjacent wells are serologically identical. Spur formation 
suggests that the viruses are serologically related but not identical 


erude sap from infected plants, and in purified form (approximately 5 mg/ml.) in separate 


isolate and Scott’s isolate, possess some antigenic differ- 
ences, which are common with some of the cowpea mosaic 
virus isolates. However, it is not possible to decide any 
such strain differences on the basis of the present tests, 
since we did not have these virus isolates. The negative 
reaction with Bancroft’s BPMV antiserum could also be 
very well due to differences between the two antisera, 
namely, Bancroft’s and Scott’s. Bercks® found that the 
number and extent of heterologous reactions depend 
considerably on the homologous serum titre. Strong 
individual differences were also found to exist between sera 
of the same homologous titre, suggesting that it is neces- 
sary to use several antisera prepared against the same 
virus with titres as high as possible, to prove distant 
relationships. 

The cowpea mosaic virus isolates are reported to be 
naturally transmitted by beetle speciest*. No such vector 
or method of natural transmission is known for tho red 
clover mottle or bean pod mottle viruses. It is possible, 
in the presence of a serological relationship, that theso 
viruses are also transmitted by beetles. 

Thus we have been able to demonstrate a distant 
serological relationship among several polyhedral plant 
viruses, and future work with similar antisera of high 
titre for other polyhedral viruses should reveal more 
precisely such serological relationships, thus aiding in tho 
identification and classification of viruses. 

We thank Prof. J. P. H. van der Want for his advice. 
This work was supported in part by a fellowship award to 
one of us (H. A.) from the International Agricultural 
Centre, Wageningen. 

Note added in proof. While this paper was in the press, 
reports of beetle transmission of the bean pod mottle virus 
(BPMV) in soybeans and beans by Ross (Plant Dis. 
Repir., 47, 1049; 1963) and by Walters (Phytopathology, 
54, 240; 1964), respectively, have appeared. 

Recently, Bancroft (personal communication) obtained 
a positive reaction with his BPMV and our antisera pre- 
pared against the Vu and Sb isolates of cowpea mosaic 
virus. 
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SELECTION AGAINST THE Rh-NEGATIVE GENE BY MALARIA 
By JOHN G. GORMAN 


Department of Laboratories, Lenox Hill Hospital, New York 


HE frequency of the Rh-negative gene varies greatly 

from one population to another. It will be reasoned 
here that malaria and perhaps other tropical infections 
may be the selecting factors which account for this vari- 
able geographical Rh-negative gene distribution. The 
argument to be presented depends on the fusion of con- 
cepts generated by two entirely different lines of en- 
deavour which I have been engaged in recently. 

The first concept necessary to the present argument 
arose during an experimental programme undertaken to 
sensitize Rh-negative volunteers at Sing Sing prison to 
the Rh factor and while making a review of the factors 
involved in maternal sensitization to Rht. Only 10 per 
cent of Rh-negative mothers who have Rh-positive child- 
ren become sensitized to Rh, despite the fact that Rh- 
positive cells can be found in the maternal circulation in 
50 per cent of pregnancies*. It seemed likely that there is 
considerable constitutional variation in ability to respond 
to an antigenic stimulus and that this may be an important 
factor determining whether sensitization to the Rh anti- 
gen, or to any other antigen for that matter, occurs or 
not. The concept that within a population some indivi- 
duals are constitutionally better antibody formers is not 
new. Rejholec® measured and graded the antibody titres 
of 998 schoolboys immunized with Brucella vaccine. He 
then observed the entire group clinically for 9 months. 
Twelve cases of rheumatic fever developed during this 
period, all occurring in the top antibody producers, none 
_ occurring in poor antibody producers. Ten of the twelve 
eases were from the top 14-2 per cent of the group. This 
suggests that good antibody formers are constitutionally 
different from poor antibody formers as shown by their 
different susceptibility to rheumatic fever. Since superior 
antibody formers would more easily become sensitized to 
Rh and would tend to produce higher levels of antibody 
it follows that erythroblastosis would be more intense in 
such a group. 

The second concept, that peoples subject to a heavily 
malarious environment may be superior antibody formers, 
arose from the following considerations. During a recent 
field trip to New Guinoa‘, it was brought home to me that 
populations living in tropical areas are subject in their 
everyday life to a much higher load of infection than 
populations in non-tropical or colder climates. In parts 
of coastal New Guinea we noted a spleen rate of more than 
90 per cent and the average spleen edge was felt at the 
level of the umbilicus. Splenic enlargement itself appears 
to be due chiefly to malaria, as shown by the low spleen 
rate we found in those areas where malaria is controlled 
by spraying or drugs. Hookworm, neonatal tetanus, 
kala-azar and an array of viral and rickettsial diseases 
are also prevalent and cause enormous mortality. Malaria 
is only part, but probably an important part, of the 
antigenic load. From the evidence in New Guinea it is 
very difficult to disentangle malaria from those other 
factors which total the antigenic load. However, an 
investigation is planned to elucidate the importance of 
other factors responsible for hyperglobulinemia in New 
Guinea. During the long period in evolutionary time that 
such conditions have prevailed in the tropics there may 
have been a selection for individuals with the ability to 
make an excellent immune response with a coincident 
elimination of poor antibody formers from the population. 
A good immunity mechanism no doubt has considerable 
survival value in a malarious or in a tropical environment. 


The fact that we found that New Guinea peoples have 
very high y-globulin-levels® is one objective indicator that 
they are good antibody formers. We considered such high 
y-globulin-levels were due to the high antigenic load and 
not to liver damage secondary to protein malnutrition. 
That they are also partly constitutional and not just 
environmental is suggested by the fact that levels remain 
elevated although somewhat lower in New Guinea peoples 
when they move to or grow up-in situations of lower 
infectious load’, and even after several generations as 
illustrated by the high normal y-globulin-levels of Negroes 
in the United States*. 

By fusing the concepts that individuals can be separ- 
ated into better and poorer antibody formers, that erythro- 
blastosis would be more prevalent and more intense in 
good antibody formers and that malarious and tropical 
environments have selected for good antibody formers, it 
follows that erythroblastosis has been more intense in 
peoples from, these areas. Since erythroblastosis selec- 
tively eliminates Rh-negative genes from a population 
in which the Rh-negative gene frequency is less than 
0-50 (ref. 7) a more rapid loss of Rh-negative genes would 
be expected to have occurred in tropical than in northern 
peoples. The theory therefore predicts that lower 
frequencies of Rh-negative genes would be observed in 
malarious and tropical areas of the world. 

How does this apparently reasonable theory stand up 
when tested on Rh blood group frequency data recorded in 
Mourant’s book The Distribution of the Human Blood 
Groups 78. 
the Rh-negative gene in various peoples of the world. 
In general it is a common gene in northern peoples, less 
common. in Mediterranean, African, Middle Eastern and 
Indian peoples, rare in oriental peoples and absent from 
Melanesians and the Australian Aborigines. The following 
frequencies of the r (ede) gene, quoted by Mourant, 
illustrate the world distribution: in northern Europeans 
in Europe, America and Australia the gene frequency 
varies little from 0-38, Northern Italians in Milan 0-38, 
Italians in Bari 0-32, Italians in Pavia 0-32, Sardinians 
0-22, Sicilians 0:28, Greeks 0-23, Yemenite Jews 0-28, 
Iraq Jows 0-20, Yemenite Arabs 0-12, Egyptians 0-24, 
Pakistanis 0-25, South Indians 0:24, Nigerians 0-24, 
Kenyans 0-21, Bantu 0-21, New York Negroes 0-23, 
Chinese 0-07, Japanese 0-05. Rh-negative genes are 
absent or exceedingly rare in Thais, Maoris, Malays, 
Melanesians, Polynesians, Australian Aborigines and also 
American Indians and Eskimos. 

It can be seen from these figures that if only populations 
which have a large pool of Rh-negative genes are con- 
sidered there is a remarkable geographical correlation 
between: (1) the degree of depression of the Rh-negative 
gene frequency from the European Jevel of 0-38; (2) the 
geographical incidence of one or other of the genes like 
the hemoglobin S gene which are already considered to be 
selected for by malaria’ !°; (3) the world distribution of 
malaria. The correlation of (2) and (3) is already well 
known®™ 1° and it is clear from the foregoing observations 
that (1) correlates equally well. 

It is likely that in those peoples with a zero Rh-negative 
gene frequency the absence of the Rh-negative gene is 
due to the fact that it was never present in the first place, 
rather than that it has been selected out completely by 
erythroblastosis foetalis. Such populations are therefore 
irrelevant to the theory. 


Let us look at the frequency distribution of 
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The theory can be tested more critically by examining 
certain local regions of the world where malarial endemicity 
differs considerably within relatively short geographic 
distances. Data from such areas have already provided 
powerful evidence for genetic selection by malaria®:?°, 
Several examples follow which show that identical 
arguments can be used to support the present thesis. 
The Rh-nogative gene frequency in Ashkenasi Jews, 
who have not lived in malarial environments for about 
2,000 years, is 0-34, only slightly lower than the northern 
European level. This contrasts with the markedly de- 
pressed gene frequency of 0-21 seen in Kurdish Jews, who 
are from a heavily malarious environment. Italians from 
Ravenna in the Po River valley, where malaria was 
endemic and where thalassemia reaches by far its highest 
levels in Northern Italy, have a much lower Rh-negative 
gene frequency than Italians from nearby non-malarious 
cities*. Moreover, there is good correlation betweon 
depression of Rh-negative gene frequencies and malaria 
over the remainder of Italy. It may be significant that 
Sardinia, the area of Italy with the highest malarial 
mortality, has the lowest Rh-negative gene frequency 
recorded in Italy®. Sardinia, where Rh frequencies also 
vary widely over very short distances*, as do malaria, 
thalassemia and G-6-PD deficiency®»!°, could provide a 
critical test of the theory if Rh frequencies were to be 
correlated with the other three parameters. In North 
Africa, Mourant® notes that the Berbers are a people with 
markedly higher Rh-negative gene frequencies than sur- 
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rounding peoples. The Berbers are mountain dwollers 
and therefore from anon-malarious environment. 

A rather more direct test of the theory would bo to look 
for a higher incidence of maternal sensitization to Kh in a 
sample of Rh-negative mothers from a malarious area of 
the world. 

Malaria, an extremely prevalent and lethal disease 
already considered to be an important factor affecting the 
observed world distribution of genes responsible for sicklo 
cell anemia, hemoglobin C disoase, thalassemia and 
G-6-PD-deficiency*!, may be also a major factor affccting 
world distribution of another inherited red cell character. 
the Rh factor. 

I thank Dr. C. Kidson, Dr. V. J. Freda and Dr. J. C. 
Woodrow for their advice. 

This work was supported by grant U-1477 of the Health 
Research Council of the City of New York. 
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IMMUNE TOLERANCE AND AN EXTRACELLULAR REGULATORY 
ROLE FOR BIVALENT ANTIBODY 


By Pror. HERMAN N. EISEN and Pror. FRED KARUSH 


Department of Microbiology, Washington University Schoo! of Medicine, St. Louls, Missouri, and Department of Microbiology, 
University of Pennsylvania School of Medicine, Philadelphia 


LMOST from the inception of systematic investiga- 
tion of immunological phenomena some seventy-five 
years ago, it has been recognized that there is inherent 
in the immune response an extraordinary capacity to 
discriminate between foreign and indigenous antigens. 
An individual vertebrate can ordinarily form antibodies 
to almost an unlimited number and variety of antigens 
except those which normally reside in and circulate 
through its own tissues. On a priori grounds, such 
discrimination seems necessary to avoid unfavourable 
competition between abundant self-antigens and the 
relatively small amounts of foreign antigens which 
normally serve as effective stimuli for antibody produc- 
tion. Moreover, when, in exceptional circumstances, an 
individual vertebrate does form antibodies to its own anti- 
gens the pathological consequences can range from discom- 
fiture to disaster (‘auto-immune’ states). In the evolu- 
tionary development of the immune response, therefore, 
the selective advantage conferred by this response presum- 
ably required the concomitant capacity to discriminate 
between foreign and indigenous antigens. This capacity 
was designated as ‘horror autotoxicus’ by Ehrlich and 
Morgenroth? and more recently as ‘self-tolerance’ by Bur- 
net?. It has been subjected to increasingly vigorous study 
in recent years, particularly as a consequence of the provo- 
cative observations of Owen’ and Billingham, Brent, and 
Medawar‘, who found that tolerance to genetically foreign 
cells and tissues could be induced in the new-born with 
the foreign antigens in the form of viable cells. Informa- 
tion concerning the conditions required for tolerance has, 
it seems to us, accumulated to the point where it appears 
useful to enquire if a reasonable explanation for it can be 





formulated from the known properties of antibodios, 
antigens, and their interactions. The purpose of the 
present article is to describe such a formulation. 

Formulation of the hypothesis. Although some years 
ago it appeared that establishment of tolerance in tho 
new-born to antigens in the form of viable cells had some 
unique relevance to the broad biological problem of self- 
tolerance, the accumulating evidence now strongly favours 
the view that all forms of unresponsiveness are alike, at 
whatever age they occur and to whatever antigens they 
are directed: fundamentally, they are established and 
perpetuated by excessive levels of the specifically tolerated 
antigen*-°, The unresponsiveness evoked by massive 
amounts of foreign antigens was for some time believed 
to represent not an inhibition of antibody synthesis but 
a masking or neutralization of the antibody being formed. 
However, recent studies, notably those of Serearz and 
Coons’, make it appear highly probable that antibody 
synthesis is not induced under these conditions. The 
point of view underlying most contemporary experimonts. 
and their interpretations, is that the repressive and exces- 
sive antigenic material is localized in, or exerts its inhibi- 
tory action on, those cells that would otherwise respond 
by antibody synthesis to lesser levels of the antigen. Tho 
argument to be presented here, however, ascribes the 
repressive role of excess antigen to specific interference 
with the uptake of that antigen by normally competent 
cells. 

In our approach to,the problem we have assigned central 
importance to the general fact that in small amounts an 
antigen will induce antibody formation whereas largor 
amounts may establish tolerance, and to the evidence 
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that the persistence of antigen is a sine qua non for the 
maintenance of tolerance. In addition, the tolerant 
state exhibits a similarity to immunological reactions with 
respect to both specificity and the chemical range of 
determinants effective in each of these contexts. The 
high degree of specificity associated with the tolerant 
state implies that an essential step in the establishment of 
tolerance is the interaction of the antigen with homologous 
antibody or its immunological equivalent. This inference 
stems from the consideration that no other selective 
interaction of sufficient variety is accessible to the struc- 
tural range of antigenic determinants capable of provoking 
the tolerant state. We have, therefore, sought a molecular 
process, involving the participation of antigen, of such a 
character that large differences in concentration of antigen 
would make a specific qualitative difference in the outcome 
of this process. It appears to us that in the extracellular 
and specific interaction of the antigen molecule with 
bivalent homospecific antibody’ there exist qualitative 
alternatives of such a nature as to serve as appropriate 
elements in a theory of immune tolerance. 

It should be emphasized at the outset that we are con- 
cerned, primarily with extracellular events which govern 
the upteke of antigen by immunologically competent cells. 
It is assumed that the cellular ingestion of antigen is a 
prerequisite for antibody induction and that these cells 
in the tolerant animal respond to intracellular antigen 
in the same manner as the cells of the normal animal. The 
critical assumption is further made that the ingestion 
process occurs only when the antigen is in the form of a 
bimolecular complex consisting of one antigen molecule 
(Ag) and one antibody molecule (Ab). This assumption 
means that free antigen is not effective as an inducer and 
that the trimolecular complex consisting of two molecules 
of antigen linked to a bivalent antibody molecule is also 
ineffective. The latter idea is of decisive significance 
since it provides a mechanism whereby a relatively large 
amount of antigen may preclude the presence of a signifi- 
cant quantity of the inductive complex and thereby 
establish a state of tolerancett. The dynamic relationships 
which are involved here, and others which arise in our 
subsequent discussion, are represented in Fig. 1. 

The assumption of an inductive function for the AgAb 
complex appears reasonable in view of the known prop- 
erties of antibody and in the light of some recent experi- 
mental observations. We refer here to the facts that 
particulate antigens undergo accelerated phagocytosis in 
the presence of specific antibody and that soluble antigen— 
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Fig. 1. Schematic representation of the dynamic relationships among 
antigen (Ag), antibody (Ab), and their specific complexes in relation to 
antibody formation and immune tolerance 
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antibody complexes are cleared more rapidly from the 
circulation than are unbound antigen molecules (immune 
eliminations), It has, moreover, been demonstrated that 
injections of mixtures of antigens with equimolar (or 
smaller) amounts of homologous antibody are more 
effective in stimulating antibody formation than are 
injections of antigens alone'+'5, In addition, the capacity 
of many immunoglobulins to adhere to tissues and cell 
surfaces may reflect a property of these molecules which 
is also relevant to their suggested role in the inductive 
complex. We propose, therefore, that the attachment of 
the antibody portion of the inductive complex to the 
surface of an appropriate cell serves to localize the antigen 
molecule at the cell surface and render it subject to cellular 
ingestion. The assumed inability of the Ag,Ab complex 
to facilitate entry of antigen into such cells cannot, with 
present knowledge, be related to the properties of this 
complex. We suggest the possibilities: (a) that the 
simultaneous binding by the antibody of two antigen 
molecules introduces a steric barrier to the fixation of the 
antibody molecule to the cell surface; (b) that this complex 
is characterized by an altered tertiary structure of the 
antibody which precludes cellular fixation. 

An interesting possibility relative to the inductive 
capacity of the AgAb complex is the idea that in this 
complex the conformation of the antibody molecule is 
altered in such a way as to reveal amino-acid side-chains 
suitable for fixation to cell surfaces. Such a control 
mechanism would constitute another instance of allosteric 
transition, a regulatory device which is well established 
in the case of enzymes’®. From a functional point of 
view this mode of action would provide the advantage 
that competition with free y-globulin molecules for the 
fixation sites would be avoided. 

The significance of the bivalence of the antibody mole- 
cule for tolerance, in this hypothesis, arises from the 
capacity of one such molecule to bind two identical antigen. 
molecules. The immunological identity of the two com- 
bining sites of the antibody molecule (that is, its homo- 
specificity), which is thereby implied, is in accord with 
experimental observations of precipitating antibody?’-'*. 
The evolutionary development of these properties of anti- 
body, that is. bivalence and homospecificity, can be given 
a functional explanation in terms of their role in the 
establishment and maintenance of self-tolerance. This 
interpretation possesses more than passing interest in 
view of the absence of any clear-cut alternative oxplana- 
tion of the evolutionary advantage of these properties 
of antibody. In connexion with homospecificity it is 
important to emphasize, as Smith has done’, that 
tolerance is most profitably viewed as directed towards 
individual antigenic determinants and not towards the 
antigenic molecule as a unit. This assumption is implied in 
the reactions leading to complex formation indicated in 
Fig. 1 since these involve antigenic determinants inter- 
acting with the specific combining region of the antibody?! 

Perhaps the most obvious problem raised by the 
scheme of Fig. 1, particularly with respect to entirely 
foreign antigenic determinants, is the source of the original 
antibody molecules which are required to form the induc- 
tive complex that, in turn, initiates the process of antibody 
formation. This original] antibody, we assume, is provided 
by a pool of ‘natural’ antibody contained in the normal 
y-globulin population. That ‘natural’ antibody should be 
formed at low levels in the absence of antigen follows 
quite directly from both instructive and selective theories 
of antibody formation™4.c, In the former, it is assumed 
that a wide variety of conformations are energetically 
accessible to the antibody precursor. Whereas in the 
presence of the antigenic determinant a few appropriate 
conformations are chosen, in its absence all the possible 
conformations could be stabilized and appear in the cir- 
culating y-globulin population. Because of the large 
number and unequal stabilities of the various conforma- 
tions, this population should contain very small and 
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unequal levels-of ‘natural’ antibody directed towards a 
wide range of antigonic structures. In those theories of 
antibody formation involving direct genetic control 
of specificity, such as the clonal selection theory?, it 
can also be inferred that by virtue of this genetic control 
the population of y-globulin-producing cells would provide 
the entire range of conformations in the absence of antigens 
which can be induced by their presence. ‘It should be noted 
that for ‘natural’ antibodies to play the decisive part 
proposed for them in immune tolerance and in the induc- 
tion of antibody formation it is necessary to assume that 
they are formed in bivalent and homospecific form, as is 
the case with induced antibodies. Support for an im- 
munogenic function for ‘natural’ antibody is provided by 
observations that piglets fed colostrum from non-immun- 
ized sows (as a sourca of normal y-globulin) make more 
antibody in response to a variety of antigens than do 
colostrum-deprived piglets’®.?5, An essential role for 
‘natural’ antibodies in the formation of induced antibody 
has previously been suggested in Jerne’s natural selection 
theory?" which proposes that: “The antigen is solely a 
selective carrier of spontaneously circulating antibody to 
a system of cells which can reproduce this antibody”. 
In contrast to this idea, the present picture involves a 
reverse view of the functions of these substances. Boyden 
has also recently proposed that specific interaction between 
‘natural’ antibodies (on phagocytes) and a putative anti- 
gen is obligatory for the penetration of antigen into the 
cells and induction of antibody synthesis, but a basis 
for tolerance does not clearly emerge from his formu- 
lation?%, 

Quantitative aspecis. Perhaps the most elusive feature 
in considering the quantitative aspects of this hypothesis 
is the magnitude of the concentration of the initial anti- 
body. On the view that this antibody is provided by the 
pool of ‘natural’ antibodies we may select the rough but 
reasonable figure of 10-12 M as the concentration for any 
particular specificity. In the normal adult animal with a 
y-globulin concentration in serum of 10-4 M this average 
figure allows for 10° different specificities. It is also small 
enough to account for the failure to detect ‘natural’ 
antibody by current methods. On this basis we can 
estimate roughly the order of magnitude of the minimum 
concentration of the AgAb complex required to induce 
antibody formation. Since fractions of 1 ug of protein 
antigens may be sufficient for this purpose?’, for example, 
2 ug in a 2-kg rabbit, we may use the figure of 10-1° M 
for the initial antigen concentration, corresponding to 
10 ug/l. of an antigen with a molecular weight of 105. 
A value of 10° 1./mole for K4 (average intrinsic association 
constant) is reasonable for protein antigens and falls 
within the range of association constants measured for a 
variety of systems**, although K4 may be expected to 
vary considerably. With K4 equal to 10°, the fraction of 
the initial antibody in the inductive complex is about 0-1, 
corresponding to a concentration of 10-13 M. 

The value of 10-1}? M for the inductive complex (AgAb) 
not only sets the approximate minimum requirement for 
the induction of antibody formation but also provides the 
approximate upper limit for the establishment and main- 
tenance of the tolerant state. With the assumptions 
made here, this condition can be met only if at least 90 
per cent of the total initial antibody is contained in the 
trimolecular complex. Thus tolerance in the normal adult 
would require at least 100 times as much antigen as that 
sufficient to stimulate antibody formation (Fig. 2). Since 
the two sites of the antibody molecule may be of unequal 
affinity, the ratio of the minimum concentrations of anti- 
gon required for antibody formation and for tolerance 
may exceed the factor of 100. 

In this connexion it is useful to distinguish between self- 
antigens and foreign antigens. For self-antigens, which 
ordinarily would have a steady-state distribution through- 
out body spaces, the estimate that about 10-° M (about 
100 times the minimum inductive concentration) is 
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Fraction of total antibody as complex 





12 ll 10 9 8 7 6.3 
— Log free antigen concentration (M) 
Fig. 2. Distribution of inductive (1 : 1) complexes and of non-inductive 


(2: 1} complexes, for Ku of 10™ and 10°, as a function of free antigen 
concentration 


sufficient to maintain tolerance seems reasonable. For 
foreign antigens, however, general experience indicates 
that the minimum dose required to establish tolerance 
exceeds the minimum immunizing dose by far more than 
100-fold. This can be attributed to the fact that during 
the time required to disseminate a large (injected) dose of 
a foreign antigen, the initial tissue concentrations of the 
antigen are likely to fall within the range that results in 
effective concentrations of inductive complexes. Antibody ` 
formed as a consequence would be expected, therefore, to 
raise considerably the level of such foreign antigens 
necessary to establish tolerance. 

It must be emphasized that the quantitative require- 
ments for the establishment and maintenance of the 
tolerant state are dependent on the value of K4. The 
significance of antibody affinity is represented in Fig. 2 
in a plot of the concentrations of the complexes for two 
values of K4 as a function of the antigen concentration. 
Once the critical concentration of the inductive complex 
is specified, then the minimum level of antigen for the 
maintenance of tolerance is apparent as well as the rango 
of antigen concentration within which induction of anti- 
body formation is possible. With the values given here. 
this range of antigen concentration, for a K4 of 10°, is 
approximately 10-1°-10-° M and for a Ka of 101°, 10-0 
10- M. Higher affinity will tend to prolong the state of 
tolerance, although other factors, particularly the rate of 
biological decay of the antigen, undoubtedly are of impor- 
tance in governing the duration of the unresponsive 
state. - 

In tho foregoing analysis the average value for tho 
concentration of natural antibodies (of a given specificity) 
was taken somewhat arbitrarily to be 10-1? M, with a 
resulting value of 10-19 M as the critical level of inductivo 
complexes, However, other assumed values for natural 
antibodies, covering a large range of concentrations (for 
example, 10-1° M—10-15 M) are equally compatible with the 
levels of antigen estimated here for induction and for 
tolerance. Although our discussion has been concerned 
primarily with soluble antigens it is evident that similar 
considerations apply to particulate antigens and to local- 
ized antigenic determinants accessible to circulating anti- 
body. These situations, however, do not lend themselves 
readily to quantitative evaluation. 

Consequences of the theory. In view of the manner in 
which the properties of immune tolerance have been utilized 
to formulate the present hypothesis it is.to be expected 
that the theory should, at the very least, be in full accord 
with these properties. The theory thus conforms with 
the observations, and, in fact, requires that: (a) the 
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establishment and maintenance of tolerance be dependent 


on an initial high level of antigen; (b) the specificity 


exhibited by tolerant states be as discriminating as that 
of antibody-antigen reactions in general; (c) tolerance be 
established to the same wide range of chemical structures 
that can evoke antibody formation; that is, to proteins, 
carbohydrates, synthetic organic ‘molecules, ete.; (d) 
tolerance be specified by discrete determinant groups ofan 
antigenic molecule rather than by the macromolecule as a 
unit. In all these respects the agreement between 
experimental observation and theory” follows from the 
fundamental assumption that tolerance is based on specific 
interaction between antigen and antibody, ‘natural’ or 
induced. In the sections which follow we shall examine 
how the theory accords with a variety of other features 
of immune tolerance and of the immune response in 
general. 

Instability of tolerance. The intrinsic instability of the 
tolerant state, which is now well established experiment- 
ally, is readily accounted for by the quantitative relation- 
ships shown in Fig. 2. If an animal made tolerant to a 
foreign, non-replicating, antigen is not given additional 
quantities of that antigen, antibody formation should 
ensue when the antigen has declined to the level where it 
produces an appropriate concentration of inductive com- 
plexes. The auto-catalytic character of antibody forma- 
tion, which is implicit in Fig. 1, would be expected to 
amplify the effects of the initial antibody thus formed 

- and to lead readily to an abrupt transition from tolerance 
to responsiveness. Thus tolerance of an antigen and the 
immune response to it should appear as two discrete and 
alternative states, with little continuity between them. 

“A spontaneous transition from tolerance to antibody 
formation is, therefore, expected, and this has been 
observed with bovine y-globulin”*, bovine serum albu- 
min® 3°, and pneumococcal polysaccharides’. 

Sometimes a diminished immune response to antigenic 
stimulation is observed in animals as they escape from 
tolerance, or in those which have received doses of antigen 
which are just short of what is required to establish a solid 
tolerance. These instances of ‘partial tolerance’ have been 
noted in exporiments with complex antigens such as bovine 
y-globulin? and homografts*. They probably reflect 
tolerance to some antigens and responsiveness to others 
in the mixture of antigens administered, and can, there- 
fore, be reconciled with the present argument. 

Variability ia ease of establishment of tolerance. Con- 
temporary interest in tolerance dates largely from the 
observations that tolerance for homografts may be readily 
established by introducing viable cells from homograft 
donors into foetal or new-born animals‘. By the transfor 

- of viable homologous cells it has also been possible to 
establish homograft tolerance in adults whose lymphoid 
system has been impaired by X-irradiation or anti- 
metabolites? 34.3%, But normal adults are made tolerant 
to homografts only by the use of extreme measures®24,33), 
It appears, therefore, that the new-born and the adult 
with a severely damaged lymphoid system are singularly 
more susceptible to establishment of tolerance than is the 
normal adult. In contrasting tolerance in these different 
conditions it is useful to distinguish between the magnitude 
of the antigen-level required to establish tolerance, and 
that required for its maintenance. In order to establish 
tolerance in the normal adult there is required rapid 
attainment of an antigen-level high enough to convert 
practically all ‘natural’ antibodies of appropriate affinity 
to non-inductive complexes. Slow attainment of the same 
high-antigen concentration tends to be self-defeating in 
the adult since during the period of rising antigen con- 
centration inductive complexes could form, leading to 
increasing levels of antibody and an increasing require- 
ment for antigen (an ‘immunological treadmill’)**. The 
maintenance of tolerance, on the other hand, demands 
only that the level of the free antigen be kept just high 
enough that the concentration of inductive complexes 
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formed by newly synthesized globulins remains below a 
critical level. 

In the perinatal period, and in the adult deprived of his 
lymphoid system, reservoirs of ‘natural’ antibody com- 
parable in concentration to those of normal adults may 
exist, being furnished, respectively, by maternal sources 
and by lymphoid cells prior to their destruction. But 
in these situations there are no, or few, lymphoid cells 


-available to respond to inductive complexes and there is, 


correspondingly, no antibody formation to be expected 
even if the initial amount of antigen introduced is not so 
great as to convert all the ‘natural’ antibody at once to 
non-inductive complexes. Thus establishment of toler- 
ance in the new-born, and in the adult deprived of a com- 
potent lymphoid system, circumvents the major and initial 
barrier to be overcome in the normal adult, and corre- 
sponds to the requirements for maintaining tolerance in 
the adult. 

When viable homologous cells (or the body’s own cells in 
the case of self-tolerance) are the source of the tolerated 
antigen, replication of cells provides a continuing source 
of antigen, and the mechanism proposed can thus account 
for the enduring homograft tolerance established in the 
new-born with homologous cells and for naturally occur- 
ring tolerance to self-antigens. 

In the case of antigens which are not automatically 
replenished, however, tolerance in the new-born would 
be expected to be transient, as it is in the adult. It is 
notable, however, that comparable doses of bovine serum 
albumin injected at birth and in the adult, and repeatedly 
thereafter in both situations, establish a more durable 
state of unresponsiveness when the injections are begun 
in the new-born®-*4, These results suggest that in the adult 
bovine serum albumin is degraded more rapidly, leaving 


less to charge tissue reservoirs**»** of this antigen which 


could be of considerable importance in maintaining the 
necessary level of circulating antigen. In the adult 
animal it is anticipated that during the time required 
to establish a high concentration of antigen throughout 
the body??.38 there occurs a brief period when the level 
of antigen in some tissues is insufficient to maintain 
inductive complexes below the critical level. Antibody 
formation during this period, if of sufficient magnitude, 
will augment elimination of antigen. This could account 
for some of the difficulties in establishing tolerance, and 
for its shorter duration, in the adult. 

With pneumococcal polysaccharides and with ByG, 
however, the dose required to establish tolerance is about 
the same in adult and in new-born mice, and injections 
of these substances at both ages lead to unresponsiveness 
of comparable duration’®. ByG, however, is a relatively 
ineffective antigen in mice, and the well-known stability 
of the pneumococcal polysaccharides in most animal 
species could mean that even when complexed with anti- 
bodies these polysaccharides are refractory to degradation. 
Hence, transient antibody formation (in the adult) to the 
polysaccharides, if it occurs, need not alter the duration 
of the tolerance to them. 

According to the present hypothesis, therefore, immuno- 
logical immaturity in the fætal' and neonatal period is a 
singularly advantageous feature of the immune system. 
Although it may only reflect the late acquisition of the 
immune response in evolutionary development (that is, 
‘ontogeny recapitulates phylogeny’). unresponsiveness in 
this critical period of .growth and differentiation is a 
remarkably effective device for permitting the gradual 
build-up of self-antigens to the high levels required to 
perpetuate tolerance of these antigens during adult life. 

Abrogation of tolerance by cross-reacting antigens. Among 
the assumptions underlying the present theory is the 
proposition that the specificity of tolerance is directed 


towards antigenic determinants rather than towards an: 


antigen molecule as a unit. Accordingly, we may con- 
sider the consequences of administering to an animal 
tolerant of one antigen (protein A) an amount of a cross- 
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reacting antigen (protein A’) in a range tnat ordinarily 
evokes an immune response to A’. Let us consider first 
the case where the cross-reactivity between A and A’ 
arises from their possessing several different determinants, 
with one or more common to A and A’. In this situation, 
the distinctive determinants of A’ (that is, those not 
represented in A) will lead it to form inductive complexes 
with the corresponding ‘natural’ antibodies and A as a 
unit could thus gain entry into immunologically com- 
potent cells. Since we have proposed (see foregoing) that 
the cells of the tolerant animal and of the normally 
reactive animal respond in the same manner to intracellu- 
lar antigens, the consequent immune responses will include 
the formation of antibodies specific for those determinants 
of A which are also present on the antigen A’. Tolerance 
to A should, therefore, be abrogated by administration 
of A’. A number of observations are in accord with this 
expectation : Cinader and Dubert?! interrupted tolerance to 
human serum albumin (HSA) by injecting an azobenzene 
derivative of human sorum albumin; Weigle“ terminated 
tolerance to bovine serum albumin by administration of 
serum albumins from a variety of phylogenetically related 
species; Newton‘! has reversed tolerance to DNP-HSA 
by the injection of DNP-bovine y-globulin; Curtin‘? 
abrogated tolerance to-Bence-Jones protein by injecting 
myeloma proteins derived from the same individuals; and 
Bussard observed that sheep red blood cells injected into 
rabbits induced the formation (by isolated lymphoid 
cells) of rabbit antibodies specific for rabbit erythrocytes**. 

A different relationship between cross-reactive antigens 
could arise from their possessing determinants which are 
structurally similar but not identical. In this situation 
the extent to which tolerance of one antigen can be abro- 
gated by the other should be determined by their relative 
affinities for antibodies, ‘natural’ and induced. If the 
structural differences are sufficiently pronounced, A’ 
(administered to A-tolerant animals in a dose which 
ordinarily evokes an immune response to A’) may find 
enough free ‘natural’ antibody of adequate affinity to 
form inductive complexes and thereby evoke the forma- 
tion of anti-A’ antibodies; since these may interact with 
the previously tolerated antigen A, loss of tolerance to 4 
may result. However, if the determinants of A and A’ 
are too much alike, or too dissimilar, abrogation. of toler- 
ance would not be anticipated. 

Auto-immune states. Tolerance of self-antigens is the 
common physiological condition. Auto-immune responses 
to those self-antigens which normally have access to 
lymphoid tissue represent abrogation of tolerance. The 
preceding arguments suggest, therefore, that auto-immune 
responses could arise from either: (a) a decline in the level 
of tolerated self-antigen. as might, for example, follow 
a decline in the normal rate of synthesis, or (b) entry of a 
foreign antigen that bears an appropriate cross-reacting 
relationship with the previously tolerated self-antigen. 
The latter possibility has previously been suggested by 
Weigle**; it may account for Kaplan’s observation that 
injection of rabbits with extracts of beef heart leads to 
formation of antibodies that react with components of 
rabbit heart**, Possibly both mechanisms can co- 
operate in appropriate circumstances, as, perhaps, in the 
formation of anti-insulin antibodies in diabetic human 
subjects treated with insulins of non-human origin. 
Re-ostablishment of the appropriate level of self-antigen, 
or elimination of the cross-reacting antigen, or establishing 
tolerance of it, may be expected to restore self-tolerance 
and terminate auto-immune responses. 

Secondary response and kinetics of antibody formations. 
Independent of its bearing on tolerance, the idea of the 
inductive complex can account for salient features of the 
secondary response and of the kinetics of antibody 
formation. 

It is commonly observed that when a previously im- 
munized individual is injected again with antigen, the 
consequent antibody production is often unusually rapid 


NATURE 


G8] 


and copious (secondary response). Clonal selection and 
similar theories ascribe this phenomenon to the increased 
numbor of distinctively responding cells in tho individual 
who has been primed by the initial injection of antigen’. 
In the present formulation, an alternative explanation is 
provided by the concept of tho inductive complex. The 
individual who has received one injection of antigen will 
commonly have for prolonged periods a level of antibody 
which, although not necessarily detectable, would exceed 
the background provided by ‘natural’ antibody. Honce, 
the second injection of antigen should yield u groator 
concentration of inductive complexes than would follow 
the initial injection and, consequently, a greator inmune 
response. A priming effect of antibody, in accord with 
these expectations, has been demonstrated in expcriments 
which show that mixtures of antigen with small amounts 
of antibody (equimolar or less) evoke moro antibody 
formation/than does antigen alone*4d.15, The possibility 
that persistent antibody plays an essential part in the 
secondary response has been suggested by othors, for 
example, Jerne?*, 

The secondary response is not always evoked. For one 
thing, when antibody levels are too high, the injection of 
antigen leads to a lowering of antibody levol (‘negative 
phase), and a delay or abolition of the response to tho 
antigen’*»#8, Presumably, in these situations, the com- 
plexes formed are of the antibody-excess typo and incom- 
petent to initiate antibody formation™ (sce Fig. 1. 
AgAbny3)- 

In respect to kinetics of antibody formation (at tho 
level of the intact animal) it has been shown for both the 
primary and the secondary response that antibody is 
synthesized exponentially during the early phases of these 
responses; the doubling-time for anti-bacteriophage anti- 
body in guinea pigs can be as brief as 6 h (ref. 27). This is 


-much shorter than the generation time of the colls ro- 


sponsible for antibody synthesis, or their precursors*®.«°, 
and it is unlikely that subcellular components would in- 
crease at the necessary rate. However, our assumption 
that the antibodies first formed furnish an ossontial 
component for the inductive complex can provide an 
explanation for the autocatalytic features of tho immuno 
response and the short doubling-times observed. 

Effects of transferred lymphoid cells and of transferred 
antibody on tolerance. It would be expected that any 
procedure which raises the level of ‘antibody of appro- 
priate specificity (‘natural’ or induced) in the tolerant 
animal would tend to shorten the duration of tolerance. 
Regardless of whether antibodies are transferred directly. 
or indirectly, in the form of immune cells, they would: 
(a) hasten the elimination of the antigen on the porsistence 
of which the tolerant state is dependent; (b) increase tho 
level of inductive complexes. On the assumption that 
homograft immunity is a consequence of antibody 
formation*’~**, this expectation is fulfilled in the classical 
studies of Billingham, Brent and Medawar, who observed 
that tolerance of skin homografts was abrogated by the 
transfer of lymph-node cells from an immunized isologous 
donor to the tolerant host‘. In rabbits tolerant of serum 
proteins, however, permanent abrogation of tolerance 
by the transfer of homologous lymph-node cells from 
immunized donors, or by transfer of antibodies®®, has 
not been observed, but the complexities of these experi- 
ments, involving among other things the transfer of 
allogeneic lymphoid cells, precludes unambiguous inter- 
pretation. 

It is noteworthy that tolerance of skin homografts‘ 
and of serum proteins’ is also abrogated by tho transfer 
to the tolerant host of lymph-node cells from normal 
(that is, non-immune) isologous donors. Whon massive 
numbers of normal lymph-node cells are transferred 
(of the order of magnitude of the recipient’s own lymphoid 
cell mass) they may be viewed as co-operating with auto- 
logous cells in raising the concentration of ‘natural’ anti- 
bodies to levels, sufficient to form effective amounts of 
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inductive complexes. Even, however, when smaller 
numbers of normal lymphoid cells are transferred they 
may be expected also to abrogate tolerance in some situa- 
tions by augmenting, in their immediate peri-cellular 
tissue environments, the concentration of ‘natural’ 
antibodies to levels that could permit local formations of 
effective concentrations of inductive complexes. It is 
to be expected, however, that the number of transferred 
lymphoid cells required to abrogate tolerance would be 
larger in the case of normal donors than in the case of 
immune donors**. 

Some possible difficulties. Although tolerance to homo- 
grafts (in adults) seems to become established promptly5’, 
in the case of ByG-tolerant mice it has been reported that 
perhaps as long as 6-12 days are required after an over- 
loading injection of ByG before tolerance for this antigen 
is established’. The time required for equilibration of 
injected antigens throughout body compartments is, 
however, sufficiently long*’»** that the present hypothesis 
must allow for some lag between an overloading inocula- 
tion of antigen and establishment of tolerance to it; but 
the long lag noted for ByG in mice may be longer than 
would be anticipated. 

The possible conflict between the proposed hypothesis 
and experimental observations is, perhaps, more serious 
in the demonstration of tolerance of leucocytes trans- 
planted to chorio-allantoic membranes of homologous 
chick embryos for which the leucocyte donor had previ- 
ously been made tolerant®+, In these experiments it 
appears that cells from the tolerant donor continue to 
exhibit tolerance when they are removed from the 
environment in which repressive levels of antigen must 
exist and implanted in an environment with immunogenic 
levels of the antigen. In these experiments, however, it is 
possible that the whole blood inoculum used for transfer 
introduces enough of the tolerated antigen to perpetuate 
tolerance in the embryonic host by the mechanism we 
suggest®®5*, Because of the possible presence of antigen 
in phagocytie cells the question of antigen carry-over 
must, in general, be considered in attempts*?** to demon- 
strate persistence of tolerance of lymphoid-cell popula- 
tions isolated from tolerant animals. 

Itis apparent from the foregoing discussion that up to the 
present time the experiments that have dealt with toler- 
ance, and with its abrogation, have not definitely differ- 
entiated among the possibilities that suppression of 
antibody formation results from: (a) excessive intracellu- 
lar loads of antigenic material, or (b) alteration of the 
relevant clones, or (c) an extracellular mechanism such as 
that proposed herein. By distinguishing sharply among 
these alternative views the present hypothesis may serve 
to stimulate decisive experimental approaches. 
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LETTERS TO THE EDITOR 


PHYSICS 


Modes in Circular Iris-loaded Waveguides 


_ Various authors have discussed hybrid modes in 
circular iris-loaded waveguides, from the points of view of 
pulse shortening, or beam blow-up, in high-current 
electron linear accelerators’, and of high-energy particle 
separators’, Pulse shortening has been shown to be 
caused by interaction between the electron beam and a 
backward wave space harmonic of a hybrid mode, gener- 
ated in the waveguide by the electron beam. Hybrid 
modes can exert transverse forces on relativistic particles, 
and, in an electron linear accelerator, can cause complete 
loss of output current at the trailing end-of the electron 
pulse. While this deflecting property is unwanted in the 
accelerator, it is just this property which is required in the 
particle separator. 

_In this laboratory, general mode propagation in the 
linear accelerator structure has been studied both theoreti- 
cally and experimentally. From the theoretical work, we 
have calculated dispersion characteristics using complete 
expansions for the fields in the inner and outer guide 
regions, and have been able to consider modes of virtually 
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any angular dependence. Æ modes, H modes, and the 
various hybrid modes can be computed with equal facility, 
and the effects on propagation of variation in iris thick- 
ness, iris pitch, iris hole diameter, and outer guide 
diameter, can be studied. Although our theory accom- 
modates an infinity of space harmonics in the inner and 
outer guide regions, we have, so far, restricted ourselves, 
in computation, to 38 harmonics in the inner region, and 
61 in the outer region. 

Typical sets of dispersion curves are shown in Figs. 1 
and 2. Fig. 1 gives computed curves and some experi- 
mental results for a typical S-band linear accelerator 
structure, and demonstrates the possibility of backward 
wave oscillation in the #/H,,, E/E, and H/E,, hybrid 
modes. Clearly, these oscillations can be excited with an 
electron beam of appropriate velocity, and such oscilla- 
tions have, in fact, been observed in our experiments on 
heavily loaded accelerators. With a structure having 
dimensions almost equal to those given in Fig. 1, we have 
observed, under pulse shortening conditions, the E/H, 
and E/H, modes at frequencies of 4,297 Mc/s and 6,050 
Mejs, respectively. A signal at 7,770 Mc/s has been 
tentatively identified as the H/H#,, mode. 

The hybrid mode notation used above is similar to that 
used by CERN’. For-example, E/H, denotes a 
hybrid mode which is predominantly # in nature, and of 
order 2 in angular dependence, while H/E., denotes a 
mode predominantly H in nature. In discussing the 
predominance of the Æ or H components, we would stress 
that, even at the frequency corresponding to zero propa- 
gation constant, the wave is still only predominantly Æ 
(or H) in nature, and it is only the zero propagation 
constant space harmonic which degenerates to pure E (or 
pure H), all other space harmonics being hybrid. 

Fig. 2 gives the computed dispersion characteristics of a 
structure with unusually large iris hole diameter. This 
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structure has been chosen to demonstrate the existence 
of the angular independent H modes, modes which have 
not, apparently, been reported before for this structure. 
No doubt this is because, with normal structure dimen- 
sions, the H,, mode occurs at relatively high frequencies, 
and is difficult to identify experimentally among the 
many modes which exist at high frequencies. The dimen- 
sions chosen for this structure enabled the H,, mode to be 
identified experimentally without difficulty, once the 
dispersion curve had been computed. Experimental 
points are given in the figure. , 

So far as pulse shortening is concerned, there are 
various methods of overcoming the problem. Their 
relative ‘effectiveness can be gauged from theoretical 
studies such as we have outlined here, and which, for 
example, have led us to the conclusion, already suggested 
by Saxon eż al.4, that the long-pitch solution, by itself, 
must be discounted. 

J. B. Davæs * 
B. J. GOLDSMITH 
G. K. MoGmry 
Linear Accelerator Laboratory, 9 
Mullard Research Laboratories, 
Redhill, Surrey. 
* Now at the University of Sheffield. 
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Photons in Magnetic Fields 


Tue discovery of the rotation of the plane of polariza- 
tion of light in a magnetic field by Faraday in 1846 led 
to the interpretation of light as propagating electromag- 
netic radiation. The Faraday effect has since been the 
subject of numerous investigations which led to practical 
applications in plasma diagnostics with microwaves 
and most recently with lasers. However, it has remained 
the only effect of magnetic fields on light which received 
much attention until the advent of modern quantum 
electrodynamics. 

Toll! calculated the absorption coefficient of a magnetic 
field for photons of sufficient energy to produce electron- 
positron pairs. Similar calculations were carried out also 
by Klepikov? and Roebl’. Fig. la shows a diagram for this 
process. The practical observability of the effect was dis- 
cussed by Erber’. Extremely strong magnetic fields (of 
the order of 10° gauss) are necessary to observe the effect 
in the lahoratory, and the achievement of such fields is 
quite doubtful at this time because of the high magnetic 
pressures which would be associated with them (of the 
order of 108 times atmospheric pressure). 

Fig. 1b shows a diagram for a higher order quantum 
electrodynamic process in which a pair is produced only 
virtually, but an additional photon is produced under the 
influence of the magnetic field. It can be expected 
that the cross-section for this process is very small; 
however, there should not be any threshold in photon 
energy or a high magnetic field requirement as in the 
process in Fig. la. It appears that the matrix element 
corresponding to Fig. 16 has not been evaluated at this 
time. 

In a mathematical investigation of the propagation 
laws of characteristic singularities of the equations of 
gravitation, Stellmacher' found that certain of such 
singularities of the gravitational field equations combined 
with Maxwell’s equations exhibit properties consistent 
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a b 


Fig. 1. Typical Fe; ann diagrams for interactions of photons with 
electromagnetic fields. a, Pair production; b, production of secondary 
photons. The notation follows the usual rules (ref. 9) 


with their interpretation as photons, although no positive 
identification was made or can be made to-day. Besides 
such familiar properties as the polarization, Doppler 
effect, and an invariant resembling an energy, these 
singularities show a peculiar behaviour under the influence 
of electric and magnetic fields. The invariant actually 
has two terms, of gravitational and electromagnetic 
origin, respectively, which are not separately conserved. 
A coupling between the two can take place under the 
influence of electric and magnetic fields which are 
perpendicular to the direction of motion. (It is shown, 
however, that the oscillatory electric and magnetic fields 
associated with the singularity itself have no such effect.) 
If one assumes that all the energy is initially in the electro- 
magnetic term, then it is being transferred to the gravi- 
tational term according to: 


A(hy) 
hy 


where Æ and B denote electric and magnetic fields, respec- 
tively, and the spin and motion are in the x and z direc- 
tions, respectively. The coupling constant is: 


a= q/2y c mœ 4 x 10-4 omt/2/g1/2, (2) 


if the fields are in electromagnetic c.c.s. units, and where 
y is the gravitational constant and c the velocity of light. 

Let us assume that the identification between the 
singularities and photons can be made. Then tho offect 
would mean an (apparent) energy loss of the photons in 
transverse electromagnetic fields which should show up 
asa red shift. Itis easy to see that this shift is extremely 
small and negligible in most cases, The quantum electro- 
dynamic process according to Fig. 1b is likely to act in the 
same direction, that is, one of the photons is probably 
much less energetic than the other; however, it is difficult 
to predict the relative magnitudes of the two effects. 

An experimental investigation may soon become pos- 
sible. The Méssbauer effect permits in principle the 
measurement of a frequency shift of one part in 10}, 
and there is hope that the laser technology will permit the 
measurement of shifts of the order of one part in 101 
over very short times®. In a field of 10° gauss one would 
need paths of 2-5 and 25 m in the two cases, respectively, 
where the laser path of 25m may be more easily realizable, 
because mirrors can be used. It is also quite possible 
that the quantum electrodynamic effect will turn out 
considerably larger than indicated for the singularities 
in equation (1). 

The recognition that magnetic fields exist throughout 
our Galaxy and quite possibly in intergalactic space sug- 
gests the intriguing possibility that part of the observed 
red shift of spectral lines emitted by distant stars and 
galaxies may be due to the interaction of the photons with 
electromagnetic fields in space. A transverse magnetic 
field of the order of several gammas throughout space will, 





= «j[(Ez — By)? + (Ey + Bz)?]*?? dz, (1) 
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for example, result in the observed shift? if equation (1) 
is valid. Present estimates suggest a magnetic field of the 
order of one gamma in our galactic system’. A 

It should be of modest interest to have an evaluation 
of the matrix element corresponding to Fig. 1b and possibly 
an experimental investigation of the magnetic redshift. 

I thank H. R. Griem, University of Maryland, and 
F. Hohl, Langley Research Center, for their advice. 
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A Stimulated Emission Source at 0°34 
Millimetre Wave-length 


Tue investigation of far infra-red stimulated emission 
sources at the National Physical Laboratory continues, 
and some results obtained using hydrogen cyanide and 
related molecules in pulsed electrical discharges are 
reported here. The interest attaching to these results is 
in the long wave-length of the emission and particularly 
its relation to the wave-length of water vapour absorption 
lines in the atmosphere. ž 
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about one per sec, and to record each pulse. In this way 
interferograms of several hundred pulses were recorded, 
which has allowed us to measure a wave-length of a single 
line at 0-337 mm with an accuracy of + 0-001 mm. Within 
these limits a line of the same wave-length has been 
observed with HON, CH,CN and C,H,CN as starting 
materials. No assignment of the transition to energy- 
levels in any fragment or molecule can be offered at this 
time. 

Fig. 1 shows part of the Fabry-Perot interferogram 
made with the 0:337-mm line. Each group of about 8 
pulses is one multiple beam fringe, and the separation of 
these is the wave-length. The fringes are fully modulated 
and the measured ‘finesse’ is approximately 5. Tho line- 
width is therefore less than 10-4 cm-t. 

An order of magnitude intensity measurement was 
made which gave a lower limit to the mean energy in each 
pulse of 10 micro-joules, so assunting that the radiation 
pulse length is of the same duration (1 psec) as the applied 
voltage pulse, the peak power would be of tho order of 
10 watts. When it is considered that the calculated fraction 
of the power extracted from the cavity by tho dielectric 
film in our experiment is of the order of 1 per cent and 
that no efforts have been made to find the optimum value, 
it can be seen that this discharge source offers very 
interesting possibilities in the long-standing problem of 
generating sub-millimetre waves. 

It is of interest to consider the wave-length of the line 
reported here in relation to the known pure rotational 
absorption lines of water vapour which dominate the 


. attenuation characteristics of the atmosphere in the 


sub-millimetre range. The positions and strengths of these 
suggest that the most favourable wave-length to minimize 
absorption attenuation in this region would be in the 
vicinity of 0-845 mm?.3. The new line is already favourably 
placed in this respect but a source related to the present 
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Fig. 1. Fabry-Perot interferogram made with a line of wave-length 0-337 mm. Each group of pulses is one interference fringe 


Using the apparatus described in a previous communica- 
tion, experiments were made with hydrogen cyanide at 
approximately 1 mm pressure in a 9-3-m long discharge 
tube. As before, the discharge was pulsed and the radia- 
tion intensity measured by a Golay detector. Wave-length 
measurements and line-width estimates were made 
interferometrically by the Michelson and Fabry—Perot 
arrangements as previously described. One difference in 
these experiments as compared with those described earlier, 
however, was that the number of pulses for which radia- 
tion could be observed with one charge of gas was limited. 
This lod us to reduce the repetition rate of the pulses to 


one by having isotopic substitutions of carbon-13 or 
nitrogen-15 would probably be better. 
H. A. GEBBIE 
N. W. B. STOoNg 
F. D. FINDLAY 
Basic Physies Division, 
National Physical Laboratory, 
Teddington, Middlesex. 
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A Full-radiator Lamp designed to replace the 
Tungsten Strip Lamp as a Pyrometric 
Standard 


TUNGSTEN strip lamps are used extensively as standard 
sources of luminance in photometry and in particular for 
the calibration of optical pyrometers. They have been 
shown to be stable within the limits of visual optical 
pyrometry! provided they are well designed and certain 
precautions are taken with the operating conditions such as 
the ambient temperature, orientation of the plane of the 
filament with respect to the optic axis, direction of flow 
of the current, etc. However, when we try to exploit the 
higher potential accuracy of photoelectric pyrometry 
it is soon found that the conventional tungsten strip lamp 
imposes severe limitations on the reproducibility of read- 
ing because of the aforementioned defects’. The use of 
the more sensitive photoelectric method also reveals 
variations in surface luminance previously undetected’. 
These variations become more intense as the filament 
becomes thermally etched, and after prolonged use the 
crystal growth produces regions of varying reflectivity 
plainly visible when the filament is cold. Atincandescence, 
however, the consequent variations in luminance are not 
detectable with the visual optical pyrometer. Scanning 
such a filament photoelectrically shows variation of the 
order of 2 per cent and it is also observed that there are 
differences in the polarization of the light emitted from 
different parts of the filament. These effects will be dis- 
cussed in more detail in a paper to be published. In order 
to overcome these difficulties and provide ourselves with a 
uniform disk of light independent of surface variations in 
the filament we are proposing to use a full radiator to 
replace the tungsten strip in a lamp assembly. 

A form of lamp which we have designed is shown in 
Fig. 1; the full radiator is a tube of tantalum 2 mm in 
diameter and 45 mm in length mounted horizontally 
at the centre of a spherical glass bulb 150 mm in diameter, 
with quartz windows for sighting axially down the tube. 
The tube is formed from a strip of tantalum and is welded 
along a seam beneath the tube. At its centre is placed a 
bundle of very fine tungsten wire which has been cut off 
at right angles to the axis of the tube so that when 
viewed end-on a very ‘black’ surface is presented. A 
short distance from one end of the tube is placed a tan- 
talam diaphragm having a l-mm aperture, and it is the 
radiation from this aperture which is expected to approxi- 
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mate to that from a full radiator. Near the other end of the 
tube is placed a diaphragm completely closing the tube. 

This construction has been tried with satisfactory 
results in a vacuum lamp operating up to 1,550°C 
(2-7 V, 25 amp) and in a gas-filled lamp up to 2.500° © 
(9-0 V, 72 amp). It is proposed to improve the efficiency 
of the gas-filled lamp by the addition of a concentric 
cylindrical radiation shield. Experiments with the vacuum 
lamp have shown that the fundamental requirement that 
a disk of light uniform in luminance should be provided 
has been fulfilled within the limit of 0:1 per cent variation. 
It is, of course, more difficult to establish the emissivity 
achieved. That the approximation to a full radiator is 
quite close has been established by measuring the tem- 
perature of the disk and the outer surface of the tube 
at the centre with a disappearing filament optical pyro- 
meter operating at a wave-length of 0-66 ym. The emissivity 
of tantalum at this wave-length, calculated from these 
luminance temperatures, is in agreement with the accepted 
value. 

The advantages which accrue then from the use of a full 
radiator as a standard source are: (1) The true tempera- 
ture, the luminance temperature and the colour tem- 
perature are the same. (2) Changes in the surface condi- 
tion of the refractory body would not affect directly the 
calibration of the lamp. (3) The disk of light to be used 
is well defined and is uniform in luminance. (4) Variations 
in luminance and degree of polarization with angle of 
emission are eliminated. (5) A higher maximum luminance 
temperature is achieved. If the limiting luminance tem- 
perature in the red of the strip lamp were 2,650° K, the 
total radiator lamp would give 3,000° K for the same 
true temperature of the refractory body. 
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Charge Transfer associated with Temperature 
Gradients in Ionic Solutions 


POTENTIAL differences were produced across columns 
of sodium chloride or potassium chloride solution when 
temperature gradients were applied along them. The 
contribution made by this mechanism to the potentials 
recorded across cell membranes is unlikely to be large. 

A solution of sodium chloride or potassium chloride was 
contained within a hollow vertical ebonite cylinder of 
height 12 cm and internal diameter 2-5 cm. The base of 
the cylinder was sealed by means of an earthed brass plug 
which made good thermal contact with the solution but 
was separated from it electrically by means of a thin sheet 
of insulation. The solution could be heated by means of 
an earthed electrical heater located at the top of the liquid 
column. In this way, temperature differences of up to 
22° C could be applied between two brass electrodes 2 em 
apart which made contact with the solution through the 
walls of the ebonite cylinder about half-way along its 
length. The upper electrode was earthed and the lower one 
was connected to a vibrating reed electrometer in series 
with a pen-recorder which recorded the potentials devel- 
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Fig. 1. Potentials 4V developed across sodium chloride solution as a 
function of the applied steady temperature difference 47° 
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oped between the electrodes on application of the 
temperature gradients. The concentrations of solution 
used were for sodium chloride 0-2 and 1-0 molar, and for 
potassium chloride 0-15 and 1-0 molar. 

The experimental procedure was to fill the ebonite 
cylinder with the solution under investigation, to wait for 
several hours for the temperature and electrical conditions 
to become steady, to switch on the heater and set the 
current to a certain value and to record the steady poten- 
tial developed between the electrodes. The potential 
difference was read for a sequence of values of heater 
current. The whole procedure was then repeated for the 
other solutions. The relationship between the heater 
current and the temperature difference produced between 
the two electrodes was established in a separate experi- 
ment. Substitution of copper or aluminium electrodes for 
the brass ones produced no detectable change in the 
measured potentials, which were therefore not attributable 
to changes with temperature of electrode potentials. 

It was found that when a temperature gradient was 
applied to the sodium chloride or potassium chloride 
solutions charge was separated; the colder portions of the 
solutions became positively charged, and the warmer 
regions negatively charged. Figs. | and 2 show that the 
potentials AY developed increased markedly as the 
temperature difference AT between the electrodes was 
increased; for both sodium chloride and potassium 
chloride the potentials increased with the degree of 
concentration of solution. For the first few degrees 
temperature difference the AV/AT ratio was high, but as 
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Fig. 2. Potentials AV developed across potassium chloride solution 
as a function of the applied steady temperature difference AT 
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the temperature difference increased the ratio became 
constant. The potentials increased as the concentration 
of the solutions increased and for solutions of cqual 
concentration the potentials developed across the potas- 
sium chloride solution were about 20 per cent greater 
than those developed across the sodium chloride solution. 

These results are explicable in terms of a mechanism 
similar to that responsible for charge transfer produced 
by temperature gradients in ice! where preferential 
migration of positive ions down the temperature (concen- 
tration) gradients produces the observed potentials. In 
the case of the sodium chloride and potassium chloride 
solutions, the negative ions are more mobile than the 
positive ions and the degree of dissociation decreases with 
increasing temperature. The establishment of a tempera- 
ture gradient in the solutions therefore produces a 
concentration gradient down which ions of both signs will 
move from the colder to the warmer regions. However, as 
the negative ions move more rapidly than the positive 
ones the warmer regions will acquire a net negative charge, 
leaving a positive charge in the colder regions, as was 
observed. The increase in charge transfer produced by 
an increase of the concentration can be attributed to the 
greater number of ions available to participate in charge 
transfer. Potassium chloride produces larger values of 
AV than sodium chloride, probably because the tempera- 
ture coefficient of ionic dissociation is greater for potassium 
chloride than for sodium chloride; this is opposed to some 
extent by the fact that the mobility of the K* ion is much 
closer to that of the Cl ion than is the Nat ion. A 
contribution towards the establishment of the potential 
differences which have been measured across nerve-cell 
membranes will be made by the migration of Na’, K+ 
and Cl- ions along the temperature gradients which exist 
across the membranes. However, since the temperature 
differences involved are extremely small it appears unlikely 
thet this mechanism is of major importance. This 
conclusion is reinforced by the observation that when the 
temperature-gradient experiments were repeated with 
protein molecules present in the solutions the potentials 
developed were considerably reduced. 
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Influence of Electrode Coatings on the 
Breakdown Strength of Transformer Oil 


In two previous communications'* we have reported 
the results of conduction current measurements and space 
charge measurements in transformer oil using bare 
electrodes and electrodes coated with thin insulating films. 
The influence of such films on the breakdown strength of 
an oil gap is discussed in the present communication. The 
direct voltage breakdown strength of the oil has been 
measured using two bare electrodes, two coated electrodes, 
and one coated and one bare electrode. Plane-parallel 
electrodes with Bruce profiles and overall diameters of 
l cm were used. The insulating film on the electrodes 
consisted of a 025 mm thick coating of the polyether 
‘Penton’. All the tests were carried out in a closed test 
cell using filtered air-saturated oil at atmospheric pressure’. 

Fig. 1 shows the effect of coating either one or both 
electrodes on the static breakdown. voltage of a 0-25-mm 
oil gap. The values indicated represent the mean and 
total range of the first breakdown values of ten individual 
tests for each configuration. By coating either the 
cathode alone or the anode alone the minimum break- 
down value is increased significantly compared with all 
the values obtained using uncoated electrodes and a much 
larger oil gap. A somewhat unexpected result was obtained 


688 


120 

















n 
a 
. 
oz 
c « 
z 80 2 
g w 
3 a 
2 wo 
> Wa 
E ; 6 
8 2 2 a 
4 us = 
g Qin win 2 
4 On an u 
Ee Oc O - 
ro z r 
40 va <a D 
< < a 
un 
ov av a: 
w wy wo 
ra E ‘a 
< <o aq 
6° fe) wg 
v Vv 62 
vo 
o 
= 
H 


0 


Fig. 1. Variation of breakdown voltage in transformer oil for coated 
and uncoated electrodes. Dashed lines indicate average breakdown 
yoltage. Coating thickness, 6-25 mm 


when both the electrodes were coated. In this case there 
was no further improvement in the breakdown voltage. 

Whatever the configuration, providing that at least one 
of the electrodes was coated, there was a sharp drop in the 
breakdown stress after the initial breakdown. Micro- 
scopic examination of the breakdown markings on the 
coated electrodes after five shots showed that with a bare 
cathode and a coated anode there were five separate 
marks on the anode—a large pit, probably corresponding 
to the initial breakdown, and four smaller ones corre- 
sponding to subsequent shots. With a coated cathode and 
bare anode there was only one large pit on the coated 
cathode. These observations indicate the importance of 
cathode emission in initiating breakdown. The results 
agree with those of McNeall and Skipper‘, who examined 
the uniform field impulse breakdown strength of com- 
pressed nitrogen using one coated and one bare electrode. 

With both the electrodes coated the cathode and the 
anode each showed only one large breakdown mark. In 
some experiments, however, there was no decrease in 
breakdown strength for the second shot. In these cases 
two marks were always found on both electrodes. Since 
coating both the electrodes caused no further improve- 
ment in the gap performance, compared with coating only 
one electrode, field enhancement at the cathode, due to an 
intense positive space charge, must completely alter the 
normal field distribution. This result is consistent with 
our earlier findings that conduction currents are higher 
with two coated electrodes than with only one!3. This 
effect is thought to arise from a mechanism of ‘feedback’, 
to the cathode, of positive ions generated by an ionization 
process at the anode, which in turn is brought about by 
the intense field created there by the negative space 
charges!-*, 

We thank the directors of ©. A. Parsons and Co., Ltd., 
for permission to publish this work and Mr. G. H. Hickling 
for advice. Two of us (A. A. Z. and M. E. Z. E.) thank the 
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Electrical Engineering Department, University of Alexan- 
dria, for leave of absenée to carry out this work. 
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METALLURGY 


A Method for Determining the Instability of 
Ferrosilite 


THE metasilicate of iron, ferrosilite (FeSiO,), is known to 
be unstable relative to the phase assemblage fayalite 
(Fe,SiO,) plus silica (SiO,) at elevated temperatures and. 
atmospheric pressure. This is shown by the phase diagram 
for the system iron oxide-SiO, in contact with metallic 
iron', in which fayalite is the only crystalline phase 
present in the liquidus temperature region, in addition 
to the end members wiistite (Fe,.O) and silica. 

Attempts have previously been made?? to estimate the 
free energies of formation of ferrosilite according to the 
reactions: 

(I) 


xFe + FeO + SiO, = FeSiO, 

Fe,Si0, + SiO, = 2FeSi0, (IT) 
from room temperature heats of formation? and specific 
heat data, as well as from activities of SiO, and of FeO in 
FeSiO, liquids. However, such calculations are very 
inaccurate, and do not even establish with certainty 
whether the AG°-values for reactions (I) and (II) are 
positive or negative. 

The purpose of the present communication is to describe a 
method by which the stability relations of ferrosilite may be 
determined with higher accuracy by high-temperature 
equilibrium measurements involving a solid-solution phase 
containing FeSiO, as a component. 

It is known from phase equilibrium studies of the system 
MgO-iron oxide-SiO, in contact with metallic iron 
that large amounts of FeSiO, may be dissolved in MgSiO, 
under equilibrium conditions at elevated temperatures (in 
excess of 60 mole per cent in the temperature range of 
1,200°-1,300° C). Consider the equilibrium coexistence 
of a member of this solid-solution series with tridymite, 
metallic iron and a gas phase according to the equation: 


(FeSiO,) in solid solution = Fes + Sid gs, + 1/2 Oza; (ITT) 


The change in standard free energy, AG®, for the foregoing 
reaction may be written: 


and 


Po,!? 
SiO, - ¥FeSiOs 


where Nresio, and yresio, are mole fraction and activity 
coefficient, respectively, of FeSiO, in the solid solution, 
po, is the oxygen pressure of the gas phase in equilibrium 
with the three solid phases, and R is the gas constant. 
In dealing with activity-composition curves of binary 
solutions, it is advantageous to introduce the so-called 
«-function® which for the present solid solution is defined 
by the equation: 


AG? = —2-303RT logy, Nye (IV) 


log yresio, = «(1-~Nyresio,)? 
Equation (IV) may then be written: 


(V) 


1 AG? 
log NFesio, — 3 log po, = a(1—Nresio,)* + 2-3038R7T (VI) 
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Of the terms appearing in this equation, Nyesio, and po, 
may be determined experimentally in the composition 
range of approximately (1-Nyesio,)? = 0:15 — 0-80 at 
temperatures between 1,200° and 1,300°C. A plot of 
log Nyesio, — 1/2 log po, versus (1—Nyesio,)* gives the 
value of AG°/2-303RT as the intercept with the vertical 
axis by extrapolation of the curve to (1—Nyesio,)? = 9. 
As «is expected to vary relatively little with composition, 
the curvature of the line in the graph'is expected to be 
small, and the extrapolation from (1—Nyesio,)? = 0°15 to 
(1-NFesio,)? = 0 can be performed with a high degree of 
reliability. 

Combination of the values thus determined for AG° 
above with the AG°-values for the reactions: 


Fe,-.Oys) = (1-æ)Fe,s) + 1/2 Ox) (VII) 


FeSiOgs, = SiOz + Fes + Ong (VIII) 
permit calculation of the AG°-values for reactions (I) and 
(IT). 

Compositions of (Mg,Fe)SiO, solid solutions „(20-60 
mole per cent FeSiO,) in equilibrium with tridymite and 
metallic iron have been determined as a function of oxygen 
pressure (10-10-13 atm.) at 1,250° and 1,300°C. 
These preliminary experiments have shown that AG®°(1) 
is approximately — 1 kcal and AG° qn approximately +2 
keal at these temperatures. Additional measurements 
are in progress on the (Mg,Fe)SiO, solid solution at various 
temperatures as well as on other metasilicate solid solu- 
tions. 

This work was supported by the U.S. Atomic Energy 
Commission. 


and 


ARNULF Muan 
R. H. Narzicer 


College of Mineral Industries, 
Pennsylvania State University, 
University Park. 
P. L. ROEDER 
Department of Geology, 

Queen’s University, 

Kingston, Ontario. 
2 Bowen, N. L., and Schairer, J. F., Amer. J. Sei. (6th Ser.), 24,7177 (1932). 


2 Sahama, T. G., and Torgeson, D. R., U.S. Bur. Mines, Rep. Invest., No. 
4408 (1949). : 

à Richardson, F. D., Jefes, J. H. E., and Withers, G., J. Iron and Steel 
Inst. (Lond.), 166, 213 (1950). 

i Taylor, C. R., and Chipman, J., Trans. Amer. Inst. Mech. Eng., Tech. 
Pub. No. 1499 (1942). 


+ Bowen, N. L., and Schairer, J. F., Amer. J. Sci. (Fifth Ser.), 29, 151 (1935). 


“Darken, L. S., and Gurry, R. W.. Physical Chemistry of Metals (McGraw- 
Hill Book Co., New York, 1953). 


CRYSTALLOGRAPHY 


Electron Microscopy of Beta-Beryllia 


TuE development of 8-berylliat has been observed 
in the electron microscope. Fine chips of beryllium 
oxide obtained by grinding single crystals in a mortar and 
supported on a carbon substrate were examined in an 
EM-6 electron microscope. Most of the transparent chips 
fracture along prism planes and these yielded single 
erystal diffraction patterns which were readily indexed 
as the normal hexagonal structure of «-beryllia. Trans- 
formation to the high-temperature form was accomplished 
by defocusing the illuminating electron beam and allowing 
a more intense beam to strike the sample. This develops a 
finely shattered texture in the crystal. The evidence 
that the tetragonal structure of §-beryllia is formed is 
indicated by the appearance of new rings or diffraction 
spots from ®-beryllia that are superimposed on the spot 
diffraction pattern of single crystal «-beryllia. In par- 
ticular there are observed the (110) and (310) reflexions 
of ®-beryllia with d-spacings agreeing within experi- 
mental error with those previously reported!; simul- 
taneously the (002) of «-beryllia is commonly absent. 
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Occasionally extra diffraction rings appear; these can bo 
indexed if one presumes that beryllium carbide is formed 
by reaction between the beryllium oxide and the carbon 
substrate. 

The appearance of smooth Debye rings for some 
8-beryllia patterns suggests the beryllium oxide in this 
form is extremely fine in particle size. This implies that 
it was not derived directly from the crystal, but that it is 
a condensate resulting from partial evaporation of the 
crystal under the defocused beam. Whatever the origin. 
it is quite interesting to note that apparently the trans- 
formed beryllium oxide can be quenched in the high- 
temperature form in the electron microscope. With a 
well-focused beam and hence low sample heating, the 
diffraction pattern of #-beryllia is observed, but it 
disappears on extended viewing. It can be re-formed 
again by heating in the defocused beam. 

It is not known whether the §-beryllia structure 
retention at low temperature is due to extremely rapid 
cooling, to significant changes in composition, to radiation 
damage stabilization or other effects. It was previously 
shown. that the high-temperature structure could not be 
quenched in more massive samples?)3, 

This work was supported by the U.S. Atomic Energy 
Commission under contract AT(11-1), Gen-8. 
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Structure of Two Copper Complexes with 
Amidines 


Ir has been shown by Gould, Jameson and Neilson’ 
that «-hydroxy-amidines will form complexes with 
transition metal ions, and we report the results of X-ray 
single-crystal diffraction studies of two such complexes: 
(1) a copper complex of o-chloro-mandelamidine; (2) a 
copper complex of a-hydroxy-«-phenyl-butyramidine. 
Whereas (1) gave a structure which was in accordance 
with expectations the structure of (2) was very surprising. 

(1) Copper complex of o-chloro-mandelamidine. Violet- 
coloured crystals in the form of parallelogram-shaped 
plates were obtained from a solution in an ethanol--water 
mixture. The plates could be cleaved quite easily into 
very thin sheets parallel to the main face, but it was 
difficult to find a specimen which was not either twinned 
or distorted. The unit cell is monoclinic with a = 15-236, 
b = 8-493, c = 7-554 A, B = 93° 26’; space group P2,/c; 
d.(obs.) 1-587 + 0-001 g/em*. Assuming two molecules 
per unit cell the mol. wt. is 466-6 and tho calculated 
mol. wt. for Cu.0O,.N,C,,H,,Cl,2H,O (Fig. 1) is 466-8. 
In this space group with two molecules per unit cell 
each molecule must possess a centre of symmetry with the 
copper atom occupying the centre of symmetry. This 
means that each copper atom has attached to it one d- 
and one l- form of the organic ligand and there is a strong 
presumption that the copper ion is octahedrally co-ordin- 
ated to two oxygen atoms, two nitrogen atoms and two 
water molecules. 

(2) Copper complex of «-hydroxy-a-phenyl-butyramidine. 
Crystals, coloured blue, obtained from an aquoous solution 
were in the form of thin irregularly shaped plates with a 
few needles. It was extremely difficult to select a crystal 
which was not twinned or split. The complex decomposed 
when attempts were made to recrystallize it from water. 
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Fig. 1. 


Copper complex of o-chloro-mandelamidine 


The crystals were monoclinic with @ = 12-46, b = 8-50, 

= 11-47 A, B = 120°.0’; space group P2,; d(obs.) = 
1-432 + 0-001 g/em*®. Assuming two molecules per unit 
cell the molecular weight is 453-7 while the calculated 
molecular weight for Cu.O,N,CopHo.2H,0 is 454-0. 
Since the only systematic absences of reflexions were 
0k0 when k is odd the space group could be P2, or P2,/m, 
but an AO] Patterson projection gave a position for the 
copper atom which excluded the latter space group. 
The crystals were obtained from a racemic mixture of the 
amidine and it was expected that the crystals of the 
complex would contain equal amounts of the d- and l- 
forms. However, it is impossible to explain the X-ray 
diffraction data on this basis and it was only when three- 
dimensional data were collected that it became clear that 
the molecule was not centrosymmetric. In addition 
to AkO reflexions, hkl with k = 0,1,2,3,4,5 and 6 were 
measured from Weissenberg photographs and the struc- 
ture was determined by means of a 3D-Patterson synthesis 
and successive 3D-Fourier syntheses. Owing to the 
indeterminate y co-ordinate of the copper atom in this 
space group, a Fourier -based on phases given by the 
copper atom is very confused, and refinement by succes- 
sive Fourier syntheses was rather slow. When the 
co-ordinates from a 3D-Fourier gave an R value 
(R = X||Fo| — |Fel{/X|Lo|) of 0-25 the refinement was 
continued by least-squares with isotropic temperature 
factors and the R value is now 0:11 for 1,004 independent 
reflexions. Fig. 2a shows the complex molecule and Fig. 
2b the arrangement of the atoms when viewed down 
the b-axis. It will be seen that the two benzene rings are 
on the same side of the plane formed by the two five- 
membered rings, and that the two water molecules (O2 
and O02’) are on the opposite side of this plane. Thus the 
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complex does not have a centre of sym- 
metry as in (1) and, in addition, the water 
molecules are not co-ordinated to the 
copper-ion, but there appear to be hydrogen 
bonds between the water molecules and 
the NH, groups so that O2 is bound by 
a hydrogen bond to N2 and 02’ to N2’. 
The structure is remarkable, because, while 
the complex was prepared from a racemic 
mixture, the crystals contain two d- (or 
two l-) amidines attached to one Cu ion. 

The structure of this substance is being 
refined further and a full account will be 
published later. 

We thank Dr. D. G. Neilson and Mr. L. 
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Dr. J. C. Schoone, whom we thank. 
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CHEMISTRY 


Electron Transference in Free Radical Chain 
Transfer Reactions 


THE mechanism of free radical chain transfer reactions 
has been discussed recently by Kennert and Russell? with 
regard to the question of the importance of electron 
transfer in a free radical abstraction process. Kenner! 
advocates a two-step treatment?: 


a b 

Y-4+H-R-Y-H-R->Y-H+R- Q) 
in which a proton transfer step (b) follows an initial electron 
transfer (a). That electron transfer would precede atom 
transfer is not unreasonable in view of the general accept- 
ability of the Born-Oppenheimer approximation. An 
alternative approach by Russell is to consider the reaction 
as proceeding via a transition state which encompasses 
both factors??. 


Y- +H- R- [Y H - R< Y- H Rt 
Y-H R]——Y-H+R- (2) 
transition state 





a 


Fig. 2. a, Copper complex of a-hydroxy-a-phenyl-butyramidine; 6, one of the two complex molecules in the unit cell seen in projection on (010) 


Roach for supplying crystals of (1) and 


a, 
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In either case (in many instances step (a) in the Kenner 
mechanism is highly endothermic since the ionization 
potential of RH can be much greater than the electron 
affinity of - X) the acceptance of an electron transfer term 
in these reactions is largely based on the polar character- 
istics shown by hydrogen transfers from substituted 
toluenes. 


ArCH, + X -> ACH, +H- X (3) 
(I) 


Thus, families of these transfer reactions involving chlorine 
atom, bromine atom*, trichloromethyl radical’, alkoxy 
radical*, and alkylperoxy radical’, exhibit the linear free 
energy relationship based on polar substituent constants 
(Hammett—Brown equations). In addition, the selectivity 
shown by various free radicals and substrates of different 
structural types can be rationalized in terms of polar 
factors®. 

Atom transfer of elements other than hydrogen by 
organic free radicals are rare. The majority of examples 
which have been cited to support the polar effect in transfer 
reactions have involved hydrogen as the atom transferred. 
Tunnelling and electron transfer are optimized in these 
cases. With toluenes as substrates, little is known about 
the stabilities of benzylic radicals I, arid the observed polar 
effect can be attributed to the stabilities of various 
substituted benzyl radicals. 

We have examined the kinetics of the reduction of 
benzyl halides by chromous ion in order to determine the 
effect of substitution on the formation of the benzyl 
radical. The rate-determining step has been formulated?? 
as (4). It is the microscopic reverse of the ligand transfer 

ArCH, — X + Cr(TI) > ArCH,- + Cr(II) (4) 
reaction! and bears direct analogy with reduction by 
chromous ions examined by Taube#*, and halogen atom 
transfer by metals and metal salts, generally. The 
halogen atom is transferred directly from oxidant to 
reductant via a bridged activated complex or transition 
state. 

An early investigation® involving the unimolecular 
pyrolysis of benzyl bromides at 800° K indicated the 
absence of any significant polar effect on the rate. The 

ArCH,Br—> ArCH,: + Br- (5) 
relative rates of reduction by chromous ion in solution 
shown in Table 1 correlate remarkably well with the 
relative rates of pyrolysis in the gas phase obtained by 
Szwarc? under vastly different conditions. Both reactions 
involve the homolytic formation of benzylic radicals in 
the rate-determining step. These mutually supporting 
results show that the effect of substituents on the forma- 
tion of benzyl radicals is small and shows no resemblance 
to a Hammett-type correlation characteristic of hydrogen 
transfer reactions. We interpret these results to indicate 
that electron transfer (and the polar effect) bear important 
consideration in chain transfer processes involving 
hydrogen but is not characteristic of atom transfers 
generally. 


Table 1.. RELATIVE RATES OF REDUOTION AND PYROLYSIS OF BENZYL 


ALIDES 


Relative rates of 
benzyl bromide 


Relative rates of 
benzyl bromide 


reduction pyrolysis 800° K Hammett Substituent 
27-5° + 06°C toluene carrier o 
aqueous ethanol method (ref. 9) 
1:00 1-00 0-00 H 
1-04 (1-02) * 1-02 — 0:069 m-Me 
1:33 (1-6)* — — 0-170 p-Me 
1:07 1-13 + 0-373 m-Ol 
~ (1:26)* 13 + 0227 p-Cl 
1:17 1:24 + 0391 m-Br 
1:43 1:24 + 0-232 p-Br 
1-04 (0-95)* — + 0-115 m-MeO 


* Benzyl chloride. 
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Point of Reductant Attack in Electron Transfer 
through Carboxylate Mediators 


Mucx attention has been given to electron transfer 
between metal ions through organic ligands, particularly 
the chromium(II)-cobalt(ITI) reduction’. Experiments 
have shown that conjugated dicarboxy ligands such as 
fumarate may provide two paths for the electron transfer: 
the ligand may be attacked by the reductant at either of 
the two COO groups. Attack at the remote carboxyl is 
evidenced by both an acid-independent and an acid- 
dependent term in the rate laws, while attack at tho 
carboxyl group co-ordinated to the oxidant is acid- 
independent. The role of the proton in the acid-dependent 
reaction is to increase conjugation between the remote 
carboxyl and the cobalt(III) centre, for example: 


O 0 


l I 
(NH,),Co—O—C—-CH=CH—C—-OH + Hts 
OH O 


| li 
(NH,),Co—O0=C—CH=CH—C—OH 


and an examination of the induced ester hydrolysis in 
experiments with vanadium(I1) and half-ester complexes® 
has shown that the remote attack involves bond formation 
between the reductant and the carbonyl oxygen of the 
carboxyl group: 


OH o 
| il 
(NH,),Co—O=C—CH—CH—C—OR + V(II)-> 
OH O—V(I1) 


| li 
(NH,) CoO =C—CH-—-CH—C-—-0 -~R 


A similar attack cannot be demonstrated in the ease of 
electron transfer through the carboxyl group adjacent to 
the cobalt, so that arguments for either oxygen as a site 
have been advanced. 

The infra-red spectra of a series of ten carboxylato- 
pentamminecobalt(III) complexes have beon examined in 
the carbonyl stretching region. Complexes containing 
ligands with only one carboxyl group (acetato, butyrato, 
benzoate) show an absorption band at 1,600 cm~. The 
absence of a band at 1,720 cm-t, coupled with the presence 
of the very strong 1,600 absorption, is indicative of an 
ionic carboxyl in the complex’: the bonding is quite 
different from that found in the carbonatopentammine- 


692 


cobalt(III) ion, where infra-red investigations®? have 
shown the presence of a covalent Co-O bond. Thus the 
oxygen isotope investigations which have been made of 
carbon dioxide liberation from the carbonato ion and which 
have shown that the Co—-O bond remains intact! have no 
relevance in the aquation of the carboxylato complexes". 

The presence of co-ordination by an essentially ionic 
carboxyl group means that the two oxygens are equivalent 
so that the structure of the ion is best represented by: 


„Ox 
(NH), Co art? 


p 
Say 


and more importantly, attack by the reductant will take 
place at either of the oxygens with equal likelihood. 


R. T. M. Fraser 
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Detection of Homogeneous Reactions in 
the Presence of Heterogeneous Catalytic 
Reaction 


During investigations of gas phase heterogeneous 
catalysis it is often necessary to demonstrate that the 
reaction products arise from the heterogeneous catalytic 
reaction and not from a homogeneous reaction. A com- 
monly used method is to compare results obtained with the 
reactor charged with catalyst with those obtained with 
the reactor empty. If no reaction occurs in the empty 
reactor experiment it is concluded that the reaction being 
studied is catalytic. This conclusion is not always 
justified, however, since combined homogeneous-hetero- 
geneous reactions may occur!-*, The products of the 
catalytic reaction may themselves undergo further homo- 
geneous reaction with the formation of new products. A 
more subtle situation is one where the product of the 
heterogeneous catalytic reaction in turn initiates a homo- 
geneous reaction of the reactants. The work recorded 
here on the oxidation of propene is an example of the 
latter case. ; 

Veatch et al.4 have shown that acrolein is the principal 
product of the oxidation of propene at 450° C over a 
catalyst consisting of bismuth, phosphorus and molyb- 
denum oxides supported on silica. With this catalyst we 
have observed that at propene partia] pressures of about 
200 mm mercury and low propene conversions, acetalde- 
hyde and propene oxide appear as products in addition to 
acrolein. 

The oxidation apparatus was a closed system consisting 
of a gas circulating pump, glass spiral pressure gauge, 
tubular reactor (0-3 g catalyst) and a product trap cooled 
to — 183° C. The reactor was a 6-mm internal diameter 
‘Pyrex’ glass tube coiled in a helix and heated in a bath of 
molten tin; 5-mm glass rods were placed in the entrance 
and exit arms of the reactor to increase the linear flow 
velocity of the gas in those regions. The position of the 
catalyst bed in the reactor was adjustable so that the 
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Fig. 1. Effect of residence time in the post-catalyst zone of the reactor 
on the product distribution. Moles of reactants x 10‘, propene 224, 
$ oxygen 299. Temperature, 445° C 


volume of the empty reactor beyond the catalyst bed 
could be varied. The propene~oxygen reaction mixture 
in an argon carrier gas passed through the reactor into the 
trap where the products and unconverted propene were 
condensed. The products were analysed by gas chroma- 
tography using a 88’-oxydipropionitrile column. 

A series of runs was carried out with a propene—oxygen 
reaction mixture (partial pressures 182 and 242 mm 
mercury, respectively) and a constant catalyst contact 
time of 0-2 sec while the residence time in the empty zone 
of the reactor was varied from 1 to 9 sec. The results 
plotted in Fig. 1 show that increased residence time in the 
post-catalyst zone caused a marked increase in the yields 
of acetaldehyde and propene oxide. It is evident that 
propene oxide is formed only in this after-zone. Extra- 
polation to zero time indicates that acetaldehyde is 
formed in the catalyst bed as well as in the post-catalyst 
zone. 


Table 1, OXIDATIONS AT 445°C IN ABSENCE OF CATALYST 














Moles reactants x 10° Moles products x 10° 
Residence 
time Acetal- Propene 
Propene Acroicin Oxygen (sec) Acrolein dehyde oxide 
227 = 304 9-2 — 0-2 — 
— 26-0 303 8-6 8-1 0-9 — 
227 26-8 305 St 20:9 23 0-7 





Table 1 shows the results obtained at similar propene, 
oxygen and acrolein partial pressures with the reactor 
empty. The propene-oxygen reaction mixture gave 
virtually no reaction, while the acrolen—oxygen reaction 
mixture led to the formation of a small amount of acetalde- 
hyde, but no propene oxide. Both propene oxide and an 
increased amount of acetaldehyde were formed, however, 
with the reaction mixture containing propylene, acrolein 
and oxygen. The yields of propene oxide and acetaldehyde 
were not so large as the figure shows would have been 
obtained in a corresponding catalyst run at 8-4 sec resi- 
dence time. The difference is attributed to the absence 
of the acetaldehyde formed in the catalyst zone which 
functions as an additional initiator for the homogeneous 
reaction. Mullen and Skirrow® have shown that acetalde- 
hyde is more effective than acrolein as a chain branching 
agent in the homogeneous oxidation of propene. 

Our results suggest that propene oxide is formed by a 
homogeneous reaction of propene and oxygen initiated by 
the aldehydes formed in the catalytic reaction. Acetalde- 
hyde is formed in part by the catalytic reaction and in 
part by the homogeneous oxidations of acrolein and 
propene. 
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We feel this work demonstrates the care needed when 
ascribing products to a catalytic reaction. 

We thank Mr. D. I. Glass for assistance with the 
experimental work. 


C. C. McCain 
G. W. Gonin 
The Distillers Company, Ltd., 
Research Department, 
Great Burgh, Epsom, 
Surrey. 
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Nuclear Magnetic Resonance in 
‘Monocrystalline’ Polyoxymethylene 


GENERAL equations have been derived for the second 
moment of a nuclear magnetic resonanco line in an oriented 
polymer? on the basis of the Van Vleck formula*. These 
equations were verified for ‘monocrystalline’ polyoxy- 
mothylene obtained from a trioxane monocrystal by solid- 
phase radiation-induced polymerization. 

Monocrystals of polyoxymethylene, 5-6 mm, were 
placed into a thin-walled glass ampoule in a way that their 
axes were normal to that of the ampoule. Nuclear mag- 
netic resonance spectra were obtained at 77° K at various 
angles, 0’, between the crystal axis and the magnetic field. 
A polyerystalline sample—small crystals disorderly packed 

.into an ampoule—was prepared along with the mono- 
erystals. The second moment value for the nuclear 
magnetic resonance line AH? = 18:5 + 0-5 G? was 
determined for this sample. The AH? value was caleu- 
lated theoretically for a known polyformaldehyde struc- 
ture? and appeared to be 19-9 G*. The discrepancy of 
1-5 G? is somewhat in excess over the experimental error 
and may be considered as due to deviation of the C-H 
separation in the CH,-group from the value of 1-09 A 
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Fig. 1. Second moment of the nuclear magnetic resonance line (4H%) 

as a function of the angle 8’ between the ‘monocrystal’ axis and tho 

magnetic field, 1 and 2, Experimental values for two samples; 3, 
theoretical function (full line) 
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that was taken for calculation, or of the H-C-H angle 
from the tetrahedric form, or else to conservation of a 
certain degree of molecular motion in the polymer at the 
liquid nitrogen temperature. The AH? value as a func- 
tion of 0’ is shown in Fig. 1 for ‘monocrystalline’ samples. 
It was ascertained by X-ray analysis‘ that polyoxy- 
methylene ‘monocrystals’ obtained by radiation-induced 
polymerization consist in reality of crystallites of a dual 
orientation: the crystallite axes either coinciding with 
that of the macroscopic crystal, or inclined to it at an 
angle of 76° 7’. The theoretical AH?—0’ function was 
calculated for this structure, allowance being made for 
contributions ‘from intra- and inter-molecular proton 
interaction. For proton separations greater than 5 A, 
summation in the Van Vleck formula was replaced by 
integration. It will be seen from Fig. 1 that the calculated 
AH? values aro essentially close to experimental ones. 
Yet they are somewhat higher than the latter: by 0-5 G°? 
at 6’ = 0 and by 2 G? at 0’ > 45°. As with the poly- 
crystalline sample, the discrepancy may be partially due 
to inaccuracy of calculation. ‘But molecular motion 
seems to be the main reason for it. Increase in the 
difference between theoretical and experimental AH? 
values with increasing 0’ might be an indication of a non- 
isotropic nature of molecular motion resulting in a cortain 
narrowing of the nuclear magnetic resonance lino. 


M. B. NEIMAN 
I. Ya. SLON 
Ya. G. URMAN 
Institute of Chemical Physics, 
U.S.S.R. Academy of Sciences, 
Institute of Plastics, 
Moscow. 
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Thermal Helix-coil Transition in Poly-y- 
. ‘benzyl-L-glutamate 


THE thermally induced transition of solvated poly-y- 
benzyl-L-glutamate (PBG) molecules from a helical to a 
random coil configuration has been the subject of recent 
investigations!-*, Similar transitions, brought about by 
temperature or by other changes, occur in several poly- 
amino-acids‘, and the general phenomenon has been 
treated, theoretically by a number of authors’. 

One of the results which emerges from such treatments is 
that under certain limiting conditions the transition may 
be regarded as a co-oporative first order change, analogous 
in some ways to melting. Experimentally it is found, 
however, that the transition is ‘smeared’ over a numbor of 
degrees and that an observable helix-random coil equilib- 
rinm exists in the vicinity of the transition temperature, 
Te. By tho application of the van’t Hoff equation. to this 
equilibrium an apparent heat of transition, AH, may be 
calculated. In the formulation of Zimm and Bragg? and of 
Applequist’ AH is related to the true heat of transition 
AH, by the equation: 

AH, 

AH = FE (1) 
where AH, is the heat associated with the transfer of one 
amide residue from a random coil configuration to the end 
of an existing helical section, and o is a parameter related 


- to the average length of the helical sections at T'e. Zimm., 


Doty and Iso? have provided an estimate of 2 x 10-4 
forc in the PBG—dichloroacetic acid (DCA)-dichloroethane 
(DCE) system from an examination of the effect of chain- 
length on the shape of the transition curve, and thus, using 
equation 1, AH, may be derived. 
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Fig. 1, Heat capacity of PBG solution. Each gram of solution contains 
p 002002 g PBG 
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Fig. 2. Excess heat capacity (O) in transition range; specific rotation 
(@) for same solution also shown 


During the summer of 1963 we were able to measure 
AH, directly for the aforementioned system, using a 
calorimetric technique. About 2 g of PBG (viscosity 
average mol. wt. 270,000) dissolved in 100 g of a 75 : 25 
(v/v) DCA-DCE mixture were used in the experiment. 
This concentration is approximately an order of magnitude 
greater than that commonly used in optical experiments 
with this system, but a series of polarimetric measurements 
revealed no concentration dependence in the magnitude 
of the specific rotation change accompanying the transi- 
tion. 

Fig. 1 shows the experimental results, for a number of 
runs through the transition region on successive days, in 
terms of heat capacity per gram of solution versus tem- 
perature. Fig. 2 is a plot of the excess heat capacity. 
AC», referred to a smoothed baseline, and also of the 
specific rotation, [«]p, for the same solution, again as a 
function of temperature. As is to be expected, the 
AC, versus T curve is symmetrical, within experimental 
error, about T'e, and it may also be noted that we do not 
find any sign of a high ‘thin’ Cp peak at Te such as is 
characteristic of a true first order transition. Both 
these observations are consistent with the shape of the 
[æ] versus T curve. 

The area under the excess heat capacity curve, 
fAC,.d7, is equal to AH,, which from our measurement 
is + 2,190 joules (+ 525 cal) per mole of PBG residues. 

In the experiment as performed, the heat of transition 
amounted to only ~ 0:4 per cent of the total enthalpy 
change for the sample and container over the transition 
range. Measurements of the heat capacity of a standard 
sample of alumina using the same apparatus’ have indi- 
eated the standard error around room temperature is 
about 0-07 per cent, and thus our determination of AH, is 
limited to an accuracy of about + 15 per cent or 330 J 
mole-!. This estimate is also in accord with the experi- 
mentally observed scatter. 
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Our result of + 525 + 80 cal mole~! is somewhat below 
the previously made estimates of + 890 + 130 cal mole-! 
(ref. 3), and + 1,000 + 200 cal mole-} (ref. 6). A value 
for AH of around 65 keal mole-! seems to be reasonably 
well established, and thus it would appear that either o has 


been over-estimated by a factor of ~ 3, or that approxim- , 


ations inherent in the theoretical models may be of 
greater significance than hitherto assumed. Additional 
measurements will be required to decide this point. 
We thank Prof. B. H. Zimm for his advice. 
F. E. Karasz 
J. M. ORearLryY 
H. E. Bar 
General Electric Research Laboratory, 
Schenectady, New York. 
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Light-induced Oxidation and Halogenation of 
A‘.3-Keto-steroids in Halogenated Solvents 


During experiments aimed at the microbiological 
side-chain degradation of cholesterol and cholestenone, 
reaction products were sometimes observed, which 
apparently were formed under the influence of sunlight 
in methylene chloride (Fig. 1). This solvent was used for 
extraction of the culture media. Like other halogenated 
hydrocarbons it is frequently utilized in microbiological 
preparation. of steroids! and in their biochemical, spectro- 
scopical and clinical analysis. The transformations 
described here may therefore be of general interest. 






E~<— ‘cholestenone’ 


Fig. 1. Influence of sunlight on the transformation of cholestenone in 
methylene chloride. Paper chromatograms, system of Neher and 
Wettstein/Loomeyer (ref. 2). Detection with alkaline methanol; 500 ug 
A, 25 days in sunlight behind window; B, screened off with 


spots. 
black paper 
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A‘-Cholesten-3-one, on exposure to sunlight and air, 
showed little conversion when dissolved in hydrocarbons 
or alcohols, but was readily transformed into a number 
of other A‘-3-keto-steroids in methylene chloride, chloro- 
form or carbon tetrachloride, as shown by paper chromato- 
graphy?. 

In attempts to perform these transformations with usual 
ultra-violet sources (mercury lamps) the paper chromato- 
grams showed scarcely any reaction products with A‘-3- 
keto structure. With xenon lamps, however, which have 
about the same spectral distribution as sunlight, similar 
results could be obtained as with sunlight. 

Experiments with progesterone showed that the rate 
of conversion is highest in halogenated aliphatic solvents 
and decreases as the number of chlorine atoms per solvent 
molecule decreases. In monochlorobenzene, alcohol, 
acetone, carbon disulphide and ethyl acetate little con- 
version was found by measurement of optical rotation, 
and chromatography on paper? and thin layers’. So far 
the most detailed investigation has been that on the 
reaction of progesterone in carbon tetrachloride. When 
I per cent solutions of progesterone in carbon tetrachloride, 
in tubes of ‘Hysil’ glass, are simultaneously oxygenated 
and irradiated by a 6,000-W xenon lamp, placed at a_dis- 
tance of 15 cm from the tube, a precipitate forms after 7-5 
min. 

After 4 h this precipitate amounts to about 70 per cent 
of the weight of the starting material. Precipitates and 
solutes were examined separately for varying times of 
irradiation. The Ei% , at 242 my as well as the [a],°#%s 
of the solutes decreased during the first 30 min propor- 
tionally to the time, but much slower thereafter. The 
corresponding values for the precipitates were constant, 
but inconsiderable. 

The mixtures contained (hydro)peroxides, the percent- 
age active oxygen being 0-1-0-2 per cent in the solutes and 
0-3-0-5 per cent in the precipitates. The total percentage 
oxygen increased gradually until it corresponded with 
the introduction of about two atoms of oxygen per 
molecule in the solutes and three to four in the precipitates. 
The presence of bound chlorine could also be demonstrated, 
but here no correlation with time of irradiation was found. 

Thin-layer chromatograms of the mixtures are shown 
in Fig. 2. The solutes appear to contain most of the 
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Thin-layer chromatograms on silica gel G of reaction mixtures of progesterone 
in carbon tetrachloride after various times of irradiation. Mobile phase: toluenejethyl acetate 
4:1. Detection with alkaline methanol in ultra-violet of 254 mz; 50 xg spots 
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remaining progesterone and polar as well as 
less polar substances, while the precipitates 
contain mainly more polar compounds. 

The reaction is apparently very compli- 
cated and the data obtained suggest that a 
complex chain reaction is involved. 

The presence of 6-ketoprogesterone (I), 
A}4.pregnadiene-2-0l-3-one (II), 4-hydroxy- 
progesterone (III), 4-hydroxy-6-dehydro- 
progesterone (IV), 4-chloroprogesterone (V) 
and 4,5-« epoxypregnane-3-20-dione (VI) 
could be demonstrated in the reaction mix- 
tures, as well as two compounds (VII and 
VIL) of which the structure could only be 
tentatively established as 2,5-epoxy-4-chloro- 
pregnane-3,20-dione (VII) and 2,5-epoxy- 
pregnane-3,6,20-trione (VIII). 

The isolation of these products was carried 
out by a variety of separation techniques, 
such as column chromatography on alumina, 
counter current distribution and preparative 
thin-layer chromatography®. The identifica- 
tion of compounds I through VI was per- 
formed by comparison of infra-red, chroma- 
tographic and other physical data with 
those of authentic samples. The tentative 
structures of VII and VII were based on 
elementary analysis, infra-red, spectra and 
some chemical reactions. 

F. J. RITTER 
Central Laboratory TNO, 
Delft, Holland. 
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BIOPHYSICS 


Influence of Xenon on Protein Hydration 
as measured by a Microwave Absorption 
Technique 


INVESTIGATIONS into the transport mechanisms of 
xenon during xenon anesthesia!.? showed that this noble 
gas associates reversibly with the blood proteins’, Stan- 
dard (P VT) uptake measurements showed that for human 
hemoglobin in aqueous solution (at 20° C; 1 atm. xenon 
pressure pH 7) 1:8 moles of xenon associate per molo of 
hemoglobin‘. 

Such an association is regarded either as apolar binding 
(a rather controversial subject‘), or as a hydrate stabilize- 
tion phenomenon*:?. 

In order to clarify this binding problem somewhat, an 
investigation was made of the influence of the protein- 
bound xenon on the surrounding water. It has been 
shown that dielectric measurements at microwave fre- 
quencies can be used to determine the irrotationally bound 
water on proteinë”, The absorption measurements were 
made at 9-46 Ge/s by a method developed by Birnbaum?° 
and adapted by Vogelhut. 

Human hemoglobin was prepared by Drabkin’s pro- 
cedure!!; fraction 1 was diluted with double distilled 
water and dissolved gases were removed by freezing the 
solution, On» sample was equilibrated with xenon, the 
other kept under its own vapour pressure. The samples 
were introduced into the evacuated glass microcapillary 
of the microwave cavity. The complex dielectric con- 
stants of these solutions were determined by Slater’s 
perturbation theory!?. Static diclectric constants were 
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Table 1 
Solution 0 d latat we 10 
H,O 61-45 32-00 79°77 
H,O0—Xe 61:30 31-91 79-00 i a & 
Hbt 5285 30:29 72-95 024 i 
Hb—Xet 58-02 30-02 72:00 0-28 08 
* W = g bound water (that does not contmbute to Ostat) per g protein. 
t Reduced human hemoglobin. 2 06 
a 
computed from the values shown in Table 1 by the use of j 
Debye’s relation!?. 04 
The results, shown in Table 1, were used in Haggis’s® 
approximation to determine the irrotationally bound A 
water. Such hydration values can only be used for rela- we 
tive comparisons. Present dielectric theories of water do 
not allow precise qualitative interpretation of such 0 
experimental data. 0-000} = 0-001 0-01 O14 
Such results show, however, @ definite increase of Ke 


irrotationally bound water due to the presence of xenon. 
Such an increase in hydration by approximately 15 per 
cent could be due to an enlargement of a polar surface 
area by an induced dipole-type bonded xenon or to the 
formation of a clathrate type structure*”. 


B. P. ScHoENBORN 
R. M. FEATHERSTONE 
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Energy Transfer in Monomolecular Films 
containing Chlorophyll a 


We are investigating the long-range transfer of mole- 
cular excitation energy in monomolecular films containing 
chlorophyll a. The technique used is the quenching of 
chlorophyll a fluorescence by its non-fluorescent derivative, 
copper pheophytin a. We have studied the dependence of 
the quenching on the concentration of quencher at two 
very different values of the fluorescence yield of the 
chlorophyll molecules in the absence of quencher. This 
latter measurement is not customarily included in studies 
of molecular energy transfer, and the results appear, 
therefore, to be of more general interest. 

The monolayer geometry was chosen because chlorophyll 
is distributed in membrane-like structures in photosyn- 
thetic organisms. Monolayers provide a better approxim- 
ation to this geometry than do solutions of chlorophyll 
in organic solvents, which have been used in previous 
investigations of this. problem’. 

The experimental apparatus is described in detail 
elsewhere”. Briefly, light from a mercury arc is incident 
from underneath on the air-water interface of a Langmuir 
trough which bears a monolayer containing the pigment. 


Fig. 1. Quenching of fluorescence of chlorophyll a dispersed in a mono- 

molecular film of oleyl alcohol on water by its non-fluorescent derivative 

copper pheophytin a. Ke is the quencher fraction in the monolayer. 
Keni, the chlorophyll fraction of the monolayer, is 00087 


The exciting light is totally internally reflected, and the 
fluorescence is detected by a photomultiplier mounted 
over the water surface. Further isolation between the 
exciting beam and the fluorescent emission is provided 
by use of suitable filters. The precautions required to 
prevent degradation of chlorophyll and to obtain repro- 
ducible results in this system have already been de- 
seribed?.3, 

Copper pheophytin a is a chlorophyll a derivative in 
which the magnesium has been replaced by copper. No 
fluorescence was detectable from this material either in 
solution in organic solvents or in monolayers. Both 
pigments were prepared by us using methods which have 
been described?-+, 

In some of our experiments, the chlorophyll molecules 
in the monolayers are kept separated from each other by 
average distances of 90-180 A, using any of several inert 
diluents. In other experiments, the quencher is intro- 
duced into layers of pure chlorophyll, where the fluores- 
cence yield/molecule in the absence of quencher is reduced 
by ~ 10° by concentration quenching?. 

The results of measurements of the chlorophyll fluores- 
cence yield, p(Q), normalized to the yield, ọọ in the’ 
absence of quenching molecules, are plotted in Fig. 1 for 
monolayers containing chlorophyll with an average 
separation of ~ 120 A, as a function of Kg, the fraction of 
the surface of the Langmuir trough occupied by copper 
pheophytin. The data points, with error bars attached, 
show the progressive diminution in fluorescence , with 
increasing copper pheophytin concentration. 

These results may be interpreted in terms of the 
Férster mechanism of inductive resonance transfer’. This 
mechanism is based on a near-field, dipole-dipole coupling 
between two oscillators which depends on the inverse 
sixth power of their separation and which is greatest 
when the emission spectrum of the fluorescer most nearly 
overlaps the absorption spectrum of the quencher. 
The critical parameter of the theory is R. the range of the 
coupling interaction. R, is defined! as the distance between 
the excited molecule and the acceptor molecule at which 
the probability/unit time of transfer is equal to the 
probability/unit time that the excited molecule will be- 
come de-excited by all other processes, including fluores- 
cence. The relative fluorescence yield as a function of 
quencher concentration, for any given value of Ry, can be 
computed from equations given by Förster, which we 
have modified for the two-dimensional case encountered: 
here. Fitting the calculated quenching curve, shown as 
the solid line, to the data in Fig. 1, yields a value of 40 A 
for Rẹ The small discrepancy between theory and 
experiment at small Kg arises from the specific averaging 
procedure used in ref. 6, which is correct only when 
Kon < Kg, where Kon is the chlorophyll fraction of the 
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monolayer. An averaging procedure derived by us, 
which is correct in the limit of Kg < Keni, gives improved 
agreement. 

The parameter R, can also be calculated theoretically 
from the properties of the molecular species involved. 
The equation given by Förster’ is: z 


Kr f° d 
= Ei [° fo) eoley fy 


’ where n is the refractive index of the medium, 7° is the 

fluorescence quantum yield in the absence of quenching, 
| e(v) is the molar decadic extinction coefficient, f(v) is the 
emission spectrum normalized to unity, v is wave number, 
and K is a constant equal to 3-5 x 10-5 if the dipole 
transition moments are parallel to the water surface and 
randomly oriented with respect to each other. (The 
moments are believed actually to be within 20° of parallel 
to the plane of the monolayer’.) 

We have measured f(v)? for chlorophyll under the con- 
ditions of these experiments and can estimate e(v) from 
measurements under similar conditions®. If one assumes 
that 7? = 0-3, the same in the monolayer as it is in 
solution!, and that n = 1-16 for the composite medium of 
air, monolayer, and water encountered in our geometry, 
R, can be calculated. We obtain R, = 43-5 A from equa- 
tion (1). In view of the uncertainty in the values used in 
this computation, the agreement with the measured value 
is reasonable, but by no means conclusive proof that the 
Förster mechanism is responsible for the quenching. 

From equation (1), R§/n2 is a constant for molecules 
with a given f(v) and e(v). We have made measurements 
of the fluorescence quenching resulting from addition of 
copper pheophytin to monolayers of pure chlorophyll. As 
notéd above, 7° for such films is reduced by ~ 10%, and 
hence R, should be reduced by 4/10 because of this 
fact if the equations of Förster are applicable. Also, e(v) 
and f(v) are both shifted to longer wave-lengths when the 
chlorophyll is in a condensed film®*, and the overlap 
integral must be corrected. When these quantities are 
substituted in equation (l), we calculate Rọ = 11-5 A. 
An experimental value of 15 A is derived from data 
analogous to those of Fig. 1, fitted in the high quencher 
concentration limit. 

Dexter?’ has discussed the possibility of exchange-type 
interactions at short distances in energy transfer. The 
fact that our calculations using the dispersion force inter- 
action of Férster overestimates its range in dilute mono- 
layers and under-estimates its range for concentrated 
monolayers suggests that there may be contributions to 
the transfer from additional interaction mechanisms. 
Other effects may be important as well, however, and full 
discussion of this point as well as discussion of the appli- 
cation of the Férster equation to the undiluted chlorophyll 
layers is reserved to a manuscript with complete details 
which is being prepared for publication elsewhere. 

We thank G. D. Mahan for discussion and A. F. Razzano 
for his assistance. 
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Detection of Naturally Occurring Cholin- 
esterase Inhibitors in Several Crops by 
Paper Chromatography 


In the course of a paper chromatographic study to 
detect possible crop residues of an organophosphorus 
insecticide it became apparent that benzene extracts of 
untreated check samples of a red variety of Irish potatocs. 
sugar beets, Valencia oranges and Staymen apples 
produced cholinesterase-inhibiting spots. 

Crops were macerated with benzene in a 1 : 2 (wv) 
ratio, the benzene extract concentrated under vacuum and 
purified by elution on Whatman 3 MM filter paper with 
acetonitrile’. Aliquots of purified plant extracts (5 g,10 
ul.) were chromatographed on Whatman 3 MM paper 
strips l in. x 12 in. using a diphase ascending solvent 
system? designated as O/M consisting of 25 per cent v/v 
6-methoxypropionitrile in acetone as the stationary 
phase, and cyclohexane saturated with B-methoxypro- 
pionitrile as the mobile phase. Cholinesterase-inhibiting 
materials were detected by the method of Cook? as modified 
by Getz and Friedman‘. Developed chromatograms were 
air-dried and sprayed with undiluted, pooled. outdated 
human blood plasma as the cholinesterase source. The 
chromatograms were allowed to incubate for 0-5 h at room 
temperature and then dried and liberally sprayed with a 
freshly prepared substrate-indicator solution consisting 
of 1 part by volume of bromthymol blue (b/b) solution 
(0-6 g b/b dissolved in 100 ml. 0-1 N sodium hydroxide) 
and 15 parts by volume of substrate solution (1-0 g 
acetylcholine chloride dissolved in 100-ml. de-ionized 
water). Inhibitory substdnces appeared after a few 
minutes as blue spots against a background which turned 
yellow due to the liberation of acetic acid. The blue spots 
faded rapidly. However, it was possible to make them 
more distinct by re-spraying the paper chromatogram 
with the substrate-indicator solution. The sensitivity of 
this procedure is also dependent on the solvent systemis) 
chosen for development. 

The chromatogram of potato peel revealed several 
inhibitory spots (Fig. 1, III). Orgell® obtained a high 
order of cholinesterase inhibition in vitro with Trish pota- 
toes. Since the steroid alkaloid solanine occurs in pota- 
toes*, solanine and its aglucon derivative solanidine, both 
obtained from K and K Laboratories, Plainview, New 
York, were subjected to paper chromatographic analysis. 
Solanidine (I). partitioned into several inhibitory spots 
in the C/M chromatographic system and gavo essen- 
tially a similar pattern of spots as that shown in potato 
peel (IIT), while solanine (II) yielded only one spot. 
Among 139 alkaloids, glycosides and similar compounds 
tested by Orgel’ against human plasma cholinesterase în 
vitro, solanine was among the most inhibitory. It 
appeared from the chromatograms (Fig. 1) that the 
solanidine fraction (I) was more inhibitory than solanine 
(II) based on colour intensity and number of spots on the 
developed chromatograms. It has been previously repor- 
ted® that solanine was not the prime inhibitory compound 
in potato peel. Bromine vapour oxidation of potato and 
sugar beet chromatograms prior to incubation with 
plasma apparently destroyed the inhibitory properties of 
the isolated spots as they failed to appear on the developed 
chromatogram. - 

Sugar beet (IV), apple (V) and orange (VI) extracts 
yielded two inhibitory spots with approsimately the same 
Rr values (Fig. 1). Aqueous extracts of apples’ also 
showed a slight inhibition of human plasma cholinesterase 
in vitro. We believe that this is the first demonstration 
of the presence of naturally occurring human plasma 
cholinesterase inhibitors in oranges and sugar beets. 

Chromatogram VII represents a solvent control pro- 
cessed through the usual procedures and chromatogram 
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Fig. 1. Paper chromatography of naturally occurring cholinesterase inhibitors in- plants 
using the C/M system. I, 5 ug solanidine fraction; II, 5 ug solanine; III, 0-4 g/4 ul. potato 
peel; IV, 6:0 g/10 wl. sugar beet; V, 5:0 g/10 ul. apple; VI, 5-0 g/10 ul. orange; VII, 
’ solvent control; VIL, potato peel control—developed in absence of human plasma 


VIII represents a developed chromatogram of potato peel 
extract with the deletion of the human plasma spray. 
Afterwards, chromatogram VIII was sprayed with the 
substrate-indicator solution, and when it had dried it was 
lightly sprayed with 0-0067 M acetic acid solution which 
was equivalent to 1/10 of the molar concentration of 
agetic acid theoretically released from the substrate- 
indicator solution. The whole chromatogram turned 
yellow gradually without the appearance of any blue 
spots. Since no spots appeared on this chromatogram it 
was apparent that the blue spots on the other chromato- 
grams were produced by cholinesterase inhibition rather 
than buffer action. 

Although the presence of in vitro cholinesterase inhibit- 
ing compounds has been established previously in several 
higher plants®™1°, the chromatographic procedure described 
in this communication offers a simple technique for 
further investigation into their chemical nature. 
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A Comparison of Nuclear to Microsomal Amino- 
acid Incorporation into Developing and 
Lactating Mammary Tissue 


In the investigation of amino-acid incorporation in vivo 
in various tissues, both neoplastic and normal, Campbell 
et al. and Busch et al.? have reported that in neoplastic 
tissues the nuclear fraction exhibits a higher rate of in- 
corporation, relative to that of the microsomal fraction, 
than is the case in normal tissue. They postulated with 
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some reservation that this elevated nuclear 
incorporating activity is a phenomenon 
associated with the neoplastic state. How- 
ever, they did not examine the pattern of 
relative incorporations in any rapidly. divid- 
ing normal tissues, and it is possible that 
such an incorporation pattern may be more 
a characteristic of rapid cell division than 
of neoplasia per se. 
pertinent to compare a normal tissue, prefer- 
ably one the protein synthesis of which is 
directed toward secretory products, to a 
tissue which is rapidly growing, one the 
protein synthesis of which is directed toward 
mitosis and the production of structural 
elements. 

The mammary gland during pregnancy 
undergoes a marked hyperplasia and-hyper- 
trophy in preparation for its secretory role 
during lactation. It, theréfore, provides a 
particularly suitable tool whereby incorpora- 
tion phenomena may be investigated and 
compared in essentially the same tissue, 
on one hand during active cell division and, 
on the other, during active glandular secretion. In the 
present investigation, use ofthe mammary gland has provi- 
ded evidence for an elevated nuclear incorporation during 
active cell division, with an especially high incorporation 
rate just prior to parturition, and a subsequent precipitate 
decline during lactation. 

Pregnant Long-Evans rats, 70-90 days of age, were 
prepared. The dates of conception were determined by 
observation of vaginal plugs after copulation and by 
examination of the foetuses. After starving overnight, 
these animals were injected intravenously with 30 uc.:of a 
mixed amino-acid preparation labelled with carbon-14. 
After a 15-min period of incorporation, the animals were 
killed and the abdomino-inguinal mammary glands 
removed, homogenized, and fractionated by differential 
centrifugation into nuclear, mitochondrial, microsomal 
and supernatant fractions. After precipitation with 5 per 
cent trichloroacetic acid, unincorporated amino-acids were 
removed by repeated washing with cold trichloroacetic acid, 
and determinations were made of the DNA, RNA, protein 
and radioactivity-levels of the various fractions. 

The specific activities of the various fractions, relative 
to those of the microsomal fractions (defined as 100 per 
cent), are presented in Table 1. It may be seen that 
during mammary development the nuclear fraction 
exhibits a higher relative rate of incorporation than 
observed, by Campbell e al.) for rat hepatoma (61 ‘per 
cent) and for mouse Krebs ascites tumour (69 per cent), and. 
far higher than those values obtained by them for normal 
tissue (28-42 per cent). When lactation starts, the relative 
rate of incorporation into the nuclear fraction drops to the 
‘normal’ level even though some cell division continues in. 
the early part of the lactation period’. It may be con- 
cluded from the foregoing that the mammary gland is a 
tissue in which amino-acid incorporation into the nuclear 
(and mitochondrial) fraction relative to that into the micro- 
somal fraction is much more prominent when the tissue is 
involved in supporting its own structural growth than 
when it is involved in secretion. (No conclusions can be 


Table 1. RELATIVE RATES OF INCORPORATION INTO THE SUB-OELLULAR 
FRACTIONS OF MAMMARY GLAND DURING PREGNANCY AND LACTATION * 


Nuclear Mitochondrial Microsomal Soluble Homogenate 


Virgin 87 108 100 44 53 

5 days 80 104 100 48 48 
10 days 73 111 100 54 63 
15 days 70 118 100 54 63 
20 days 78 119 100 70 89 
Lactation . 

3 days 44 126 100 49 71 

8 days 55 125 100 58 76 


* Specific activity 


(e.p.m./mg) expressed as a percentage of microsomal 
specific activity. p $ 


Therefore, it would be ` 


~ 
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Fig. 1. Levels of protein (A), DNA (O), and radioactivity incorpora- 

tion (C})}, into the nuclear fraction of the rat mammary gland during 

pregnancy and early lactation. The figures given are amounts obtained 
from all abdomino-inguinal mammary glands of each animal 
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Fig. 2. Levels of protein (A), RNA (O), and radioactivity incorpora- 

tion (0) Into the mierosomal fraction of the rat mammary gland 

auring pregnancy and early lactation. Figures given are amounts obtained 
tom al] abdomino-inguinal mammary glands of each animal 
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drawn reliably from the high relative rates for the virgin 
and 5-day pregnant glands, since in all fractions the 
quantities of protein present were very low.) 

A more striking way of viewing the different contribu- 
tions of the nuclear and microsomal fractions is shown in 
Figs. 1 and 2, in which are presented the changing levels 
of protein, nucleic acid and radioactivity incorporation. 

The increase in the number of nuclei is represented in 
Fig. 1 by the smooth increase in the DNA of the nuclear 
fraction during pregnancy. The protein content and the 
total incorporation of amino-acids into the nuclear fraction 
parallel fairly well this increase, with the exception of the 
period immediately preceding parturition. At this time, 
between 15 and 20 days of pregnancy, a sudden and brief 


_ increase (0:05 > P > 0-02) in the rate of incorporation 


occurs along with an accumulation (P < 0-01) of nuclear 
protein. 

The microsomal fraction (Fig. 2) shows no such burst of 
activity prior to parturition (neither does any other sub- 
cellular fraction), and it is only in early lactation after the 
nuclear burst of activity has subsided that microsomal 
RNA., protein and amino-acid incorporation exhibit a 
very marked increase. 

The observed burst of nuclear activity correlates with 
the sudden change in function of the mammary gland. 
from that of development to that of secretion (a change 
which is associated with a change in hormonal stimula- 
tion). In view of the recent interest in the control of 
genetic expression by nuclear proteiu‘~?, the sudden 
increase of activity in nuclear protein synthesis just 
preceding the change in tissue function would seem quite 
significant. Clearly, much more detailed fact is required 
to elucidate the mechanism of these changes. 

This work was supported by & grant from the U.S. 
Public Health Service (AM 02691) and in part by the 
A. L. Levy fellowship (to D. H. L.). 
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Metabolic Release of Methyl Groups from a 
Series of N-Methylpyridinium Compounds 


ALTHOUGH the capacity of the mammalian organism to 
N-methylate pyridine compounds and thus deprive itself 
of ‘labile methyl groups”’ is well known and forms an ever- 
extending list™, the capacity for demethylation of the 
resultant compounds is less understood. Early nutritional 
investigations have indicated‘ that N1-methylnicotinamide 
has lipotropie properties. This has led to the suggestion 
that methylation of nicotinamide is reversible under 
certain conditions, thus affording a biological conservation 
of methyl groups. 

In recent investigations we have shown that (—)-nico- 
tine and (—)-cotinine, a metabolite of (—)-nicotine, 
undergo pyridine-N-methylation, which leads in the dog? 
to the urinary excretion of the corresponding onium ions, 
nicotine isomethonium ion and (—)-cotinine methonium 
ion. In similar studies® with 3-acetylpyridine the isolated 
quaternary ammonium urinary excretion product was 
N-methyl] 3-(1-hydroxyethyl)pyridiniumion. The results 
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Table 1. 24-H RECOVERY OF “C-ACTIVITY AFTER INTRAPERITONEAL ADMINISTRATION OF N-METHYL-“C 1/m PYRIDINIUM COMPOUNDS TO THE MALE RAT 


Compound and dose (uM) No. of 


Percentage of “C-activity recovered 





animals 





Respiratory CO, 


Feeces Urine Totalt 





3-Acetylpyridine methonium iodide (18) 
(—)-Cotinine methonium iodide (24) 
Nicotinamide methonium iodide (20) 
Nicotinic acid methonium chloride (19-26) 
3-Pyridylacetic acid methonium chloride (21) 





0-40-9-36 
0:78-1:21 
0°94-1-53* 
0°72-1-07 
0:22-0:56 


741-844 
94°6-97°7 
94-0-9786 
92-0-97°0 
62-0-67-9 


87°6-96'2 
95°56-98'6 
95-7-08°8 | 
928-980 
63-6-68:3 


* Fecal value determined for only two animals. 
+ Range of total activity recovered per animal. 


of the examination, although pointing to this quaternary 
ion as the predominant metabolic product in the methon- 
ium fraction of the urine, did not exclude the presence or 
intermediary participation of N-methyl 3-acetylpyridin- 
ium ion, which may have been formed and metabolized 
further to give N-methyl 3-(1-hydroxyethyl)pyridinium 
ion. Since the quantity of N-methylpyridinium compound 
present in urine in these and other studies may be related, 
in part at least, to the relative stability or lability® of the 
methyl group on the quaternary nitrogen atom, we were 
led to compare the ease with which such groups labelled 
with carbon-14 could enter into oxidative pathways, 
using respiratory carbon dioxide (labelled with carbon-14) 
of the rat as an indicator. 

For the examination a series of N-methyl]-C 1/mpyridin- 
ium compounds were prepared by conventionally treating 
solutions of the corresponding pyridine compounds with 
methyl-'C iodide. The betaine trigonelline was used 
in the form of the hydrochloride, nicotinic acid methonium 
chloride. This and the betaine salt of 3-pyridylacetic 
acid, 3-pyridylacetic acid methonium chloride, were 
obtained via corresponding esters which were N-alkyl- 
ated’ 8 and afterwards hydrolysed. 

All compounds were injected intraperitoneally in 
neutral aqueous solution (1-1-5 ml.) into male albino 
Wistar strain rats (145-264 g). The animals were housed 
in glass metabolism cages, with water but no food, for 
collection of respiratory carbon dioxide in scintillator 
solution containing phenylethylamine®. Radioactive 
determinations on fæces (after combustion), urine (directly 
or following combustion), and respiratory carbon dioxide 
were corrected by an internal standard or by the channel- 
ratio? procedure. 

The major mode of elimination of the radioactivity 
(Table 1) was by way of the urine; some radioactivity, in 
all cases, appeared in the feces. The fecal values, however, 
must be considered high as the result of occasional con- 
tamination by urine. As a group, with the notable excep- 
tion of N-methyl 3-acetylpyridinium ion, the N-methyl- 
pyridinium compounds contributed very little radio- 
activity, less than 0-9 per cent of that administered, to the 
respiratory carbon dioxide. 

N-Methyl 3-acetylpyridinium ion, administered as the 
iodide (3-acetylpyridinium methiodide), led to the pro- 
duction of considerable quantities of radioactivity (3-8 
per cent of the administered dose) in the form of respira- 
tory carbon dioxide. The urine from the animals that 
received this acetyl quaternary ammonium ion contained 
material which co-chromatographed on paper with the 
administered compound and, in addition, contained other 
radioactive components which require characterization. 
The presence of these components, an indication of active 
metabolism of the N-methyl 3-acetylpyridinium moiety, 
suggests again the possibility that the methonium com- 
pound, although never isolated in metabolic studies on 
3-acetylpyridine, has an intermediary role in the 
metabolism of the ketone. 

The conversion of the methyl group of trigonelline to 
14C-carbon dioxide was very limited in nature (approxi- 
mately 0-1 per cent of the administered dose). The capacity 
of trigonelline to serve as a methyl donor has been subjected 
in the past to many investigations The work of 


du Vigneaud eż al.) suggests that if trigonelline had con~’ 
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tributed appreciable quantities of one-carbon components ' 


to the labile methyl pool, this would have been reflected in 
greater quantities of radioactivity in the respiratory 
carbon dioxide. Handler and Dann" noted that the feed- 
ing of trigonelline to rats was not effective in preventing 
fatty-liver formation. They noted, however, that the 
urine of the animals contained considerable quantities of 
acid-hydrolysable nicotinic acid derivatives. They con- 
cluded that rats have a capacity for demethylating trigo- 
nelline, and that the methyl group is not available for trans- 
methylation reactions. Moyer and du Vigneaud!, using 
growth of rats as a criterion, had noted previously that the 
methyl group was not available for significant methylation 
of homocysteine. 

In contrast to the cited results with trigonelline, Najjar 
and Deal‘, after finding that N+-methylnicotinamide 
exerted a lipotropic action in rats, suggested a possible 
demethylation of N}-methylnicotinamide, with the pro- 
duction of nicotinamide and a biologically active (labile) 
methyl group. The work of Keller, Wood and 
du Vigneaud failed to confirm this possibility. In our 
investigations 0-1-0-9 per cent, of the radioactivity of 
Nt-methyl-“C-nicotinamide, administered in the form of 
nicotinamide methonium iodide, appeared as radioactive 
respiratory carbon dioxide. These results, although 
perhaps indicating the possibility of labile methyl group 
formation, are readily susceptible to other interpretations, 
including a degradation to methylamine and subsequent 
degradation“ to carbon dioxide. Only a more fully 
detailed investigation of the metabolites of the pyridinium 
compounds can provide the basis for a satisfactory inter- 
pretation. 

This work was supported by the American Tobacco Co., 
the Tobacco Industry Research Committee and the U.S. 
National Institutes of Health. 
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Creatine-phospho-transferase Isozymes 


Proremws with the same enzymatic specificity which 
can be resolved into different molecular forms by physico- 
chemical techniques have been defined as isozymes by 
Markert and Mollert. 

`o Such enzyme heterogeneity is a widely known phenom- 
enon. Differences have been found between enzymes 

\ with the same substrate specificity in different species, in 
different tissues from the same species, and in adult and 

5 embryonic cells. In 1961 K. F. Gregory stated that more 

; than 30 enzymes were known to exist in multiple molecular 

' forms within individual organisms. The existence of 
‘more than one form of an enzyme within a cell has been 
considered as a biological principle. 

We have been successful in separating isozymes of 
creatine-phospho-transferase (CPT) according to the afore- 
mentioned definition. 

Human tissues with high CPT activity are heart and 
skeletal muscle and the central nervous system. <A high 
activity in serum has been found in muscular disease. 

Water extracts of heart-muscle and skeletal muscle and 
of brain tissue from human cadavers, and of human muscle 
obtained by biopsy have been made. Serum from patients 
with muscular dystrophy and with heart infarct has also 
been investigated. 

The extracts of muscle and brain were made with ultra- 
sonic vibration or in a Potter-—Elvehjem apparatus. 

The separations were performed with starch-gel electro- 
phoresis according to Smithies* and agar electrophoresis 
according to the principles of Wieme®. 

The bands were made visible through reduction of 
nitro-blue-tetrazolium in the presence of NADPH,, which 
was generated essentially as in Oliver’s method of CPT- 
measurement where creatine phosphate (CP) is used as the 
specific substrate‘. 

When the separation was performed with starch-gel 
electrophoresis four bands were obtained dependent on 
the presence of the specific substrate (CP). The same 
number of bands was present in the different extracts and 
in serum, from the different patients previously mentioned. 

With agar electrophoresis of muscle and brain extracts 
we obtained only one band dependent on the presence of 
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Fig. 2, Agar electrophoresis. A, Extract from skeletal muscle: (1) com- 

plete reaction mixture; (2) no specific substrate (CP) in the reaction 

mixture. B, Extract from brain: (1) complete reaction mixture; 
(2) no specifie substrate (CP) in the reaction mixture 


the specific substrate. The respective band, however, 
moved in different directions. 
KJELL SJÖVALL 
Institute of Biochemistry, 
University of Lund. 
Ann Vorcr 
Central Laboratory, 
University Hospital, 
Lund, Sweden. 
1 Markert, C. L., and Moller, F., Proc. U.S. Nat. Acad. Sci., 45, 753 (1959). 
2 Smithies, O., Adv. Protein Chem., 14, 65 (1959). 
3 Wieme, R. G., Glin. Chim. Acta, 4, 317 (1959). 
t Oliver, I. T., Biochem. J., 61, 116 (1955). 


Volatile Hop Esters 


We have identified a number of previously unreported 
ester constituents of hops. The esters, identified rather 
positively by comparison of their mass 
spectral patterns and retention times 
with those of authentic samples, were 
2-methylbutyl propicnate, 2-methy1- 
butyl 2-methylbutyrate, hexyl pro- 





A2 


pionate, hexyl isobutyrate, heptyl 
propionate, beptyl isobutyrate, octyl 
‘propionate and octyl isobutyrate. 





Bi 
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.An analysis of a whole hop oil 
using the combination of capillary 
gas chromatography and mass spectro- 
metry}? has been reported®. In the 
present analysis, the oxygenated frac- 
tion of the steam distillate of 1962 
Brewers Gold hops was separated 
from the whole oil by chromatography 
on silica according to the method of 
Kirchner and Miler’. This fraction 
was then analysed by the capillary gas 
chromatography and mass spectro- 
metry already mentioned. 

In the work recorded here the gas- 
liquid chromatography column was 
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Starch-gel electrophoresis. 


Fig. 1. 


reaction mixture 





c A, Serum from patient with heart infarct: (1) no 
specific substrate (CP) in the reaction mixture; (2) complete reaction mixture. B, Serum 
from patient with dystrophia musculorum progressiva, type III: (1) no specific sub- 
strate (CP) in the reaction mixture; (2) complete reaction mixture. C, Extract from 
skeletal muscle: (1) no specific substrate (CP) in the reaction mixture; (2) complete 


290 ft. long by 0-01 in. internal 
diameter, stainless steel and coated 
with ‘Tween-20°. It was manually 
programmed non-linearly from 50° to 
200° C. For gas-liquid chromato- 
graphy retention time measurements, 
the capillary was led into a flame 
ionization detector. The carrier gas 
was helium at a velocity of 16 cm/sec 
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for both mass spectral and flame ionization runs. ‘The 

sample (12 ul.) was injected into a split stream injector 

having a split of 1/300 and a temperature of 180° C. 

In many cases the structure could be surmised from 
the mass spectrum, which thus suggested the correct 
authentic sample for comparison. The parent mass 
spectral peak, when obtained, gave the molecular weight 
which in turn indicated the empirical formula. The size 
of the acid group in the ester could frequently be determ- 
ined. In some cases the branching of the carbon chains 
could be detected. The distinctive patterns of the methyl 
esters, the propionates, and isobutyrates facilitated their 
identification. 

The identities of a number of previously reported 
esters'~’ were confirmed rather positively by their mass- 
spectral patterns combined with retention times. These 
esters were 2-methylpropyl isobutyrate, 2-methylbutyl 
isobutyrate, methyl heptanoate, methyl octanoate, methyl 
nonanoate, methyl decanoate, methyl undecanoate, 
methyl dec-4-enoate, methyl deca-4,8-dienoate and 
geranyl acetate. In addition, the identities of the following 
branched chain esters were indicated from their mass 
spectral patterns although the type of branching could not 
always be interpreted and no authentic samples were 
available: methyl 5-methylhexanoate, propyl pentanoate 
(branched), pentenyl butyrate (branched), methyl octan- 
oate (branched, two isomers), methyl nonanoate 
(branched), methyl decanoate (branched, three isomers), 
and methyl undecanoate (branched, three isomers). 

This work was supported in part by funds from the 
U.S. Brewers Association, Inc., under the Committee for 
Hop Research. 

Reference to a company or product name does not imply 
approval or recommendation of the product by the U.S. 
Department of Agriculture to the exclusion of others that 
may be suitable. 
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Spurious Tetracycline Fluorescence in Hair 


Tus fluorescence seen transiently in feathers of the 
whole chick embryo after administration of tetracycline! 
and noted regularly in sectioned hair from guinea pigs 
treated for examination of growth of bone? led to a specific 
investigation of the binding of tetracycline in keratin. 
The working hypothesis in this investigation assumed 
relationships among the collagen-type structure proposed 
for feather keratin’, the calcification observed in certain 
keratins‘, the necessity for the presence of both collagen 
and calcium in tetracycline binding® and tetracycline 
deposition in the pattern of calcium distribution in 
secondary mineralization and long-term exchange®. 

Feather-bearing skin was removed from different white 
Leghorn chick embryos at hourly and daily intervals 
following injection of tetracycline hydrochloride (0-05 mg) 
into the yolk sac on the eighth or eleventh day of incuba- 
tion. Skin from guinea pigs (350-400 g) was sampled 1 h 
and 1 day after a single intraperitoneal injection (15 mg) 
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and one and three days after completion of a series of 
three daily injections. Tissue was.fixed in 50 per cent 
ethanol (—4° C) and dehydrated in steps to absolute 
ethanol. Unstained and toluidine-blue stained sections { 
from paraffin blocks were examined in a Zeiss ultra-violet { 
microscope with 0/41 intermediate filters, Wratten 2B , / 
ocular filters, and an Osram HBo 200 high-pressure mer- 
cury source. 

No fluorescence was seen in any specimen of chick 
skin and feather. Bright golden light typical of tetra- ; 
cycline seen in the hair and root bulb of many specimens ‘6 
from treated guinea pigs was, however, exactly matched ‘, 
in control specimens. Further studies indicated that the{ 
apparent fluorescence was largely caused by polarization. 
effects from the keratin and diffraction from artefactual 
clefts in the hair bulb. Under the conditions of these 
experiments binding of tetracycline to keratin was not 
seen. 

I thank Dr. W. H. Harris for use of his fluorescence 
microscope and Dr. W. A. Clark for help in preparing the 
histological specimens. This work was carried out during 
the tenure of an Established Investigatorship of the 
American Heart Association and was supported in part 
by a grant from the U.S. National Science Foundation 
(GB-614). 
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Action of Glycosidases and Periodate on 
Guinea Pig Serum Glycoproteins 


Tas work forms part of an investigation on an acidic 
glycoprotein-containing «-globulin fraction, Fraction I, 
which has been isolated from guinea pig serum by means 
of chromatography with carboxymethyl cellulose. The 
physical and immunological characteristics and 
carbohydrate composition of this fraction have been 
investigated!. A large part of it is made up of a number 
of components with very similar physical properties and 
which are difficult to resolve. The carbohydrate content 
is about 19 per cent; sialic acid, galactose, mannose and 
hexosamine occur in a molar ratio of approximately 
0-8 : 1-0: 1-0: 1-4. Most or all of the sialic acid residues 
occupy terminal positions of oligosaccharide chains. This 
communication describes work on the structure of the 
carbohydrate prosthetic groups. 

Preliminary to examination of.the action of glycosidases, 
sialic acid was removed from Fraction I by heating with 
0-025 N sulphuric acid at 85° for 60 min. On incubation of 
sialic acid-free Fraction I (10 mg/ml.) for 132 h at 37° 
with almond emulsin (2 mg/ml. B-glucosidase, Nutritional 
Biochemicals Corp.) in 0-1 M acetate buffer, pH 5-25, 
there was release of 89 per cent of the galactose, 43 per 
cent of the hexosamine as N-acetylglucosamine, but little 
or no mannose. For more detailed examinations, enzymes 
were isolated from rat or pig epididymis. The rat prepara- 
tion was obtained by extraction of homogenized tissue 
with 0-1 M citrate buffer, pH 4-7, for 1 h at 37° (cf. ref. 2); 
the soluble material was fractionated with ammonium 
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sulphate, the precipitate obtained between 35 and 65 per 
cent saturation being dialysed against 0-1 M citrate 
buffer, pH 4-0, and the soluble non-diffusible material 
taken for use. The pig preparation corresponded to that 
obtained at stage 3 of the method of Findlay and Levvy°. 
Incubation mixtures (0:30-0:38 ml.) (Table 1) contained 

| 3-2 mg sialic acid-free Fraction I and 0-1 M citrate buffer, 

} pH 4:0, and were stood for a total period of 132 h at 37°. 
The digests were centrifuged, and neutral sugar and 
hexosamine fractions isolated from the soluble material 
as described elsewhere. The neutral sugar fraction was 
applied to a charcoal—‘Celite’ column‘ (14 x 0-5 em) and 
hexose and N-acetylhexosamine fractions were isolated by 
elution with 30 ml. water and 25 ml. 1-5 per cent ethanol, 
respectively, and analysed qualitatively and quantita- 
tivelyŁ56, Incubation with the rat epididymal 
preparation, which contains appreciable galactosidase 
activity (directed largely towards the hydrolysis of 
B-galactosides) and N-acetylglucosaminidase activity 
(directed almost entirely towards §-N-acetylglucosamin- 
ides)’, resulted in release of a large proportion of the 
galactose and some N-acetylglucosamine; little or no 
mannose or free hexosamine was liberated under these 
or any other of the conditions investigated. Specific 
inhibition of N-acetylglucosaminidase by means of 
N-acetylglucosaminolactone?? did not alter the amount 
of galactose released. Supplementation of the rat with 
the pig preparation, which contains a high level of 
6-N-acetylglucosaminidase but little galactosidase (Dr. 
J. Conchie, personal communication), increased the release 
of N-acetylglucosamine but not of galactose; the sugars 
not released under these conditions (including mannose) 
were found to be completely in a non-dialysable form. 
Incubation with the pig preparation alone resulted in the 
release of only small amounts of both sugars. The results 
of both these experiments and others in which the time- 
course of liberation of sugars was followed indicate that 
the release of N-acetylglucosamine is dependent on the 
prior release of galactose. Preferential release of galactose 
could also be achieved by partial hydrolysis with acid: 
on heating Fraction I with 0-05 N sulphuric acid at 100° 
for 7-5 h, 57 per cent of galactose was released, together 
with 10 per cent of the hexosamine as N-acetylglucosamine. 
Little or no mannose or free hexosamine was, however, 
released. 


Table 1. RELEASE OF SUGARS FROM FRACTION I ON INGUBATION WITH Rat 
AND PIG EPIDIDYMAL PREPARATIONS 


Exp. Enzyme Release (per cent) 
Galactose .V-Acetylglucosamine 

1 Rat* 85 21 

2 Rat* + lactone ft 84 0 

3 Rat* + pigt 84 35 

4 Pigt 17 3 
* 350 and 175 ug (as total protein (ref. 8)) were added at 0 and 48 h, 

respectively. 

P 0-5 umole/ml. N-acetylglucosaminolactone was added at 0, 48 and 96 h, 


ion 48 ug (Exp. 3) or 96 ug (Exp. 4) protein were added st 0, 48 and 


The destruction of sugars resulting from oxidation of 
native and neuraminidase-treated Fraction I with perio- 
date was also examined. Treatment with neuraminidase 
(Behringwerke A.-G.) involved addition of the enzyme in 
two portions and continuous dialysis during incubation!; 
about 79 per cent of the sialic acid was removed. Reaction 
mixtures contained 2-5 mg/ml. protein sample, 0-025 M 
NaIO, and 0-2 M acetate buffer, pH 4:8, and were left at 
2° in the dark. To terminate oxidation, 0-5 vol. ethylene 
glycol was added. After dialysis against water at 2°, 
non-diffusible material was treated with NaBH, (two 
additions of 3 mg/ml., 2 h apart) for 4 h at 20°, and then 
further dialysed against water and concentrated by 
ultrafiltration. The non-diffusible material was analysed 
as described elsewhere’, except that paper chromatography 
of the neutral sugar fraction involved development with 
n-butanol-ethanol-water (10:1:2 by vol.) for 48 h 
followed by pyridine-isoamyl alcohol—0-1 N hydrochloric 
acid (2: 2 : 1 by vol.) for 24h. On the basis of the average 
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molecular weight of components of Fraction I (ref. 1). 
the level of periodate used represents about 500 
moles/mole of protein; a large excess of periodate 
remained unused at 15 h. All the sialic acid was rapidly 
destroyed by periodate (Table 2). Galactose was oxidized 
rather slowly with native Fraction I, but was destroyed 
rapidly following treatment with neuraminidase. Mannose 
was oxidized rapidly with either protein sample, but only 
about 50 per cent of it was destroyed. There was little 
oxidation of hexosamine. 


Table 2. ACTION OF PERIODATE ON NATIVE AND NEURAMINIDASE-TREATED 
Fraction I 


Samples were compared in relation to content of protein as determined both 
by colorimetric analysis (ref. 8) and by extinction at 280 mu 


Time of 
FractionI oxidation Oxidation of sugar (per cent) ` 

h Sialicacid* Galactose Mannose Hexosamine 
Native 1 100 28 39 4 
3 100 55 47 3 
15 100 81 47 19 
Neuraminidase- 1 100 72 39 4 
treated 3 100 80 46 4 
15 100 83 46 10 


* Determined only by the periodate-thiobarbituric acid method. 


The results described, together with those reported 
elsewhere!, indicate that at least a large proportion of the 
oligosaccharide chains of Fraction I are terminated by 
sialic acid and have galactose as their penultimate residue, 
and suggest that linkage between these sugars is pre- 
dominantly between C, of sialic acid and C, of galactose. 
N-Acetylglucosamine and mannose residues are located 
internally to galactose, and while their precise arrangement 
remains to be determined, the results obtained with 
glycosidases indicate that at least 50 per cent of the 
galactose residues are linked to N-acetylglucosamine. The 
evidence obtained suggests that such galactose residues 
are linked by C, to C, or C, of N-acetylglucosamine. The 
results of oxidation with periodate suggest that the 
mannose residues occur in at least two differently linked 
forms (cf. ref. 9). The results reported suggest that many 
of the carbohydrate prosthetic groups of the components 
of Fraction I have structural similarities. Moreover. they 
resemble the prosthetic groups of a number of comparable 
serum glycoproteins from other species®-¥, a finding which 
provides further evidence for the occurrence of some basic 
structural characteristics in a variety of molecules of this 
type. 

his work was supported by the Medical Research 
Council and the U.S. Publie Health Service (research 
grant AM-04346, National Institute of Arthritis and 
Metabolic Diseases). One of us (H. S. S.) thanks Unilever 
Ltd. for a maintenance grant. We thank Drs. J. Conchie 
and G. A. Levvy for advice and samples of pig epididymal 
preparation and N-acetylglucosaminolactone, and Behring- 
werke A.-@. for a gift of neuraminidase. 
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Measurement of Regional Blood Flow through 
the Skin from the Clearance of Krypton-85 


THIs communication presents a technique for the 
measurement of the blood flow through the skin which 
has been adapted from a method devised recently by 
Lassen and Ingvar’? for the measurement of local blood 
flow through the cerebral cortex. Krypton-85 dissolved in 
saline was injected into the carotid artery. Following the 
injection, blood flow was calculated from the rate of 
clearance of the isotope from the exposed cortex. 

The experiments were performed on unselected mongrel 
dogs. Anæsthesia was induced with thiopentone, nitrous 
oxide and oxygen. An endotracheal tube was introduced, 
and the animal ventilated with a Starling pump in open 
circuit. Suxamethonium chloride was administered at 
intervals to facilitate the control of respiration. The 
stroke volume of the pump was altered to maintain a 
constant arterial »CO,, the latter being measured from 
arterial blood samples on the micro-Astrup apparatus’. 

A polythene cannula, introduced into the femoral 
artery, was connected to a mercury manometer for the 
measurement of mean arterial blood pressure and was used 
for the withdrawal of arterial samples. 

Skin temperature was measured by a copper constantan 
thermocouple placed adjacent to the area of skin under 
investigation. An end-window Geiger counter was placed 
over the skin of the inner aspect of the leg and connected 
to a ratemeter and direct writing pen recorder. Krypton- 
85 dissolved in saline was injected for approximately 4 min 
into a fine polythene cannula introduced into a branch of 
the femoral artery. Following the injection a ‘clearance’ 
curve was obtained on the recorder. This was transposed 
on to semilogarithmic paper and the time taken for the 
number of counts of radioactivity per sec to be reduced to 
half = initial value was calculated. This is expressed 
as Th. 

Krypton-85 is a radioactive gas which emits mainly 
B-particles (energy 0-67 MeV) with an average range in 
tissue of approximately 0-7 mm. When injected into the 
arterial supply of a tissue it will diffuse between the blood 
and the tissue in a constant ratio. As the air : blood 
partition coefficient is approximately 20 : 1, krypton-85 
will, on reaching the lungs, be almost completely cleared in 
one passage and there will be no effective recirculation in 
the arterial blood. As the movement of krypton-85 
between blood and tissue is entirely dependent on diffusion 
and solubility, its removal from tissue will depend on the 
amount of fresh blood perfusing the tissue. It will thus be 
removed by a ‘wash out’ effect. 

In their original method, Lassen and Ingvar’ calculated 
the blood flow through the cerebral cortex in absolute 
units of flow using the formula: flow (ml./g/min) = 
2x loge2 x 60 

T4 
for krypton-85. As we have not measured the skin : blood 
partition coefficient for krypton-85, our results are 
expressed as T$ (sec) 

The results are expressed in Table 1. The T$ varied 
between 658 and 1,644, with a mean of 1,263 sec. The 
coefficient of variation for repeated estimations in the 
same dog on the same area of skin under standard con- 


, where 4 = tissue : blood partition coefficient 


Table 1 
No. of Mean of 

Exp. estima- blood pCO, S.7.*% Meanand Coeff. of 
No. tions pressure S.D.of T} variation (%) 

1 6 169 31 36 1,078+ 81 7-5 

2 5 172 33 36 1,844 +324 19 

3 5 144 33 37 1,3354224 16 

4 4 171 35 37 1,2844 57 4-4 

5 6 163 38 36 1,580 91 58 

6 5 170 39 38 658+ 86 13 


* S.T., skin temperature, ° C. 
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Fig. 1. Effect of local heating on skin blood fow: the 74 before heating 
is 1,800 sec and after heating 156 sec 


ditions ranged from 4-4 to 19 per cent, with a mean of 
10-9 per cent. 

Fig. 1 demonstrates the effect of local heating on the 
skin blood fiow; the blood fiow is increased approxim- 
ately 12 times. 

As the skin of the dog on ventral or medial aspect is 
about 1 mm in thickness‘, the method gives a measure- 
ment of skin blood flow alone. Any blood flow through 
arterio-venous anastomoses will not be taken into account, 
for at the beginning of the clearance curves the arterial 
concentration wil] be zero. 

Care was taken to avoid any superficial vein visible to 
the naked eye, as it was thought that it might receive 
tributaries from subcutaneous tissue and muscle and thus 
produce an artefact in the clearance curve. 

The values for Z7'} showed considerable variation from 
dog to dog. There is no clear explanation of this. 

An attempt was made to keep any variables which 
could affect skin blood flow as steady as possible. (1) 
Anesthesia was induced and maintained in a similar 
fashion in each dog. During the actual measurements the 
mixture used was 4 parts nitrous oxide and | part oxygen; 
this was chosen as it has been shown that it gives a steady 
pattern on the EEG (ref. 5). (2) Skin temperature was 
kept at a constant level in each individual experiment by 
adjusting the environmental temperature when necessary. 
(3) The arterial pCO, was kept steady by adjusting the 
stroke of the respiratory pump. 

Under these ‘steady state’ conditions the calculated skin 
blood flow remained reasonably constant in each indi- 
vidual dog. 

The necessity of an intra-arterial injection would be a 
disadvantage to the method if it were used in man. The 
radiation hazard is, however, small, owing to the fairly 
small amount of the isotope injected (about 1 me. for each 
estimation of blood flow), and the very short biological 
half life (about 6 min). 

The advantages of the method are: first, that as the 
isotope has such a short range in tissue, skin blood flow 
alone is measured (determination of the partition coeffi- 
cient between skin and blood would allow the blood flow 
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to be expressed quantitatively); secondly, that it is 
easily repeatable. 

This work was supported by a grant from the Medical 
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Unusual Urinary Compound in Patients 
Homozygous for Hereditary Atypical Serum 
Cholinesterase 


Urine from patients homozygous for hereditary 
atypical serum cholinesterase (HASC) and from normals 
(mainly laboratory personnel) was collected and re- 
frigerated immediately. The cholinesterase genotype, as 
shown in Table 1, was determined by reported methods!? 
on blood specimens drawn at the same time. The urine 
was lyophilized and reconstituted with distilled water to 
one-fifth the original volume. The concentrates were 
extracted by a slight modification of the method of Biran 
and Bartley*, as shown in Fig. 1. 


Trine concentrate 
| 10 vol. CHCl,-MeOH (2 : 1) 





\ 
Insoluble material 


extract 
(discarded) 
wash with 0-2 vol. 0:29 M NaCl 
— 


| 
aqueous phase 
(discarded) 


CHCl,MeOH phase 


wash with 0-1 vol. 0-10 M 
I NaCi-Me0H-CHCl, (47 : 48:3) 


ol + 
i 
CHC},—MeOH phase 
, evaporated to dryness 
| residue extd. with petroleum 


ether-95 per cent 
: MeOH (1: 1) 


aqueous phase 
(discarded) 





Petroleum ether phase MeOH phase 


Fig. 1. Method of extraction of urine 


The final methanol phase was evaporated in vacuo to a 
small volume and separated by thin-layer chromato- 
graphy on ‘Silica Gel G’, in a solvent system of chloroform- 
methanol—water (65 : 25 : 4). 

Inspection of the chromatograms under ultra-violet 
light (maximum emission 254 mg) revealed a very strong 
yellow fluorescence, Rr 0-65, in the extracts from all 
HASC patients. Only one normal urine contained this 
materia], and it was generally present in small amounts 
and erratically. This normal individual, as shown in 
Table 1, is not a heterozygote for the atypical gene. The 
urines from two patients with myasthenia gravis under 
treatment with pyridostigmine were also studied and the 
fluorescent material was demonstrated in all specimens. 
One normal individual was given pyridostigmine bromide, 
60 mg every 6 h for 10 days, and his urine was examined 


NATURE 


705 


Table 1. OCOURRENCE OF UNUSUAL URINARY COMPOUND 
Dibucaine Benzoyleholine Woof Yellow 
Urine source Sex No.(%) Acetylcholine urine fluor- 
(refs. 1, 2) (ref. 2) specimens escence* 
Normals 
Di M 73-0 0-70 2 0 
Si, M 76-9 0:56 1 0 
Lu. E 784 0-67 4 Ute + + 
N. N. M 80-1 0-71 1 U 
Os. F 790 0-69 1 0 
Do. F 723 0-78 1 0 
Bo. M 83-9 0:62 1 i) 
Ru. F 85-1 0:69 8 0 
H.R. M 74-6 0-71 1 0 
HASC patients 
Hug. F 29-6 Zrt 17 tree 
Pat. F 32-9 3-96 1 beat 
Oc. M 37-6 3-68 2 terret 
Pr. M 37-9 3-31 2 ++} + 
Ar E 29-4 3-91 1 eat 
Ro. M 172 2-76 1 +4 
M. G. E 21-1 4-00 1 taet 
T. M 35-5 3-98 1 +h 
Myasthenia gravis, 
treated t 
Br. M 80-0 0-67 4 ta hE 
Ca. M 756 0-75 3 fo top 
Normal treated with 
pyridostigmine t 
Har. before M 74:0 t68 1 u 
Har. after — — — 1 + 


* Intensity of fluorescent band graded 0 to +++ + 
t Serum cholinesterase assays while on pyridostigmine ‘showed moderate 
to marked decrease in activity. 


before and at the end of the treatment period. ‘The 
initial urine did not contain the fluorescent material but 
the follow-up urine did. AN the observations so far are 
summarized in Table 1. 

At present, experiments are being carried out with 
silica columns to prepare sufficient purified fluorescent 
material to characterize it. Identification of this com- 
pound, which is present in states with diminished cholin- 
esterase activity, may throw some light on the function 
of the normal enzyme. 

This work was supported by the U.S. National 
Institutes of Health grant A-6203. We thank Dr. D. hi. 
Gunn, Ontario Hospital. Toronto, Canada, for his help. 
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Serum Lipids in some purely Herbivorous 
Wild Animals 


Tue hypothesis that there is a correlation between the 
pathogenesis of atheroma and the metabolism of lipids 
appears to have sprung from the fact that the earliest 
lesion which the pathologist sees in atheroma is the 
accumulation of lipid material in the intima and sub- 
intimal connective tissues. Among the various substances 
classed as lipids that may play a part in causing atheroma, 
cholesterol and its esters are the most highly favoured 
suspects. This suspicion has been harboured since 
Vogel! established in 1847 the invariable presence of 
cholesterol in atheromatous lesions, and this idea was 
much strengthened by the production of experimental 
atheroma in rabbits by giving them pure cholesterol in 
oil?8, 

We have previously found atheroma in some wild 
animals*.5, even in pure herbivores which appeared to have 
no less atherosclerosis than the omnivores, and we are now 
determining the serum lipids in a variety of species. 
Particular interest is attached to animals having a life- 
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span comparable with that of man, and advantage is being 
taken of game control schemes to accumulate anatomical 
and chemical data on the large African mammals. Our 
preliminary results are principally from hippopotamus 
shot in the early morning, on land or in the water shortly 
after the night feed. The samples were collected either 
immediately after death or, in the case of those shot in 
water, within 2h. The serum was kept on ice and trans- 
ferred within 24 h to — 15° C until analysed. The delay 
between killing the animal and collecting the blood did not 
significantly affect the level of the fats, as could be shown 
by allowing serial samples from the land-killed specimens 
to stand for upwards of 2 h before separation and refrigera- 
tion. The differential analysis of these lipids is given in 
Table 1. 


Table 1. HIPPOPOTAMUS SERUM LIPIDS 
Animal Total cholesterol Triglyceride Lipid phosphorus 
(mg/100 ml.) (mg/100 ml.) (mg/100 mi.) 
] 2 25 0-5 
2 2 49 1:3 
3 9 91 1:2 
4 10 26 0-7 
5 12 22 16 
6 12 76 21 
7 18 81 15 
8 16 100 13 
9 17 78 14 
10 19 155 15 


The figures for the serum cholesterol are lower than 
those reported for any other mammal*; the human serum- 
level for comparison being about 200 mg per cent. The 
triglycerides are also below the average post-absorptive 
human norm, as is the lipid phosphorus. The other large 
herbivores have yet to be investigated closely. However, 
one female elephant with gross degenerative changes in the 
aorta, and carotids had serum figures of 59 mg per cent 
cholesterol, 35 mg per cent triglycerides and 2-3 mg per 
cent lipid phosphorus. Two adult giraffes sampled at 
rest had serum cholesterol-levels of 44 and 31 mg per cent, 
two others sampled after a hard chase had 60 and 79 mg 
per cent, respectively. It would seem profitable to obtain 
and correlate anatomical and chemical material from a 
large population of these species; it may well be that itis a 
relative rise rather than an absolute concentration that 
influences the development of vascular lesions within each 
species. We thank the director, trustees and wardens of 
the National Parks and the Game Department of Uganda 
and the Nuffield Unit for Tropical Animal Ecology for 
putting these opportunities at our disposal. 

B. McKinney 
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HAMATOLOGY 


Relationship of Human Anti-lipoprotein 
Allotypic Sera 


InnERITED antigenic differences in human sera have 
been revealed by means of a gel-diffusion technique in 
which certain, but not all, human sera formed precipitates 
with serum from a repeatedly transfused patient 
(C. de B.)'+. The new, genetically determined serum 
system was called the Ag-system and the two main types 
of human sera revealed by the antiserum C. de B. were 
called Ag(a+) (reactors) and Ag(a—) (non-reactors). In 
addition, more than 20 different antisera revealing at 
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least five and possibly seven different antigenic specifi- 
cities on the beta lipoproteins have been found®*. The 


; 
t 


use of the designation ‘Lpa’ for the lipoprotein polymor- 
phism has also been suggested’. 

In the original paper! two types of reactions, ‘strong’ 
and ‘weak’, were reported. When the precipitates we. 
stained with sudan black?.? a reaction of partial identity: 
was noted between the precipitation lines produced with J 
some positive subjects’? and a reaction of non-identity, 
between others. Reactions of partial identity were also 
seen in independent investigations using a slightly differ- 
ent technique®. 

Recently, another serum (L.L.) has been found®?,; 
This anti-lipoprotein serum reacts with some but not all) 
sera belonging to type Ag(a+). In most (if not all) cases 
sera giving precipitates with L.L. belong to the strongly 
reacting Ag(a+) type. So far, no Ag(a—) sera have been 
found to react with serum L.L. among sera from unrelated 
individuals (living in the Stockholm area) tested with both 
serum C. de B. and L.L. (Table 1). 


Table 1. REACTION PATTERNS OF 152 SERA FROM UNRELATED INDIVIDUALS 
AGAINST ANTI-AG SERA O. DE B. AND L.L, 


C. de B. L.L. No. of sera found 
+ + 60 
+ - 46 
- - 46 
- + 0 
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In order to verify the theory that: (a) ‘strong’ and 
‘weak’ Ag(a-+) sera have different antigenic determinants; 
(b) antiserum C. de B. has antibodies against both these 
determinants; (c) antiserum L.L. has antibodies against 
only one of these determinants, absorption of serum 
C. de B. with a ‘weak’ Ag(a+) serum was carried out by 
means of the intra-basin-gel absorption technique’), 
The serum C. de B. so absorbed now reacted only with 
‘strong? Ag(a+) sera in a manner identical with serum 
L.L. Denoting the two antigenic determinants as a, and 
x and assuming that C. de B. has anti-a, and anti-x, 
whereas L.L. has only anti-x, the preliminary designation 
for the different reaction patterns is given in Table 2. 


Table 2. PRELIMINARY DESIGNATION FOR THE DIFFERENT PHENOTYPES 
REVEALED BY AG-TESTING WITA SERUM C. DE B. (UNABSORBED) AND 
SERUM L.L. 

C. de B. LL. Denotation 
+ + Aem t a trora m EE) 
+ - Agla, + x —) 
7 E Agla: — x —) 
- + Not observed 


During investigation of 152 sera from unrelated indi- 
viduals with the second technique® two sera were found 
to give a reaction of partial identity with two other sera 
when tested against serum C. de B. All four sera were 
negative against serum L.L. Absorption of serum C. de B. 
with one of these sera (assumed to lack one antigenic 
determinant present in the other) showed that C. de B. 
has, in addition, a third kind of antibody directed against 
a third antigenic determinant. Using the preliminary 
denotations a,, x and z for the three antigenic determin- 
ants so far demonstrated by serum C. de B., the designa- 
tions for the different reaction patterns observed against 
©, de B., absorbed C. de B. and serum L.L. are summarized 
in Table 3. 


POSSIBLE DENOTATIONS FOR THE SERUM TYPES REVEALED BY 
ANTISERUM L.L. 


Table 3. 
ANTISERUM C. DE B. UNABSORBED, ABSORBED AND 
UNABSORBED 


Presumed antibodies in these three reagents are shown within parentheses. 


Only reaction patterns which have actually been observed are given 
QO.deB. Absorbed C. de B. L.L. Denotation 
oe ) anti-x) (anti-x) 
anti-x) anti-z) 
(anti-z) 
+ Z ~ Agios +x-z P 
ee Agla +X —-— 24+ 
+ + eee al 
- = ore Agla = X — z —) 
(aes +x+z t) 
TABIB + X +5 —- 
id y £ Agla = x +z +) 
l'Agla = x+ z~ 
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Further work is in progress for the determination of the 
possible association between these three antigenic determ- 
inants and their segregation in related individuals. 
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4 Technique for obtaining the Plasma from 
a Drop of Blood 


Dvuaine the investigation of plasma of laying hens, it 
was found necessary to obtain samples of approximately 
0-03 ml. from large numbers of birds, and also from the 
same bird at frequent intervals. A technique was devel- 
oped, in which centrifugation of the blood, to separate the 
cells from the plasma, was performed in the collection 
tubes. Transferring the blood is thereby avoided, and the 
plasma is obtained almost quantitatively. 

The collection tubes are made from clear 
vinyl capillary tubing of 1 mm diameter, 
cut into 20-em lengths. They are heparin- 
ized before use, by filling with a 1 mg per 
ral. solution of heparin and drying at 90° C. 
A similar number of support tubes are made 
from 5-mm diameter, white, vinyl insulation 
tubing, cut into 8-cm lengths, and marked 
for identification, using a ball-point pen. 
Alternatively, tubing of various colours may 
be used. 

The bird is bled from the comb, using a 
blood lancet, and the blood allowed to flow 
into the collection tube, aided by suction 
if necessary. The tube is then folded in half, 
inserted into a support tube and positioned 
with its fold level with one end. The open ends 
of the collection tube will protrude about 1 
em out of the support tube, which facilitates 
its extraction. When folded in this manner, 
the collection tube is constricted at its 
centre, which prevents any leakage of the 
sample during transportation to the labora- 
tory. Sealing the tube is unnecessary. 

The tubes are placed in Wintrobe 
hematocrit adaptors or packed into 50-ml. 
centrifuge tube holders and centrifuged 
at 2,000g for 5 min. The capillary tubes 
are removed from their support tubes 
and unfolded. The packed cells, which 
are in the centre of the tube, divide the 
plasma into two approximately equal samples 
The tube is transected with scissors at the 
cell boundaries, and the plasma expelled 
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by a blast of air from a hypodermic syringe fitted with 
a 17-gauge needle. 
Francis P. Moss 


Department of Animal Husbandry, 
University of Sydney. 


HISTOLOGY 


Myoepithelium in Mouse Prostate 


UNDER the light microscope prostatic acini are lined by 
tall columnar cells, usually in a single layer, with occa- 
sionally more homogeneous basal or ‘reserve’ cells'. The 
appearance under the electron microscope of the surface 
epithelium in the rodent prostate has been described by 
von Braunsteiner et al.2, Harkin’ and others!-?. Franks 
and Barton‘ also described a special basal cell found in the 
space below the basement membrane. 

In recent work on normal mouse prostate, using C57 
black-and-tan mice aged 5-7 months, we have studied the 
basement membrane region under the electron microscope. 
The mice were killed by breaking the neck and the tissue 
fixed in Palade’s fixative, dehydrated with alcohols and 
embedded in ‘Araldite’. Thin sections, post-stained with 
lead by Karnovsky’s method A (ref. 8), were examined 
with a Siemens Elmiskop I at primary magnifications of 
x 1,060-20,000. 

In addition to the basal cells of Franks and Barton, we 
found another type of basal cell lying above the basement 
membrane (Fig. 1). These cells are fusiform, triangular or 
stellate, sometimes with processes extending along the 
basement-membrane for a short distance. The nucleus, 
which occupies a large part of the cell, has a smooth 
margin in the fusiform and an indented margin in the 
triangular cells. The cytoplasm is comparable in density 
with the underlying smooth muscle and contains small 
bundles of filaments arranged approximately parallel to 
the cell walls. There are relatively few mitochondria, and 
the rough endoplasmic reticulum is poorly developed, but 





graph of the basal region of normal mouse ventral prostate 
ical fusiform myoepithelial cell lies above the basement membrane, 
jes between the basement membrane and the muscle cells below 
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ribosomes are numerous. There are scattered, poorly 
developed Golgi elements; but we have never seen secre- 
tion granules. These cells resemble the myoepithelial 
cells of mouse mammary and salivary gland®-4, 

We feel that their appearance, their position above the 
basement membrane and their bundles of filaments allow 
us to describe these cells as myoepithelial cells. Further 
confirmation of this is given by phosphotungstic acid 
hematoxylin staining of light microscope sections which 
show that these cells stain in the same way as smooth 
muscle. Myoepithelial cells (in the breast) are said to 
contain alkaline phosphatase!*. Preliminary histo- 
chemical studies have shown that in the mouse prostate 
most alkaline phosphatase activity, using Gomori’s 
technique", appears to be out7ide the basement membrane 
in an area corresponding to that occupied by the basal 
cells of Franks and Barton. However, it is known that 
diffusion artefacts are common with histochemical tech- 
niques for this enzyme and precise localization is not 
possible. 

Similar ‘myoepithelial’ cells are also found in the human 
prostate although electron microscope investigations 
have not yet been made. The function of those cells is 
not known. That these cells may be contractile is sug- 
gested by the presence of bundles of fibrils in the cyto- 
plasm and by the indented shape of some of their nuclei, 
which resemble those of contracted smooth muscle cells. 
It is possible that they may be responsive to the ‘plain 
muscle-contracting’ hormones such as oxytocin or pros- 
taglandin. The basal cells of Franks and Barton and a 
similar system which lies on the outer side of the muscle 
coat of the prostatic tubules appear to be closely related 
to nerve endings. These cells are not unlike the specialized 
‘fibroblasts’ seen in Paccinian corpuscles!’ and may well be 
sensitive to distension and associated in some way with the 
response to nervous stimuli. 
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PATHOLOGY 


Collagen Fibrils of the Scleroderma in 
Ultra-thin Skin Sections 


Tue behaviour of dermal collagen fibrils in scleroderma 
has not often been investigated in ultra-thin skin 
sections’*. In our investigations definite pathological 
alterations of the fine structure of collagen fibrils (axial 
periodicity, cross-band pattern, mternal structure) were 
not detected either in circumscribed or in progressive 
scleroderma. As in normal dermis, an antiparallel 
arrangement of adjacent fibrils in collagen fibres was found 
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in both types of scleroderma. However, we were led to 
assume that the quantitative proportion of the two fibril 
types (R- and D-type) was not approximately 1:1 as in 
normal skin, but changed with a prevaluation of one of 
the two types. 

Thin collagen fibrils in sclerodermatous skin lesions 
were observed by Keech? and Korting* in preparations.of 
pulled dermis. 
ultra-thin skin sections from diseased skin in circumscribed 
areas within collagen fibril bundles (Fig. 1). Taking 
measurements of the fibril diameter of at least 200 fibrils 
in cross-sections for each investigation, we found in 
sclerodermatous skin the following patterns of distribu- 
tion of fibril diameters. 





Fig. 1. Circumscribed scleroderma. Ultra-thin skin section, showing 
numerous thin collagen fibrils between normal collagen fibrils (x 80,000) 


(1) The pattern of distribution of fibril thickness as 
found in normal skin: this pattern is found in areas 
within a fibril bundle where thin fibrils occur’as rarely‘as a 
thin fibril bundle of normal dermis. It is characterized 
by A maximum thickness of collagen fibrils of 800- 
900 A. 

(2) The pattern of distribution of fibril thickness as 
observed by us in areas rich in thin collagen fibrils. In 
circumscribed scleroderma we found, not only a maximum 
fibril thickness at 700-850 Å, but also one at 300 A, 
and also the remarkable percentage of 12 per cent fibrils 
with a diameter of 100-200 A. Also in progressive sclero- 
derma it was possible to observe a definite increase of thin 
collagen fibrils. Here the thickness of the fibrils oscillates 
between 500 A and 800 A. 

In longitudinal sections and serial cross-sections it 
was shown that these thin collagen fibrils are real thin 
fibrils and not, as suggested earlier’, tapered fibrils. 
Together with comparable results from other conditions 
with a new formation of collagen (wound healing®-*, 
embryonal development’~*, Dupuytren’s contracture'®), 
the relative increase of thin collagen fibrils in both types of 
scleroderma can be taken as a morphological sign of an 
increased fibrilloneogenesis. This occurs extracellularly in 
circumscribed areas within a fibre bundle. We did not 
find thin collagen fibrils intracellularly. The different 
pattern of distribution of the thickness of fibrils, in both 
forms of scleroderma suggests that fibrilloneogenesis in 
scleroderma may occur either continuously or more inter- 
mittently. Together with histochemical! and biochemi- 
cal? investigations we can assume that qualitative and 
quantitative disturbances in mesenchymal ground sub- 
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stances may play an important part in connexion with 
the quantitatively increased, but qualitatively normal, new 
formation of collagen fibrils in scleroderma. 
This work was supported by a grant from the Deutsche 
Forschungsgemeinschaft. 
O. Braun-Farco 
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In vitro Transformation of Mice Cells by 
Bovine Papilloma Virus 


Tax bovine papilloma virus induces in vivo fibromas in 
hamsters and mice C3H/eB (ref. 1) and in vitro a trans- 
formation of feetal bovine conjunctiva and embryonic 
calf skin cells in tissue culture?-‘. 

The recorded work here extends the previous findings 
with bovine cells to mouse foetal cells derived from 
different strains of mice. 

Embryonic cells from mice C3H/eB, C57/BL and BALB] 
c, obtained by means of embryo trypsinization and cul- 
tured as monolayers in Roux bottles with a nutrient 
medium mado of casein hydrolysate plus 15 por cent calf 
serum heat-inactivated, are resuspended for a second 
passage, in 250-ml. ‘Pyrex’ flasks with an identical nutrient 
medium, but containing only 5 per cent sheep serum 
heat-inactivated. 

This nutrient medium is renewed every 5 days and used 
for the whole of the experiments. 

Flasks are maintained at 37° C and inoculated, as soon 
as a cell sheet is obtained, with 0-1 ml. of a bovine 
papilloma viral suspension prepared by means of a 
previously described method’ from papilloma collected 
from several animals and stored at — 80° C for a period of 
6-8 weeks, : 

Some control flasks receive 0-1 ml. of papillomatosis- 
free bovine skin extracts and others are not inoculated. 

Cultures inoculated with the viral suspension show 
distinct morphological changes within 6-10 days, associ- 
ated with a marked acidification of the supernatant. The 
earliest cell change is represented by the appearance of 
very elongated, spindle cells at the periphery of the cell 
sheet. Within 48 h, the majority of the monolayer is 
invaded by such cells, the arrangement of which develops 
into disorganized patterns. The cell growth is intense, 
leading to the formation of dense foci which extend in the 
three dimensions of space. 

By that time, control cultures remain unchanged, with 
respect to the cell type. They are disposed on an organized 
pattern and have a fibroblastic or, in some places, epithe- 
lioid appearance. 

A dilution of 0-1 ml. of the initial viral suspension up 
to 10-3 induces the same cell alterations but after a longer 
latent period (15 days). 

Besides mice cells in tissue culture, the viral suspension 
was assayed on foetal bovine skin cells. It induces, after a 


NATURE 





are SIAN 
eae me 


on 


Fig. 1. Comparison of normal feetal diploid mouse C8H/eB cells with: 
transformed cells at the fourth aur (hematoxylin and eosin: 
x 


Above, control cells; below, transformed culture with spindle-shapcu 
cells growing in disorganized pattern 


delay of 6-10 days owing to the dilution of tho inoculuin. 
the previously described morphological coll transforma- 
tion’, associated with an intense culture proliferation 
resulting in a 10~4 dilution of 0-1 ml. of viral suspension. 

The activity of the viral extracts on mice and on bovine 
cells, at a dilution of respectively 10-7} and 103, is 
neutralized in vitro after incubation for 1 h at 37° C with 
an equal volume of immune serum at dilutions respectively 
of 1/1,680 and 1/2,560. This serum was obtained froin a 
rabbit immunized with a virus extract prepared with a 
different papilloma from those used in the investigations 
recorded here. 

Further experiments have shown that incubation for 
1 h at 37° C does not affect in vitro the active titro of tho 
viral suspension. Thus, one may infer that the hovine 
papilloma virus is responsible for the changes in cells 
observed in mice embryo cell cultures. 

Passages of the modified cells are very easy and they 
can be constantly achieved every 3 or 4 days. By now, 
a succession of 15 passages on a C3H/eB cell line did not 
affect the morphological and growth characteristics of the 
modified cells. On the contrary, with the samo nutrient 
medium, cells in the control flasks cannot survive for more 
than 4-5 passages. 

Microscopic observation of cells cultivated in Leighton 
tubes, after staining with hematoxylin and eosin, confirms 
the findings carried out by direct examination (Fig. 1°. 

It has not been possible to detect intra-nuclear inclusion 
bodies, similar to those observed with some viruses of the 
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Papova group. However, nucleoli of a number of trans- 
formed cells show a rounded outline with a dense 
accumulation of chromatin at the periphery, surrounding 
an eosinophilic central zone. 

Chromosomal investigations up to the 10th passage on 
a C3H/eB modified cell line and up to the 8th passage on 
a BALB/c modified cell line show a modal number of 
chromosomes of 40, the same as in normal embryonic 
mice cells. However, a large number of chromatid breaks 
have been noticed in the infected cultures; analysis of 
this phenomenon is now being made. . 

Attempts to graft the transformed cells subcutaneously 
into isologous strains of mice, either new-born or 1 month 
old, with 10° cells per animal, have been carried out; after 
two months no tumour has appeared. 

On the other hand, the addition to C3H/eB mice 
embryonic cells, and to bovine embryo skin cells, of 
grindings or supernatants of mice embryo transformed 
cells in tissue culture did not induce any further cell 
transformation. 

In conclusion, the whole of these investigations supports 
the findings previously obtained with bovine cells»? and 
confirms that the bovine papillomatosis virus is able to 
induce in vitro morphological and metabolic alterations of 
appropriate tissue culture cells. 

The significance and mechanism of this phenomenon 
are under investigation. 

This work was supported in part by U.S. Public Health 
Service research grant (RF 21) from the National Insti- 
tutes of Health (Bethesda, Maryland). 
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į interrelations of Human Serum Protein 
Fractions in Health and Disease 


Dure a recent quantitative investigation of the 
human serum proteins!, a preliminary report was pub- 
lished of statistical associations between protein fractions 
of healthy subjects in the course of fluctuations within the 
normal range?. The results were sufficiently interesting to 
warrant extension of the material to examine the possible 
effects of a variety of disease processes on these inter- 
relations. This article reports some results which were 
obtained from a series of patients with carcinoma, cir- 
rhosis of the liver, myocardial infarction, pneumonia, and 
rheumatoid arthritis, and compares them with results 
drawn from normal persons in gocd health and also in 
pregnancy. 

Although a number of new cases wero introduced, the 
resulting clinical details and protein values were not 
appreciably different from those previously described}. 
Thus all patients with carcinoma had either lymph node 
or organ metastasis, or both. An alcoholic history was 
elicited from the majority of cirrhotic patients, the 
remainder having mostly a postnecrotic etiology. The 
mean serum glutamic oxaloacetic transaminase-level of 
patients with a recent history of myocardial infarction was 
76 units, the upper limit of the normal range being 40 
units. 
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All pneumonia subjects revealed radiological evidence 
of various degrees of pneumonic consolidation. Eighty 
per cent of patients with rheumatoid arthritis were not 
receiving steroid treatment and, of these, two-thirds were 
chronic cases. Characteristics of the normal controls have 
been reported elsewhere*, Of the obstetric cases, 12 
women were in the first trimestor, 15 were in the second 
trimester, and 16 were in the last trimester of pregnancy. 

Serum protein fractions were analysed quantitatively by ; 
elution following their separation by cellulose acetate ( 
electrophoresis*. Assuming linear regression between vari- } 


the ten possible pairs derived from the five protein frac- s 
tions. Values of the fractions in all conditions were approxi- 
mately normally distributed. Product moment matrices 
were constructed from the raw data and incorporated into 
a programme designed for an electronic computer. 

Table 1 gives the mean values and standard deviations 
of the individual protein fractions expressed as g/100 ml. 
serum. Coefficients of partial correlation are given in 
Tablo 2. Application of tests of significance to the data 
was made and values of P are given for pairs possessing 
significantly high coefficients (P < 0-050). 


Table 1. MEAN VALUES AND STANDARD DEVIATIONS OF PROTEIN FRACTIONS * 























= 
Globulins 
Condition Cases {| Albumin 
ay ay B Y 
Health 100 4:07 030 0-78 0-92 1-29 
Pregn a | “338 | O37 | oa | tos | 980 
ancy : Š i à is 
+031 0:07 0-18 0-18 0-15 
Carcinoma 100 2-85 0-43 1-01 1-03 1-29 
+057 0-09 0-20 0-23 0-31 
Cirrhosis 40 2°54 0:32 0-69 0-95 1:70 
£9061 0-06 0-16 6-25 0-47 
Myocardial 40 3°26 0-38 1-02 1-10 1-19 
infaretion £0-33 0-05 0-19 0-22, 0:37 
Pneumonia 40 2-84 0-47 1-21 ili 131 
+035 0:06 0-14 O11 0-25 
Rheumatoid 50 3-04 0-43 116 L165 1-68 
arthritis + 0-49 0-11 0-27 0-24 0-62 





a) 


* Mean values (upper line) and standard deviations (lower line) are in 
g/100 ml. serum. 





The order of conditions with increasing numbers of 
significant partial correlation coefficients is: pregnancy, 
rheumatoid arthritis, health, carcinoma, myocardial 
infarction, cirrhosis, and pneumonia. Of the total 70 
pairs, 30 aro significantly correlated. The correlation 
between the «-globulins is significantly high in all seven 
conditions, whereas the albumin-a,-globulin correlation 
is nowhere significant. In the majority of conditions, 
pairs comprising albumin with «,-, B-, and y-globulins are 
significantly associated. 

Three general types of significant correlation arise from 
the data of Table 2. In the first type, the correlation is 
ubiquitous and independent of state of health, and is 
exemplified solely by the «,-globulin-«,-globulin pair. 
This behaviour is to be expected in a group of proteins of 
similar metabolic function arbitrarily divided by electro- 
phoresis. The correlation between the two «-globulins is 
perfect in health, remains significant in pregnancy 
(P < 0-02), and is highly significant in disease (P < 0-002). 
The coefficient is always positive and has been interpreted. 
in terms of gross structural similarities?; the high-density 
lipoproteins and practically all the glycoproteins migrate 
electrophoretically between albumin and the B-globulins. 

In the seeond type, the correlation observed in health 
loses significance in another condition. The pairs formed 
between 6-globulin and albumin, «,-globulin, and «,- 
globulin are highly correlated in health; their significance 
is retained seven times and lost eleven times in the other 
six conditions. In the latter cases, the normal mechanism 
responsible for the interrelation is disturbed by patho- 
logical mechanisms. 

In the third type, the correlation observed in disease 
loses significance in health. The albumin-y-globulin pair 


i 


TNA Na aS MS 


iy 
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ables, coefficients of partial correlation were calculated for / 
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Table 2. PARTIAL CORRELATION COEFFICIENTS (PCO) AND VALUES OF P FOR SIGNIFICANTLY HIGH ASSOOIATIONS BETWEEN FRAOTIONS 





Rheumatoid =| 

















N . Myocardial b 
Sai Health | Pregnancy Carcinoma Cirrhosis infarction Pneumonia arthritis | 
| Poo | P | Poo | Pp | poo Pp | pee r | ro | P 
| 4-a, | ~0-183 — 0:207 — 0:459 0-010 | — 0:428 0-009 |} — 0-405 | 0-005 
A-—ay| -0145 0-159 0-050 0-098 0-157 
A- 0-210 0-039 — 0:247 0-330 0-020 0°425 0-010 0-198 
Amy 0:031 0-126 — 0-200 0-021 — 0-456 0'005 0-288 : 0-050 
a, — Og 0-987 <0:001 0-377 0-017 0-483 0-002 0-682 | <0-001 0-686 | <0-001 
a,—B 0-317 0-002 0-577 | <0-001 0-033 — 0-02 —0-014 i 
ay 0-067 — 0:196 — 0-192 — 0:394 0-017 0-285 
a-f 0:247 0-015 0-089 0-147 0-334 0-047 0-035 
as—y | —0-046 — 0-092 0-114 0-07. — 0:169 
ey. 0-029 0-215 0-052 0-004 0:301 0-270 








conforms to this group and is of particular interest in so far 
as albumin is the major product of protein synthesis in the 
liver whereas y-globulin is synthosized in the reticulo- 
endothelial system. The thesis that these two systems are 
normally autonomous is supported by results of all pairs 
containing y-globulin. None is related significantly in 
health and pregnancy, whereas nine of the twenty pairs in 
disease are so related. Such correlations could reflect 
metabolic derangement by disease processes or represent 
a defence mechanism whereby one system can take over 
some functions of the other. 

The albumin—w,-globulin pair does not have a significant 
correlation coefficient in health, pregnancy, or cirrhosis. 
But in the remaining disorders the values are highly 
significant (P < 0-01). This confirms previous findings*> 
and is relevant to the demonstration that albumin under- 
goes conversion to «,-globulin material in the liver’. 

‘These results suggest that this process does not operate 
in cirrhosis, despite its hypoalbuminemia, unless it is 
counterbalanced by another factor. In cancer (P < 0-001), 
breakdown of albumin to material possessing «,-globulin 
mobility has been associated with an elevated serum 
catheptic activity’. 
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Genetic Carrier Frequency for Lung Cancer 


In a review of the evidence relating to familial aggrega- 
tions of malignant disease in man it was concluded? that 
these can generally be attributed to genetic factors. A 
similar conclusion? has since been drawn with respect to 
lung cancer in man. The commonest form of predisposing 
inheritance appears to be a simple Mendelian dominant 
of incomplete penetrance, although very occasionally (but 
especially with parental consanguinity) apparent recessive 
inheritance is observed in childhood leukemia and lympho- 
sarcoma!, Although for a specific cancer the inherited 
predisposition usually affects only a single autosomal 
locus (perhaps one of several), the phenotypic expression 
in adults should generally involve somatic mutation of 
the gene homologous with the inherited allele, together 
with somatic mutation of homologous genes at another 
locus'*, From twins studies‘, the typical penetrance of a 
predisposing allele in the phenotypic form of any malig- 








*A refers to albumin and Greek letters to globulins. 


nancy is calculated to be about 0-3 (ref. 1), but for a’ lifo- 
span of 70 years it is likely to be slightly higher than this. 
Cancers arising in a genetic carrier are described as 
‘prezygotic’; but where there is no specific predisposition, 
and where all mutational events are confined to somatic 
cells, the resulting cancer is described as ‘postzygotic’’. 
It was concluded that in the absence of powerful extrinsic 
carcinogens, most human malignancies are probably pre- 
zygotic'. Extrinsic carcinogens should tend to change the 
balance in favour of postzygotic malignancies. 

Recent surveys*-*? of familial aggregations in lung 
cancer and of the role of cigarette smoking support these 
theoretical predictionst*, They also make it possible to 
assess the approximate size of the lung cancer carrier sub- 
population in parts of the United States. 

Tokuhata*-* found that lung cancer deaths among tho 
non-smoking first-degree relatives of cases were four timos 
greater than in the non-smoking first-degree relatives of 
controls; among smokers, the corresponding ratio was 
reduced to 23. The extrinsic carcinogen evidently 
induces an appreciable incidence of lung cancer in non- 
carriers and partially obscures the influence of the genetic 
factor. 

If about 50 per cent of the lung cancer cases were 
prezygotic (this percentage cannot be accurately estim- 
ated) then the chance of a first-degree relative of a pro- 
positus being a carrier (given autosomal dominant inheri- 
tance) would be about 0-25, assuming tentatively that the 
carrier frequency in the population is not very high. If 
the penetrance during a typical life span of a predisposing 
allele in the form of lung cancer in non-smokers is low, 
and if the frequency of carriers in the population is fe. 
then this will also be the effective frequency in the control 
population of non-smokers. It follows, therefore, that 
0-25/fe ~ 4. That is, in the populations studied, fe ~ 6 per 
cent. If only one locus is implicated (which is unlikely?:*), 
and if only the heterozygote is at risk with’ respect to 
lung cancer, then fa, the frequency of the predisposing 
allele, would be ~ 3 per cent. Hence the frequency of 
any particular allele predisposing to lung cancer is likely 
to be appreciably less than 3 per cent. 

It is interesting to compare these frequencies with 
previous estimates relating to leukemia’. There are 
perhaps two genotically distinct groups of leukemias and 
the carrier frequency for each group appears to be of 
the order of 1 per cent®. However, a genetic predis- 
position to leukemia appears also to confer an added 
risk of contracting other malignancies and pernicious 
anzemiat®1°, Although the numbers are too small for 
a decisive test, a comparison between Tokuhata’s* Tables 
l and 2 suggests that a genetic predisposition to lung 
cancer may also enhance the risk of mortality from other 
cancers. 

A ‘genetic overlap’ between cancers at different sites 
is of considerable theoretical interest because it suggests 
that cértain components of mitotic control mechanisms? 
within a cell may be represented in different tissues. 
However, a better understanding of the genetics of human 
cancer would be of more than theoretical interest; 
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eventually it could have a practical bearing on genetic 


counselling. 
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IMMUNOLOGY 


Hydrocortisone and the Apparent Induction 
Period for Antibody Formation in vitro 


SEVERAL investigations!‘ into the production of anti- 
bodies by lymphoid tissue in vitro have shown that, 
following antigenic stimulation in vivo, the tissue (lymph 
node or spleen) must remain in the anima! for several days 
before it can be removed to give antibody-producing 
cultures. A requirement for such an ‘induction period’ 
has been demonstrated for both primary and secondary 
responses. 

Ambrose’ has recently described a defined culture 
medium which permits the production of antibody by 
rabbit lymph node fragments following in vitro secondary 
antigenic stimulation. An essential constituent of the 
medium is hydrocortisone. We have confirmed Ambrose’s 
observations, and have extended them to a study of lymph 
node tissue stimulated in vivo. For this purpose, rabbits 
were injected subcutaneously in each foot with bovine 
serum albumin (10 mg in 0-1 ml. saline per foot) as a 
primary dose. The secondary or challenging dose of 
bovine serum albumin was given several months later, 
either 3 days or 2 h before death (in vivo injection into 
right hind foot, 0-1 mg in 0-1 ml. saline). Popliteal lymph 
nodes were taken from the right (homolateral) and left 
(contralateral) hind legs, after death, and also from 
rabbits which had received the primary dose of bovine 
serum albumin only. Previous experiments had shown 
that radioactive antigen (sulphanilic acid—azo-bovine 
serum albumin labelled with sulphur-35) is rapidly taken 
up by the homolateral node after injection into the-foot 
of a primed animal, but does not appear in the contra- 
lateral node in detectable amounts, at least up to 4 h later. 
The tissue was cut into small fragments, and cultures 
made by Ambrose’s technique’, both with and without 
bovine serum albumin treatment in vitro, in Eagle’s 


medium both with and without 0-1 ug hydrocortisone per ' 


ml, All culture media contained penicillin and insulin, but 
no serum. Anti-bovine serum albumin antibody was 
assayed in culture fluids by indirect hemagglutination®, 

The results of these experiments are shown in Table 1. 
It can be seen that lymph node tissue, adequately stimu- 
lated im vivo, and remaining in the animal for 3 days, 
produced antibody in culture, regardless of further antigen 
treatment in vitro or of presence of hydrocortisone in the 
medium. On the other hand, injection of the animal only 
2 h before removing the tissue was equivalent to in vitro 
stimulation: hydrocortisone was necessary for antibody 
production. Tissue from the contralateral node of the 
latter animal also responded to antigenic stimulus in vitro, 
since it had not been adequately exposed in vivo in the 
short time available. 
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EFFEC? OF ANTIGEN (BOVINE SERUM ALBUMIN (BSA)) AND 
HYDROCORTISONE ON ANTIBODY PRODUCTION in vitro 


Hydrocortisone Antibody produced* 


Table 1. 


Rabbit Antigen treatment of in culture Homo- Contra- 
No. primed lymph nodes medium lateral lateral 
1 BSA 8 days before being Yes 160 80 
killed; BSA tn vitro No 160 40 
BSA 3 days before boing Yes 160 40 
killed; no BSA in vitro No 320 20 
2 BSA 2 h before being killed; Yes 5,120 1,280 
BSA in vitro No <10 <10 
BSA 2 h before being killed; Yes 1,280 <10 
no BSA in vitro No <10 <10 
8 No BSA in vivo; Yes 1,280 
BSA in vitro . No <10 
No BSA in vivo or in vitro Yes 40 
No <10 


* Reciprocal of hemagglutination titre of tissue culture medium after 
12 days incubation. ie 


It appears, therefore, that the delay required after in 
vivo antigenic stimulation, before potentially active lymph 
node tissue can be removed from the animal, is merely a 
reflexion of an inadequate culture medium. In a medium 
supplemented with hydrocortisone, tissue challenged with 
antigen either before or after removal from the animal 
will go through a secondary antibody response. 

This work was supported by U.S. National Institutes of 
Health grant AI-127. The skilled assistance of Mrs. 
Yvonne Matesich and Mr. Bror Clark is gratefully 
acknowledged. : 
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Thymus and X-radiation in the Termination 
of Acquired Immunological Tolerance in the 
Adult Mouse 


ACQUIRED immunological tolerance wanes gradually 
with time after antigen injections are stopped’. In some 
experiments the termination of the tolerant state has been 
hastened by whole-body X-radiation?-5. Weigle has 
recently found that tolerance to bovine serum albumin 
(BSA) induced by giving very large quantities of antigen 
to new-born rabbits is not terminated by whole-body 
X-radiation, nor by passive anti-BSA nor by both 
these agents together®. Weigle has also reported that 
termination of tolerance to BSA in rabbits following the 
injection of a serologically related antigen is not thymus 
dependent’. We have recently reported that thymectomy 
prolongs the tolerance to bovine y-globulin (BGG) induced 
in the adult mouse*. The purpose of these experiments 
was to investigate the effect of whole-body X-radiation 
on the termination of tolerance in thymectomized and 
sham-operated mice. 

Adult CBA/J mice weighing 27-33 g were thymectom- 
ized or sham-thymectomized at age 16-17 weeks. Surgery 
was performed over a period of a week. One day after the 
last operation (numbered day 0) each mouse was made 
tolerant by an intraperitoneal injection of 2 mg of the 
supernate ofultracentrifuged BGG (ref. 9). Onday 11, groups 
B and D were placed in a ‘Lucite’ box and given 450r. from 
a cobalt-60 source. On day 97 each mouse was injected 
intraperitoneally with a challenge dose of 2 mg of BGG 
adsorbed on to bentonite. Seven days later, each mouse 
received a tracer dose of iodine-125 BGG intraperitoneally, 
and the antigen-disappearance rate was determined as 
previously described’. No thymus remnants were seen 
macroscopically at autopsy on day 130. 
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The plan of the experiments and the disappearance of 
I*BGG following challenge with BGG-bentonite are shown 
in Table 1. Since completely tolerant mice would have an 
ADR similar to that of tracer alone in normal mice 
(18+ 2 per cent), group C appears only partially tolerant 
by day 104, as shown by the antigen-disappearanco rate of 
43-5 per cent. This group was less tolerant than the 
thymectomized mice of group A (P<0-001). This 
confirms earlier experiments? which showed that tolerance 
to BGG wanes more slowly in the absence of the thymus. 
X-ray given to mice with an intact thymus accelerated the 
disappearance of tolerance in group D as compared with 
group C. The difference between groups C and D is of 

} borderline statistical significance (P= 0-06), but, as noted 
here, tolerance had already partially disappeared in group 
C. In the absence of the thymus, however, X-ray did not 
hasten the waning of tolerance as shown by the similarity 
between groups A and B. The effect of X-ray is most 
obvious when considering groups B and D (P<90-001) 
where radiation hastened the waning of tolerance only if 
the thymus was present. 


Table 1 


Mean ADR 
of I*BGG 
given on 
No. of day 104 
Group mice Day 0 Day ll Day 97 (per cent) 
A 10 Thymectomy BGG beast Bent.-BGG 29 + 50*} 
B 10 Thymectomy BGG 450r. Bent-BGG 33 + 6-7 
(0 6 Sham- 
operation BGG — Bent.-BGG 4354+ 8 
D 12 Sham- 
operation BGG 450r. Bent-BGG 61 +203 


* Mean antigen disappearance rate (ADR) per day, + one S.D. 

t The mean ADR of this batch of tracer I*BGG in normal mice was 
18 + 2 per cont. 

The results may also be considered in the following way. 
Tolerance wanes gradually with time in the intact mouse 
(group C). This effect is retarded by thymectomy (group 
A) but hastened by X-ray (group D). However, if the 
mouse is treated with both thymectomy and radiation 
(group B), their effects appear to be antagonistic and 
tolerance wanes at a rate close to that of mice given 
neither X-ray nor thymectomy (group C). 

The waning of tolerance to BGG induced in adult mice 
is dependent on the thymus, perhaps through its stimu- 
lating action on lymphoid tissues. Whole-body irradiation 
causes initial destruction which is followed by lymphoid 
proliferation and thymic regeneration. The effect of 
X-ray in hastening the waning of tolerance is consistent 
with the hypothesis that long-standing acquired immuno- 
logical tolerance develops through irreversible inhibition 
or death of competent cells and that the waning of 
tolerance occurs through the development of newly- 
arisen uninhibited cells. Miller has shown that 
thymectomy impairs the redevelopment of immunological 
reactivity after whole-body X-ray’. The failure of X-ray 
to break tolerance in the absence of the thymus also 
indicates the role of the thymus in the re-population of the 
lymphoid tissues after X-ray. 

Weigle’s failure to break tolerance with X-ray® may be 
explained, as he suggested, by the fact that our mice which 
were given a single dose of BGG in adult life were not so 
tolerant as his rabbits which were repeatedly injected with 
massive doses of BSA at birth. If partial tolerance 
indicates the presence of a few cells capable of making 
anti-BGG, the breaking of tolerance in the presence of 
the thymus by the lymphoid-proliferating stimulus of 
X-ray can be understood. In more completely tolerant 
animals, such as Weigle’s rabbits, the effect of X-ray in 
breaking tolerance may require larger doses of X-ray and 
a longer period of time following irradiation. ` 

Weigle’s inability to prolong tolerance by thymectomy’ 
may be because his rabbits were thymectomized 3-4 
months after being made tolerant at birth, and then 
challenged and later bled only 28 days after thymectomy. 
Our experiments with mice indicate that tolerance spon- 
taneously wanes very slowly after antigen is stopped, and 
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that the effect of the thymus in retarding the loss of 
tolerance can only be clearly seen 2-3 months after 
thymectomy®. 
These differences may also be explained by differences in 
the degree of function of the thymus of the adult rabbit as 
compared to the adult mouse. No data are available on this 
point, but in the neonatal period thymectomy in tho 
mouse has more pronounced effects on immunological 
function than does neonatal thymectomy in the rabbit?!. 
This species difference might also hold true for the effects 
of thymectomy and thymectomy plus X-ray in the adult. 
This work was supported by grant AJ/—07529 of the 
U.S. Public Health Service. 
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Failure of Cellular Transfer of Tuberculin 
Sensitivity between Guinea Pigs of Different 
Strains 


THe passive transfer of tuberculin hypersensitivity 
from one guinea pig to another by the systemic injection 
of lymphoid cells was first described by Chase’. Since 
this tame workers have attempted to transfer tuberculin 
sensitivity from one species to another, without success?, 
In this investigation an attempt was made to transfer 
tuberculin sensitivity between two strains of guinea pig of 
different origin; the Hartley Strain maintained as a closed 
colony since 1922 at the National Institute for Medical 
Research, London, and the Strain IT of Sewall Wright, 
obtained from the National Institutes of Health, Bethesda, 
Maryland. Strain II has been maintained by brother and 
sister mating for more than a 50-year period’, and shows 
complete intrastrain histocompatibility*, Tho Hartley 
Stram has been maintained by random breeding and 
shows little histocompatibility®. 

Donor guinea pigs were sensitized by four iniramus- 
cular injections of 0-2 mg of heat-killed tubercle bacilli 
in water in oil emulsion administered on one occasion 
between 4 and 6 weeks before transfer. Lymph node and 
spleen cells from 10 donors or more, from one or other 
strain, were prepared as described previously* and pooled. 
Aliquots, each equivalent to the cells derived from a 
single donor, were injected intravenously into both 
Hartley and Strain II recipients, so that the reactivity 
of the pooled cells could be confirmed in recipients of the 
same strain as the donor. Recipients were skin tested 
with 40 yg tuberculin (“Mammalian PPD’ from the 
Ministry of Agriculture’s Veterinary Laboratories, Wey- 
bridge) within 1 h of the intravenous injection of the cells. 

Skin reactions were read 24 h later. 

Passive transfer within the strain was always successful. 
The reactions in Strain II recipients were far less intense 
than in the Hartley Strain, in keeping with the far greater 
reactivity of Hartley guinea pigs than Strain IT guinoa 
pigs when actively sensitized against tuberculin. No 
passive transfer was obtained in 6 Strain IT recipients of 
cells from Hartley donors or 13 Hartley recipients of colls 
from Strain TI donors. A single Hartley recipiont of colls 
ae pool of Strain II donors did, however, become a 
reactor, 
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Table 1. 24-HOUR SEIN REACTIONS TO TUBEROULIN, FOLLOWING THE INTRA- 
VENOUS INJECTION OF CELLS FROM TUBERCULIN SENSITIVE DONORS 


Recipients 























Hartley Strain II 
Mean dia- Mean dia- 
meter of meter of 
Xo. reaction No. No. reaction No. 
Donors | positive} (mm)in | nega- j| positive; (mm)in | nega- 
positive ive positive tive 
tests tests 
Hartle 5/5 19 x 19 0/5 0/6 —_ 6/6 
Strain {1 1/14 11 x 11 18/14 10/10 12 x 11 0/10 





The inability of cells from one strain to sensitize, 
passively, animals of another strain might have beon 
explicable as due to a naturally occurring antibody 
directed against lymphoid cells of the donor strain circu- 
lating in the recipient strain. Incubation of Hartley Strain 
cells with fresh Strain II serum for 30 min at 37° failed, 
however, to inhibit the passive transfer of tuberculin 
sensitivity to Hartley recipients; incubation of Strain IT 
cells with fresh Hartley Strain serum failed likewise to 
inhibit the passive transfer to Strain IT recipients. . These 
experiments make it unlikely that a humoral factor is 
involved. However, the possibility that this is due to 
delayed type hypersensitivity must always be considered 
in the guinea pig; in view of the finding of Battisto’ of the 
“natural occurrence of delayed type iso hypersensitive- 
ness” in guinea pigs against homologous serum proteins. 
Brent and Medawar® provide clear evidence that the 
Hartley Strain, though heterogeneous, is not very diferen- 
tiated antigenically, though there is a wide range of 
reactivity. Intradermal transfers of lymphoid cells 
between the Hartley Strain and the Heston Strain (a 
strain closely related to Sewall Wright’s Strain II) excite 
violent reactions and skin grafts from one strain to the 
other have very short survival times. 

It would therefore appear that passive transfer of 
tuberculin hypersensitivity in guinea pigs is only possible 
in histocompatible animals or those which though random 
bred and reject donor skin grafts are still somewhat 
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RADIOBIOLOGY 


Chromosome Investigations on Lymphocytes 
from Irradiated Patients: Effect of Time in 
Culture 


Teor technique for culturing lymphocytes from the 
peripheral blood! has been used to examine chromosome 
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damage in man following in vivo exposure to radiation??. 
The original technique specified that the cells should be 
cultured for about 72 h because a large number of cells in 
mitosis can readily be obtained at this time. Although it 
is known that such cells can be seen after 42-48 h in oul- 
ture‘, it has been thought that the great majority of cells 
dividing at 72 h were in their first division in culture’. 
Investigations concerning this point were undertaken in 
1963 on cells from blood cultures of patients treated with 
X-rays for ankylosing spondylitis. These investigations 
have shown that the length of time in culture has a 
considerable effect on the proportion and nature of cells 
with chromosome structural abnormalities. 

Results have been obtained from 23 blood samples 
taken from 18 patients at times varying from immediately 
on completion of a course of X-ray treatment for ankylos- 
ing spondylitis to more than 1,800 days later. In all 
instances the patients had X-ray treatment along the 
whole length of the spinal column and to the sacro-iliac 
joints, a total skin dose of 1,500 rads inclusive of back 
scatter being given to the skin posteriorly over the spinal 
column and sacro-iliac joints in 10 equal daily fractions. 
In 3 blood samples from 3 patients studies were done on 
cells collected at approximately 48, 60, 72 and 96 h, while 
in the remaining 20 blood samples the cultures were 
studied at two intervals'of time, about 48 h and about 
72h. All times include 3 h with diacetylmethyleolchicine 
(‘Colcemid’: Ciba) added to the culture. 

All the cells counted were fully analysed and classified 
into three major groups. A cells, cells with no apparent 
structural abnormality; B cells, cells showing a chromatid 
gap, chromatid break or isochromatid gap; C cells, cells 
with all other types of structural abnormality. 

The C cells were further subdivided into those with an 
unstable form of aberration (Cy, cells) and those with 
stable forms of aberration (Cs cells). The former are cells 
containing fragments, dicentric, tricentric or ring chromo- 
somes, while the latter contain abnormal monocentric 
chromosomes, the presence of which may be obvious or 
may only be noted after analysis of a cell. A further 
sub-classification of the C'u cells was attempted into those 
which were likely to be in their first division after radiation 
exposure (X, cells) and those in their second or a subse- 
quent division (X, cells). This classification was based on 
the presence or absence of fragments and, if two or more 
were present in the cell, on whether these were morpho- 
logically identical or not. Table 1 illustrates the findings 
in a patient who had completed his radiation exposure 
some 203 days previously, and these findings are indi- 
cative of those found in the group as a whole. It is known 
from previous investigations on patients treated with 
X-rays for ankylosing spondylitis’ that the effect of treat- 
ment is to produce a very large increase in the number of 
Cy and C, cells that can be detected in blood cultures. 
The number of Cu cells falls progressively after the com- 
pletion of irradiation, but even seven years later it has not 
returned to the pre-irradiation control levels. The number 
of C, cells was found to remain relatively unchanged for 
up to 20 years after exposure. 

The first result was a marked decrease in the proportion 
of O, cells between the 48- and 72-h collections which 
was partly balanced by an increase in the number of 
polyploid cells observed, the majority of which had 
unstable abnormalities. The number of Cs cells fluctuated 
but apparently randomly as there did not seem to be any 


Table 1 

















| | p 
Tois A cells | B cell C coll Cu cell 
D Age at Hours celis cells cells colls u cella 
after timo of ie counten an 
i 0 culture ai 
irraalotion ture analysed | Total | Total | Total | Cu | Cy 
33 48 100 59 1 40 20 | 11 1 
Baten Py 60 100 57 5 37 | 22 | I5 8 
72 100 71 0 29 p 19 | 10 9 
96 98 61 11 21 10 | 11 36 
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relation to time in culture. When the C, cells were sub- 
classified as X, or X, cells, it was found that the propor- 
tion of X, cells almost doubled between the 48-h and the 
72-h collections. Finally, a striking observation was that 
į on present evidence, and provided cells were collected at 
about 48 h, the majority of C, cells were still apparently 
in their first division since irradiation, even up to 5 years 
after exposure to radiation. 

‘The most comprehensive estimate of radiation damage 
to lymphocytes will be obtained when the cells are 
examined in their first division in culture, and the fore- 
going results show that cells cultured for about 48 h 
approximate more closely to this condition than do cells 
cultured for about 72 h. The finding that the majority of 
Cu cells are X, cells when collected after about 48 h, even 
' in blood samples cultured up to 5 years and more after 
radiation exposure, suggests that there is a lymphocyte 
population with a mean survival time in the body of 
several hundred days, a small fraction of which may be 
capable of survival for many years. . 
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Fall-out Plutonium-239 and Zirconium-95 in 
the Lungs of Deer 


To evaluate the inhaled fall-out activity in a man-sized 
mammal, lungs were analysed from Utah deer (Odocoileus 
h. hemionus) (Raf.). These wild deer were killed by rifle 
shots through the head to prevent contaminating the lungs 
with fall-out from the digestive tract or from the fur. 
Comperison of teeth with those from deer of known age 
indicated an average life-span of about 2-3 years. Lungs 
were cleanly dissected, sealed in plastic bags to prevent 
contamination, and weighed. 

Gamma-ray activities were determined with our 8-in. x 
4.in. sodium iodide y-ray spectrometer coupled to a 400- 
channel pulse-height analyser. Zr and its Nb daughter 
were identified by their prominent y-ray peak at 0-75 MeV. 
Zr activity was evaluated by subtracting the minor con- 
tributions of the other emitters at 0-75 MeV and comparing 
the corrected count rate with that from a calibrated "Zr 
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standard obtained from Oak Ridge. Activities were 
adjusted back to the day of the kill. 

9Pu was evaluated by the Eberline Instrument Co., 
Santa Fe, New Mexico, using the plutonium extraction 
and track counting method of Geiger'. 

Results are summarized in Table 1. The plutonium 
concentrations in 15 deer taken during February—April, 
1962, in Utah averaged 0-05 pe. “°Pu/kg wet lung, ranging 
from 0-01 to 0:27 pe./kg. In spite of these very low con- 
centrations, the standard errors of counting were usually 
less than 10 per cent of the sample activities. 

Concentrations of Zr in the lungs of deer taken at 
various times may be compared with values determined 
by Rundo in 15 living persons’, and by us in a human 
lung obtained at autopsy (Table 1). Because of its 65-day 
physical half-period, **Zr is present in fall-out for several 
months after a fission explosion in the atmosphere. 

For comparison of the contribution by **Pu and "Zr, 
the concentrations of several other fall-out nuclides are 
listed in Table 1. Average "Cs concentrations in Utah 
residents measured in our total body counter have 
essentially tripled since August, 1962. 

Sr concentrations in the skeletons of young children 
in the United States measured in the first half of 1962 
(ref. 3) and predicted for 1963 (ref. 3) have been converted 
to units of pe. "Sr/kg wet skeleton by regarding the 
skeleton as 15 per cent calcium, as in the standard man‘, 

Mean ™I concentrations in the thyroid glands of Utah 
infants (averaged over the entire year of 1962) were based 
on our measurements of I in milk®, which indicated a 
total yearly intake of about 45,000 pe. I, assuming a 
three-day delay from milkiig to drinking and the con- 
sumption of one litre of milk per day. A 30 per cent 
uptake‘ and effective retention half-time of 7-6 days‘ for 
11[ was assumed for the 2 g infant thyroid. 

Dose rates in millirem./year resulting from these con- 
centrations of the various radionuclides were computed 
from the equation : 


dose rate = 0-0187 (C) (E) (QF) (DF) mrem./yr. 


where tissue concentration = C pe./kg; energy per dis- 
integration = Æ MeV ; QF = 10 for Pu «-radiation, one 
for others ; DF = 5 for Sr in bone, one for others. 

Physical data were taken from the 7.C.R.P. internal 
radiation report‘, except that absorption of 0-206, rather 
than 0:23, MeV per I disintegration was used for the 
infant thyroid. 

Present I.C.R.P. maximum permissible dose rates for 
the population-at-large are 500 mrem. /yr. (lung), 50 mrem. / 
yr. (total body including gonads), and 1,000 mrem. /yr. (bone 
or thyroid). The last column of Table 1 expresses the 
tissue dose-rates as a percentage of the maximum per- 
missible value for the population-at-large. The permissible 
dose-rate standards indicate that fall-out *°Pu is an 
insignificant hazard compared with certain other radio- 
nuclides. 

This work was supported by the Division of Radio- 
logical Health, Bureau of State Services, U.S. Public 
Health Service (RH-30). 


Table 1, FALL-OUT NUOLIDES IN DEER AND HUMAN BEINGS 
Nuclide Organ Mammals Location Date pe. /kg mrem./yr. % Permissible 
Py Lung 16 Deer Utah Feb.—Apr. "62 0-05 0-05 0°01 
“Zr Lung 10 Deer Uteh Sept. 61 85 0°34 0:07 
4 Deer tah Oct. 61 130 13 0-3 
4 Deer Utah Feb. ’62 5,700 55 11 
6 Deer Utah Apr. 762 320 8-1 O-6 
15 Humans Harwell? Apr.~May ’62 350 3'4 0-7 
5 Deer Utah ept. 62 940 9-1 18 
4 Deer Utah Dec. '62 1,760 17 3-4 
1 Human Utah Jan, ’63 640 52 1:0 
3 Deer Utah Apr. 63 2,630 26 51 
5 Deer Utah Aug, ’63 280 25 0-5 
: 2 Deer Utah Oct. ’63 150 15 0-3 
170g Body 63 Humans Utah Aug. '62 93 1-0 2-1 
46 Humans Utah Dec. 62 143 1:6 3-2 
46 Humans Utah Apr. ’63 166 18 3-7 
66 Humans Utah Oct. *83 246 27 54 
Sr Skeleton Infants U.S.A? 1962 300 31 3-1 
; Infants U.S.A! 1963 1,600 165 16 
ny Thyroid Infants Utah? 1962 200,000 770 77 
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Note added in proof. Our lung concentrations of ***Pu 
in Utah deer (0-05 pc./kg, av. range 0-01-0-27) agree 
substantially with concentrations in seven humen lungs 
(0°15 pe./kg, av. range 0-12-0-21) obtained from southern 
England in March—July 1962 by R. V. Osborne (Nature, 
199, 143; 1963). However, as shown by A. V. Wegst, 
C. A. Pelletier and G. H. Whipple (Science, 143, 957; 
1964), fall-out in the lung is in particulate form. The 
unknown effects of the high local doses resulting ‘from 
radioactive particles may require re-evaluation of com- 
parisons based on the average dose rates to whole organs‘. 
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Radio-protective Chemicals and Genetic 
Recombination in Sordaria fimicola 


THE production of chromosome aberrations by X-rays is 
now a standard procedure. Certain types of treatment of 
the cells prior to or during the irradiation may, however, 
have a modifying effect. The number of chromosome 
aberrations is decreased with anoxic conditions; increas- 
ing temperature and a constant partial pressure of oxygen?; 
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(MII) type. The percentage of MII asci was calculated 
for all treatments’. 


The number of crossover and non-crossover asci, and +: 


the percentage of crossover asci for each treatment, are 
summarized in Table 1. The x? and probability of 
significance are also calculated. In no case was there any 
significant difference between the percentage of MII asci 
for the control and treated asci. Neither was there any 
evidence for biased segregation. The fact that develop- 
ment of mature asci was delayed or inhibited at high con- 
centrations of the chemical protectors would seem to 
indicate that they are entering the cell, although it cannot 
be excluded that the chemical is inhibiting the uptake of 
some vital supplement. 

The results seem to indicate several possibilities regard- 
ing the mechanism(s) of chemical protection against 
X-rays. Radio-protective chemicals are thought to 
function: (a) directly on the chromosome; and/or (b) 
indirectly in the cytoplasm, scavenging radicals and thus 
preventing their acting on enzymes and genetic sites®?. 
If the radio-protective chemicals are functioning on the 
chromosomes and preventing their breakage it would be 
reasonable to expect that the chemicals should also reduce 
the amount of genetic recombination. But no such reduc- 
tion was observed, that is, the chemicals were not effecting 
the number of chromosome breaks at meiosis. It seems 
possible, therefore, that the radio-protective chemicals 
are aiding in the restitution of broken chromosomes and/or 
acting as scavengers of radicals. It may be that breaks in 
chromosomes induced by X-rays and those at meiosis are 
different. Also, it cannot be excluded that with different 
temperatures, hydrogen ion concentration, or media, 
significant differences in the percentage of genetic recom- 
bination would be observed. 


Table 1. RELATIONSHIP OF SECOND DIVISION SEGREGATION TO VARIOUS RADIO-PROTECTIVE CHEMICALS 
















Supplement to Days from Growth of Perithecia 
normal medium * inoculation mycelia formed 
None (control) 7 + Mature 
Cysteine 107° M 14 + None 

10-3 9 + Abortive 
10" 7 + Mature 
104 7 + Mature 
Thiourea 107 14 - — 
10-3 14 — — 
107 T, + Few mature 
10-4 7 + Mature 
0-5 7 + Mature 
Cystamine 1071 14 Slight None 
g- 14 + None 
10° 7 + Mature 
104 7 + Mature 























Type of asci Percentage 

MI IL Total of MII asci # 

247 362 609 59-4 £ = 
251 333 584 57-0 0-6 0-47 
261 338 599 57-4 1-4 0-80 
269 328 597 55-0 25 011 
243 321 564 57-0 0-8 0-36 
218 286 504 56-8 0-9 0-42 
269 *| 400 669 58-8 o2 0-65 
261 371 56-4 O7 0-40 











* ‘Corn meal agar’ plus 0-1 per cent yeast extract. 


a prior treatment to liquid air?; and a heat shock of about 
80° C for 0:5 h before irradiation’. Treatment with such 
chemicals as glutathione, cysteine, sodium hypo- 
sulphite’, and BAL (2,3-dimercaptopropanol)® has also 
reduced the number of chromosome aberrations. The 
purpose of the work recorded here was to determine. if 
certain radio-protective chemicals would influence genetic 
recombination as determined by the frequency of second 
division segregation. These chemicals are cysteine, 
thiourea, and cystamine. 

Sordaria fimicola, a homothallic pyrenomycete, was 
grown. at 28° C in Petri plates containing Difco ‘Corn Meal 
Agar’ and 0-1 per cent yeast extract. Some plates also 
contained specific amounts of radio-protective chemicals, 
and all media were adjusted to pH 5-8 with 1 N sodium 
hydroxide. Mycelial fragments from a wild-type strain 
(CThy +) which yields black ascospores, and a mutant 
strain (C7hy —) which yields white ascospores, were 
placed about 1-5 in. apart on the agar medium. Approxim- 
ately 7-10 days later mature hybrid perithecia were 
observed at the juncture of the two colonies and the asci 
were scored as either non-crossover (MI) or crossover 
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BIOLOGY Table 1. ` HELA CELLS IN TISSUE CULTURE EXPOSED TO 4 MAGNETIC FIELD 
: } 
t i ` 
| Effects of Magnetic Fields on Growth of HeLa | Controts Pie inte BPN 
i ota 
t Cells in Tissue Culture <a Total arata 
; MacCrman?? has indicated thet magnetic fields were | Day |Cellcount*| average |Cellcountt) average | Growth?) growth 
ffective in arresting carcinoma growth in patients, and *; No. | cells/ml. | cell count | cells/ml, | cell count; index | index | 
td 
arnothy? stated that magnetic fields, in some way, re- 0 50,000 50,000 
arded the ageing (hence growth) process in mice. 2 | 115,400 73,000 — 32:6 
Exposing cultures of Serratia marcescens and Staphylo- | 182,000 147000 A 
cous aureus to magnetic fields of 15,000 gauss, Gerencser 179.200 1797100 0-0 i 
d Barnothy* noted no difference in growth rates be- | 174,500 144,700 7153 
ween controls and magnetized cultures until between 5 3 | 224,300 240,000 + 72 1 
d 8 h when inhibition occurred. However, between 194.900 189,300 £253 
8 and 10 h the growth rate of the experimental cultures 193.300 179.700 270 23 
dnereased until they were the same as the controls. 180,200 187,300 7 BB: 
Growth inhibition after 3 days’ exposure was reported 4 | 264,400 219,700 -13-5 ! 
by Butler and Dean! in tissue culture of KB cells exposed 144,400 183,500 ae 
to 4,000-gauss magnetic fields. But Schurrmans and 389,500 361,500 L 6-7 
Richardson? observed no effect on growth of cell cultures 261,500 284,800 +107 
of KB, Chang’s liver, or sarcoma 180 in homogeneous 5 | 550,900 547,600 — 05! 
magnetic fields of 12,000 gauss for 3 and 4 days. HeLa 550,900 o 497,300 poe a 7 re 
cells also failed to show differences in morphology and 950,999 pe 
growth rate, or changes in pH of the culture medium 6 360,100 479,200 ' A l 
after exposure to the magnetic field. Pauling and Coryell? TERN 50600 -06 | 
reported that magnetic characteristics of iron porphyrin 257,400 291,000 JBS 
compounds could be functionally influenced bya magnetic 7 } 469,700 p 489,700 + 44 i 
field. This fact suggests the possibility that paramagnetic 836,800 | | 324100 areola 
substances within the cells themselves, such as iron 03,100 ? 


porphyrin containing enzymes, may be affected, with a 
resultant effect on the metabolic process, possibly respira- 
tion. Because of the conflicting reports in the literature, 
a question is raised whether the observed effects were due 
to the magnetic field or to other causes. First among 
these possibilities is that the magnetic field presents a 
new environmental parameter with which the cells must 
cope, and in adjusting to this change, the disturbed cell 
growth may be no more than an adaptation response. 
Secondly, the growth substances in the culture medium 
may be affected adversely by the magnetic field, and 
| thus account for the changes. 

The work recorded here was undertaken to determine 
the effects of magnetic fields on the growth of HeLa cells 
in tissue culture for the purpose of extending further the 

| reported observations on this biological system. 

HeLa cells free from PPLO and bacterial contamination 
were grown in milk dilution bottles in basal medium 
Eagie’s and 10 per cent calf serum. When the mono- 

,layers were fully established, the cells were removed from 
the glass with 0-25 per cent trypsin, washed, and counted 
ina hemocytometer. Following the removal of the trypsin, 
Leighton tubes (16 mm x 150 mm) were inoculated with 
50,000 HeLa cells/ml. in growth media. The tubes were 
fastened with the flat side against the pole face of the 
magnets, the cells being separated from the pole face solely 
by the intervening thickness of glass. Control cultures 
were at least 3 ft. away from the experimental ones. The 
{magnets were permanent horse-shoe (magnetron) magnets, 
'the field strengths of which were measured at 1,200 gauss 
lat the pole face. 

Separate experiments were prepared in order that total 
cell counts could be made at the end of 2, 3, 4, 5, 6, and 
7 days. Each test group consisted of at least 10 tubes. 
At the end of each of these time periods, cells from the 
experimental and control groups were removed, trypsin- 
ized, washed, and counted in a hemocytometer, and the 
average of the 10 tubes was recorded as shown in Table 1. 

For a clearer comparison of the net change in growth 
of the cells on the various days, the index of growth was 
calculated. This is defined as the percentage difference in 
growth between experimental and control cell counts. 


{control count) — (experimental count) 
Index of growth x 100 
control count 


Examination of the results revealed that variation due 
to the method was greater than the variation attributable 














| 





* Each run represents at least 5 samples. 
+ Each run represents at least 10 samples. 
t Sign indicates inhibition (—) or enhancement (++). 


Table 2, COMPARISON OF PERCENTAGE MEAN DIFFERENCES WITH GROWTH 
INDES 
Control Experimental 
Day Average % difference Average % difference Total average 
No. from mean from mean growth index 
2 27-5 88-7 — 153 
3 24S 214 + BS 
4 87-5 33°4 + 10-7 
5 0-0 48 - 61 
6 _ 87-9 565 + 86 
7 141 20-4 + 03 


to experimental effect. Table 2 compares the average 
percentage difference from the mean of each daily run for 
control and experimental data with the total average 
growth index. 

As a whole, the average difference in growth between 
experimental and control cell counts (growth index) is 
not greater than the average difference from the mean in 
either the control or experimental counts. Furthermore, 
daily growth curve experiments also demonstrated no 
differences in cell counts between control and magnet 
groups. From this, it is concluded that no significant 
difference in growth has occurred, and, based on our 
observations of a large series of experimental tubes, it 
appears that growth of HeLa cells in tissue culture is 
not inhibited or otherwise overtly affected after exposure 
to a 1,200-gauss magnetic field. 
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Effect of Exogenous CEstrogen on Brood 
Patch Development of Intact and 
Ovariectomized Canaries 


Durie the spring breeding season female canaries, like 
many other passerines, develop a brood patch: the ventral 
apterium becomes vascular and defeathered?. Outside 
the breeding season these changes can be induced by 
exogenous hormones. Injection of cestradiol benzoate 
produces vascularity. (Œstradiol benzoate also induces 
some defeathering, but this effect (unlike the induction of 
vascularity) is greatly increased by the addition of either 
prolactin or progesterone*. Bailey? found that hypophysec- 
tomized white-crowned sparrows (Zonotrichia leucophrys) 
no longer responded to cestrogen by defeathering and 
concluded that prolactin was implicated in the response. 
He suggested that, in intact birds, cestrogen induces 
prolactin secretion. 

During the normal breeding season there is also a 
gradual increase in responsiveness to tactile stimulation of 
the brood patch, as measured with a Semmes~Weinstein 
zsthesiometer‘. This consists of a series of graded nylon 
filaments the bending force of which is approximately 
linearly related to the serial order of the filament in terms of 
diameter. The test range of filaments used was 5-07-1-65, 
the units being the common logarithm of the bending 
force (mg). Birds respond by leg movement to the 
pressure of these filaments on the skin of the breast. The 
major change in sensitivity occurs in the week or two 
before egg laying. after defeathering is complete’. This 
also can be induced by exogenous estradiol benzoate’. 

In order to examine further the role of hormones other 
than cestrogen, the influence of ovariectomy on the 
changes produced by exogenous cestrogen was assessed. 

One group of canaries (N = 10) was ovariectomized in 
September. Four to five weeks later the birds, together 
with an unoperated control group (N = 10), were tested 
for sensitivity (method described elsewhere‘). An initial 
threshold was obtained for all birds, based on four pre- 
injection tests. Both groups were given nine injections of 
0-05 mg cestradiol benzoate (‘Oestroform’, B.D.H., Ltd.) 
over a period of 3 weeks. During this period the sensitivity 
threshold was tested five times a week and weekly group 
means obtained. The data were subjected to an analysis 

‘of variance. Fig. la shows that under the experimental 
treatment intact birds dropped more in threshold than 
ovariectomized birds (F = 9:89,d.f. = 1/16, P = < 0-01). 
The rate of change of the two curves differed also, the 
intact birds showing their greatest threshold fall during 
the first week of treatment (F = 3:27, d.f. = 3/48, P = 
< 0-05). The response was further affected by the initial 
threshold (Fig. 1b). Although those birds with a higher 
initial threshold (over 4:00) continued to have higher 
scores than those starting low (initial threshold less than 
3-90) (F = 41-87, d.f. = 1/16, P = < 0-01), the fall of 
‘initially high birds was greater than those with low initial 
thresholds (F = 3-36, d.f. = 3/48, P < 0-05). 

Vascularity was assessed by macroscopic inspection 
-of the brood patch and scored on & five-point scale. 
Defeathering was measured by the number of feathers 
lost, each empty follicle being marked with a spot of 
quick-drying ink. The absence of the ovary did not 
jinfluence the effect of exogenous cestradiol benzoate on 
either defeathering or vascularity. 

At the end of the treatment, the ovariectomized birds 
were investigated for the presence of ovarian tissue by 
laparotomy. In four out of the ten birds small amounts 
-of ovarian tissue were found on the site of the left ovary. 
No correlation could be found between presence or 
absence of ovarian tissue and the magnitude of threshold 
-fall. 

Ten days after the end of this experiment the intact 
birds were ovariectomized. Six birds survived and were 
allowed a 5-week recovery period. Their skin sensitivity 
-thresholds were again -measured and they were given 
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another three-week course of nine injections of 0-05 
mg oestradiol benzoate. The response was compared 
with that of the same six birds before ovariectomy. After 
ovariectomy the birds still showed an overall fall in 
threshold, though not so marked as before (Fig. 2). The 
difference between them was not significant (F = 0-058, d. f. 
= 1/5, P > 0-05). The individual records showed that 
only two of the six birds showed a marked fall in thresholdm 
during the series of injections. One of these, unlike alm 
the others, had continued to show a fall in threshold since 
the completion of the first experiment, and the fall during 
the second course of injections was merely a continuation 
of this trend. 

All six birds were found to contain some ovarian tissuc 
on the site of the left ovary. This was probably due tc 
the greater size of the ovaries of this group at the time owm 
operation (December) compared with the original birds 
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~ which were ovariectomized in September. The other 
bird which showed a marked fall in threshold had twice as 
much ovarian tissue as the other five birds, though there 
$was no general correlation between threshold change and 
vary size (Kendall rank correlation coefficient + = 0-2). 
Since cestrogen causes oviduct growth?, the size of the 
viduet also gives a measure of circulating cestrogen— 
rhaps a more precise one. There was, in fact, a high 
orrelation between magnitude of threshold fall and 
viduct size (oviduct weight as percentage body-weight) 
Kendall rank correlation coefficient, + = 0-866, P 
k 0-01). The bird showing the greatest threshold fall had 
the largest oviduct. Its ovary fell within the range of the 
remaining five birds, suggesting that cestrogen-producing 
ovarian tissue may have been present away from the site 
of the left ovary. 

These results indicate that, provided replacement 
cestrogen is given, ovariectomized female canaries develop 
a vascular and defeathered brood patch indistinguishable 
from that of intact birds given similar treatment. This 
agrees with previous results that cestrogen alone controls 
the degree of vascularity. It also suggests that the 
secondary hormone involved in defeathering is not of 
ovarian origin. This supports Bailey’s hypothesis that 
prolactin is the operative hormone, and our previous 
demonstration that defeathering can be obtained with 
injections of cestrogen and prolactin. It suggests also that 
although progesterone augments the effect of estrogen on 
defeathering, it (or at any rate progesterone of ovarian 
origin) is not necessary. There is, however, so far, no 
evidence that progesterone can cause prolactin secretion 
directly. Riddle and Lahr’ produced incubation in ring 
doves (Streptopelia risoria) by progesterone injection and 
claimed that the progesterone was causing prolactin 
secretion. Lehrman’s? subsequent work has shown that 
this interpretation is not valid, for the effect is indirect: 
progesterone initiates incubation which in its turn causes 
prolatin secretion which maintains the response. 

That no fall in sensitivity threshold was found in the 
first group of ovariectomized birds suggests that some 
other ovarian hormone besides cestrogen is involved in 
the control of this response, possibly progesterone or a 
related substance. That the second group of ovariectom- 
ized birds showed some fall in threshold can be ascribed 
to the small amount of ovarian tissue left in the body. 
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Effects of Victorin on Nitrogen Metabolism of 
Avena Species 


Vıcrorin, the specific toxin produced by Helmintho- 
sporium victoriae M. and M., affects only Avena species 
and varieties that carry the Victoria gene conditioning 
susceptibility to the fungus'. This toxin, which has been 
extensively used to examine the physiology of disease, 
has been shown to be the disease-inducing agent®. One 
f the most striking physiological responses to victorin is 
la sharp respiratory increase in susceptible tissues’. When 
victorin was added to homogenates of susceptible tissue 
o effect on cytochrome oxidase, polyphenol oxidase, or 
catalase occurred, but a 2- to 4-fold increase in ascorbate 
oxidation was observed. The increase in ascorbate oxida- 
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tion was accompanied by a marked decrease in ascorbic 
acid content; therefore it was concluded that increased 
respiration was mediated through an ascorbic acid path- 
way of oxidation‘. Additional data indicated that although 
ascorbic acid oxidation influenced respiration, it did not 
initiate the response because increased ascorbate oxidation 
occurred only after the respiratory rate had reached its 
maximum’, More recent data indicate that toxin treat- 
ment changes cell permeability which may influence 
respiration because organic acids and potassium salts leak 
from the vacuole into the cytoplasm’. Therefore, the 
pathway of increased respiration in victorin-treated sus- 
ceptible tissue is not fully understood. 

Recent results obtained in our laboratory indicate that 
toxin treatment disrupts nitrogen metabolism which may 
influence respiration. The object of this communication 
is to report these changes and to suggest a metabolic 
pathway linking nitrogen metabolism to the respiratory 
system. 

The effects of toxin treatment on individual free and 
bound amino-acids and total free and bound amino-acids 
were evaluated using the following procedure: (1) 10 g 
(fresh weight) of oat leaves were treated for various 
periods (2, 4, 6, 8 h) in different concentrations (5, 10, 
20 per cent) of a solution containing 650 units’ of victorin 
per mi. (2) Leaves were extracted in a Waring blender. 
in boiling 80 per cent ethanol, filtered, reduced to 10 per 
cent of the original volume, treated with 5 per cent 
trichloroacetic acid, and centrifuged. (3) Extracts were 
placed on a “Dowex 50-8’ ion exchange column and 
amino-acids were eluted with 2 N ammonium hydroxide. 
(4) Eluates were reduced to dryness in a free air stream 
and rehydrated with 10 per cent isopropynol. (5) Two- 
dimensional paper chromatograms, developed with nin- 
hydrin, were used to determine individual free and bound 
amino-acids. (6) Certain amino-acids were eluted with 
50 per cent ethanol and analysed colorimetrically at 565 
pm. (7) Bound amino-acid analyses were conducted 
similarly ; however, protein fractions (trichloroacetic acid 
precipitate, step 2) were hydrolysed for 24 h in 6N hydro- 
chloric acid. (8) Total bound and free amino-acids were 
determined by eluting spots developed with ninhydrin 
from paper strips in the manner described in step 6. 

No material changes in individual bound or total free 
amino-acids were observed. Noteworthy changes were 
not observed in nitrogen compounds from victorin-treated 
resistant varieties. Total bound amino-acids showed a 
slight decrease with increasing toxin concentration and 
time of treatment. Pronounced changes occurred in 
certain specific free amino-acids. These results (Table 1} 
show that at the 2- and also at the 4-h treatment intervals 
glutamine, valine, and alanine increased. Glutamine and 
valine continued to increase at the 6- and 8-h treatment 
intervals, but alanine decreased. Valine showed a pro- 


Table 1. EFFECT or VICTORIN on INDIVIDUAL AMINO-AOIDS EXTRACTED 
FROM A SUSCEPTIBLE OAT VARIETY TREATED FOR VARIOUS PERIODS WITH 
THREE TOXIN CONCENTRATIONS 


Toxin 
concentration (%) 
and treatmen: Amino-acid concentration* 
Period: Glutamine Valine ine 
0 0°49 0-08 0°12 
5 0-53 0'14 0-10 
10 0°55 0-16 0-19 
20 0°55 0-24 0-19 
4h 
0 0°40 0-02 030 
5 0°36 0-05 0°28 
10 0-51 008 0°40 
20 0°63 0-28 0-44 
6h 
0 0:47 0-08 0-68 
5 0-49 0-13 0-12 
10 0-49 0-14 O14 
20 0-70 0-26 0'17 
8h 
0 0-51 0-06 0-72 
5 0-48 0-10 0-26 
10 0-64 0-18 0-15 
20 0°73 0-29 0-17 


* Expressed as optical density, 





~~ 
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gressive increase with increasing toxin concentration 
whereas glutamine increased at only the highest toxin 
concentration. A similar but inverse relation was observed 
for alanine, that is, toxin treatment caused a sharp re- 
duction in alanine after 6 and 8 h, but toxin concentration 
had no effect on alanine content at these intervals. 

Increased alanine, valine, and glutamine synthesis could 
result from increased glycolysis because they are synthes- 
ized from pyruvate, the terminal product of the glycolytic 
system. Decreased alanine synthesis, however, may con- 
tribute to increased respiration. For example, it was 
recently demonstrated that valine synthesis was mediated 
through an acetolactate pathway which requires pyruvate 
as a precursor®®, Thus, pyruvate synthesis which is 
channelled into valine production may explain our results. 
Glutamine synthesis liberates ADP, a known respiratory 
controller ; however, it is unlikely that glutamine syn- 
thesis initiates increased respiration because increased 
glutamine production was observed only at the highest 
toxin concentration, and much lower toxin-levels cause 
increased respiration‘. The most plausible explanation 
for increased glutamine synthesis is through carbon dioxide 
fixation of pyruvate or phospho-enol-pyruvate to oxalo- 
acetate which in the presence of ammonia is channelled 
into glutamine. This pathway was recently suggested!’ 
and is compatible with our data because glutamate (a 
glutamine precursor) did not decrease in either bound or 
free amino-acid extracts ; therefore, increased glutamine 
is not the result of glutamate catabolism. 

It has been observed that peak respiratory activity 
occurs after 4-10 h of treatment®. Therefore, the results 
obtained with alanine may have some bearing on increased 
respiration of susceptible tissue. Alanine (Table 1) showed 
a small increase at the 2- and 4-h treatment intervals. 
After 6 and 8 h of treatment (the peak respiratory period) 
alanine showed a marked decrease. Therefore it is postu- 
lated that alanine is deaminated to pyruvate which in 
turn is channelled by carbon dioxide fixation to malate. 
The latter is connected to the cytochrome oxidase system. 
This pathway is suggested since toxin treatment causes 
a marked increase in malate synthesis. It should be 
noted that decreased alanine synthesis could be the result 
of decreased production of its 2 known precursors, gluta- 
mate and pyruvate. This is unlikely because victorin 
enhances pyruvate synthesis‘. Recent evidence indicates 
that toxin treatment causes an increase in glutamate". 

It is not implied here that alanine catabolism (deamina- 
tion to pyruvate) is the sole pathway of increased 
respiration, but it is suggested that increased respiration 
proceeds through several channels and that the alanine— 
pyruvate-malate pathway is only one of these channels. 
In addition, the suggested alanine~pyruvate-malate path- 
way is an efficient short-cut to a cytochrome oxidase 
system which does not require an increased turnover of 
other citric acid eycle intermediates. Further investigation 
is in progress to determine if carbon dioxide fixation is 
of primary importance in increased respiration induced 
by victorin. 
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Temperature Strains of a Thermophilic 
Blue-green Alga 


In the few physiological investigations of thermophilic 
blue-green algae, species which tolerate temperatures only 
as high as 55° C have usually been used? ?. ; 

In a thermal spring in Oregon (Hunter’s Hot Springs’; 
42° 12’ N., 120° 30’ W.) one or possibly two species of 
Synechococcus form a loose green coating on. the substrate 
from 75° to 53° ©. Samples were collected from this range 
and below and were incubated in fresh medium at simila: 
temperatures. Clones were isolated from the Synecho; 
coccus suspensions which developed and these were maint 
tained at the original temperatures (+ 3°). Hight of 
these clones were grown at experimental temperatures at 
5-deg. intervals from 30° to 75° C. 


Doublings per 24 h 








80 35 40 45 50 55 60 65 70 75 
Temperature (° C) 


Fig. 1. The growth rates of 8 clones of Synechococcus sp. at 5-deg. 
intervals. The range of results in doublings per 24 h for each elone 
represents 2-5 replicate experiments at each temperature. At least 
four ‘strains’ are apparent. Clones 45, 48 and 53 = strain I; 55 and 
60 = II; 66 and 71 =(?) Ill; 75 =1V. The clones, comprisin 
strain I were killed at 60°C. No experiments were run below 30 


The results are combined in Fig. 1 and indicate that 
there are at least 4 distinct strains, each characterized by 
a similar temperature optimum and tolerance range, 
although no clones appear absolutely identical. Strain I 
(Clones 45, 48 and 53) is very distinct because of a very 
high maximal growth rate and also because of the lack of 
hyaline ‘caps’ on the rod-shaped cells. The remaining 
clones possess these ‘caps’ at least near their optimal 
temperatures, but they are often reduced or lost at the 
lower temperatures. In the field, most of the cells above 
about 54° possessed ‘caps’, but both cell types occurred 
between about 65° and 40° C. 

The maximum growth rate was as high as 10 doublings 
per 24h (Fig. 1). Dyer and Gafford, using a thermophilic 
species of Synechococcus, reported a rate of 8-9 doublings 
per 24 h under 1,500 ft.-candles and at 53° C (ref. 3). Few 
other algae match or excel the growth rate of Synecho- 
coccus*. 

At sub-optimal temperatures the decreasing doubling 
rates of exponential growth were preceded by lag periods 
of increasing length. For example, there was a lag of less 
than 10 h from 465° to 55° in Clone 53. From 40° to 30° 
the lag periods ranged from 15 to 72 h. In an extreme 
case, the lag for Clones 55 and 60 at 40° was from 72 to 
96h. The use of ‘growth-conditioned’ medium or exponen. 
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‘tial phase inoculum has so far failed to reduce the lag 
phenomenon significantly. However, the maintenance of 
Clone 53 at 30° (instead of 50°) over many transfers has 
esulted in a somewhat shorter lag during low-temperature 
xperiments. 
Cells near the upper or lower temperature limits (where 
owth rate was negligible) invariably elongated to 
«several times (up to 10 times) the length of the cells at 
optimal temperatures, and little or no cell division took 
place. The upper growth limit was near the lethal point 
whereas low temperature did not affect viability. 
\ Most of the temperature range of the natural Synecho- 
cbceus continuum is well covered by the overlap of the 
8 clones in culture (Fig. 1). Clone 75, however, did not 
grow at 75°, from which temperature it was collected. 
However, the Synechococcus mat in nature was thinner 
and paler above 70°, indicating poorer growth conditions. 
Recently, Kempner reported 73° C to be the highest 
temperature at which growth was evident in a thermal 
area’, 

At least one strain showed maximal growth rates below 
the 53° limit of natural abundance (Fig. 1). However, 
Oscillatoria (tentatively O. terebriformis Ag.) occurs from 
58° to 40°, forming a dense mat from 52° to 48° ©. Some 
Synechococcus occurs under this mat or as ‘islands’ within 
it. However, the constant motility of the Oscillatoria 
filaments probably expels most unicells and results in a 
very poor substrate for Synechococcus. 

The single strain of this dark brown Oscillatoria grew in 
culture at 35°-50° with a maximal rate at 45° and 50° C. 
The lethal temperature was about 55° C. Again, high 
growth rates in culture occurred at temperatures below 
those of natural abundance. Other algae which frequently 
became abundant below 48° probably limit the extension 
of the dense Oscillatoria mat. 

The medium for all cultures was of enriched spring water 
om a single source at 92° and pH 8-2. To 1-0 litre of 
pring water was added: 50 ml. soil extract, 0-26 g KNO,, 
0-10 g K,HPO,, 0-10 g MgSO,-7H,0, and 0-005 g EDTA 
(18 per cent iron). The same soil mixture was used for all 
reparations. The autoclaved medium had a pH of 8:1- 
‘2. A dofined inorganic medium based on the spring 
ater analysis was also developed with some success, 
lthough growth rates never quite equalled those in 
natural’ medium. A yellowing of older cells and precipi- 
ation of salts were particular problems with the defined 
Cell density was measured at 350 mp in a Bausch and 
omb ‘Spectronic 20’ colorimeter. Serial dilutions of the 
ighest cell densities obtained resulted in a nearly linear 
elationship of absorbance and cell numbers. Cultures 
ere grown in 125-ml. Erlenmeyer flasks with 90 ml. of 
edium. Temperatures of experimental cultures were 
aintained (+ 1:0°) in electric constant temperature 
aths with circulating light mineral oil. The cultures 
ere grown under continuous illumination and received 
pproximately 0-15 g cal/em?/min of light energy from 
Sylvania VHO’ (very high output) fluorescent lamps, 
‘Coolwhite’ and 2 ‘Gro-lux’. Frequent manual agitation 
as used although Synechococcus remains in suspension 
without agitation. 

This work was aided by grant G-19972 from the U.S. 
ational Science Foundation. 
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Hormonal Action in Production of Tumours 
~ and Compression Wood by an Aphid 


Barnes and Newton! described tumours in alfalfa caused 
by a leaf-hopper. They concluded that these were induced 
by a substance in the insect’s saliva, “probably some 
growth regulator rather than a virus”, and that individual 
plants vary in their sensitivity to this substance. Exam- 
Inations of the balsam woolly aphid, Adelges piceae (Ratz.), 
have led to similar conclusions’. 

This adelgid feeds in the cortical parenchyma of the 
true firs (Abies spp.). It inserts its stylets intercellularly, 
probing the tissue and injecting saliva before going into 
a period of diapause. The saliva initiates changes in the 
tissue which condition it for subsequent feeding. 

In Abies balsamea (L.) Mill. the following changes result : 
(1) The cells contiguous to the stylet tracks become greatly 
enlarged, with thickened walls and large nuclei, and may 
have more than one nucleus (Fig. 1). (2) The cells neigh- 
bouring the probed area proliferate and a secondary 
periderm is formed around, or beneath, the abnormal 
tissue. (3) The cambium is stimulated and produces a 
local enlargement of the xylem ring, which extends 
basipetally from the point of injection. (4) The tracheids 
in the affected area are histologically similar to those of 
‘compression wood’, with thickened, spirally checked 
secondary walls, forming a reddish, highly lignified wood, 
which is hard, brittle and unsuited for lumber. 


Sa, Y 
Be 


he Big 
Kegs 


we oa > 
CIRE RO oS 





Fig. 1, Hypertrophy and hyperplasia of cortical parenchyma in Abies 
lsamea caused by injections of Adelges piceae 


These effects result in a swelling and distortion of the 
twigs, inhibition of bud growth, and dying back of the 
branches—a widespread condition of balsam fir in the 
Maritime Provinces of Canada known as ‘gout disease’ 
(Fig. 2). At one time a virus was suspected, but the 
‘disease’ has been produced experimentally by infesting 
trees with A. piceae, and the fact that abnormal growth 
ceased when the insect was removed indicated that a 
virus was not involved. As in the case reported by Barnes 
and Newton, the cause is a chemical or enzymatic sub- 
stance in the insect saliva. 

The abnormal xylem tapers off from the point of in- 
jection, indicating a concentration gradient of the causal 
substance as it diffuses and becomés exhausted. Maximum 
stimulation occurs in vigorous trees that are only moder- 
ately infested, heavy infestations tending to inhibit 
growth. This suggests that the substanee is toxic at high 
concentration and the growth responses depend on a 
reaction or interaction with some factor in the tree that 
varies with its vigour. 

The effects on the xylem have been duplicated by the 
application of the auxin indolyl-3-acetic acid (LAA) in 
lanolin to the scarified bark surface. The ‘compression 
wood’ extended basipetally from the point of application 
and there were the same indications of diffusion, exhaus- 
tion, and optimum cdncentration (Fig. 3). 
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Fig. 2. Swellings and inhibition of buds in Abies balsamea, known as 
‘gout disease’ 





Fig. 3, Sections from trees 2 years after treatment with IAA on June 7. 
Left-hand below treated point. Right-hand through treated points 4. 
‘Compression wood’ at B 


This kind of wood occurs naturally on the under side 
of leaning stems. When potted balsam fir trees were 
placed horizontally the annual ring on the under side was 
much enlarged and consisted solely of ‘compression wood’; 
on the upper side it was much reduced and consisted of 
thin-walled tracheids. The same results were obtained 
when the stem was bent upwards so that compression was 
on the upper side, indicating a response to gravity, not 
compression. ; 

The fact that some of the responses in the tree to the 
salivary injections of the insect are similar to those pro- 
duced by IAA, and by a disturbance of the normal 
orientation of the cambium to gravity, indicates that 
hormonal action is involved in each case. It is well known 
that auxins are transported basipetally. The saliva 
evidently contains something that causes an abnormal 
concentration of a growth substance, which has similar 
effects to IAA and is governed in part by gravity. As 
it also produces tumours, an examination of the content 
of the saliva and how it affects normal hormone balance 
in the tree is likely to throw light on the processes involved 
in the formation of tumours as well as ‘compression wood’. 

That all living plant cells have the potentiality to react 
to various stimuli by hypertrophy and hyperplasia was 
concluded by Butler? in 1930. Recently Steward’ has 
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shown that mature cells of various plants will prolifera 
in vitro when removed from their normal chemical enviro» 
ment in the plant. Abnormal growth, including gia» 
muitinucleate cells, resulted when the normal chemic 
balance was disturbed by the addition of various sud 
stances, including IAA. He concludes that growth 
“controlled by a delicately balanced complex of synergis' 
and stimulating and inhibiting substances”. 

In this Laboratory it has been shown that IAA 
a growth inhibitor occur in the bark of balsam fir throu 
out the year’, We have found that small sections of inne 
bark from 5-year-old twigs show meristematic activi 
when grown in vitro on de Torok and Thimann’s* mediun 
When the ‘inhibitor’ complex was added to the medium 
hypertrophy of the phloem and ray parenchyma cel) 
developed. It is suggested that the various symptoms 
‘gout’ result from a disturbance of the normal balance « 
growth-regulating substances in the tree? It is possib? 
that the insect’s saliva actually contains such substance: 
but the fact that the response is greater in more vigorou 
trees suggests rather that it produces abnormal .activit: 
of substances already in the tree by enzymatic or syner 
gistic action. These investigations are continuing. 

Field observations and artificial infestations of numerow 
species of Abies have shown that they differ greatly i» 
their sensitivity to the salivary injections of A. piceae 
In the European species, Abies alba Miller, some hyper 
trophy occurs in the cells contiguous to the stylet tracks 
but these are walled off by a secondary periderm withou 
any noticeable proliferation in the parenchyma and ther: 
is no effect on the cambium or xylem. This tree can 
support very heavy infestations of the stem without injury 
whereas several North American species (A. amabili. 
(Dougl.) Forb., A. lasiocarpa (Hook.) Nutt., A. fraser 
(Pursh) Poiret) develop the same symptoms as A. bal 
samea and die from persistent infestation. A comparative 
investigation of hormone action in susceptible anc 
resistant species is indicated. 


R. E. BALCH ` 
J. CLARK 
J. M. BONGA 


Forest Entomology and Pathology Laboratory, 

Canada Department of Forestry, 

Fredericton, N.B. 
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Transport of Sugar in Allium: Effects of 
Inhibitors and Ethylene 


THE inner leaf-base epidermis of onion (Allium cep 
var. Granex) bulb metabolically excretes glucose? 
Composed of a single layer of homogeneous cells, thi 
tissue provides unique advantages in the study of mem 
brane transport. 

Glucose secretion is centrifugal and is accompanied by 
centripetal transfer of sodium and potassium across th 
epidermis. Since a correspondence between sugar an 
metal-ion movement has been shown, one would expec 
that inhibitors, associated with the ion-transfer mechanism. 
should affect glucose secretion. This thesis has been teste 
by us. 

Method and tissue are also appropriate to the examina 
tion of the effect of another type of agent—ethylene. I 
the earlier literature* the suggestion was frequent that thi 
substance is transport-related. A preliminary approach t 
the question has been made. 

Two chambers were separated by the epidermis; bot! 
horizontal and vertical arrangements were used. In th 
ethylene experiments, the entire unit was enclosed in a 
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fable 1. CENTRIFUGAL TRANSFER OF GLUCOSE; CENTRIPETAL TRANSFER 
: OF POTASSIUM AND SODIUM 


Glucose 
transferred 
Ouvabain* - (mg/100 ml.) EK (mg/l) Na (mg/l.) 
1x10“ M 15mg 1-2 3-4 
1x10*M 18-4 2-0 3-1 
1x107 M 29 : 3-06 2-9 
No ouabain 88 
Sodium azide} p 
0 mg/l. 125 3-8 6-0 
60 1-5 2-2 
30 34 1-1 1:3 
50 134 3-2 2-9 
65 107 3-3 1-9 
80 134 6-9 8-8 
100 96 1-2 11 
* Values average 20 tubes for each concentration after secretion for 
: h at 22°C, 


t Sodium concentration was held constant by proportionately decreasing 
3 quantity of sodium chloride, 


——-anhero-jar, which was evacuated to —15 lb./sq. in., 
shen returned to normal pressure with ethylene gas. 

In all experiments the solution, phosphate buffered at 
oH 6, contained 150 mg/100 ml. glucose, 50 mg/l. sodium 
ig sodium chloride, 50 mg/l. potassium as potassium 
thloride and, except for controls, the inhibitor. By 
ybservation (over a period corresponding in length to 
‘hose of the experiments) of protoplasmic streaming and 
he protoplasts generally, microscopically, it was judged 
shat the tonicity of the medium was suited to the pur- 
oses of the work recorded here. 

Preparations were incubated at 32°C. Contents of the 
shambers were analysed and their values compared with 
starting standard. Glucose was measured colorimetrically 
‘Fojin-Wu) and enzymatically (Glucostat). Sodium and 
oobVssium were assayed flame photometrically. The 
met. 1d has already been described in detail and figured?. 

In i experiments, chambers on both sides of the 

«memb, ane started with the same solutions and the contents 
of beh were analysed so that theoretical analysis must 
OF: fier the entire membrano system. 
‘fj lore is a direct relationship between ouabain concen- 
i|| on and inhibition of movement of potassium, glucose 
¿sodium (Table 1). 
ik dium azide, known to uncouple oxidative phosphory- 
'n, in this system is inhibitory at low concentrations 
- {la ineffective or slightly stimulatory at higher concen- 
‘I ons (Table 1). 
? [doacetic acid at values greater than 50 mg/l. stimu- 
Dit; : the centrifugal secretion of glucose (50 mg/l., 


) 


ia 


6 Ethylene — 


5 m—- Control 


4 mg/100 ml. glucose 





1 2 
Hours 


Fig. 1. Influence of ethylene on sugar transport across onion epidermis 
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2-4 per cent; 65 mg/l., 30 per cent; 100 mg/l., 44 per cent). 
Malonic acid (10-8, 10-?M) and methylene blue (10-7. 
10-3, 10-4 M) were without effect. Semicarbazide, though 
inactive at 10-* and 10- M, inhibited glucose transfer at 
10- M. Similarly, 2,4-dinitrophenol was effective only in 
concentrations exceeding 10-2 M. 

Ethylene gas increased the rate of glucose secretion. 
Results of a typical experiment are given in Fig. 1. 
Though it is our casual observation that the zero-order 
event is of the same magnitude under experimental and 
control conditions, most experiments were limited to a few 
hours during which time the difference was always marked. 

Ineffectiveness of some inhibitors may tentatively be 
attributed to the availability of alternate pathways 
or to a non-limiting character of a particular inhibition. 
The relative insensitivity to DNP is surprising, though 
reports® of mitochondrial ATPase stimulation may relate 
to our observation. The fact that semicarbazide inhibits 
only at higher concentrations accords with the fact! 
that carbonyl reagents may serve to remove carbonyl 
end-products as well as to attack enzymes possessing 
essential carbonyl groups. Jodoacetic acid, known to 
inhibit many thiol enzymes, could, in this system, be an 
inhibitor of glyceraldehyde 3-PO, dehydrogenase. If one 
supposes glucose produced from endogenous starch has 
alternate pathways, inhibition this early in the glycolytic 
cycle could produce the enhancement of secretion noted. 

There have been reports suggesting that ouabain has a 
distinct uncoupling effect on oxidative phosphory- 
lation, though usually in concentrations greater than 
those used’. The involvement of ouabain with ATPase 
is also a possibility® and is, of course, relatable to the 
assumption of many students? of permeability that oua- 
bain inhibits transport without affecting respiration. 
Contrary views, such as those of Horvath, Kazuo, Post 
and Rosenthal®, make evident the need for caution in the 
construction of a theoretical mechanism based on this 
supposition. 

These investigations, though preliminary, suggest the 
involvement of the cells’ active metabolism in the centri- 
fugal transfer of glucose and centripetal transfer of 
potassium and sodium. 

The stimulation of glucose secretion by ethylene is 
reminiscent of the classical view? that ethylene has a 
direct effect on transport. While the present observa- 
tion is in itself neither confirmation nor denial of this 
possibility, it does seem to point to an amenable material 
for the consideration of the site and nature of activity 
of ethylene. : 

This work was supported in part by a U.S. Public Health 
Servico grant. 
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Influence of Soil Type and Soil Moisture on 
the Toxicity of Insecticides in Soils to Insects 


InsgoricipEs are commonly used for control of soil 
insects, but little is known about the factors influencing 
insecticide activity in soil. In the few investigations 
reported, emphasis has been placed on insecticides in the 
chlorinated hydrocarbon group. It has been established 
that DDT, y-BHC, and dieldrin are inactivated by dry 
clay soils!-*, and that under conditions of high relative 
humidity reactivation occurs**, Barlow and Hadaway? 
have suggested that insecticide inactivation on dry mud 
surfaces results from the physical phenomenon of adsorp- 
tion, and that reactivation under conditions of high 
relative humidity occurs because the insecticide particles 
are unable to compete with water for the adsorptive 
surfaces on the soil particles. Other investigators®-’ have 
noted.that insecticides are also inactivated in soils high in 
organic matter. The mechanism of inactivation by the 
organic fraction is not clear, but Roberts’ recently con- 
cluded that dieldrin is adsorbed by the organic fraction of 
the soil. This communication summarizes preliminary 
results obtained in a comprehensive investigation, now in 
progress at this laboratory, to determine the influence of 
soil type and soil moisture on the activity of both chlorin- 
ated hydrocarbon and organophosphate insecticides 
applied to soil for insect control. 

The test insects, 24~48-h-old first-instar nymphs of the 
common field cricket, Gryllus pennsylvanicus (Burmeister) 
(Orthoptera: Gryllidae), were reared according to a 
technique described elsewhere®. Insecticide solutions 
were made up in redistilled n-pentane and applied to the 
soil using a standard procedure’. Two soil types were 
used: a Plainfield sand and a muck, containing 0-52 and 
64-60 per cent organic matter, respectively. Samples 
were prepared containing 0 per cent water (oven dry) and 
5-5 and 162 per cent water for sand and muck, respectively 
(field moisture capacity). The test insects were placed on 
the treated soil 1 h after treatment and held under 
constant light at 80° + 1° F and 65 + 5 per cent relative 
humidity. Mortality counts were made after 18 h. Bio- 
assays were conducted using 5-8 concentrations of 
insecticide, causing mortalities ranging from 15 to 90 per 
cent. Duplicate groups of ten insects were tested at each 
concentration. Assays were replicated twice. The log- 
probit data were analysed by computer. Tests were 
conducted. with heptachlor, DDT, diazinon, V-O 13 and 
parathion, and the LD; values were used as a basis for 
comparison. 

Table 1. INFLUENOE OF Som TYPE AND SOIL MOISTURE ON THE TOXICITY 


OF INSECTIOIDES IN Soms TO FIRST INSTAR NYMPHS OF THE COMMON FIELD 
CRICKET, Gryllus pennsylvanicus (BURMEISTER) 


LD (p-p.m.} 

Insecticide Soil type Moist ry 
Heptachlor Plainfield sand 0-068 0-528 
Muck 4°192 5392 
DDT Plainfield sand 1-745 17-323 
Muck 67-232 99-803 
Diazinon Plainfield sand 0'258 34:070 
uc 16-947 11-521 
V-C 13 Plainfleld sand 3-803 717-318 
uc 278-572 164-968 
Parathion Plainfield sand 0-2 6-001 
Muck 22-628 9-099 


Results of the tests (Table 1) indicated that all of the 
insecticides were more active in moist sand than in dry 
sand. Heptachlor was 7:8, DDT 9-9, parathion 24-4, 
diazinon 132-1 and V-O 13 188-6 times more toxic in 
moist sand than in dry sand. Dry muck soil did not 
inactivate the insecticides to the extent that the mineral 


soil did. Although heptachlor and DDT were 1-3 and 1-5 


times less toxic in dry muck as in moist muck, diazinon, 
V-C 18 and parathion were 1-5, 1-7 and 2-5 times more 
toxic. Thus, although it would appear that the insecti- 
cides were strongly adsorbed in a dry mineral soil, they 
did not appear to be strongly adsorbed by a dry muck. 
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In moist mineral soil it would appear that the activity opm 
the insecticides was dependent on their ability to compete. 
with water for the adsorptive surfaces on the soil particl 
Comparison of insecticide toxicity between the two s 
types yielded further striking results. At field moist 
capacity DDT was 38-5, heptachlor 61-6, diazinon 65: 
V-—C 13 73-3 and parathion 92-0 times less toxic in t 
muck as compared with the sand. In moist soil all t 
insecticides were strongly inactivated by the organic s 
with the extent of inactivatior, being dependent on 
specific insecticide used. In dry soil there was no obvio 
correlation between organic content and toxicity: V-O 
and diazinon were less toxic on dry sand than on 
muck, while parathion, DDT and heptachlor were 1-5, 5: 
and 10-2 times more toxic. These results indicate that j 
moist soils inactivation of the insecticide is proportion 
to the organic content of the soil, while in dry soils inact 
ene is related to the adsorptive capacity of the minera 
action. 
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Inhibition of Egg Maturation in a Pregnant 
Viviparous Cockroach 


In 1955, Lüscher and Engelmann! described the sexua 
cycle in females of the viviparous cockroach, Leucophaec 
maderae. The essentials of the original findings in Leuco 
phaea, that is, the periodie change of the corpus allatun 
activity paralleled by egg maturation, have since beer 
confirmed?-*, The bulk of work that ensued concentrate: 
on the elucidation. of the control of the sexual cycle ir 
Leucophaea*s,5 and related species of the following genera 
Byrsotria, Blaberus, Nauphoeta, Pycnoscelus*:?, and Dip 
loptera®»®, In the regulation of this cycle a nervous and : 
humoral mechanism seemed to operate independently i» 
Leucophaea®, whereas in some other species investigated’? ~ 
nervous pathway alone accounted for the control of thr 
activity of the corpora allata., In all these cases th: 
severance of the ventral nerve cord during pregnanc: 
resulted in activation of the corpora allata followed b) 
egg maturation; in Leucophaea, however, egg meturatior 
was significantly delayed. In Leucophaca and the othe 
species mentioned the nervous pathway was assumed ti 
inyolve the activation of stretch receptors associated wit] 
the genital apparatus as the brood sac was filled. It wa 
thought that this information was then transmitted vir 
the ventral nerve cord to the brain; the brain in turr 
inhibited the corpora allata. 

If this assumption is correct, the severance of the nerve 
originating from the genitalia should then result.in a» 
activation of the corpora allata even during pregnancy 
In Leucophaea branches of the ventral nerves of segment 
7-9 innervate the genitalia’: that is, nerve 7, the broa 
sac, parts of the bursa copulatrix, and vagina; nerve 8 
the dorsal parts of the bursa and the ventral pair o: 
gonapophyses; nerve 9, the accessory sex glands and the 
other 2 pairs of gonapophyses. No connexions betwee» 
these ventral segmental nerves have been found. In 1#- 
pregnant females 4-5 weeks after ovulation the ventra 
nerves 7, 8, or 9 were successfully severed bilaterally 
either each pair alone or the 3 pairs together. In manj— 
eases the operation included the dorsal nerves 7, 8, or 9 
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In 4 pregnant females, nerve 7 was severed unilaterally. 
Care was taken to avoid touching or damaging the 
eleventh nerves since their branches innervate the hindgut. 
amaging these nerves can result in inhibition of feeding 
hich in turn, affects the corpus allatum activity. In each 
ase a length of 2-4 mm of the nerve was cut out close to 
he ganglion in order to assure that regeneration did not 
ake place within the experimental period of 3-5 weeks. 
n conclusion of the experiment all animals were 
ecked to see whether the operation had been successful. 










































ervates the brood sac. Of the 22 operated females, 
one began to deposit any yolk in the oocytes within 3-5 
eeks. On the other hand, 2 similarly treated females 
at extruded their egg cases for unknown reasons 20 
ays after the operation, matured their oocytes to more 
than half the mature size within the following 10-12 days, 
which is the normal rate of egg growth after removal of the 
egg case. 

Stretch receptors are found associated with the abdom- 
inal terga in Periplaneta. In Leucophaea these receptors 
are possibly activated by the distension of the abdomen 
on food and water intake or on filling of the brood 
sac with an egg case. In order to test the possible role of 
these receptors in connexion with the maintenance of the 
sexual cycle, the segmental nerves were bilaterally cut in 
2-4 abdominal segments in 21 pregnant females. Within 
the following 4-5 weeks the oocytes of the operated 
females did not mature in any case. 

Associated with the ventral nerve cord is a pair of thin 
longitudinal muscle strands, which may contain stretch 
receptors", However, cutting these muscles between the 
second and third or third and fourth ganglia had no effect 
on the seven operated pregnant females. 

From these and previously published results’ it may be 
concluded, thet no mechanoreceptors on the genitalia or 
abdominal musculature, or mechanoreceptors on the 
gonapophyses® can be associated with the perception of 
the egg case in the brood sac which may be related to the 
inhibition of the corpora allata. On the other hand, 
cutting the ventral nerve cord in pregnant females of 
Leucophaea resulted in egg maturation’, if the operation 
was performed 4-5 weeks after onset of pregnancy. 

How cazptA.1e reconcile these findings? More detailed 
informo about the possible mechanism was obtained 
y cuQ.ng the ventral nerve cord at different levels. 
eve, “nce of the nerve cord between the second and 
thin ganglia, as previously done, resulted in rapid egg 
<aturation in more than 85 per cent of the operated 
remales (Table 1). Now it became apparent that the 

ore posteriorly the ventral nerve cord was severed, the 
ess effective was the operation, that is, the porcentage of 
imals the eggs of which matured was lower (Table 1). In 
dition, egg maturation in many females that were 
perated on between. the fourth and fifth or fifth and sixth 
anglia was delayed or proceeded slowly. Similar to the 
atter were the results obtained after unilateral severance 
f the ventral nerve cord between the second and third 
anglia®, Here, of 18 operated females only 4 matured 
ggs, most of them considerably delayed. This means that 
n these cases the corpora allata either became only 
odorately active or became active after some time. 
In Leucophaea no mechanoreceptors associated with the 
erception of the egg case in the brood sac and inhibition 
f the corpora allata have been found so far. This is not 
n agreement with the concept published by Roth and 


able 1, SEVERANOE OF THE VENTRAL NERVE CORD IN PREGNANT FEMALES 


or Leucophaea maderae 
Results 4-5 weeks after operation; 


ite of operation No. of No. of females 
ganglion anterior operated Without egg Egg maturation 
to transection) females maturation Initiated or completed 
Second 34 4 30 (88 per cent 
itd 10 2 8 (80 per cent, 
Fourth 14 5 9 (64 per cent. 
Fifth 18 12 6 (33 per cent 
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Stay*.’, who infer the presence of mechanoreceptors on the 
basis of severance of the nerve cord in a number of species 
of viviparous cockroaches. Moreover, their observation 
that egg maturation is inhibited after the replacement of 
the egg case with an artificial one does not prove the 
existence of an exclusively nervous pathway, since this 
disturbance will interfere with the normal feeding activity 
of the female. During fasting or reduced food intake, no 
eggs mature in tho ovaries even after removal of the egg 
case from the brood sac?. Recently it was found that 
females of Leucophaea carrying ‘paraffin egg cases’ 
generally ate less than those from which the egg cases had 
only been removed. The few animals, which ate like the 
controls even though they were carrying artificial egg 
cases, deposited yolk in their oocytes comparable to the 
contro] animals (unpublished data). 

The results presented here allow the following con- 
clusion. Since the existence of mechanoreceptors has not 
been demonstrated morphologically or experimentally. 
the persistent inhibition of the corpora allata during 
pregnancy is most likely caused by an agent released by 
the egg case or the brood sac. The results after cutting the 
ventral nerve cord at different levels suggest that along the 
central nervous system, that is, the brain and the ventral 
nerve cord, are distributed neurones that respond to this 
agent. This agent may be either specific or non-spocific. 
The responsive neurones then influence regions in the brain 
that in turn inhibit the corpora allata. For the complete 
inhibition of the corpora allata all the responsive neurones 
must have structural connexion to the brain. Their 
action seems to be accumulative. 

This work was supported in part by the Deutsche 
Forschungsgemoinschaft. 
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Filariasis in Palawan, Philippine Islands 


FILARIASIS in the Philippine Islands is endemic in 
certain areas of the Bicol Peninsula of Luzon, in the 
neighbouring islands of Samar and Leyte, and in Mindanao, 
where there are extensive plantations of abaca!. Here, the 
principal vector is Aedes poicilius, which breeds in the leaf 
axils especially of abaca and banana trees?. Baisas® found 
that in some communities of Sorsogon in the Bicol 
Peninsula, Culex fatigans was assuming its classic role as a 
vector of W. bancroftt in tropical urban environments. 
Our survey of 1954-551 showed that there was more to the 
epidemiology of filariasis in the Philippine Islands than 
that based on transmission by A. poicilius and C. fatigans, 
in that we obtained evidence of non-urban foci of infection 
in the absence of abaca. One of these was in Mountain 
Province, Luzon, and the other in the forests of the Island 
of Palawan. 

Our investigations during the past year*® showed that 
the focus of infection in Mountain Province involved the 
isolated Calaccad Valley inhabited by Kalinga tribespeople. 
The parasite is periodic Wuchereria bancrofti, transmitted 
by Anopheles minimus flavirostris, with Aedes (Finlaya) 
niveus possibly serving as a vector of secondary importance. 

The purpose of this communication is to report pre- 
liminary results of observations on the status of filariasis 
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in Palawan. Night blood surveys have been made in 
eastern Palawan in Barrio Sagpangan, Aborlan. Of 68 
persons examined, 7, or 10:3 per cent, were positive, thus 
confirming our earlier observations that filariasis is 
present in this rural environment in the absence of abaca, 
The species of parasite here is W. bancrofti. We have no 
information as to the vector or other epidemiological 
factors. 

Our principal area for investigation, however, comprises 
several hamlets or sitios on the south-western coast, in 
Barrio Panitian, Quezon. We selected this area because of 
information we received from Dr. Juan Estrada, Filaria 
Control Division, Department of Health. Blood films taken 
by one of Dr. Estrada’s field teams revealed that many of 
the local inhabitants were showing a microfilaremia. 

The coastline of our investigation area in south-western 
Palawan is composed in part of precipitous mountains and 
cliffs; but in other areas there are flat coastal plains, 
through which the Panitian and Marirong Rivers wind in 
their progress to the sea. For two miles or more of their 
lower portion, these are sluggish, tidal streams, bordered 
by dense mangrove and nipa palm swamps. Farther 
inland there are other extensive swamps along the water 
courses; here the most striking of the vegetative cover is 
the stands of giant Pandanus. The entire area, including 
the coastal plains, the riverine plains extending inlend, 
and the intervening mountains, are heavily forested, with 
the magnificent dipterocarps and other species of lofty 
trees rising high above the dense intermediate forest 
canopy. 

The indigenous people belong to the Palawano tribe, 
and none of the positive cases acquired the infection 
elsewhere. Some immigrants from Luzon and other islands 
are encroaching on Palawano territory, and an occasional 
infection among the children of this newer segment of the 
population beyond a doubt also was contracted here. 

So far, we have examined a total of 314 persons from 
9 sitios in Barrio Panitian, of which 104, or 33 per cent, 
were found to be positive for microfilaremis. In addition, 
a number of cases of elephantiasis of the legs have been 
observed; however, scrotal involvement appears to be 
rare. Three sitios which are of special interest are Kambing, 
Gungnan, and Marirong. Of 34, 39, and 29 persons 
examined at each of these sitios, the microfilaremia rates 
respectively were 50, 51, and 69 per cent. 

Brugia malayi has a widespread distribution in south- 
east Asia, including Borneo, but so far as we are aware, it 
has not been reported from the Philippine Islands. Of the 
104 positive cases, the blood films of 58 have been stained 
properly with Giemsa according to the method of Wilson! 
for accurate identification of the microfilarie. Seven cases 
were infected with Wuchereria bancrofti, 43 with Brugia 
malayi, and the remaining 8 were infected with both 
species. Periodicity investigations of several cases have 
shown that the bancrofti infections have a nocturnal 
periodicity, while those of malayi essentially are non- 
periodic, or at least have high counts during the daytime, 
with perhaps a peak occurring in the early evening. Thus 
the latter resembles the parasite described from East 
Pahang in Malaya by Turner and Edeson’. 

One of 2 domestic cats examined at Gungnan showed 
microfilarie in its blood similar in morphology to that of 
the Brugia malayi we observed in people. 

Adult mosquitoes were collected in Kambing, Gungnan, 
and Marirong, mostly by use of large cloth-mesh traps 
with a carabao or cow as bait. A few were also taken 
directly off human bait. Of 2,062 specimens identified, 
representing 27 species, 997, or 48 per cent, were Mansonia 
dives. This sample is not entirely unbiased, as we were 
attempting to dissect as many Mansonia as possible during 
the short time available to us during our preliminary 
reconnaissance. It does, however, indicate the prevalence 
of the species, which was also the only mosquito we 
collected directly off human bait by day in the woods, or 
by night in dwellings. 
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Naturally infected specimens of M. dives were taken in‘ 
our traps at each of the 3 sitios. The ratios of positive: 
individuals to numbers dissected were as follows: at’ 
Gungnan, 1 of 370; at Kambing, 3 of 261; at Marirong 
1 of 291. The total infection rate thus was 0'5 per cant] 
Developing stage II larve were found in the thoraci 
muscles, and mature stage III larvæ were present in th 
head and proboscis. These larve agreed in morpholo; 
with the published descriptions of B. malayi, and in vie 
of the prevalence of human carriers of this parasite, 
seems reasonable to assume that these larve were those 
B. malayi. None of 525 specimens of 22 other species w 
positive. 

This investigation was carried out under the auspic 
of the Commission on Parasitic Diseases of the Arme 
Forces Epidemiological Board, and was supported in par 
by the Surgeon General, Department of the U.S. Army. 
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MICROBIOLOGY 


Inhibition of the Endogenous Metabolism of 
Mycobacterium smegmatis by Penicillin and 
Isoniazid 


Vaichulis and Doll! have shown that the true suscepti- 
bility of Mycobacterium tuberculosis to penicillin was never 
validly determined. Recent experiments? have shown 
that penicillin is bactericidal for and acts synergistically 
with isoniazid against isoniazid sonsitive and rosistant M. 
tuberculosis. Utilizing the Warburg technique to examine 
the mode of action of penicillin on Mycobacteria we have 
found that penicillin inhibits the endogenous respiration of 
Mycobacterium smegmatis and that penicillin potentiates 
the inhibitory action of isoniazid. 

To eliminate the inherent danger of aerosol infection the 
same strain of the saprophyte M. smegmatis against 
which Vaichulis* first demonstrated synergism between» 
penicillin and isoniazid was used. Cells were grown in» 
‘Dubos Tween’ broth without glycerol, albumin, or glu- 
cose. Standard Warburg respiration studies were per. 
formed in duplicate, under air, with 20 mg (wet weight) of 
washed cells per flask at pH 6:5 in 0-05 M phosphate 
buffer! in a total volume of 3 ml. at 37° C. The per cent 
inhibition of endogenous metabolism per Warburg vesse. 
was calculated from the formulas : 


100 — [2 O, consumed in 2 h by test 
pl. Os consumed in 2 h by control 


Table 1 shows that 64 mg/ml. (100,000 units/ml.) o¥ 
penicillin or 50 mg/ml. of isoniazid caused appreciabk 
inhibition of the endogenous respiration. Lower concen: 
trations of either drug were ineffective. Table 1 als 
shows that 32 mg/ml. of penicillin (50,000 units/ml.) ir 
combination with 25 mg of isoniazid depressed thx 
endogenous metabolism more than either drug used 
singly at twice the concentration. This indicates that the 
activity of the drugs on the endogenous respiration oj 


x 100] = % inhibition 
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Table 1. INHIBITION OF THE ENDOGENOUS METABOIISM OF Mycobacterium 
smegmatis BY PENICILLIN AND PENIOILLIN~ISONIAZID COMBINATIONS 








































x Isoniazid Penicillin Inhibition 
(mg/ml.) (mg/ml.) {per cent) 

25 27 

50 61 

32 11 

64 78 

25. + 82 85 

Control 0 


smegmatis is potentiated when they are combined. 
slatively high concentrations of both penicillin and 
niazid are required to produce the effects noted. 
Pope’ demonstrated that relatively high concentrations 
isoniazid are required to inhibit the endogenous motabol- 

of M. tuberculosis. Furthermore, she hypothesized 
at the _primary site of antimycobacterial action of 
oniazid is concerned with the synthesis of metabolites 
ital to the multiplication and proper functioning of the 
rganism and that action of isoniazid on the catabolic 
rocesses is only of secondary importance. When exten- 
ed to include tho action of penicillin on M. smegmatis 
his hypothosis may apply to the present experiments. 
E. M. K. VAIOHOLIS 
E. E. VIOHER 
M. V. Novak 
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Leth il Action by an Acetobacter on Yeasts 


Iv ha. been found that a recently isolated strain of 
cetobac! 3r caused yeasts to die when both organisms were 
resent i.ı a nutrient medium in full screw-capped. bottles. 
a ty;ical test full McCartney bottles of beer were 
oculate 1 with 5 x 105 cells per ml. of Saccharomyces 
erevisiae and amounts of a suspension of a washed culture 
f Acetob teter were added to different bottles to give 
ounts of | rom 0 to 50 x 105 cells per ml. The numbers of 
iable ye: sts were determined daily by methylene blue 
aining di wing incubation at 25°, with the results shown in 
ig. L 

When no Acetobacter were present the yeast followed 
onorma growth curve for those conditions as in Fig. la. 
en the ratio of Acetobacter cells to yeast cells was 1:1 
ery ie ae growth occurred, as in Fig. 1b. When this 
i I no growth took place and the yeast cells 
egan to d% off after 5 days, asin Fig. le. When the ratio 
as 10 Ac bbacter to 1 yeast cell the yeasts were all dead 
fter 3 day8! as in Fig. ld. During incubation for 10 days 
ere was very little fall in specific gravity of the medium 
case b and none at all in c and d, whereas in a the 
ecific gravity fell to an extent indicating that the 
ailable carbohydrate had been fermented. In these 
eriments there was no rise in acidity due to acetic acid 
rmation by the bacteria and the numbers of viable 
cetobacter fell during incubation, for example, from 
5 x 10% cells per ml. at start to 8 x 10% cells per ml. after 
days. In other experiments of this type it was shown 
at the ratios of bacteria to yeast required to kill the 
least cells depended on the media and on other experi- 
ental conditions. The anti-yeast action was less 
arked in synthetic media than in beer and no lethal 
tion took place when the yeasts and Acetobacter were 
cubated together in a pH 5 phosphate buffer solution. 

A similar lethal action of Acetobacter was observed on 
asts from the genera Pichia, Schizosaccharomyces, 
ygosaccharomyces, Torula, Candida. and Brettanomyces, 
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Fig. 1. Counts of living yeast cells in bottled beer during storage at 18*. 
a, @, Control, without any addition; b, A, with one Acetobacter added 
per yeast cel; e& ©, with three "Acetobacter added per yeast cell; 
d, D, with ten Acetobacter added per yeast cell 


as well as on other species in the genus Saccharomyces. 
Some bacteria were also killed by the Acetobacter, for 
example, Lactobacillus pastorianus was killed by the 
presence of as little as one Acetobacter per 1,000 Lacto- 
bacilli in bottled beer. The growth of a strict anaerobe, 
Clostridia perfringins, was not inhibited by tho presence of 
Acetobacter. Lethal or inhibitory action was not observed 
against any organism under aerobic conditions, except 
such action as could be completely explained by the 
presence of acetic acid produced under these conditions by 
the Acetobacter. 

The strain of Acetobacter used for these experiments was 
classified according to Frateur’s system! and was found to 
correspond most nearly to Acetobacter mesoxydans. Puro 
cultures of Acetobacter mesoxydans and of A. aceti, A. 
aylinum, A. lovaniense, A. rancens and Acetomonas sub- 
oxydans were received, from the National Collection of 
Industrial Bacteria and their ability to kill yeasts under 
the test conditions was examined. All were found to be 
without lethal action, so that this property appeared to 
be confined to specific strains. 

Bacteria, which had been destroyed by heat treatment, 
by treatment with chloroform, or by ultra-violet light 
were inactive. Bacteria which had been disintegrated by 
shaking with glass beads in a Braun disintegrator wero 
also without activity. 

So far as is known, this is the first record of an antagon- 
ism between Acetobacter and other organisms under 
similar conditions. Escherichia coli has been shown to be 
inhibitory to Candida albicans?; a Pseudomonas of marine 
origin had selective ability to inhibit yoast growth’; some 
strains of Pseudomonas aeruginosa were shown to inhibit 
the growth of Candida albicans and other pathogenic 
fungi‘; and a number of yeasts, including one Saccharo- 
myces species, were inhibited by various soil bacteria 
including Aeromonas, Pseudomonas, Achromobacter, Aero- 
bacter, Serratia and Bacillus’. These antagonisms were all 
demonstrated under aerobic conditions and all appeared 
to be due to production of antibiotic by the bacteria. They 
are, therefore, clearly different in type from the inhibition 
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of yeasts by washed cultures of Acetobacter under 
conditions in which no bacterial growth took place. 
We thank Dr. A. K. Mills for his advice. 
$ R. B. GNLEAND 
J. P. Lacey 
Arthur Guinness Son and Co. (Dublin), Ltd., 
St. James’s Gate, Dublin, 8. 
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“Klite, P. D., and Gale, G. R., Antibiot. Chemotherapy, 11, 256 (1961). 
tdi Menna, M, E., J. Gen. Microbiol., 27, 249 (1962). 


GENETICS 


Frequency of Glucose-6-phosphate Dehydro- 
genase Deficiency, Red-Green Colour 
Blindness and Xga Blood-group among 
Chamorros 


Proeresstve fatal neurological diseases, suck as 
amyotrophic lateral sclerosis, occur with exceptionally 
high incidence in the indigenous population of Guam and 
the other Mariana Islands in the Western Pacific. Recent 
investigations indicate that these neurological problems 
are not limited to the Chamorros, the indigenous popula- 
tion of the Marianas’*, Since extensive pedigree and 
epidemiological data revealed no single genetic defect which 
might reasonably account for such abnormalities, ancestral 
relationships among different aboriginal populations of the 
Western Pacific are being examined. If the ancestry of 
these groups can be defined in terms of several common 
genetic markers, then a comparison of the incidence of 
amyotrophic lateral sclerosis, Parkinsonism-dementia or 
other neurological diseases occurring within these groups 
might facilitate the separation of genetic and non-genetic 
disease-producing factors. This communication reports 
the results of a preliminary survey for three sex-linked 
traits: glucose-6-phosphate dehydrogenase (G-6-PD) defici- 
eney, red-green colour blindness and Xg® blood-group in 
Chamorro males. The results are summarized in Table 1. 

The sample tested were males attending the only two 
high schools on the Island. Compulsory education of all 
Chamorros ensured random representation of natives from 
all parts of Guam by such a sampling technique. Nosibship 
in the sample was represented by more than one sibling. 

The G-6-PD determinations were carried out by the 
method of Motulsky®. Of 246 students tested, the blood 
from one (0-4 per cent) had a decolorization time of greater 
than 3 h on duplicate determinations. This frequency is 
the same which Blumberg eż al. found in other population 
isolates in Micronesia‘. These results should also be 
compared to the frequency of G-6-PD deficiency in 
Carolinians from four islands in Micronesia: Angour, 
9 per cent; Koror, 8 per cent; Ifalik, 6 per cent; Ulithi, 
0 per cent®. There is no malaria in Guam. 


Table 1, FREQUENCY OF G-6-PD DEFICIENCY, RED-GREBN COLOUR 


BLINDNESS AND XG» BLOOD-GROUP IN OHAMORROS 


No. of males No. positive Percentage 
tested positive 
G-6-PD deficiency 246 1 0-4 
Red-green colour blindness 246 8 3-3 
Xga blood-group 109 71 65 


246 students wero tested for red-green colour blindness 
with American Optical Pseudo-isochromatic Plates. 8 (3-3 
per cent) were colour-blind. About 4 per cent of Filipinos® 
and Japanese’ are colour-blind, whereas in the United 
States and in Europe about 8 per cent of the male popula- 
tion have some type of colour-blindness. 

109 Chamorro boys were tested for Xg* blood-group by 
the technique of Mann ef al.*. 71 (65 per cent) were 
positive. This result does not differ from the frequency 
of the Xga gene in Caucasians (62 per cont) and in 
Negroes (59 per cent). 
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We thank the Guam Board of Education and Mr 
Ronald O. Sime, principal of Tumon and Washingtor 
High Schools, for their help in carrying out our field 
investigations. We also thank Drs. J. D. Mann and R. 
Cahan for supplying the Xg anti-serum. 
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VIROLOGY 


Relationship between Adenoviruses and 
Canine Hepatitis Virus 


Ir was shown by Kapsenberg? and Heler anc 
Salenstedt? that infectious canine hepatitis virus (ICH) and> 
adenoviruses possessed common complement fixing anti 
gens. Heller and Salenstedt* demonstrated five precipitir 
lines in Ouchterlony plates in the reaction between ICBm 
and convalescent serum from a dog infected with ICH 
Three of the antigens forming these precipitin lines wert 
common to adenovirus type 7 which itself gave five 
precipitin lines with human anti-adenovirus type 7 con 
valescent serum. The immunological relationship betwee 
the two viruses was one-sided, as anti-adenovirus type ' 
serum would react in Ouchterlony plates with ICH, bu: 
anti-ICH would not react with adenovirus type 7 
Recently, Darbyshire and Pereira? have demonstrated tw: 
antigens in the livers of ICH infected dogs which can be 
precipitated with dog anti-ICH. One of these antigens i: 
precipitated by rabbit anti-adenovirus type 5 serum. I» _ 
the experiments reported here it was found that ICF 
infected dog kidney cultures produced only two soluble 
viral antigens, one of which is closely similar to the « 
(group specific) antigen of adenoviruses types 5 and 7 an 
another which is specific for ICH. 

Adenovirus type 5 and anti-adenovirus type 5, whiclm 
was produced by infecting rabbits with adenovirus type . 
(H.G.P. strain) and used as the y-globulin, were obtainer 
from Dr. H. G. Pereira (National Institute for Medica» 
Research, London, N.W.7). Anti-adenovirus type 7 
which was hyperimmune serum produced in rabbits, ane 
adenovirus type 7 were obtained from Dr. M. S. Pereire 
Virus Reference Laboratory, Central Public Healt 
Laboratory, London, N.W.9. 

The adenovirus type 7 was grown on HeLa cells i 
Parker’s Medium No. 199 containing 0'5 per cent Tactawal 
bumin hydrolysate. The HeLa cells were propagated i 
Parker’s Medium No. 199 supplemented with 10 per cen. 
fresh calf serum. The adenovirus type 7 used in th 
experiments contained 1075 TCD,, per ml. ICH wa» 
grown on primary dog kidney cells. These cells wer 
grown in Hanks’s balanced salt solution containing 0:5 pe 
cent lactalbumin hydrolysate, 0-05 per cent bicarbonate 
and 5 per cent horse serum, and were infected with viru» 
in Parker’s Medium No. 199. The virus collected wə 
concentrated by ultrafiltration until it contained 1( 
TCD; per ml. Anti-ICH was obtained both from a do» 
that had been naturally infected with ICH and from on» 


No. 4933 -May 16, 1964 























JM 


Fig, 1. Double-diffusion Ouchterlony plates. a, A5, adenovirus type 5; 

ICH, canine hepatitis virus; CH, anti-canine hepatitis rie, 

b, A7, adenovirus type 7; ICH, canine hepatitis virus; AICH, anti- 
canine hepatitis virus 


Fig. 2._ Double-diffusion Ouchterlony plate. A7, adenovirus type 7; 
ICH, canine hepatitis virus; AA’, anti-adenovirus type 7” 


hat had been immunized with formalin inactivated ICH. 
e cross-reactions between the antigens of ICH and 
enoviruses types 5 and 7 with anti-ICH, and anti- 
denovirus types 5 and 7, were analysed by double 
iffusion in agar with the technique described by Ouchter- 
ny*. The plates were dried and stained by the method 
f Grabar and Burtin‘ after developing for 3 days at 20° C. 
ICH formed two precipitin lines when reacted with 
nti-ICH in an Ouchterlony plate. This indicated the 
resence of at least two soluble antigens from ICH (Fig. 
a and b). Adenovirus type 5 (Fig. la) and type 7 (Fig. 
) both formed a precipitin line with anti-ICH. This 
e formed a spur with the line furthest from the antigen 
ellofICH. The spur formation demonstrated a reaction 
partial identity between the group specific antigens of 
H and adenoviruses types 5 and 7. Both the convales- 
nt and artificially prepared dog anti-ICH sera gave the 
me result. Adenovirus type 7 gave two precipitin lines 
ith its homologous antiserum, and the antigen forming 
e line nearest to the antiserum well gave a reaction of 
entity with the group specific antigen of ICH (Fig. 2). 
emperer and Pereira’ showed that adenovirus type 5 
ve three precipitin lines with its homologous antiserum. 
he line nearest to the antigen well was formed by the 
oup-specific antigen, antigen A, and it was with this 
e that the line formed between ICH and anti-adeno- 
8 type 5 formed a spur (Fig. 3). 
These experiments show that ICH produces two viral 
tigens and not several. This is similar to other adeno- 
es. Adenoviruses types 5 and 7, and ICH, all possess 
common antigen, which can be precipitated in Ouchter- 
my plates by anti-ICH and anti-adenovirus types 5 and 7. 
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Fig. 8. Double-diffusion Ouchterlony plate. ICH, Canine hepatitis 
virus; A5, adenovirus type 5; AA5, anti-adenovirus type 5 


The anti-adenovirus type 7 reacted equally well with 
adenovirus type 7 and ICH, and there was no spur form- 
ation between the precipitin lines of the common antigen. 
The other antisera, anti-adenovirus type 5 and anti-ICH. 
reacted more strongly with the homologous antigen, and 
the precipitin line from the latter formed a spur with that 
from the heterologous antigen. Thus ICH produces an 
antigen which is similar to, but not exactly the same as, the 
group specific antigen of adenoviruses and another 
antigen which is specific for ICH. The group specific 
antigens of adenovirus type 7 and ICH appear to be 
identical when reacted with anti-adenovirus type 7, but 
with anti-ICH and anti-adenovirus type 5 they are non- 
identical. This is probably because the anti-adenovirus 
type 7 was hyperimmune serum and presumably of lower 
specificity than the convalescent dog anti-ICH or the 
convalescent rabbit anti-adenovirus type 5 antiserum. 
These results do not agree entirely with the findings of 
Heller and Salenstedt?. It would seem possible that some 
of the antigens observed by these authors were of non- 
viral origin. 
I. G. S. FURMINGER 
Glaxo Research Ltd., 
Sefton Park, 
Stoke Poges, Bucks. 
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5 Grabar, P., and Burtin, P., Analyse Immuno-electrophoretique, 38 (Masson 
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Effect of Actinomycin D and Ethylenediamine 
Tetraacetic Acid on the Multiplication of a 
Plant Virus in Etiolated Soybean Hypocotyls 


Tue recent demonstrations that actinomycin D which 
inhibits DNA dependent RNA synthesis!? does not 
inhibit the multiplication of RNA containing animal? and 
bacterial viruses? led us to attempt to extend such obser- 
vations to plant viruses. 

The easiest, quickest and most economical way to 
introduce a chemical uniformly into plant material is to use 
small slices of tissue in submergod culture in shake flasks. 
Hypocotyls of etiolated soybean seedlings have boen used 
previously in physiological studies’® and were used 
here. Glycine max (Merr.) L. var. Hawkeye plants were 
grown at 30° C in the dark in ‘Krum’ moistened with water. 
2-5-3 days after planting the emerging seedlings were 
inoculated by rubbing purified bean pod mottle virus 
(BPMYV)* on the hypocotyls at a concentration of about 
Il ug per plant. This would equal about 0:15 ug RNA of 
the infectious bottom component per plant. The virus was 
allowed to multiply for 2-3 days, depending on the 
experiment, and the hypocotyls were removed and sliced 
into sections about 2 cm long. The separately randomized 
virus-infected and control hypocotyl sections, usually 
3 g per 10 ml. of solution, were then placed in the 
following basal medium: ATP-8-"4C, 0:25 uo./ml.; 
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sucrose, 10 mg/ml.; 0-005 M KNH,PO,, pH 6-0; strepto- 
mycin, 20 ug/ml.; 2,4-D, 25 ug/ml.; and incubated at 
30° © for 24 h in shake flask cultures kopt in the dark. 
Actinomycin D was used at 10 ug/ml. The duplicato 
samples of slices were collected, blotted dry, weighed and 
the total RNA estimated by the method of Smillie and 
Krotkov? as modified‘. Counts were made on a nuclear 
Chicago gas-flow counter equipped with a micromil 
window. Local lesion assays were made as before’, and 
results are given as total lesions on 8 half-leavos. 


Table 1, Erreot or Actinomycin D ON RIBONUOLEIO ACID AND BEAN 

Pop MOTTLE VIRUS IN CULTURED SOYBEAN HYPOCOTYL SECTIONS 
Final c.p.m. in Uptake 
Treatment ® tissue mg RNA/g RNA/g (0. mig Lesions} 
wt. (g)T fresh wt. tissue tissue, 

Virus 3-71 0-760 2,850 15,350 224 
Virus + Act. D 3°36 0544 865 12,400 300 
‘Control 8°57 0615 2,890 12,620 — 
Control + Act, D 823 0:467 659 10,850 — 


* 3-day-old plants were inoculated on the hypocotyls and incubated for 
60 h before slicing and culturing for 24 h with and without actinomycin D 
at 10 pejo See text for culture medium. 

Starting weight of 3 g. 

As compared to virus from source hypocotyl tissue collected 60 h after 
Inoculation which produced 46 lesions. After an additional 24 h, virus 
from hypocotyls from intact ctiolated soybeans produced 204 lesions, com- 
parable to the level from cultured hypocotyl tissue. 


The virus multiplied well in intact hypocotyls (Fig. 1) 
and in cultured tissue (Table 1). The amount of virus found 
in the inoculated part of the hypocotyls and the part 
which had elongated after inoculation was about equal 
after culture. 

Tissue incubated with actinomycin D grew less than 
normal tissue and contained less RNA than untreated 
tissue. Furthermore, RNA synthesis was inhibited by 
about 77 per cont. Yet, the fina] virus concentration as 
measured by local lesion assays indicated that virus multi- 
plication was not adversely affected (Table 1). Auxin 
(2,4-D) was used in most of these experiments to maintain 
a relatively high level of RNA synthesis (40-60 per cent 
net increase) relative to tissue not treated with auxin 
which shows no net change in RNA content‘. Virus 
multiplied equally well in both types of tissue. In most 
experiments, the amount of tissue growth and the increase 
in RNA content were greater in virus-infected tissue than 
in comparable control tissue. This difference in RNA 
content cannot be attributed to the viral RNA found in 
mature particles. Standards of known virus concentra- 
tion used in the infectivity assays would place the amount 
of RNA encapsulated in the extracted virus at only about 
5 yg. Qualitatively similar results have been reported for 
the RNA containing bacteria phage f2 (ref. 8). 

In Table 2 are listed results which again show the 
effects of actinomycin D and, in addition, those of EDTA. 
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Multiplication of bean pod mottle virus in the hypocotyls of 
FY and C refer to the amounts of RNA 
found in virus infected and control tissue, respectively 


Fig. 1. 
intact etiolated soybeans. 
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Table 2. EFFECT OF ETHYLENEDIAMINE TETRAACET! 
O ÅCID AND AOTINOMYOIN 
D ON RIBONUOLEIO ACD AND BEAN POD MOTILE VIRUS IN CULTURED , 
Hypocotyi SECTIONS 


Final 


p.m. in Uptake A 
Treatment * tissue mg RNA/g “RNAS @.p.m. Lesions§ 
wt. (g)t fresh wt.t fresh Ja pm.la 
Virus e 
Virus + RTE 3-96 0-692 5,650 41,150 112 
3-81 g 
Virus + TER 8 0-524 4,640 36,000 138 
0 3-59 0-440 2,445 21,450 174 
amut Act. D aoe 0'523 1,167 35,315 172 
Control en 0-586 6,350 37,350 Cd 
Control 2 ee 3°34 0-483 4,895 30,125 ~~ 
3-26 0-336 2,250 15,240 — | 
Control + Act. D 3-35 0-475 1,167 82125 ~ 4 
* 2-5-day-old plants were inoculated on the hypocotyls and_ incubate 


for 48 h before slicing and culturing for 24 h with and with ut EDTA ané 
actinomycin at 10 ug/ml. See text for culture medium. Š Ta 
i Starting Wolght or 83 Pu in 
ə virus and control tissue contained 0-486 and 0-396 RNA/g fresh 
wt., respectively, immediately before slicing and cul es ashe 


insap compared i peas from, souroe hypocotyl tissue collected 48 h after 
The latter has been shown to be stimulatory to tobacco 
mosaic virus (TMV) multiplication in tomato roots’, and 
the effects here would indicate that this might be so with 
BPMV in soybean tissue. Indeed, lesion numbers from 
tissue incubated with actinomycin D were also higher 
than those of the virus controls. In both cases, however, 
this stimulation may only be apparent since the chemicals 
may have affected the infectivity assay. For example, 
although we know of no infectivity inhibitor in our 
system, it is possible that one does exist, and that its 
production or effectiveness is negated by both additives. 

Our results with actinomycin D indicate that the pro- 
duction of RNA virus in plant tissue is independent of 
that of most of the cellular RNA. Interpretation of our 
results must be approached cautiously, however, since 
the level of phosphorylation of the ATP in the tissue is not 
known. and the inhibition of cellular RNA synthesis was 
not complete. Furthermore, the participation of DNA 
as & template for viral RNA during the initial phases of 
infection has not been obviated. That the multiplication 
of RNA viruses is independent of the bulk of DNA 
synthesis has been reported for bacteriophage f2 (ref. 8), 
and Davern and Bonner, according to Gierer™, came to 
the same conclusion for TMV. 

The results with EDTA indicato, as did those of Crowley 
and Hanson? with TMV, that tho normal formation andes 
maintenance of ribosomes is not essential for virus 
increase. Possibly, the functioning of ribosomal associated 
RNA synthetase’"!, if active in this system, is not depen- 
dent on intact ribosomes. None the less, these results, ine 
conjunction with those found with actinomycin D, are 
consistent with the idea that the multiplication of an RNA 
plant virus is largely independent of the normal avenues oj 
RNA synthesis and maintenance in plant cells. 

This work was supported in part by & grant from thc 
U.S. National Institutes of Health. The actinomycin L 
was kindly supplied by Merck, Sharpe and Dohme 
Rahway, New Jersey. ‘Krum’ is an inert soil conditione» 
obtained from Silbrico Corp., Chicago, Ilinois. 

J. B. Banororr 
Jor L. Key 
Department of Botany and Plant Pathology, 
Purdue University, 
Lafayette, Indiana. 
1 Reich, E., Franklin, R. M., Shatkin, A. T., and Tatum, E. L., Science 
134, 556 (1961). 
? Reich, E., Franklin, R. M., Shatkin, A. J., and Tatum, E, L., Proc. U.S 
Nat. Acad. Sci., 48, 1288 (1962). 
3 Haywood, Anne M., and Sinsheimer, R. L., J. Mol. Biol., 6, 247 (1968! 
‘Key, J. L. (unpublished results). 
‘Key, J. L., and Hanson, J. B., Plant Physiol., 36, 145 (1961). 
t Bancroft, J. B., Virology, 16, 419 (1962), 
7 Smillie, R. M., and Krotkov, G., Canad. J. Bot., 38, 31 (1960). 
s Cooper, S., and Zinder, N. D., Virology, 18, 405 (1962). 
1? Crowley, N. C., and Hanson, J. B., Virology, 12, 604 (1980). 
10 Gieror, A., Biophys. J., 2, Part 2, 5 (1962). 
11 Baltimore, D., and Franklin, R. M., Biochem. Biophys. Res. Comm, ! 
388 (1062). 
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Combining the Probabilities from Significance 
Tests 
In a letter! with the above title, Leigh van Valen has 
roposed a method which appears at variance with a 
well-known procedure described by R. A. Fisher? (and not 
entioned by van Valen). Thus for the probabilities 
onsidered by Fisher: 
0-145, 0-263, 0-087 
2 times the sum of the natural logarithms of the 
probabilities gives a y? with degrees of freedom twice the 
number of tests, that is in this case: 
y2= 11-42 with 6 d.f. 
giving a resulting significance level of 0:076. Van Valen’s 
procedure, the justification of which is not clear to me, 
appears to give: 
0-145 x 0:263 x 0:087 x 8/2 = 


greatly exaggerating the significance. 
M. S. BARTLETT 


0:0133 


Department of Statistics, 
University College, 
Gower Street, London, W.C.1. 


1 Nature, 201, 642 (1964), 
2 Statistical Methods for Research Workers, § 21.1. 


Tue statistic Q proposed by van Valen! is such that, 
under the null hypothesis, 2 log 1/2@ is distributed as the 
modulus of the difference of two independent x? variables 
each of 2N degrees of freedom (where N = n + m in 
van Valen’s notation). It follows that the use of Q as 
‘the combined probability desired’ is not correct without 
a functional transformation: namely, using the result of 
David eż al.? for the distribution of the difference of two 
y? variables, the value: 


1 
uJ = | — 25y en 
Gu(Q) = 1 — 28h ı (og x0) 
should be used, where: 


zm Km (2) dz 
Sma) = | Bm n/t Tim + 4) 


(Kn(z) being a standard notation for the modified Bessel 
function of second kind with imaginary argument). 

Since the Bessel function of half-odd-integer order is 
elementary, the directly computable form 


x (Q) = Gy Pw (oe zp) 


where: 


praz) = È 
r=0 f! g=0 
may be more convenient than reference to the tables of Sm. 
Thus, for N = 3 as in the case considered by Prof. 
Bartlett in his preceding communication and using 
David’s tables? of Sn: 


Q = 0:0133 and G,(0-0133) = 0-1307 


that is, a figure of somewhat less significance. The general 
sense of van Valen’s letter, as opposed to a literal reading, 
indicates that small values only, of Ra/ R», should be taken 
to measure lack of confidence in the null hypothesis. 
This gives a value of 0-065 (= $(0-1807)), in the case 
quoted by Prof. Bartlett, which is very close to Fisher’s 
value of 0-076. 

Thus modified, van Valen’s method is a proper alter- 
native to Fisher’s; both, equally, valid. The choice 
between the two must depend on the application of 
Neyman and Pearson’s theory of the power of tests and 
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this in turn on the better specification of the problem, 
that is, of the alternatives to the null hypothesis envisaged. 
D. E. BARTON 
Department of Statistics, 
University College, London, W.C.1. 


1 Nature, 201, 642 (1964). 
* David, F. N., Pearson, K., and Stouffer, S. A., Biometrika, 24, 293 (1932). 


An Asymptotic Theory for Dams 


In my contribution to the discussion at a symposium? in 
1957 on the theory of dams, I suggested that the distribu- 
tion of the time to emptiness of a finite dam or reservoir 
might be investigated by the use of Wald’s identity. This 
method has recently been used by R. M. Phatarfod® in the 
case of inputs with negative exponential distribution. It 
seems worth noting how the asymptotic case of normal 
diffusion, which should be useful as an approximation in 
all cases where individual (independent) increments are 
fairly small in relation to the capacity of the dam, may be 
dealt with. This asymptotic theory has, moreover, an 
immediate extension to the case of correlated increments 
by our determining the effective diffusion per unit time 
in such a case (compare with my concluding remarks. 
loc. cit.). 

Suppose water is coming into the dam at a rate equiva- 
lent to an additive process [(¢) and is leaving independently 
equivalent to an additive process J (t). Let the capacity 
of the dam be C and let the initial volume of water at 
t= Obec. If the dam becomes full, the surplus water 
overflows and is lost. Let the characteristic function of 
the time to emptiness (irrespective of becoming full in the 
meantime) be E(ple); and let the components of the 
characteristic function »(plc) of first time to either boun- 
dary (emptiness or fullness) be given by the equation: 


nlle) = aolele) + nelele) 
Then we have the relations: 


Elge) no(ele) + REA (2) 

E(p|O-2) = no(p|O-<) + nole|O-e) &(e|0) 
These relations, which are exact, will determine E(qj{c) 
provided the functions in (1) are known and a further 
relation between &(o/C — e) and &(o|C) is available. This 
is so, for example, in the simple discrete time and incre- 
ment case, with probability p of one unit input (except 
that if the dam is full the excess water overflows) and 
probability g of one unit output. In this case we consider 
the situation relating e = 0 and e = 1. and easily arrive 
at the results obtained by B. Weesakul® by more direct 
methods. 

In the normal diffusion case we let s —> 0; as in a small 
time %& diffusion from the boundary extends back 
a distance of order 4/8, consistency is only possible if 
0&(9|z)/dx is zero at x = C (this conclusion may also be 
checked if desired from the simple discrete case above as 
p—q— }. and the time and volume scale units are 
appropriately reduced). Hence, as in the normal diffusion 
case the functions ne(p|x) and noloje) are differentiable 
with respect to x, the relations (2) give finally: 


Ano 
Elele) = nolele) — nelele) pia molele) | enol pix 2 


~ ĝe de 
In this formula, from Wald’s ere 3 


(1) 


1 i 


olele) = (ech — ech) I (ec: + (C-c)0, _ e08, + (C-c)61) i 
molele) = (80-01 — e(0-0)0) } (0601+ (C-0)9, — e91 + (Ch), (4) 
where: 

s 0 = { — m + +/(m? — 2ic%g)}/o? 
m and o? being the net mean and variance per unit time 
{m positive if mean input exceeds mean output). This 


gives: 
[Pee Fol Mel] a _ 92-6, 
peh — 8,08, 


(5) 


732 


From the foregoing formule, the mean time to emptiness 
is found to be: 


(6) 


oo 
5 2m0? (1 — e-2mojo*) 


ja 
mle) = a t m 


In particular, as m — 0: 
m(c) = c(2C — c)jo? (7) 
compared with the time C(C —c)/s* to reach either 
boundary for the first time. The additional time Ccjo? 
represents the mean time from fullness C2/c? multiplied by 
the probability c/C of reaching this state. Result (7) is, 
of course, consistent with the exact result for the simple 
discrete time and increment case mentioned above (as 
p —> q — 4, the equivalent o? — 1), for which: 
mle) = 20e — e + 6 
and with which (7) thus agrees to relative order J /c. 
Another problem of interest is to find the equilibrium 
distribution of the volume of water in the dam. In 
general this consists of non-zero probabilities Pg and P, 
of being full and empty, respectively, as well as a density 
component for any intermediate volume c. However, the 
problem is much simplified if, as above, the purely diffusion 
case is considerod, for then the distribution consists 
merely of a density term (as is seen by consideration again 
of the situation at the boundaries). Moreover, as the 
diffusion process is stationary the density term must 
satisfy the equation: 
of _ of of 
a 7 dat” ĝa 


(8) 


0 = ło? 
whence: 
(8) 


Note that (9) is valid whether m is positive or negative 
except that if C —> œ no limit exists unless m is negative. 
M. S. BARTLETT 


fæ) = = e2mz/o/(@2mO/o* — 1) 


Department of Statistics, 
University College, 
Gower Street, London, W.C.1. 
1 Bartlett, M. S., J. Roy. Statist. Soc., B, 19, 81 (1957). 
* Phatarfod, R. M., Ann. Math. Statist., 34, 1588 (1968). 
3? Weesakul, B., Ann. Diath. Statist, 32, 765 (1961). 


MISCELLANEOUS 


3 Use of Scientific Literature by Research 
Students 


RECENTLY we carried out an experiment at the National 
Lending Library for Science and Technology, the results of 
which may be of interest to all concerned with the training 
of research students. We invited three groups, each of 
about 20 postgraduate research students, to the Library 
for a fortnight. While they were at the Library, we 
arranged a few seminars on the use of scientific literature, 
provided appropriately qualified ‘tutors’ to guide them in 
tracking down references related to their research projects 
and made the resources of the Library available. 

The first two groups expressed themselves as well 
satisfied with the results of their stay at the Library. To 
try to assess the results of the experiment more precisely, 
the third group each completed a questionnaire at the end. 
of their visit. To the question: “Was your visit to the 
NLL useful in drawing your attention to abstracts or 
indexes with which you were previously unfamiliar which 
have been a useful source of references ?”’. Seventeen said 
‘yes’ and 2 ‘no’. This was scarcely surprising, as none 
of the 19 had previously heard of A Guide to the World's 
Abstracting and Indexing Services (National Federation of 
Science Abstracting and Indexing Services) and each one 
stated that he had found useful background information 
in the field of his research. In addition 10 students profited 
from the visit to the Library in one or more of the following 
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ways: (a) will save time in the development of apparatus” 
—6; (b) will save time because a step in the research 
projects has become unnecessary—1; (c) evolved a new 
method of tackling the problem set—3; (d) will find i 
aay to amend the emphasis of his research projec 
None of the 19 were previously familiar with U.S! 
Government Research Reports, an important bibliograph 
which covers about 30,000 reports per year (nearly all ar 
available from the National Lending Library). Onl 
three had ever seen any ‘report’ literature prior to visiting 
the Library, but eight found it useful. : 

The replies of the earlier groups to the questionnaire 
would have been very similar. Many of the students said 
that they found it easier to use the resources of the 
National Lending Library than their own university 
libraries. Part of this was clearly due to the scattering of 
some of the resources available in some universities among 
departmental libraries, but it also seemed to be partly due 
to the difficulties of using the “open access’ system in some 
university libraries. Perhaps the major handicap the 
research student faces in many universities is the scattering 
of the abstract publications, either among a number of 
departmental libraries, or in different ‘subject’ sections of 
the main library. There is no doubt from this experiment 
and from other evidence collected by the National 
Lending Library that the research worker should be 
familiar with a wider range of abstract publications than 
the title of his department might suggest. 

D. J. URQUHART 
National Lending Library for Science and Technology, 
Boston Spa, Yorkshire. 


Newly Described Olduvai Hominid 


In their recent article in Naturel, on “A New Species 
of the genus Homo from Olduvai Gorge”, L. S. B. Leakey, 
P. V. Tobias and J. R. Napier refer to the specimens 
(from Swartkrans, Transvaal) originally described by 
Broom and Robinson (1949) as Telanthropus capensis but 
later referred by Robinson (1961) to Homo erectus Dubois 
sp. (1894). Leakey ef al. give as their opinion that T. 
capensis “may well prove, on closer comparative in- 
vestigation, to belong to Homo habilis”. However, if 
the Olduvai hominid proved to be conspecific with the 
Swartkrans form, the name capensis would have priority 
over habilis, not vice versa. Similarly, should the new 
hominid be conspecific with the Kanam mandible (which 
we think unlikely), the specific name kanamensis Leakey, 
1935, would have priority. 

The issue is slightly complicated by the fact that Broom 
(1917) described a Late Paleolithic skull from Boskop, 
Cape Province, under the name Homo capensis. The 
name capensis is therefore occupied in the genus Homo, 
and can only be applied afterwards to a new species 
in another genus of the Hominidae. If, therefore, Pelan- 
thropus is Australopithecine, the specific name capensis 
is valid for this genus or for the genus Australopithecus, 
which is, incidentally, the only other Hominid genus 
other than Homo which Leakey et al. and ourselves now 
recognize. ' 

These considerations emphasize the need for careful 
comparative investigation with closely related taxa, as 
implied by the International Code of Zoological Nomen- 
clature (Article 13(a) (1), Appx. E,1), before the creation 
of new species. 

Kennete P. OAKIEY 

Anthropology Sub-Department, 

British Museum (Natural History), 

Cromwell Road, London, 8.W.7. 

BERNARD GQ. CAMPBELL 
5 Madingley Road, 
Cambridge. 
1 Nature, 202, 7 (1964). 
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FORTHCOMING EVENTS 


(Meeting marked with an asterisk is open to the public) 


Wednesday, May 20 


POLOUR GROUP (GREAT BRITAIN) (in the New Physics Department, 
perial College of Science and Technology, Prince Consort Road, London, 
»7), at 3 pm p Q. Wyszecki (National Research Council, Canada): 
e Spectral Distribution of Typical Daylight as a Function of Correlated 
our Temperature”. 


UGENIOS SOCIETY (at the Royal Society, Burlington House, Piccadilly, 
don, W.1), at 5 p.m.—Prof. Jan A. Böök (University of Uppsala): 
me Mechanisms of Chromosome Variations and their Relation to Human 
a@lformations” (Galton Lecture). 

OYAL METEOROLOGICAL Soorery (at 49 Cromwell Road, London, 8.W.7), 
: § p.m.—Mr. N. E. Rider, Mr. J. R, Philip and Mr. E. F. Bradley: “‘Hori- 
otal Transport of Heat and Moisture—a Micrometeorological Study”; Mr. 
. A. Panofsky and Mr. A. A. Townsend: “Change of Terrain Roughness 
id the Wind Profile”. 


INSTITUTE OF PETROLEUM (at 61 New Cavendish Street, London, W.1), 
: 5.30 p.m.—Mr. W. G. Dukek: “Fuels and Lubricants for the Next 


eoneration Aireraft—The Supersonic Transport”, 


INSTITUTION OF BLEOTRIOAL ENGINEERS, POWER DIVISION (at Savoy 
ce, London, W.C.2), at 5.30 p.m.—Mr. J. Volkers: “‘The Dutch Delta 
—toject; Shortening the Line of Defence Against the Sea”. 













Thursday, May 21 


ROYAL SOCIETY (s Burlington House, Piccadilly, London, W.1), at 
1.30 a.m.—Discussion Meeting on ‘Magnetic Relaxation” organized by 
T., R. E. Richards, F.R.S. 


INSTITUTION OF MINING AND METALLURGY (at the Geological Society 
London, Burlington House, Piccadilly, London, W.1), at 4 p.m.—Annual 
eneral Meeting. 5.15 p.m.—Mr. D. S. Burwood: Presidential Address. 


Thursday, May 2i—Friday, May 22 


INSTITUTION OF MECHANIOAL ENGINEERS, AUTOMATIC CONTROL GROUP 
"l Birdcage Walk, Westminster, London, S.W.1}—Meeting on "Stability 
ystems”. 7 


Friday, May 22 


BRITISH INTERPLANETARY Socinty (in the Lecture Theatre, Sclence 
«seum, South Kensington, London, S.W.7), at 7 p.m.—Film Show: 
) “Before Saturn”; (2) “Orbiting Solar Observatory”; (3) ‘Space for the 
enefit of Mankind”; (4) “Life on Other Planets”. 


Monday, May 25 


BRITISH SOOIETY FOR THE PHILOSOPHY OF SCIENCE (in the Joint Staf 
ammon Room, University College, Gower Street, London, W.C.1), at 
30 p.m.—Mr. J. V. Narlikar: “The Direction of Time”. 


UNIVERSITY OF LONDON (at the School of Pharmacy, 29-89 Brunswick 
uare, London, W.C.1), at 5.80 p.m.—Prof. E. Lederer (Institut de Chimie 

4 3 Substances Naturelles, Gif-sur-Yvette): ‘Chemical Structure and Bio- 
gical Activity of Mycobacterial Lipids”, * 


ROYAL SOCIETY OF MEDICINE (at 1 Wimpole Street, London, W.1), at 
p.m.—Sir Charles Dodds: “Michael Williams’s Contribution to Industrial 
ygiene with reference to Cancer” (First Michael Williams Lecture). 


ROYAL GEOGRAPHIOAL SOCIETY (at 1 Kensington Gore, London, S.W.7), at 
“45 p.m.—Dr. W. W. Bishop: “Exploring the Lake Albert Basin”. 


` 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before 
è dates mentioned: 

“SENIOR LECTURER IN THE DEPARTMENT OF PSYOHOLOGY-——The Secretary, 
4e Bova College of Science and Technology, George Street, Glasgow, C.1 
By e 
RESEARCH ASSISTANTS (2) IN THE DEPARTMENT OF BOTANY, to work 

the following projects: (1) the structural basis of cell polarity, using 
Sa asta (2) plant hormone biosynthesis, in relation to photo- 
‘iod—The Registrar, University College of Wales, Aberystwyth (May 21). 
DEMONSTRATORS (one or two) IN BroLoGy—-The Registrar, The Univer- 
y, Keele, Staffs May 22), i 
LECTURER IN NUOLEAR POWER IN THB MEOHANIOAL ENGINEERING 
PARTMENT —Dr. P. J. Grant, Mechanical Engineering Department, 

«pertal College of Science and Technology, London, 8.W.7 (May 22). 
LECTURER or ASSISTANT LEOTURER IN THE DEPARTMENT OF PHILOSOPHY 
The Registrar, University College of Wales, Aberystwyth (May 28). 
SENIOR LECTURER and a LEOTURER IN THE DEPARTMENT OF PSYCHOLOGY 
The Secretary, The University, Aberdeen (May 23). 

“LECTURER or ASSISTANT LECTURER IN THE DEPARTMENT OF PHYSICS— 
«e Assistant Registrar (Science), The University, Birmingham 15 (May 25). 
SENIOR ASSISTANT KEEPER (with a degree of a British university or an 
uivalent qualification in mechanical, civil or production engineering) at 
© Museum of Science and Industry—The Director, Museum and Art 
Mery, Birmingham 8, quoting Ref. ADMIN/L/SK (fay 25). 

NIVERSITY DEMONSTRATOR IN THE DEPARTMENT OF PHYsIOSs, Cavendish 
boratory—The Secretary to the Appointments Committee of the Faculty 
Physics and Chemistry, Chemical Laboratory, Lensfield Road, Cambridge 


ay 26). 

Pima xivensiry LECTURER IN THE DEPARTMENT OF PHYSICS, Cavendish 
boratory—The Secretary of the Appointments Committee of the Faculty 
Physics and Chemistry, Chemical Laboratory, Lensfield Road, Cam- 

PRmmeaidge (May 25). a 
RESEAROH ASSOCIATE or RESEAROH ASSISTANT (physicist or chemist) 
THE DEPARTMENT OF PHysics, for work in the application of gamma-ray 
onances to crystal physics and inorganic chemistry-—-The Assistant 
gistrar (Science), The University, Birmingham 15 (May 28). 
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CLINICAL PsyowoLoaist (with an honours degree and preferably poste 
graduate experience), to assist the Principal Psychologist—The Secretary 
to the Board of Governors, The National Hospital for Nervous Diseases, 
Queen Square, London, W.C.1 (May 29). 

LECTURERS or ASSISTANT LECTURERS (2) IN APPLIED MATHEMATICS OR 
Pure MATHEMATICs—The Registrar, The University, Hull (May 29). 

READER (with high academic qualifications and considerable experience 
in research and teaching) IN APPLIED THERMODYNABMOS IN THE DEPARTMENT 
OF OlVIL AND MECHANICAL ENGINEERING—The Secretary, Northampton 
College of Advanced Technology, St. John Street, London, 5.0.1 (May 29). 

ASSISTANT LIBRARIAN (with an honours degree and library experience, 
and preferably a postgraduate diploma or professional qualifications)}—The 
Secretary and Registrar, The University, Southampton (May 30). 

LECTURER and an ASSISTANT LECTURER IN PURE MATHEMATICS, & 
LECTURER (preferably with an interest in esthetics) IN MORAL PHILOSOPHY 
and ASSISTANT LEOTURERS (2) IN LOGIC AND MORAL PHILOSOPHY—The 
Secretary, The University, Aberdeen (May. 30). 

LEorvuRER (preferably with advanced qualifications in mathematical 
statistics) IN MATHEMATICS at the University of Auckland, New Zealand— 
The Secretary, Association of Commonwealth Universities (Branch Office), 
Harlborough House, Pali Mall, London, $.W.1 (New Zealand and London, 

‘ay 80). 

LECTURER (preferably with qualifications in plant physiology (biochem- 
istry), plant anatomy or plant ecology) IN BOTANY ab the University of 
Ghana—tThe Registrar, University of Ghana, P.O. Box 25, Legon, Accra, 
or The Assistant Registrar (Overseas), University of Ghana Overseas Office, 
16 Gordon Square, London, W.C.1 (May 30). 

DIRECTOR OF THE DEPARTMENT OF PsyoHoLOGY—The Group Secretary, 
Runwell Hospital, near Wickford, Essex (May 31). 

LECTURER or ASSISTANT LECTURER (Probationary) (man or woman 
honours graduate) IN CHEMISTRY—The Secretary, Bedford College (Uni- 
versity of London), Regent’s Park, London, N.W.1 (May 31). 

PRINOIPAL LECTURER IN EDUCATION AND HEAD OF THE DEPARTMENT; 
and a LECTURER or SENIOR LECTURER IN PHysics—The Principal, Bede 
College, Durham (May 31). 7 

CHAIR OF SOCIAL THEORY AND InNsTrruTIONS—The Registrar and Secre- 
tary, University of Durham, Old Shire Hall, Durham (June 1). 

EMONSTRATOR or BENIOR DEMONSTRATOR IN THE DEPARTMENT OF 
ZOoLoGy——The Registrar, The University, Newcastle upon Tyne 2 (June 1). 

LECTURER IN BACTERIOLOGY scene ate Seerctary of University 
Court, The University, Glasgow (June 1). 

LECTURER IN THE DEPARTMENT OF CHEMICAL ENGINEERING—The Secre- 
tary, University College, Gower Street, London, W.C.1 (June 1). 

RESEARCH STUDENTS (with the degree of Bachelor or Master of a British 
university other than Manchester) IN SofeNce—The Registrar, The Univer- 
sity, Manchester 13 (June 1). 

SENIOR LECTURERS, LECTURERS or ASSISTANT LECTURERS IN (a) AGRI- 
CULTURAL BOTANY; (b) AGRIOULTURAL ZOOLOGY AND PHYSIOLOGY; (c) SOIL 
Sorence; (d) ANDAL HUSBANDRY; (@) BIOCHEMISTRY AND ANIMAL 
NUTRITION; (f) FARM MANAGEMENT; and (g) AGRICULTURAL MAOHINERY 
AND FARM MEOHANIZATION at the University of Ife, Nigeria—The Secre- 
tary, Inter-University Council for Higher Education Overseas, 33 Bedford 
Place, London, W.C.1 (June 5). 

LECTURER IN BIOCHEMISTRY in the Rheumatism Research Centre—The 
Registrar, The University, Manchester 13 (June $). 

READER IN BIOOHEMISTRY—The Secretary, Battersea College of Tech- 
nology, Battersea Park Road, London, §8.W.11 (June 8). 

Som Sorentist in the Regional Research Centre, Trinidad (University 
of the West Indies)}—The Secretary, Inter-University Council for Higher 
Education Overseas, 33 Bedford Place, London, W.C.1 (June 10). 

CHAR oF EDUCATION at Makerere University College, Uganda—Tho 
Secretary, Inter-University Council for Higher Education Overseas, 33 Bed- 
ford Place, London, W:0.1 g une 12). 

ASSISTANT LECTURER (with special interests in spectroscopy) IN CHEM- 
IstRY-—The Secretary, University of Exeter, Northcote House, The Queen’s 
Drive, Exeter, Devonshire (Juno 13), 

LECTURER (with special interests in quantum chemistry) IN PHYSICAL 
Cuenustry-—The Secretary, University of Exeter, Northcote House, The 
Queen’s Drive, Exeter, Devonshire (June 13). 

LECTURER IN H#MATOLOGY IN THE DEPARTMENT OF PATHOLOGY, 
University of the West Indies—The Secretary, Senate Committee on Colleges 
Overseas in Special Relation, University of London, London, W.C.1 (June 


ENIOR LECTURER or LECTURER (with good experience in both teaching 
and research) IN PuRB MATHEMATICS in the School of General Studies, 
Australian National University—-The Secretary, Association of Common- 
wealth Universities (Branch Office), Marlborough House, Pall Mall, London, 
S.W.1 (Australia and London, June 15). 

LEOTURER IN PHYSIOS at the University of Canterbury, Christchurch, 
New Zealand—The Secretary, Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, S.W.1 (New Zealand 
and London, June 30), 

ASSISTANT KEEPER or KEEPER IN ZOOLOGY, and an ASSISTANT KEEPER 
or KEEPER IN GEOLOGY—The Director, Canterbury Museum, Christchurch, 
New Zealand (August 15). i 

Bioowemist (Senior grade or Basic grade), for duties mainly involving 
supervising routine investigations—The Secretary, Scunthorpe Hospital, 

cunthorpe. 5 

CHAIR OF THEORETIOAL CHEMISTRY—The Registrar and Secretary, 
University of Bristol, Senate House, Bristol 2. 

CHEMIST (previous experience in cereal chemistry not essential), for 
research on problems concerned with quality in biscuit flour—The Director, 
Cereals Research Station, Old London Road, St. Albans, Herts. 

CHIEF PHARMACIST (Category 1) at St. Francis Hospital, Constance Road, 
London, S.E.22—Group Secretary, Camberwell Hospitals Management Com- 
mittee, Dulwich Hospital, East Dulwich Grove, London, S.B.22. 

LECTURER (with an honours degree in physics or its equivalent and 
research or industrial experience in a field involving a practical knowledge 
of electronics} IN Paysics—The Secretary and Registrar, Bristol College 
of Science and Technology, Ashley Down, Bristol 7, quoting Ref. CST 64/39. 

MASTER A pcre TO TEACH MATHEMATICS to Open Scholarship stand- 
ard-—-The Headmaster, School House, St. Bees, Cumberland. 

MASTER TO TEACH PHYSICS at Advanced and Scholarship levels—The 
Headmaster, Latymer Upper School, London, W.6. 

Post-DocTORAL FELLOW IN THEORETICAL CHEMISTRY, for work on the 
electronic structure and properties of small molecules—Dr. R. F. W. Bader, 
Department of Chemistry, MeMaster University, Hamilton, Ontaric, Canada. 

RADIOASTRONOMERS (with a Ph.D. degree and a keen interest in radio- 
astronomy) IN THE RADIO AND ELECTRICAL ENGINEERING DIVISION of 
the National Research Council, Ottawa—The mae st See Officer, National 
ign gay 100 Sussex Drive, Ottawa, Ontario, Canada, quoting 

ef. le 293. 
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READER IN STATISTICS, a LECTURER IN STATISTIOS, 2 LECTURER IN MATHE- 
MATIOS, LECTURERS (2) IN COMPUTING, and an ASSISTANT LECTURER IN 
MATHEMATIOS—-The Secretary, Northampton College of Advanced Tech- 
nology, St. John Street, London, E.C.1. 

RESEAROH ASSISTANT (graduate in zoology with special qualifications in 
parasitology) IN THE DEPARTMENT OF BIOLOGICAL SCIENCES—The Regis- 
trar, Bradford Institute of Technology, Bradford 7. 

RESEARCH ASSISTANT (graduate, or holder of a diploma in Technology, 
preferably in physics or applied physics, with experience in electronics 
and/or microwave technology) IN THE DEPARTMENT OF APPLIED PHYSICS, 
for microwave studies of solids at liquid helium temperatures—Dr. J. W. 
Bristow, Department of Applied Physics, Welsh College of Advanced Tech- 
nology, Cathays Park, Cardiff. 

TECHNICAL ASSISTANT IN ANALYTICAL CHEMICAL TOXICOLOGY, to assist 
(in a technical capacity) in a programme of research into the development 
of rapid methods of toxizological analysis—Dr. H. V. Street, Department 
of Forensic Medicine, University Medical School, Teviot Place, Edinburgh 8. 
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The Association of Commonwealth Universities. Conference of the Univer- 
sities of the United Kingdom 1963—-Report of Proceedings. (Universities and 
the Future Pattern of Higher Education: University Expansion in the 
Short Term—being discussions on the Report of the Committee on Higher 
Education under the Chairmanship of Lord Robbins.) Pp. 84. (London: 
The Association of Commonwealth Universities, 1964.) 5s, 262 

Bulletin of the British Museum (Natural History). Entomology. Vol. 14, 
No. 8: Observations on African Mealy Bugs (Hemiptera: Coccoidea). Ly 
G. De Lotto. Pp. 841-397 +plates 1-32. 878. Vol. 15, No. 2: On the 
Trichoptera of Nepal. By D. E. Kimmins. Pp. 33-55. 8s. Zoology. Vol. 11, 
No. 7: A Collection of Mesostigmata (Acari) Associated with Coleoptera and 
Hemiptera in Venezuela. By E. K. Hyatt. Pp. 465-509. 16s. (London: 
British Museum (Natural History), 1964.) (262 

- Belling and Lee, Ltd. Belling-Lee at Fylingdales. Pp. 12. (Enfield, 
Middx.: Belling and Lee, Ltd., 1964.) {262 

Electrical Research Association, Technical Report L/T403: Transient 
Temperature Rise Due to Dielectric Heating in a Cylinder of an Infinite 
Blab. By H. Goldenberg. Pp. 17+2 figures. (Leatherhead: Electrical 
Research Association, 1960.) 12s, 6d, y 262 

Government of Northern Ireland: Ministry of Agriculture. Leaflet 
No. 84: Lime and Liming. Hp 6. Leaflet No. 145: Chemical Weed Control 
in Horticulture. Pp. 32. (Belfast: Ministry of Agriculture, 1963.) [262 

University of Oxford. Report of a Committee on Business for Congregation. 
(Suppemer No. 3 to the University Gazette, February, 1964.) Pp. 16. 

Oxford: The University, 1964.) 6¢, [262 

Commonwealth Relations Office—Colonial Office—Depariment of Technical 
Cooperation, Fourth Annual Report of the Commonwealth Scholarship 
Commission in the United Kingdom for the year ending 30th September, 
1968. Pp. 50. (London: H.M. Stationery Office, 1964.) 3s, net. [262 

Statement on Defence 1964. Pp. 68+15 photographs. (Cmnd. 2270.) 
(London: H.M. Stationery Office, 1964.) 6s. 6d. net. 262 

The Universities Federation for Animal Welfare. Annual Report and 
Accounts, Ist July, 1962 to 30th June, 19638. Pp. $6. (London: The 
Universities Federation for Animal Welfare, 1964.) {262 

Perkin-Elmer, Ltd. Perkin-Elmer Model F11 Gas Chromatograph. Pp. 4. 
(Beaconsfield : Perkin-Elmer, Ltd., 1964.) {2862 

The International Nickel Company (Mond), Ltd. Electroforming—The 
Next Step. Pp. 4. Nickel Plating from Sulphamate. By R. A. F. Hammond. 
aoe = (London: The International Nickel Company (Mond), Has 

Ministry of Housing and Local Government. Kent Rivers: Hydrological 
Survey, (Hydrometric Area, No.40). Pp. v +111. (London : F.M. Stationery 
Office, 1964.) 30s. net. [262 

General Register Office. Census 1961: England and Wales. County 
Report—Letcestershire. Pp. xxlii+88. 19s. net. County Report—North- 
amptonshire. Pp. xxiil+98. 21s. net. County Report—Soke cf 
Peterborough, Pp. xxlii+42. 11s. net. (London: H.M. Stationery Office, 


The Medical Research Council of Ireland. Annual Report for the year 
ended December 31, 1962. Pp. v+62. (Dublin: Medical Research Council 
of Ireland, 1964.) 5s. [262 

5 Other Countries 

Deutsche Akademie der Wissenschaften zu Berlin, Verdffentlichungen des 
Geoditischen Instituts in Potsdam, Nr. 24: Die Wirkung des Windes suf 
om Berea. Von Helmut Krüger. Pp. 50. (Berlin: Akademie Verag, 
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Canada: Department of Mines and Technical Surveys. Publications of 
the Dominion Observatory, Ottawa. Vol. 22, No. 12: Bibliography of 
Seismology, Items 15346-15888, (July-December, 1962.) By J. H. Hodgson 
and F. E. Langill, Pp. 331-360. 1 dollar. Vol. 30, No.1: Bibliography of 
Seismology, Items 15889-16406, (January-April, 1968). By I. E. Langill 
and, 7 . H. Hodgson. Pp. 1-32. 1 dollar. (Ottawa: Queen’s Printer, 

Companhia de Diamantes de Angola (DIAMANG). Servicos Culturais. 
Dundo—Lunda—Angola. Museu do Dundo. Publicacoes Culturais, No. 65: 
Estudos de Historia (Ultramarina e Continental). O Mosteiro de Jesus de 
Aveiro. Por Domingos Mauricio Gomes dos Santos, S. J. (Volume 1/1). 
B Ixxxii+139+-18 plates. (Lisbon : Companhia de Diamantes de Anes 


963.) 6: 

United States Department of the Interior : Geological Survey. Geophysical 
Abstracts, No, 204, January 1964, By James W. Clarke, Dorothy B. Vitaliano, 
- Virginia S. Neuschel and others. Pp. {ii+87. 35 cents, Bulletin 1063-G : 
Geology of the Jewel Cave SW Quadrangle, Custer County, Scuth Dakota. 
By William A. Braddock. Pp. iv-+217-268+plates 20-22, Bulletin 1068-1: 
Geology of the Fanny Peak Quadrangle, Wyoming-South Dakota. By 
Donald A. Brobst and Jack B. Epstein. Pp. iv+323-377 + plates 25 and 26. 
Bulletin 1141-C: Geology of the Imuruk Lake Area, Seward Peninsula, 
Alaska. By D. M. Hopkins. Pp, v+101+plates 1 and 2. Bulletin 1141-M: 
Geology of the Jarbidge Quadrangle, Nevada-Idaho. By Robert R. Coats. 
Pp. if+24-+plate 1. Bulletin 1161-C: Fononaque Heavy Minerals in Sand- 
stone of Jurassic and Cretaceous Age in the Black Hills, Wyoming and South 
Dakota. By W. J. Mapel, W. A. Chisholm and R. E. Bergenback. Pp. 
iv +59 +plates 1 and 2. Bulletin 1161-D: Geologic Reconnaissance of the 
Antelope-Ashwood Area, North-Central Oregon, with emphasis on the John 
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Day Formation of Late Oligocene and Early Miocene Age. By Dallas jams 
Peck. Pp. ifi+26+plate 1. (Washington, D.C.: Government Printir 
Office, 1963. and 1964.) {2+— 
United States Department of the Interior: Geological Survey. Wa 
Supply Paper 1498-F : A Study of Fluvial Characteristics and Hydra 
Variables, Middle Rio Grande, New Mexico. By James K. Culbertson 
David R. Dawdy. Pp. vi+74. Water-Supply Paper 1499-D: 
Resources of the Albany-Schenectady-Troy Area, New York. By H. 
Halberg, O. P. Hunt and F. H. Pauszek. Pp. v+64+plates 1 and 2. Wa 
Supply Paper 1499-G: Water Resources of the Green Bay Area, Wisco: 
By Doyle B. Knowles, Frederick C. Dreher and George W. Whetst 
Pp. v+67+plate 1. Water-Supply Paper 1530: $ of Floods in 
United States during 1956. Prepared under the direction of E. L, Hendri 
Pp. vit-85. Water-Supply Paper 1535-H.: Field Measurement of Alkali 
and pH. By Ivan Barnes. Pp, fii+17, (Washington, D.C.: Gove 
Printing Office, 1964.) the 
United States Department of the Interior: Geological Survey. Wa 
Supply Paper 1545-C: Shortcuts and Special Problems in Aquifer Tee 
Compiled by Ray Bentall. Pp. ix+117+plates 1-4. Water-Supply Pap 
1595: Effects of Hydraulic and Geologic Factors on Streamflow of tall 
Yakima River Basin, Washington. By Hallard B. Kinnison and Jack 
Sceva. Pp. vii+134+plates 1 and 2. Water-Supply Paper 1615-B : Hydr 
geology of a Part of the Grand Prairie Region, Arkansas, By Richard 
Sniegocki. Pp. iv-+-72+plates 1-8. Water-Supply Paper 1669-4 : Group 
Water Conditions in the Rainbow Valley and Waterman Wash Are: 
Maricopa and Pinal Counties, Arizona. By Natalie D. White. Pp. iv-+50 
lates 1-4. ae Supply Paper 1689 : Magnitude and Frequency of Floo 
n the United States. Part 14: Pacific Slope Basins in Oregon and Low 
Columbia River Basin. By Harry Hulsing and N. A. Kallio, Pp. xiti+320 
one} 1-3. (Washington, D.C.: Government Printing Office, 1963 = 
‘a + 
United States Department of the Interior : Geological Survey. Profession 
Paper 303-E : Geology of the Chandler River Region, Alaska. By Robert 
Detterman, Robert $. Bickel and George Gryc. (Exploration of Nay 
Petroleum Reserve No. 4 and Adjacent Areas, Northern Alaska, 1944-5 
Pp. iv+223-824-+plates 27-42, Professional Paper 318-B: Physie 
Stratigraphy and Mineral Resources of Permian Rocksin Western Wyomit 
By Richard P, Sheldon. Pp. vi+49-278 t pates 4-13. Professional Pag 
344-B: Anorthosite and Associated Rocks in the Boehls ‘Butte Quadrant 
and Vicinity, Idaho. By Anna Hietanen. Pp. v+78-+plate 1. Professio» 
Paper 349-B: Geology of the Eastern Great Smoky Mountains, No: 
Carolina and Tennessee. By Jarvis B. Hadley and Richard Goldsmiw~ 
Pp. v+118+plates 1-3. Professional Paper 372-E : Effects of Drought 
Basins of Interior Drainage. By H. E. Thomas. Pp. iv+-51. Professio» 
Paper 417-B: Some Relations between Streamflow Characteristics and piii 
Environment in the Delaware River Region. By A. G. Hely and EF. 





Olmsted. Pp. tii+25+plates 1 and 2. Professional Paper 462-C: A P 
liminary Study of Sediment Transport Parameters, Rio Puerco near Bernare 
New Mexico. By Carl F. Nordin, Jr. Pp. iv-+21. Professional Paper 47 
Geological Survey Research 1968 : Summary of Investigations. Pp. ix+3* 
(Washington, D.C.: Government Printing Office, 1963.) Z 
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United States Department of the Interior: Geological Survey. Bulle 
1137 : Geology of the Lees Ferry Area, Coconino County, Arizona. By Dav 
A. Phoenix. Pp. vi+86+plates 1-3. Bulletin 1142-D: Economie Geolc 
of the Plant City Quadrangle, Florida. By James B. Cathcart. Pp. v-+5t 
plates 1-7. Bulletin 1177: Geology and Ground Water in Verde Valley 
the Mogollon Rim Region. By F. R. Twenter and D. G. Metzger. Jamm 
vi+132+plate 1. Water-Supply Paper 1330-G : Water Requirements of t 
Petroleum Refining Industry. By Louis E. Otts, Jr. Pp. v-+287-340-+ pb 
3. Water-Supply Paper 1436-1: Methods of Determining Permeabil 
Transmissibility and Drawdown. Compiled by Ray Bentall. Pp. vi +243-3 
Water-Supply Paper 1544-H: Methods of Collecting and Interpret 
Ground-Water Data. Compiled by Ray Bentall. Pp. vi+97. Water-Sup 
Paper 1576-D : Ground Water for Irrigation tn Part of the Fort Hall nasal 
Reservation, Idaho. By S. W. West and C. Kilburn. Pp. iv+33+plates 1 
Water-Supply Paper 1608-B : Ground-Water in Folded Cretaceous Sandst 
of the Bhachau Area, Kutch, India, with reference to the Kandla Port We 
Supply. By G. C. Taylor, Jr., M. M, Oza, A. Mitra, and B. N, Sen. 
aay +plates 1-4. (Washington, D.C.: Government Printing Oft 


United States Department of the Interfor: Geological Survey. War 
Supply Paper 1615-F : Problems in Artificial Recharge Through Well: 
the Grand Prairie Region, Arkansas. By R. T. Sniegocki. Pp. 11+2 

late 1. Water-Supply Paper 1619-GG: Geology and Ground-Wa 

esources of the Town of Southold, Suffolk County, New York. By H 
Crandell. Pp. iv+86+plates 1-3. Water-Supply Paper 1619-X: Geol 
and Ground-Water Resources of Rock County, Wisconsin. By E. F. LeRe 
Pp. iv+50+plates 1-5. Water-Supply Paper 1652-C : Summary of Flo 
in the United States during 1957. Prepared under the direction of E. 
Hendricks. Pp. vi+98. Water-Supply Paper 1660-B : Summary of Flood 
the United States during 1958. Prepared under the direction of E. 
Hendricks. Pp. vit+97. Water-Supply Paper 1666: Geology and Grov 
Water Resources of Lee and Sumter Counties, Southwest Georgia. 
V. Owen, Jr. Pp. iv+70+plates 1-6. Water-Supply Paper 1669-3 
Reconnaissance of the Ground-Water Resources of the Arkansas Va 
Region, Arkansas. By Robert M. Cordova. Water-Supply Paper 166% 
Hydrology of Upper Black Earth Creek Basin, Wisconsin. By Denze> 
Clina. Pp. iv+27+plates 1 and 2. (Washington, D.C.: Governm 
Printing Office, 1963.) 
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recommended to anyone interested in the background of current 
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GOVERNMENT RESPONSIBILITY FOR SCIENTIFIC DOCUMENTATION 


\ is a valid criticism of both the Trend Report on the 
organization of civil science and of the Robbins 
Report on higher education that neither Committee 
appears to have examined, other than superficially, the 
importance of libraries and effective means of com- 
munication in higher education generally or in the 
efficiency of research and development. Nor can it be 
held that, despite the development of the National 
Lending Library for Science and Technology and the 
attention which has been focused on the significance of a 
national policy for library development by Bills presented 
to Parliament, the Advisory Council for Scientific Policy 
has given to the question of scientific libraries the con- 
tinuous and searching attention that the importance of 
the question warrants. It is difficult even to obtain an 
adequate account of the work of the Intelligence Division 
of the Department of Scientific and Industrial Research. 
Evidence of the forward and constructive thinking at 
national level which should be proceeding with determ- 
ination and drive is sadly lacking. 

In significant contrast, President Kennedy’s Science 
Advisory Committee issued early in 1963 a report, 
Science, Government and Information*, prepared by a 
Panel on Science Information, which discusses the 
responsibilities of the technical community and the 
‘Government in the transfer of information. The con- 
clusions of the report were detailed in Minerva in its 
Autumn issue (11, No. 1; 1963). President Kennedy, in 
an accompanying statement, accepted the view that 
adequate means of communication is a prerequisite for 
strong science and technology, and the observations of 
the Panel, of which A. M. Weinberg was chairman, deserve 
attention by scientists and technologists, as well as 
administrators concerned with research and development, 
at least as much in Britain as in the United States. It 
sees the problem of information as an essential part of 
research and development, while fully recognizing that 
the most effective system of scientific communication is 
no substitute for good management. 

While Dr. H. Coblans has hailed the report as a land- 
mark because of its cogent presentation of the problems 
of documentation in the United States and because it 
analyses these problems in terms which can be understood 
alike by the scientist and the administrator, the report 
offers no new solutions. The very form in which its 
recommendations and suggestions are formulated implies 
that the problems of communication will best be solved 
by a co-operative effort between the technical community 
and the Government agencies concerned. The report is 
in fact in four parts. The first two discuss briefly the 
nature of the information problem, including its practical 
magnitude, and the attributes and problems of the chain 
of transfer of ‘information and of information systems. 
The second two, which comprise more than half the report, 
set forth the Committee’s suggestions, first to the tech- 
nical community and secondly to the Government 
agencies. 

* Science, Government, and Information: Tke Responsibilities of the 
Technical Community and the Government in the Transfer of Information 


(A Report of the President’s Science Advisory Committee.) Pp. v+52. 
(Washington, D.C.: Government Printing Office, 1968.) 25 cents. 


The major findings and recommendations of the Panel 
may be very briefly expressed. All concerned with 
research and development must accept responsibility for 
tho transfer of information in the same degree and spirit 
that they accept responsibility for research and develop- 
ment itself. Moreover, since the later steps in the transfor 
process, such as retrieval, are strongly affected by the 
attitudes and practices of the originators of scientific 
information, the working scientist must share many of the 
burdens that have traditionally been carried by the 
professional documentalist. This means that the tech- 
nical community generally must devote a larger share of 
its time and resources to the discriminating management 
of the ever-increasing technical record. Less than this 
will lead to fragmentation and inefficiency. 

One significant feature of the report is the cogent 
argument for Government interest and support. This 
only in part rests on the vital importance of effective 
communication if waste and inefficiency in science and 
technology are to be avoided, though in that context the 
Panel points out that Government concern must not be 
limited to information. systems for which Government 
agencies are directly responsible. Other information 
systems can vitally affect the whole position. The Panel 
points beyond this to the way in which technical literaturc, 
with its long tradition of self-criticism, helps to main- 
tain the standards and validity of science. From this 
point of view alone the Government has a strong 
interest in keeping viable this mechanism of critical 
review. 

First, however, the recommendations to the technical 
community may be considered. They include the elim- 
ination of unnecessary publication and the improvement 
of the quality of technical books—here something more 
than clarity of expression and the elimination of jargon is 
required. Probably the two most fundamental recom- 
mendations are that the scientific and technical community 
must recognize that the handling of technical information 
is a worthy and integral part of science, and that the 
individual author must accept more responsibility for 
subsequent retrieval of what is published. The first of 
these has implications regarding the status of librarians 
and others concerned in handling information to which 
effect has yet to be given in Britain, while the Panel’s 
further specific recommendations that the reviewer 
should be given higher status would also follow. The 
second is a specific example of the way in which co-opera- 
tion is essential and would be assisted by more attention 
to writing itself as well as by wider provision of training 
in the techniques of handling information—training which 
can scarcely be left to the universities and colleges of 
technology, but should equally be given in technical 
colleges, teachers’ training colleges and other institutions 
of further education. 

The Panel regards this basic problem as that of the 
transfer of information, not documents, and the system 
here is held together by an array of switching devices 
which connect the user with the information he needs. 
It suggests.that the technical community must co-operate 
with the professional documentalist in exploring new 
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methods for processing and retrieving information. It 
sees the specialized information centre as a major key to 
rationalizing the information system, but suggests that 
central depositories may offer useful alternatives to 
traditional techniques of communication through conven- 
tional journals. Mechanized information processing also 
promises to ease the information problem, and here the 
National Science Foundation is already sponsoring some 
useful studies. The Panel also directs attention to the 
promise of the citation index. Finally, the Panel com- 
mends the efforts of the Office of Science Information 
Service to secure uniform practices in abstracting and 
indexing. 

` The support which the Government gives to such 
services in Britain is too negligible for it to exert at 
present the influences that the Federal Government can 
in the United States; but the situation could well change 
rapidly. Hitherto the Government’s attitude in Britain 
has been negative, rather than constructive, leading to 
the elimination of some services that were valued, rather 
than to the encouragement of efficiency and uniformity. 
This in itself would suggest that the warning with which 
the Panel prefaces its recommendations to Federal 
agencies, that Government information activities should 
not be allowed to swamp non-Government activities, is 
not entirely without relevance in Britain. The Panel 
advocates that the entire network of Government informa- 
tion systems should be kept under surveillance by the 
Federal Council for Science and Technology, and it 
welcomes the establishment by that Council of an inter- 
agency Committee on Science Information. 

The Advisory Council for Scientific Policy seems the 
obvious body to exercise corresponding oversight in 
Britain. Its position should be strengthened now that 
the responsibility for the public library service as well as 
for the universities falls within a single Ministry. Admit- 
tedly it still lacks the help which the Office of Science 
Information Service of the National Science Foundation 
can give in the United States, but this is something 
which could easily be rectified in the re-organization of 
civil science which is now in process. Some means of 
ensuring effective oversight of the whole field at national 
level is essential if the Government is seriously con- 
cerned with the effective organization of science and 
technology. 

The Panel recommends that each Federal agency 
concerned with science and technology accept respon- 
sibility for information activities in fields relevant to its 
mission, and devote an appreciable fraction of its talent 
and other resources to the support of information activities. 
This would involve the establishment of a highly placed 
focal point of responsibility for information activities as 
part of the research and development section of the agency, 
not of the administration itself. It would follow that 
information activities within a Government department 
should be the responsibility of the chief scientist or chief 
scientific adviser when the development of such units is 
appropriate, even if the information activities themselves 
extend outside science and technology. 

Some of the detailed recommendations of the Panel for 
the use of the Federal agencies relate to specific American 
conditions, though the suggestions for clearing houses on 
current efforts, for example, might well be worked out in 
a different context, and generally the suggestions indicate 
opportunities which could be explored in Britain as well 
as in the United States. What stands out most clearly is 
that progress is likely to result from a series of co-operative 
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efforts rather than from top-level direction. Some central 
authority, competent to take an overall national view and 
identify weaknesses, as well as possessing the resources 
and influence to rectify such weaknesses, is obviously 
imperative, but the first need is for scientists and tech- 
nologists to recognize their own responsibilities and to 
concert the necessary measures within their own field. 
Only when a good deal more has been done to rationalize 
and eliminate existing weaknesses in scientific publications 
can it be expected that the Government itself will be ready 
to make available the further resources from national 
funds that are necessary, but meanwhile the framing of 
policy and shaping of organization should proceed. 
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BASIC GENETICS 


Genetics and Modern Biology 

By Dr. George W. Beadle. (Memoirs of the American 
Philosophical Society, Vol. 57.) Pp. viiit+73. (Phila- 
delphia: American Philosophical Society, 1963.) 2 dollars. 


HIS short book contains a remarkably clear and 
succinct account of many of the basic facts of 
genetics. It consists of three lectures directed at an 
audience not mainly trained in that science. The first 


_takes us from Mendel’s discovery to the Crick-Watson 


model of deoxyribonucleic acid, the second gives an 
outline of how patterns of this substance are copied with 
extreme accuracy and also generate polypeptides which 
are either complete proteins or parts of them. The third 
continues this account, but deals mainly with evolution, 
including that of man. 

So brief a summary can be misleading, because it gives 
only a tiny fraction of the evidence for some well-estab- 
lished theories, for example, that either meiotic division may 
be responsible for segregation of a pair of allelomorphs, 
and almost all the evidence for other theories such as 
double crossing-over within a single codon (that is to say 
a segment of DNA responsible for the evocation of a single 
amino-acid) which are still, I think, open to considerable 
doubt. However, Ionly noted threestatements which appear 
to me to be untrue. On p. 2 it is stated that Mendel 
called his units of inheritance “elements”. His most 
common phrase was “differendierende Merkmale”; and I 
have argued elsewhere that this concept came more readily 
to a mind which had accepted the philosophy of St. 
Thomas Aquinas than to one which thought of Nature in 
terms of atoms and molecules. On p. 42 we read that there 
are only twenty kinds of transfer RNA, one for each amino- 
acid. There was, at least until recently, evidence for 
several such, in cases where several different codons 
evoked the same amino-acid. 

Finally, on p. 70, Dr. Beadle states that ‘our know- 
ledge is such that we could, if we chose to do so, direct 
our own evolutionary futures’. This seems to me false 
for several reasons. Let us begin with the simplest. 
We know several hundred genes, all fairly rare, of which 
we should like our descendants to be rid. Our knowledge 
would permit us to reduce their frequency, though, 
until we can control mutation, we could not abolish them. 
But we do not know of even one gene, now found in a 
minority of our species, which we should wish to become 
much more common, if not universal. Yet any acceptable 
evolutionary future would surely include, for example, 
genetical changes which would bring the genotypes of 
ninety per cent of the human race to the level of con- 
genital mathematical ability now possessed by the best 
ten per cent. Secondly, we do not know whether the geno- 
types which we should desire are not heterozygous at 
several loci. If so, the.best goal at which we could aim even 
if we knew as much about human genetics as we know 
about that of maize would be a polymorphism in which 
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not all the population possessed the desired genotype. 
Evon to achieve this we should have to breed, as with 
maize and poultry, mainly from people who were, in 
some important respects, below the standard aimed at. 

Thirdly, we do not know what our descendants’ environ- 
ment will be like, and therefore what evolutionary 
changes are required to fit it. Will they mostly live at 
controlled temperatures doing little muscular work and 
protected from most infections but perhaps exposed to 
more y-radiation than ourselves? Or will the most 
important humans be colonists of other planets, liable to 
severe changes of temperature, pressure, gravitation, 
and so on, and perhaps to attacks by extra-terrestrial 
pathogens? Even if we knew this, we have little idea of 
what psychological capacities to aim at. Do we want most 
people to be potential Shakespeares, or is one per million 
an ample ration ? If injustices are going to persist, we 
shall need some people with the genetical equipments of 
Marx and Gandhi. But how many? I am glad to think 
that we do not know enough genetics even to misdirect our 
evolution seriously, much less to direct it. Here Beadle 
seoms to have fallen into one of Hitler’s minor errors. 

To myself the most interesting parts of the book are the 
glimpses of history, for example of T. H. Morgan’s attack 
on genetics in 1908, which reminds me of St. Paul’s early 
attacks on Christianity, and Beadle’s work with Ephrussi 
in Paris about 1934. The work of Dodge and Lindegren 
on Neurospora, which laid the foundations on which 
Beadle and Tatum built, is fully acknowledged, as in 
Ellis’s early work on bacteriophage. Sometimes, however, 
the history may be a little misleading. Thus Horowitz is 
credited with the notion that, while the first organisms 
might have found amino-acids and other fairly large 
molecules in their environment, these would be used up, 
and one of the first evolutionary improvements was the 
biological synthesis of such substances from simpler ones. 
I had pointed this out seventeen years before Horowitz. 
On. the other hand, Sir Robert Robinson’s name should, 
I think, be substituted for my own in the list of investi- 
gators of the genetic control of flower pigments on p. 10. 
It is also, I think, well established that Garrod, who is 
rightly one of Beadle’s heroes, derived his genetical ideas 
directly from Bateson. 

The book should be useful in two distinct ways. It will 


serve as & clear and stimulating account of some modern 


trends in genetics to readers who know little of that science, 

and it will help teachers of genetics to describe these 

trends to students in the early stages of their instruction. 
J. B. S. HALDANE 


LETHAL SYNTHESIS 


Biochemical Lesions and Lethal Synthesis 

By Sir Rudolph A. Peters. (International Series of Mono- 
graphs on Pure and Applied Biology. Modern Trends in 
Physiological Sciences Division. Vol. 18.) Pp. x+321. 
(Oxford, London, New York and Paris: Pergamon Press. 
1963.) .70s. 


Taa volume reports in his own characteristic style the 
interests and enthusiasms of its author spread oub 
over a long and vigorous scientific career; one which is still 
happily progressing. In his first research, 53 years ago, 
Sir Rudolph Peters determined, at Joseph Barcroft’s 
suggestion, the ratio of maximum combination of oxygen: 
iron in samples of oxyhemoglobin, which he found tended 
to a constant value. This demonstration appears to have 
set his mind along a pathway from which the idea of 
chemical combination at an ‘active centre’, contained at 
an interface or in a protein molecule, was never far distant. 
Most of his long-sustained contributions embody essen- 
tially this same idea, which he propounded in some detail 
in his Harben Lectures as early as 1929 (reproduced here in 
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full, with explanatory notes, on pp. 216-306). Reading 
these again after so many years, one is struck with thoir 
present-day significance. The author has here, as in most 
of his work, taken a broad view of the distant scene and is 
frequently impatient with matters of detail—‘“‘the trees 
which hide the wood” (p. vi). This includes some over- 
sights in proof-reading in the present book: there seems to 
be a missing appendix referred to at the end of p. 5; 
a missing line in Table 5, 3; sulphanilimide on p. 89; 
inborn error of metabolism “produces a missing enzyme in 
some metabolic pathway”, p. 160; the reference under 
Fig. L 14; the addition after “lastly” to the acknow- 
ledgements; etc. It seems churlish, however, to dwell on 
these minor points when the book as a whole is so lively 
and readable. 

It contains some interesting and thought-provoking 
calculations, as, for example, that the volume of pure 
water equal to a small organism of 0-2u. linear dimensions 
(chosen because this was the approximate limit of resolu- 
tion of the optical microscope, p. 223) would contain at 
pH 7 on average approximately one single hydrogen ion— 
or more correctly hydronium ion. (The figure on p. 212 of- 
0-2 u? as the volume concerned in this calculation is clearly 
an error.) This was a point well worth making, although 
a similar volume of ‘physiological’ saline buffered with 
bicarbonate-CO, would have about 10! molecules of dis- 
solved carbon dioxide, and 20 times as many bicarbonate 
ions; not perhaps a negligible consideration here. 

The term ‘biochemical lesion’ was introduced by Sir 
Rudolph Peters thirty years ago to denote a primary defect 
im mechanism preceding a histologically detectable 
abnormality in tissue. The importance of this in medicine 
is similar to that of the police in the prevention of crimo, 
rather than in prosecuting the criminal after the offence 
has been committed. Sir Rudolph was the first person to 
demonstrate conclusively the role of a vitamin in tissue 
metabolism, by his well-known identification of thiamine 
as the co-factor involved in the oxidation of pyruvate and 
hence essential for the healthy maintenance of carbo- 
hydrate metabolism, especially of the brain. This work 
is fully reviewed here, with some fascinating side-tracks 
in the series of notes appended to Chapter 2. 

The contribution to detoxication made by the discovery 
at Oxford of British anti-lewisite (BAL) is fully recounted 
in Chapter 3. The ubiquitous pyruvate oxidase system 
again played a most important part here, for it was pro- 
tected from, and even reactivated after, arsenical poison- 
ing by treatment with the dithiol antidote. Mustard-gas 
poisoning still remains a mystery. The combination of this 
toxic agent with nucleic acids has been established, but 
the method of its vesicant action remains tantalizingly 
obscure (see also p. 80 for the effects on mitosis). 

Separate consideration is given to the inhibition of 
enzymes which are dependent on intact thiol groups for 
their activity. Alkylating agents and oxidants, as well as 
some lachrymatory substances, como within this class. 
There is some evidence that this type of interaction may 
also be concerned in carcinogenesis, and Dr. H. E. H. 
Jones and myself have recently described a series of 
sulphydryl-reacting unsaturated lactones which produce 
sarcomas on injection into animals (British Medical 
Bulletin, in the press). The chapter dealing with thiol 
groups shows how differently thiol compounds may react 
with a given toxic agent. . 

The nature of ‘lethal synthesis’, whereby a metabolite 
which is itself non-toxic (such as fluoroacetate) is built 
into a new toxic molecule (such as fluorocitrate) by a 
biosynthetic mechanism, has occupied Sir Rudolph Peters 
for the past fifteen years. The deciphering of this prob- 
lem forms perhaps one of the most stimulating chapters in 
this book, opening up as it does the prospect of long-range 
metabolic inhibitors, converted into the active intor- 
mediate only after extensive metabolism within the 
organism. Apart from these carbon-fluorine compounds 
the principle is being widely applied to specific growth 
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inhibition by substituted nucleic acid bases and in many 
other important ways, some of which of course are highly 
valuable in chemotherapy. 

The metabolic background of much of the preceding 
material is discussed in a later chapter on “Cell Integra- 
tion”, in which the author’s Linacre Lecture, delivered 
in 1962, is reproduced. This provides a highly readable 
outline of the main theme, illustrated copiously with 
electron micrographs to show the correlation of the 
biochemical and structural concepts. In fact the reader 
would be well advised to start here and then go back to the 
beginning; and this seems to be hinted in the introduction 
(p. 9). 

This, however, is a highly personal book, and the way in 
which it is presented is part of Sir Rudolph Peter’s per- 
sonality. It will certainly fully repay careful study by 
biochemists, biologists, medical research workers and 
others who can appreciate the unfolding of an important 
chapter of biological science revealed in stages as it was 
carried out by Sir Rudolph and his colleagues. 

F. DIOKENS 


ELECTROCHEMICAL REACTIONS 


lon Association 
By Prof. C. W. Davies. Pp. viii+190. (London: Butter- 
worth and Co. (Publishers), Ltd., 1962.) 40s. 


lons in Hydrocarbons 

By Andrew Gemant. Pp. viii+261. (New York and 
London: Interscience Publishers, a Division of John 
Wiley and Sons, Ine., 1962.) 94s. 


Electrochemistry 

Theoretical Principles and Practical Applications. By 
Giulio Milazzo, with the co-operation of G. Bombara, 
I. Epelboin, ©. Furlani. P. Gallone, S. Hjertén and A. 
Liberti. Pp. xv+708. (Amsterdam and London: 
Elsevier Publishing Company, 1963.) 110s. 


Electrochemical Reactions 

The Electrochemical Methods of Analysis. By Prof. G. 
Charlot, J. Badoz-Lambling and B. Trémillon. Pp. 
ix+376. (Amsterdam: Elsevier Publishing Company, 
1962.) 80s. 


ON Association is a lucid summary and extension of 

views on: ion-pair formation in dilute electrolyte 
solutions which the author has been developing ever 
since the inception of the Debye—Htickel-Onsager treat- 
ments of interionic attraction forces. Essentially these 
views have stood the test of time and have been sub- 
stantiated by more recent experimental methods. Davies 
has given most attention to conductances, solubility 
measurements and the rates of ionic reactions. Short 
surveys of spectrophotometry and potentiometry are 
included, but only brief references are made to other ways 
of studying ion-association. To calculate thermodynamic 
dissociation constants, a reliable activity coefficient expres- 
sion is needed. This is met by evolving a general form that 
is valid up to about 0-1 M and is based on an examination 
of the experimental values of about 150 1:1 and 1:2- 
valent electrolytes. Other features of the book are a 
concept of dissociation minima which is developed into 
an analysis of ion-micelle formation in paraffin salt solu- 
tions and the role of ion-pairs on the rates of ionic reac- 
tions. Present-day intensive studies of the kinetics of 
complex ions make this an important contribution, for it 
is shown, that ion-pairs often react at very different rates 
to those of the parent reactant ions. 

Many relationships between dissociation constants and 
ion characteristics have been projected over the past 
forty years, ranging from Bjerrum’s treatment of critical 
ion distances to theories based on ion sizes, ionization 
potentials and entropy changes. None is completely 
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satisfactory, but by carefully distilling out the most 
important features Davies has given a clear picture for 
teachers and students trying to find their way through 
one of the jungles of physical chemistry. 

Ions in Hydrocarbons is a mixed bag of oddments. It 
evidently arose through trying a number of experimental 
ways of examining the ionic products generated in 
transformer oils by corrosion, radiation, etc. The result 
is a series of short bursts (thirty chapters in about 240 
pages !), which possibly contain useful bits of information 
but certainly include material that needed more space 
to justify its inclusion. Thus reaction mechanisms of 
organic reactions are disposed of in five pages, while 
conductance theories of dissociation, Hamed’s B.M.F. 
method and ion production by high-energy particles are 
each given six pages. 

The remainder of the book describes almost every 
possible way of investigating the minute ion concen- 
trations formed in hydrocarbon solutions of organic acids, 
phenols and the oxidation products of hydrocarbons. 
The results are speculated on with the aid of numerous 
graphs, but the reader is not led to any definite conclu- 
sions. To take specific cases, from plots of specific 


. conductance against concentration (logarithm values) for 


toluene sulphonic acid in xylene-alcohol, and empirical 
extensions to theory, the dissociation constant is calculated 
to be in the range 10-*°-10-1"; secondly, the effect of ozone 
on aromatic substances is examined by conductance 
increases, chromatography and ion-exchange resins, 
thirdly, the rate of electrodeposition of carbon-14-labelled 
tridecanoate on copper and lead is followed. Features of 
this sort might trigger off more systematic efforts by 
others. One must agree with the author’s comment that 
an extension of our present knowledge to solutions of 
very low conductivity is desirable. 

As a teaching text, which Electrochemistry is stated to 
be, a large portion of it is indeed very suitable up to 
about Finals-level. Unfortunately, the book also includes 
rather elementary accounts of electrolysis and technical 
aspects of industrial electrolytic processes such as are 
usually taught in school courses of inorganic chemistry. 
The result is a book which, if only electrochemistry is 
considered, is almost twice the size and price that it need 
have been. 

A reasonable outline of relevant thermodynamics is 
given in the opening pages, but it is followed by a chapter 
on conductance and transference numbers which can only 
be described as weak. Thus no aceount of precision 
conductance equipment and techniques is included, while 
the treatment of dissociation constants and transference 
numbers in terms of the Onsager—Fuoss theory is ignored. 
A lack of practical aspects also characterizes the chapter 
on E.M.F. cells, and while the thermodynamic treatment is 
very sound it is not explained how standard electrode 
potentials (which are rather unhappily called ‘electric 
tensions’) are obtained. Against these deficiences the 
handling of electrode kinetics, overpotentials, etc., is 
among the best available in a teaching text. Hydrogen 
and metal ion discharge theories, and related features 
such as depolarization, are explained most carefully. 

Electrochemical methods of analysis are surveyed in a 
reasonable manner in terms of electrodeposition, potentio- 
metric and pH titrations, conductance titrations including 
those using high-frequencies, and various polarographic 
methods. The last of these is supplemented by a most 
useful table of half-wave potentials of metals and a large 
selection of organic compounds. An account of colloids 
is also included; much, of its value is due to reviews of 
electro-osmosis and electrophoresis methods such as the 
Tiselius cell for examining proteins. 

As already mentioned, the rest of the book is largely 
concerned with industrial and practical aspects of electro- 
chemistry. Among the processes covered are those 
relating to copper, zinc, caustic soda, aluminium, mag- 
nesium and sodium. This section is mainly technical 
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description, but the final chapter on primary cells and 
accumulators is a happier combinstion of both practical 
and academic points of view. It includes sound summaries 
on fuel-cells and recent improvements to alkaline accumu- 
lators such as the silver-zine type. 

Although Hlecirochemical Reactions is described as being 
written for analytical chemists it is biased rather more 
towards theoretical aspects than towards practical 

\considerations. There are no specific accounts of instru- 
hentation nor detailed accounts of analytical_methods. 

- le topics covered are potentiometry, polarography and 
as. ‘ciated methods such as amperometry, electrolytic 
sep. tions and coulometry. In general, the approach 
has ien to discuss all possible types of reactions and then 
to il ‘trate each type by examples. No stone seems to 

be le luntumed in this respect, but while the treatment 
is m t competent, one gets the impression of far too 
mucl subdivision. As an example of this, the theory of 
elect: lysis is discussed in terms of current-potential 
curv: ;when: (a) a reducing or oxidizing agent is present; 
(b) w is n these belong to the same redox system; (c) when 
seve: bl such systems are present; (d) when two electrodes 
are  resent—separated by a membrane—identical elec- 
trod s—different electrodes; (e) when the solvent reacts; 
(f) Vhen transference occurs by migration, diffusion, 
con ection. These are illustrated by idealized current- 
pot htial diagrams as is most of the book to the tune of 
son > four hundred figures. 

I | spite of this rather tedious manner of presentation, 
the contents will be most useful to practising analysts 
wh | are concerned with research and development 
pro lems and those ‘who wish to keep abreast of recent 
tec. niques in these subjects. For example, ‘chrono- 
am, erometry’, that is, polarography at fixed current or 
pot ntial, following current or potential variations with 
tim ; is dealt with. Large solid electrodes can be used so 
tha | bigger effects are obtained than by the conventional 
dro iping mercury electrode. Other recent trends that are 
rev jwed are studies of electrolysis, potentiometry, ete., 
in 1 jixed or non-aqueous solvents. C. B. Mon 


ION KARMAN’S LAST LECTURES 


Fre n Low-speed Aerodynamics to Astronautics 

By Prof. Theodore von Kármán. Co-ordinating Editor: 
Dr. Shih I. Pai. (International Series of Monographs in 
Ae! mautics and Astronautics.) Pp. xv +82. (London and 
Ne ‘York: Pergamon Press, 1963.) 25s. 


g 'HEODORE von KARMAN, who died on May 7, 1963, 
, at the age of eighty-one, was recognized as one of 
the jgreatest of aerodynamicists; but no less remarkable 
wa ithe vigour with which he pursued fresh interests in 
the last years of his life and encouraged organizations 
der ling with the new subjects then developing. Born in 
Bu iapest, he spent nearly twenty years as director of the 
Ao ‘onautical Institute at the University of Aachen, before 
goiig to the California Institute of Technology in 1930. 
Ar hough he did not become a United States citizen until 
he was fifty-five, ho had the honour of being the first 
ret ipient of the United States National Medal for Science, 
in 1963. 
‘the title of this little book, From Low-speed Aerody- 
na nics to Astronautics, is in itself a summary of his career, 
n | the text (which is the record of three lectures given 
in (961) reflects the development of his interests, from his 
pec tgraduate studies at Göttingen in the early years of 
th century, when Lanchester came to discuss wing 
th ory with Prandtl, to the 1960’s, when von Kármán 
fo nded the International Academy of Astronautics. 
Tl > first of the three main sections of the book, entitled 
“2 srothermodynamics”’, is a concise survey of aerody- 
né nics from incompressible flow to hypersonics. The 





` 


NATURE 


739 


second main subject, “‘Aerothermochemistry”, covering 
flow problems in which chemical reactions occur, is con- 
cerned mainly with re-entry into the atmosphere from 
near-orbital speeds. Finally, after a brief and rather 
unsatisfactory note on “Rarefied Gasdynamics’’, comes an 

introduction to ‘““Magneto-fluid-dynamics”, in ‘which the 
chief phenomena are outlined and the important non- 
dimensional parameters are defined. 

Prof. von Kérman’s review articles are famous for going 
to the heart of the matter with the minimum of fuss, 
and bringing out the essential physical principles with 
simple mathematics. These qualities are again evident 
here, and the section on aerothermodynamics is particu- 
larly rewarding. The text is built round the numerous and 
informative diagrams, which are taken largely from special- 
ized papers: this is an excellent plan, but its execution 
is sometimes marred by inadequate captions to the dia- 
grams (and rather too rich a crop of misprints). The style 
is informal and economical, with plenty of witty asides: 
for example, we are told that at least three German pro- 
fossors named Schmidt each thought that the “Schmidt 
number” was in honour of himself. 

The book is a most useful introduction to the wide 
range of topics it covers. But it is also a contribution 
to the history of the subject, and an epitome of the unique 
career of a man who stood in the main stream of develop- 
ment in aerodynamics and aerospace engineering, and 
wisely guided that stream on its way to ever higher 
Mach numbers. D. G. Kivc-HEitEe 


ASPHALT: SCIENCE AND 
TECHNOLOGY 


Asphalt Science and Technology 

A Comprehensive One-volume Survey, Encyclopedic in 
Scope, correlating the Physics, Chemistry and Rheology 
of Petroleum and Synthetic Asphalts with an Authori- 
tative and Detailed Presentation of Modern Asphalt 
Manufacturing and Test Methods for a Wide Range of 
Asphalt End-uses. By Edwin J. Barth. Pp. xx+700. 
(New York: Gordon and Breach Science Publishers, Inc., 
1962.) 32.50 dollars. 


Arras Science and Technology sets out to provide 
“the first truly encyclopedic authoritative coverage of 
modern petroleum and synthetic asphalts’’, and does, in 
fact, contain a large amount of information relating to the 
classification, chemistry and physics of asphalts or bitu- 
mens. The use of these materials in work such as road 
surfacing is also discussed at some length, with particular 
reference to such factors as durability. 

Having regard to the origin of this book, it naturally 
makes use of nomenclature which is, in certain respects, 
different from that now in use among asphalt technologists 
in Britain, and it is, for example, somewhat disconcerting 
to find petroleum refinery bitwmens classified as ‘artificial 
asphalts’. Again the British reader may shy at words 
such as ‘voluminosity’, but the technologist will have no 
serious difficulty. 

Much of the asphalt technology in Britain has followed 
very traditional lines, and Edwin J. Barth provides a 
refreshingly new outlook on a considerable number of 
fundamental problems which should lead to a better 
understanding of this rather specialist subject. For 
example, Barth discusses at length the nature and in- 
fluence of the asphaltenes in bitumens, dealing particu- 
larly with the carbon/hydrogen ratio, not only as a basis 
for classification, but also as an important factor in 
determining the overall chemical and physical character- , 
istics of a bitumen. The basic idea that bitumens may 
be regarded as an oily medium in which are dispersed 
asphalt micelles or asphaltenes was probably first pro- 
pounded by Boussingault in 1937. However, it is only in 
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very recent years that asphalt technologists have really 
begun to understand that, not only does the size of the 
asphaltene micelle vary greatly, but also the chemical 
composition of this vital part of any bitumen varies, with 
consequent influence on the properties of the commercial 
material, 

The author follows with an extensive chapter on 
rheology where, again, the importance of the asphaltenes 
is emphasized. Here, too, there is a clear plea for more 
fundamental thinking and for the use of more scientific 
test methods than are often utilized in the industry to-day. 
Other tests discussed in a further chapter include items 
such as specific heat and permeability to water vapour, 
which are often neglected. 

Following chapters on the manufacture of asphalts and 
other bituminous ‘specialities’, the author passes to a 
consideration of the modern asphalt pavement. This 
section is, perhaps, not entirely comprehensive, and suffers 
from the fact that, quite naturally, it does not deal at all 
with many of the asphaltroad surfacings that are commonly 
used in Britain. Yor this type of information the reader 
must turn to the more ‘practical’ books which are available. 

The final chapter deals with the subject of durability. 
- This is, of course, a matter of first importance, both to the 
practical asphalter and to the more scientific research 
worker, and the author again brings fresh thought to 
bear, incidentally once more introducing his basic concept 
of the influence of the carbon/hydrogen ratio. We are 
probably fortunate in Britain in having generally available 
to us bitumens of a high quality and good durability, but 
recent researches—for example, those at the Department 
of Scientific and Industrial Research Road Research 
Laboratory—have shown that durability in relation to the 
general success of an asphalt road in service is a complex 
matter which needs a great deal of further investigation. 

Barth’s new book may be said to consist largely of 
‘scissors and paste’, but this should not be regarded as a 
serious criticism as it is indeed useful to have gathered 
together such a mass of information, much of which comes 
from sources not readily available other than by consider- 
able library research. Barth’s own views regarding the 
work of others are clearly brought out and the isolated 
researches are linked together in a useful manner. In 
all cases. the necessary references are included for the 
benefit of those wishing to delve more deeply into any 
particular point. : 

To many, the main criticism of this book will be its 
high price. This will inevitably limit its sale in Britain, 
but those fortunate enough to have access to a copy will 
find it a useful reference book, particularly as a com- 
panion to the more practical volumes which are available 
in the field of bituminous road and building work. 

D. ©. Broome 


RHEOLOGY OF EMULSIONS 


Rheology of Emulsions 

Edited by P. Sherman. (Proceedings of a Symposium 
held by the British Society of Rheology at the St. George’s 
Hotel, Harrogate, October 1962.) Pp. vii+146. (London 
and New York: Pergamon Press, 1963.) 50s. net. 


HE contents page of Rheology of Emulsions invites 

us to read ten papers on various aspects of emulsion 
behaviour, principally droplet flocculation, emulsification, 
stabilization, emulsifier behaviour, dielectric properties 
and viscosity/concentration relations. In fact, nine 
complete contributions are presented, one being only a 
brief abstract. It is to be regretted that the contribution 
not included, ‘The Behaviour of Deformable Drops in 
Laminar Shear Flow’, was an important one. Pre- 
sumably this will be published elsewhere, although no 
mention is made of this. 
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The papers, which are well presented, collectively form a 
useful contribution to a somewhat neglected field of 
rheology; æ logical sequel, too, to a previous symposium 
of the British Society of Rheology on the “Rheology of 
Disperse Systems” (1959) which dealt with solid-in-liquid 
dispersions. A commendable variety of topics is covered, 
but there is, inevitably, some overlapping of material 
here and there. Each paper is well provided with refer- 
ences; with one exception, no author gives less than a 
dozen, useful, individual references. Clear graphical . 
presentation of results is the common pattern. 

Elements of well-known theories are combined to give 
support to experimental data in two interesting papers 
which examine induced or accelerated particle aggregation 
arising from simple shear flow. The effects of particle 
interaction on dispersion viscosity appear to be satis- 
factorily accounted for, if agglomeration of particles is 
considered to trap and immobilize continuous phase 
fluid; this leads to an apparent increase in the dispersed 
phase volume. The inherent polydispersity of most 
emulsions, however, limits their application to investiga- 
tions of this phenomenon which is strongly dependent on 
globular size. Another paper tackles the difficult subject 
of emulsification and attempts to analyse the mechanics 
of the disruption of the interface between two immiscible 
fluids. While one can be sympathetic to the author’s 
approach, unfortunately no direct evidence substantiates 
the proposed mechanism of jet formation and break-up. 
To enhance the tradition of the Netherlands school, there 
is an authoritative, though scarcely rheological, paper 
which, in an elaboration of certain aspects of the theory 
of colloidal stability, considers the free energy of charged 
interfaces. This will interest some rheologists. 

In pharmaceutics, gum acacia as an emulsifying agent 
for oil-in-water emulsions is well known, but the physico- 
cheniical basis for the formation of its elastic interfacial 
films remains unexplained. It seems likely to be at least 
partly dependent on the chemical nature of the emulsified 
oil. A paper dealing with this substance contributes little 
to elucidating the manner of this film formation, but does 
demonstrate interesting viscosity changes in acacia- 
stabilized emulsions with time and oil globule size which 
can be related to alterations in acacia film thicknesses. 
Another contribution which takes a particular material 
as its subject is one concerned with the physical structure 
ofice-cream. From creep measurements at small deforma- 
tions it is deduced that the structure is based on a network 
of fat droplets enveloped and joined together by denatured 
milk protein. The physical state of the protein structure 
is questioned, however, by a communicant in the general 
discussion. 

An unusual topic for rheologists is to be found in a 
rather long paper. but this is not to its detriment, on the 
dielectric behaviour of emulsions both at rest and under 
shear. The results in good, clear graphical form show, not 
unexpectedly perhaps, the very different dielectric be- 
haviour of oil-in-water compared with water-in-oil 
emulsions. The dielectric properties of the latter, but 
not the former, show marked changes with shear flow. 
Two articles consider the effects of the concentrations 
of the constituents on emulsion viscosity. In one, atten- 
tion is mainly confined to the influence of emulsifier 
concentration in both oil-in-water and water-in-oil 
emulsions containing high volume concentrations of 
dispersed phase. The data are discussed at length. In 
a different vein, the other article shows how a largely 
empirical expression can be derived relating the effective 
viscosity and the dispersed phase volume concentration 
and at the same time allowing for temporary particle 
aggregation. This contribution draws a mathematician’s 
interesting comments on other equations in the discussion. 

Following the papers there is a general discussion of 
seven pages; rather more might have been expected. The 
book concludes with good author and subject indexes. 

L. W. Pures 
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The Eosinophil Leucocytes 
By Dr. R. K. Archer. Pp. xiv-+205. (Oxford: Blackwell 
Scientific Publications, 1963.) 40s. net. 


Yorn the characteristic staining properties of 
eosinophil leucocytes, first described by Ehrlich in 
1879, and the striking electron-dense inclusions revealed 
by the electron microscope within the eosinophil granules 
of many species, render these cells relatively easy to 
identify and investigate, their functions are still by no 
means clear. A monograph with a functional approach 
is therefore particularly welcome. 

After an introductory discussion of some of the problems 
surrounding the eosinophils, Dr. Archer reviews the 
experimental work which he has carried out over the past 
eight years at the Equine Research Station at Newmarket 
and discusses his findings in relation to the work of other 
investigators. A major contribution has been in the 
development of a method for isolating viable horse or 
human eosinophils from normal blood at about 80 per 
cent purity. He shows that such cell-preparations and 
the extracts made from them are capable of antagonizing 
some of the effects of histamine in vivo, as well as inter- 
acting with histamine in vitro. He also shows that, in the 
horse, injection of histamine into the tissues is rapidly 
followed by an eosinophilia in the region concerned and 
that this effect is reduced or abolished by antihistamine 
compounds. Evidence is also presented that eosinophil 
leucocytes antagonize the cedema-forming properties of 
5-hydroxytryptamine, although this substance has no 
chemotactic attraction for eosinophils. 

In the interpretation of his findings, Dr. Archer takes 
up the suggestion that eosinophils have the function of 
inactivating histamine, and argues cogently that, on the 
basis of the chemotactic effects of histamine, such pheno- 
mena as corticoid-induced eosinopenias and the eosino- 
philias observed in foreign protein reactions and in 
parasitic states could readily be explained. Whatever 
reservations may be entertained with regard to this 
hypothesis, it has the very real value of indicating lines 
of investigation which are likely to throw further light 
on the functions of the eosinophils. The monograph can 
be confidently recommended to all whose interests lie 
in this and allied fields. G. Hupson 


General Microbiology 
By Prof. Roger Y. Stanier, Prof. Michael Doudoroff and 
Prof. Edward A. Adelberg. Second edition. Pp. xiii+ 
753. (London: Macmillan and Co., Ltd., 1963.) 50s. net. 
HE first edition of this work was reviewed in Nature 
under its American title The Microbial World in 1957. 
Since then there have been many additions to our know- 
ledge of the fundamentals of microbiology, and it is to the 
credit of the authors that they have been able to keep this 
edition within the bounds of an increase of only fifty-one 
pages. The book maintains its attractive format, instruc- 
tive diagrams, and clear photographs. The authors have 
rearranged the material considerably: the section on “The 
Biological Background” has been deleted and much of the 
information that it contained is distributed among the 
different chapters of the new book. The section on 
“Microscopy” has been relegated to an appendix, which 
in my view is an advantage. The chapter on bacterial 
diseases of plants has been deleted. 

The book remains a very excellent introduction to 
general microbiology. The basic ideas of bacterial 
genetics and biochemistry are clearly and attractively 
presented. It is, however, curious that a book of this 
kind published in 1963 should contain no reference to the 
recent work on the nature of the DNA code for amino- 
acids. 

The chapters on microbial pathogenicity, inducible 
host resistance, and infectious diseases are the least 
satisfactory. There is no reference to Dubos’s work on the 
biochemical determinants of pathogenicity, and no men- 
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tion of the cases where specific biochemical lesions have 
been shown. to be caused by toxic metabolites of bacteria 
is made. The section on immunology ignores the whole 
field of comparative immunology completely and the 
section on the production of antibodies makes no reference 
to the recent work of Fishman. These chapters contrast 
sharply with the imaginative approach of the greater part 
of the book, and itis to be hoped that in a future edition 
the editors will rewrite them so as to make them as 
illustrative of general biological principles as the earlier 
chapters of the book. Parrick COLLARD 


Common Malayan Plants 
By Prof. H. B. Gilliland. Second edition. Pp. viii+228. 
(Kuala Lumpur: University of Malaya Press, 1962. 13s. 6d. 


ee the Japanese occupation of the Singapore 
Botanic Gardens, several hundred drawings of 
Malayan plants were published in a two-volume work 
printed in Japanese, entitled (in translation) “Illustrations 
of Useful Plants of the Southern Regions”. This work 
is now rare, but in 1958 Prof. Gilliland published a 
selection of more than 200 of these drawings in a small 
popular book for the non-specialist who is interested in 
Malayan plants. The present edition differs only from the 
earlier one in its slightly larger format, although the 
illustrations are of the same size. 

Each of the line-drawings bears the family and specific 
names of the plant, omitting authorities, and also the 
vernacular name. A very brief note is given describing 
the plant and its habitat. The drawings present a reason- 
able likeness to the plants, but they are mostly lacking in 
finish. The alphabetical arrangement of the plants by 
generic names, which will be largely unknown to the in- 
tended reader, is surely a disadvantage in a book of this 
kind. As a result, Amomum and Zingiber, for example, 
are widely separated, and unfortunately there is no index 
to indicate what other genera of the ginger-family might 
be represented. As one of the few popular books con- 
cerning Malayan plants, the value of this work would be 
considerably increased if the illustrations were in some 
systematic order, so that the plants of one family were 
together. Indexes are provided to English and Malayan 
plant-names with their equivalent Latin generic names. 

L. L. FORMAN 


British Compounding Ingredients for Rubber 
Compiled by Brian J. Wilson. Second edition. Pp. xxiii + 
596. (Cambridge; W. Heffer and Sons Ltd., 1964.) 84s. 

HIS is the second. edition of an already successful 

book on the chemical composition, physical properties, 
uses and suppliers of compounding ingredients. Needless 
to add, it contains a greatly increased number of products. 
It is a useful reference book and fulfils all the promise 
which one has been led to expect from a project sponsored 
by the Rubber and Plastics Research Association. 

Apart from an explanstory introduction and brief, but 
excellent, chapters on natural rubbers and British Stand- 
ards of interest, the book is divided into four main parts, 
namely, compounding ingredients for dry rubbers and 
latices special products and indexes. One of its attractive 
features is the concise notes on the use of the products 
compared with the often. too long descriptions put forward 
by the sellers. 

The need for the second edition can be realized by a 
study of the chapter on “Synthetic Rubbers and Latices’’. 
The new edition covers nearly ten times the number of 
products contained in the first edition. The qualities of 
the paper, printing, lay-out and binding leave nothing to 
be desired. 

It is an indispensable book for rubber chemists, rubber 
compounders and purchasing staff. As a source of inform- 
ation on competitive products it should be in the posses- 
sion of every producer and salesman of rubber-compound- 
ing ingredients. W. J. S. Navuwron 
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THE LABORATORY OF THE GOVERNMENT CHEMIST* 


By THe Rigut Hon. QUINTIN HOGG, Q.C., M.P. 


Secretary of State for Education and Science 


HE work of the Government Chemist’s Laboratory 

was the examination of wines and spirits and the 
checking of the adulteration of tobacco. That still con- 
tinues. But to-day the Laboratory provides a service for 
many Government departments, advises on, and investi- 
gates, the chemical nature of a wide variety of com- 
modities. The Government Chemist also provides service 
to local authorities if the work is inappropriate to a 
consultant or public analyst. 

The main function of the Laboratory is still to act as 
adjudicator in matters of chemistry in relation to those 
Acts of Parliament which depend on a chemical yardstick 
for their implementation. For example, there is a con- 
siderable increase in the import duty payable on goods 
containing more than 5 per cent of man-made fibre such 
as nylon and terylene. The chemical analysis of com- 
posite goods containing wool, cotton and synthetic fibre 
is a complicated operation, and the Laboratory examines 
about seven thousand samples each year. 

Another task is the examination of ‘spoilt beers’ on 
which a rebate is paid to brewers. The Laboratory also 
provides scientific evidence in prosecutions where a 
publican has added water to his beer or where spirit has 
been made in illicit stills. 

All these are examples of work affecting at first hand 
the interest of the trader and the public. About a thousand 
samples of tobacco, beer, wine, spirits, textiles and mis- 
cellaneous industrial commodities are examined and re- 
ported on every day. But only a few representative 
activities can be mentioned here. 

Take, for example, the question of residues in food of 
pesticides, and their cumulative effect on animal life, a 
subject in which interest has been growing fast recently. 

The Laboratory devises techniques to improve the 
analytical methods to detect, identify and measure the 
residues, to assess their cumulative effect. 

The Pesticide Residue Survey Unit of this Laboratory 
is investigating such methods in detail, from the extrac- 
tion of any residue present in a food or tissue, through 
the various purification or ‘clean-up’ procedures necessary, 
to a range of quantitative and qualitative determination. 
In this latter context wide use is made of such modern 
methods as chromatography. Paper and thin-layer 
chromatography yield quantitative results and qualitative 
identification of as little as 0:5 pg of some pesticides. 
Gas liquid chromatography is more sensitive and can 
give quantitative results in the nanogram-range. By use 
of three differing gas chromatographic columns it is 
possible to obtain strong presumptive evidence as to the 
identity of most organo-chlorine pesticides. Further 
evidence may be obtained by paper chromatography or 
by infra-red spectrophotometry. 

These methods are in daily use by the Pesticide Residue 
Survey Unit to determine traces of pesticides, more 
particularly of the persistent chlorinated type, in samples 
from various sources. Wild birds and their eggs, fish, 
soil and so on are examined for the Nature Conservancy ; 
while samples of milk, butter, meat, fruit, vegetables, and 
of human milk and fat are examined for the Advisory 
Committee on Poisonous Substances used in Agriculture 
and Food Storage. 


* Substance of an address delivered at the opening of the new Laboratory 
of the Government Chemist, Cornwall House, Stamford Street, London, S.E.1. 


Nutrition is the staff of life. Yet only in the past fifty 
years has it emerged from guesswork and superstition. 
Now it is a science. 

During the war years, when bread formed a larger part 
of the national diet than it does now, considerable atten- 
tion was paid to the nutritive value of the flour in relation 
to total nutrient requirements, and the practice of adding 
certain essential nutrients was begun. This fortification 
of the flour, except in wholemeal flours, has continued, 
and, notwithstanding that many of the nutrients may 
now be available from other sources, flour still provides 
approximately one-quarter of the daily intake of protein, 
iron, vitamin B, nicotinic acid and calcium. The respons- 
ibility for fortification in accordance with regulations 
issued by the Ministry of Agriculture, Fisheries and Food 
rests with the flour millers. A voluntary inspection scheme 
is in operation, and this is based on analytical examination 
of the flour itself. The entire responsibility for the 
analytical provisions of the scheme lies with the Labora- 
tory. 

This war-time interest in flour was merely part of a 
general upsurge of interest in the composition of food. 
What had been largely academic interest before suddenly 
became 2 subject of vital national consideration. Interest 
both in the crude calorific values of food and in the more 
specialized nutrients has continued. The basis of nutri- 
tional investigations and the implementation of any 
recommendations arising from them is analysis, whether 
the subject is a combat ration for commandos or cod-liver 
oil for babies. The analyses provided by the Laboratory 
for the Ministry of Health, the Ministry of Agriculture, 
Fisheries and Food, the Director of Army Health (and, 
in certain cases, the local authorities), in fact, cover both 
these widely different topics and many others in between. 
The work thus includes the evaluation of service supplies 
for use in all regions of the world and under all conditions 
of military service; the examination of foodstuffs for 
supply reserve depots; and the analysis of welfare foods, 
supplied under the National Health Service Act to babies 
and expectant mothers, to ensure that the levels of 
vitamins conform to Ministry of Health standards. 

Parallel with this work on the evaluation of food is an 
interest in the techniques of its presentation and pre- 
servation. Although these are skills of great antiquity, 
they too have received a new impetus in recent years. 
The modern food manufacturer is concerned to make his 
product look brighter, taste better and keep longer; he 
is, one might say, concerned with the psychology, as well 
as the substance, of nutrition. To this end he is allowed 
to make additions of certain listed items which, while 
they need not necessarily be themselves of direct nutritive 
value, may not be deleterious. Foods are examined 
for emulsifiers, colouring agents and preservatives to 
ascertain whether any of these have been added and 
whether such additions where they exist lie within 
agreed limits. 

Toxic metals are also subject to stringent regulations. 
In this field the Laboratory is most active not merely in 
routine analysis but in developing techniques of greater 
sensitivity. There is, too, an interest in animal feeding- 
stuffs in so far as analyses of these materials are required 
under the Fertilizers and Feeding-stuffs Act. This 
requirement, together with that under the Food and 


aie a O 


No. 4934 May 23, 1964 


Drugs Act, establishes a tradition of nearly a hundred 
years analysis of food in the Laboratory: an interest of 
almost as long standing as the revenue work for which it 
was first founded. The Government Chemical Laboratory 
was probably the direct parent of the Metropolitan 
Forensic Police Laboratory, which has received con- 
siderable publicity. 
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Important Laboratory outstations operate at the 
harbours of London, Liverpool, Glasgow and Bristol, and 
as far away as Antwerp, Cyprus and Singapore. 

There are six divisions of the Laboratory. Their 
activities are as diverse and important as those I have 
touched on. Now, the headquarters of this significant 
organization are housed under one roof. 


OPTICAL OBSERVATIONS ON SATELLITES AND THE BRITISH 
PREDICTION SERVICE 


By Dr. H. G. HOPKINS, O.B.E.' 


Radiog Research Station, Slough 


N this note the word ‘satellite’ is used as an abbreviation 

for ‘artificial Earth satellite’; it is applied in the 

general sense and, in particular, is not restricted to objects 
carrying instruments. 

When Sputnik 1 was launched in October 1957, the 
Nautical Almanac Office of the Royal Greenwich Observa- 
tory set up a service to predict its position. A few months 
later the service was transferred to the Royal Aircraft 

“Establishment, Farnborough, and, in September 1958, 
the service, by now extended to cover other satellites, 
became the responsibility of the Radio Research Station 
(Department of Scientific and Industrial Research) 
where it now operates in close association with the British 
National Committee on Space Research. The predictions 
of the future position of satellites in the sky are issued to 
many professional and amateur observers so that they 
can make optical measurements of satellite positions 
against the star background. 

In the early days, the predictions covered all satellites 
which were visible or of which the radio transmissions could 
be received in Great Britain and Ireland and the western 
part of continental Europe; but, with the rapid increase 
in the numbers of satellites, it became impracticable for 
predictions to be issued for all of them. In considering 
how the selection should be made, the purpose of the 
predictions had to be appraised. It became clear that 
the service should have as its objective the encouragement 
of optical observations on satellites the orbits of which 
are most likely to be of interest in geophysical research, 
particularly on those from which observations are likely 
otherwise to be sparse. At the present time, predictions 
are distributed for 50 such satellites ; included in this total, 
however, are a few which are readily visible and are 
accordingly of value for training new observers. 

The general growth of the prediction service is indicated 
by the following figures which give the total number of 
satellites for which predictions were provided in the course 
of each year: 


1957-58, 7; 1959, 9; 1960, 21; 1961, 36; 1962, 78; 1963, 75 


Subsequent sections will describe the predictions, indi- 
cate in general terms the observers to whom they are sent, 
‘the nature of the equipment used by them and the order 
of accuracy achieved. Statistics are included of the 
resulting observations sent into the Radio Research 
Station and the way in which these are made available to 
geophysical research workers is described. 

The predictions. Orbital elements calculated in the 
United States, together with positional observations of 
satellites sent in by observers, constitute the basic informa- 
tion from which the predictions are prepared. 

The predictions fall into three main categories, namely: 

(1) For satellites with orbital inclinations of less than 
70°, the time and longitude at which the object reaches its 
most northerly latitude (northern apex point) are tabulated 


for each revolution, together with information about its 
height and visibility. 

(2) For orbital inclinations larger than 70°, the times 
and longitudes at which the satellite crosses latitude 
50° N., together with information about its height and 
visibility. 

(3) Three stations equipped with .kinetheodolites and 
six advanced amateur observing stations (see next section), 
are provided with the expected azimuth and elevation 
angles of the satellites, tabulated for each station as u 
function of time. : 

Predictions in the first two categories are used in con- 
junction with a special map and transparent overlay, 
with the help of which an observer can estimate in advance 
the expected direction of the satellite from his observing 
point as a function of time. The predictions are easy to 
use and have the great advantage that they are applicablo 
to observing points over a wide geographical area, Pre- 
dictions in these two categories are sent by post to some 
60 observers at about fortnightly intervals and cover 
2-26 weeks ahead depending on the satellite; corrections 
are issued if these become necessary. The accuracy of tho 
predictions varies greatly from one satellite to another. 
For those in stable orbits, the predictions are issued for 
long periods ahead, and, at the end of a six-monthly 
prediction period, a typical error in time is about 1 min: 
in the case of satellites the orbits of which are changing 
rapidly, for example, those with a remaining life-time of 
only six months, the error may be 5 min at the end of « 
fortnightly prediction period. 

Other categories of predictions are: (a) for selected 
satellites, the time and longitude of crossing the equator ; 
these are supplied to laboratories in Singapore, Ibadan 
and Hong Kong which use radio transmissions from satel- 
lites in their studies of the ionosphere; (b) for satellites 
which are readily visibleto the naked eye, predictions are 
provided in a simple form for publication in the daily 
press: they are at present published by the Daily Tele- 
graph; (c) for transmitting satellites, predictions are 
provided for publication in the technical press. They are 
at present published in Electronics Weekly and, in Sweden. 
in Radio och Television. 

At regular intervals all recipients of predictions receive 
a copy of “Satellite Observing Notes” which gives general 
information about those satellites which will be of interest 
to observers. 

The observers, their equipment and their observations. 
Most of the optical observations of satellites made in the 
United Kingdom are’due to amateur observers, usually 
operating from their own homes and using binoculars or an 
elbow telescope, together with a stop-watch for timing. 
Six advanced amateur observers use special 4-in. reflecting 
telescopes, on loan from the Royal Society. The general 
accuracy of the amateur observations varies between 0-1 
and I sec in time and between 0-03 and 1 deg. in position. 
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Table 1. TOTAL NUMBER OF AMATEUR OBSERVATIONS ON EACH SATELLITE 1957-63 

Total Total Total 

. ob- ob- ob- 
Designation serva- Designation Serva- Designation serva- 

tions tions tions 

1957 Alpha 1 Sputnik 1 rocket 156 || 1961 Pi Discoverer 26 .| 36 || 1962 Beta-Mul Anna 1B 184 
1957 Beta 1 Sputnik 2 540 || 1961 Rko 1 Tiros 3 114 || 1962 Beta-Mu 2 Anna 1B rocket 470 
1958 Alpha Explorer 1 2 || 1961 Rho 2 Tiros 8 rocket 150 || 1962 Beta-X% 2 31 
1958 Beta 1 Vanguard 1 rocket 5 || 1961 Sigma 1 Mi 1,171 || 1962 Beta-Tau 1 11 
1958 Delta 1 Sputnik 3 rocket 526 || 1961 Omega 1 Discoverer 30 25 || 1962 Beta-Tau 2 Injun 3 ” 18 
1958 Delta 2 Sputnik 3 506 i| 1961 Alpha-Delta 1 | Midas 4 664 || 1962 Beta-Tau 5 4 
1958 Epsilon xplorer 4 8 || 1961 Alpha-Epsiton 1| Discoverer 34 285 || 19862 Beta-Tau 6 246 
1958 Zeta Atlas 1 || 1961 Alpha-Eta 1 Transit 4B 1 || 1962 Beta-Upesilon 1 | Relay 1 4 
1959 Alpha 1 Vanguard 2 7 || 1961 Alpha-Eta 2 Traac 2, || 1962 Beta-Upsilon 2 | Relay 1 rocket 5 
1959 Alpha 2 Vanguard 2 rocket 9 || 1961 Alpha-Eta 3 Transit 4B rocket 3 || 1962 Beta-Chi Explorer 16 462 
1959 Epsilon 1 Discoverer 5 1 || 1961 Alpha-Kappa 1 | Discoverer 36 5 || 1962 Beta-Psi 1 Transit 5A 37 
1959 Epsilon 2 Discoverer 5 capsule 18 || 1962 Beta 1 Tiros 4 164 || 1962 Beta-Psi 3 Transit 5A rocket 24 
1959 Zeta Discoverer 6 47 || 1962 Beta 2. Tiros 4 rocket «2 || 1962 Beta-Omega 2 | Cosmos 12 rocket 1 
1959 Eta Vanguard 3 8 || 1962 Eta 1 48 || 1963-034 644 
1959 Jota 1 Explorer 7 95 || 1962 Eta 3 122 |} 1963-054 50 
1959 Iota 2 Explorer 7 rocket 2 j| 1962 Theta 1 Cosmos 1 31 || 1963-058 21 
1959 Lambda Discoverer 8 1 || 1962 Theta 2 Cosmos 1 rocket 186 |) 1963-064 Cosmos 13 10 
1960 Beta 1 Tiros 1 rocket 98 || 1962 Tota 1 Cosmos 2 230 || 1963-074 1 
1960 Beta 2 Tiros 1 134 || 1962 Tota 2 Cosmos 2 rocket 176 || 1963-094 Explorer 17 198 
1960 Gamma 1 Transit 1B rocket 316 || 1962 Kappa 1 828 || 1963-09B Explorer 17 rocket 18 
1960 Gamma 2 Transit 1B 444 || 1962 Nu 1 Cosmos 3 18 |) 1963-104 Cosmos 14 75 
1960 Gamma 8 Fragment 2 || 1962 Nu 2 Cosmos 3 rocket 50 |} 1968-10B Cosmos 14 rocket 108 
1960 Epsilon 1 Sputnik 4 rocket 432 || 1962 Xi 2 Cosmos 4 rocket 2 || 1963-114 Cosmos 15 4 
1960 Epsilon 2 ' Sputnik 4 137 || 1962 Omicron 1 Ariel 1 297 || 1968-11B Cosmos 15 rocket 1 
1960 Epsilon 3 Sputnik 4 cabin 1,105 {| 1962 Omicron 2 Ariel 1 rocket 157 || 1963-124 Cosmos 16 2 
1960 Epsilon 4-9 Fragments 10 || 1962 Sigma 1 395 || 1963-12B ° Cosmos 16 rocket 1 
1960 Eta 1 Transit 2A 221 || 1962 Upsilon 1 Cosmos 5 81 || 1963-144 291 
1960 Eta 2 Greb 1 5 || 1962 Upsilon 2 Cosmos 6 rocket 249 || 1963-174 Cosmos 17 167 
1960 Eta 3 Transit 2A rocket 811 || 1962 Chil 10 || 1963-174 Cosmos 17 rocket 321 
1980 Theta Discoverer 13 23 |) 1962 Omega 1 483 |) 1983-194 11 
1960 Iota 1 Echo 1 6,863 || 1962 Alpha-Alpha 1 | Tiros 5 33 || 1963-218 Lofti 2A 1 
1960 Iota 2 Echo 1 rocket 57 || 1962 Alpha-Alpha 2 | Tiros 5 rocket 29 || 1968-21D 1 
1960 Tota 3-5 Fragments 3 || 1962 Alpha-Gamma 36 || 1968-21F 3 
1960 Lambda 2 Sputnik 5 rocket 3 || 1962 Alpha-Delta 1 | Cosmos 6 1 || 1968-224 31 
1960 Nu 2 Courier 1B rocket 1 || 1962 Alpha-Delta 2 | Cosmos 6 rocket 2 || 1963-228 13 
1960 Xi , Explorer 8 125 || 1962 Alpha-Epsilon 1| Telstar 34 || 1963-244 Tiros 7 44 
1960 Omicron Discoverer 17 4 || 1962 Alpha-Epsilon 2} Telstar 1 rocket 1 || 1963-248 Tiros 7 rocket 25 
1960 Pil Tiros 2 42 || 1962 Alpha-Kappa1 6 || 1963-254 7 
1960 Pi 2 Tiros 2 rocket 62 || 1962 Alpha-Xi1 Cosmos 8 89 | 1963-25 B 2 
1960 Sigma Discoverer 18 11 || 1962 Alpha-X7 2 Cosmos 8 rocket 182 || 1963-26.4 Geophysics 125 

1961 Alpha 1 Samos 2 990 || 1962 Alpha- 17 Research Satellite 

1961 Alpha 2 Samos 2 nose cone 46 Omicron 1 1963-274 310 
1961 Beta 1 Spuinik 7 1 || 1962 Alpha- 7 || 1983-304 110 
1961 Beta 3 Fragment 1 Omicron 4 1963-30D 9 
1961 Delta 1 Explorer 9 1,576 || 1962 Alpha-Upsilon 258 || 1963-334 Cosmos 19 25 
1961 Delta 2 Explorer 9 rocket 8 || 1962 Alpha-Chi 1 || 1963-838 Cosmos 19 rocket 101 
1961 Delta 3 Fragment, 1 || 1962 Alpha-Psi 1 Tiros 6 42 || 1963-354 23 
1961 Epsilon 1 Discoverer 20 266 || 1962 Alpha-Psi 2 Tiros 6 rocket 22 || 1883-374 9 
1861 Zeta Discoverer 21 248 || 1962 Alpha-Omega 2 | Cosmos 9 rocket 3 |] 1963-384 68 
1961 Lambda 1 Discoverer 28 149 || 1962 Beta-dipha 1 uette 255 || 1963-388 20 
1961 Nu Explorer 11 1 || 1962 Beta-Alpha 2 | Alouette rocket 708 || 1968-38C 8 
1961 Xi 1 Discoverer 25 23 || 1962 Reta-Bete 2 |} 1963-434 Poljet 1 36 
1961 Omicron 1 Transii 4A 182 || 1962 Bela-Theta 1 Cosmos 11 182 || 1963-438D 2 
1961 Omicron 2 S.R.3-Injun 57 || 1962 Beta-Theta 2 Cosmos 11 rocket 279 || 1963-474 Centaur 2 6 
1961 Omicron 3-206 | Fragments 178 || 1962 Beta-Kappa 235 |} 1963-5028 Cosmos 23 rocket 2 


























TOTAL: 29,266 observations received on more than 162 satellites;.the uncertainty in number arises from 1961 Omicron fragments. 





There are about 40 amateur observers who are active; 
together they sent nearly 11,000 observations to the 
Radio Research Station in 1963. 

Kinetheodolite stations are operated at Edinburgh 
and Herstmonceux by the Royal Observatories and in 
Malta by the Meteorological Office. These stations have 
provided many thousands of observations on a variety of 
objects, with an accuracy of 0-02 sec in time and between 
0-005 and 0-05 deg. in position. 

In addition to the observers in the United Kingdom, 
fifteen professional and amateur observers ‘in other 
countries send their results regularly to the prediction 


service at the Radio Research Station. - Most of these S 


observers are in Australia, France, Finland, Germany, 
the Netherlands and Sweden; their observations totalled 
about 10,000 during 1963. 

Table 1 shows the number of reliable observations 
received from amateur observers, mainly in the United 
Kingdom, up to the end of 1963. 

Dissémination of the observational measuremenis._ All 
reliable positional observations of satellites received at 
the Radio Research Station from the observers are placed 
in the World Data Centre for Rockets and Satellites 
(W.D.C.) at the Station. At six-monthly intervals these 
data, and those received from other sources, are summar- 
ized in a document which indicates the type of observa- 
tions available, the date, the satellite concerned and the 
country of origin of the observations. These lists are sent 
to the World Data Centres in Washington and Moscow, 


to the Royal Society, London, and to various research 
workers and organizations at home and abroad. 

The prediction service also prepares a list detailing 
reliable observations received from United Kingdom 
stations and sends it monthly to the World Data Centres, 
the Royal Society and the various individuals and organ- 
izations at home and abroad who may be interested. 

At irregular intervals, the prediction service also pro- 
duces bulletins on miscellaneous topics related to positional 
observations and orbits of satellites and sends them to 
those who receive the monthly lists. 

Conclusion. Optical observers of satellites, supported 
by a simple but effective prediction service, have produced 
and are producing a large volume of data which are 
believed to be of value in geophysical research. Although 
some valuable results have already been derived from 
these data it is probable that more use might be made of 
the observational material for research purposes. 

The data may be consulted at the World Data Centre 
for Rockets and Satellites, Slough, and arrangements for 
lending them to research workers are available. The 
Director of the Radio Research Station will be glad to 
give any further information to those who are interested 
in using the data for geophysical research, for example, 
by sending them copies of the six-monthly World Data 
Centre catalogues and of the monthly lists of observations. 

The prediction service described here has been built up 
and functions with the enthusiastic co-operation of the 
many observers: their help is gratefully acknowledged. 
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SPECTROMETRIC DETERMINATION OF DOSE RATES FROM NATURAL AND 
FALL-OUT GAMMA-RADIATION IN THE UNITED STATES, 1962—63 


By WAYNE M. LOWDER, HAROLD L. BECK and WILLIAM J. CONDON 
Health and Safety Laboratory, U.S. Atomic Energy Commission, New York 


HE Health and Safety Laboratory of the U.S. Atomic 
Energy Commission has been examining for nearly a 
decade the dosimetric properties of environmental radia- 
tion, particularly the natural components. Instrumenta- 
tion and analytical techniques have been developed 
which are directed toward securing precise interpretations 
of in situ radiation measurements in terms of air dose 
rate!-®, from which quantities of biological interest may 
be derived. Because of the importance of total body and 
genetic exposure in considerations of the long-term inter- 
action between ionizing radiation and man, our interest 
has been focused on the more penetrating radiations. 
These include the y-radiation from potassium-40 and 
the daughters of radium-226 and thorium-232 in the 
Earth and the ionizing component of the cosmic radiation, 
consisting primarily of the high-energy muons and 
electrons. We have also had to take account of the 
presence of fall-out in the environment, and have devel- 
oped techniques for determining the individual dose-rate 
contributions to the total environmental y-field of the 
various significant natural and fall-out y-emitters. These 
techniques are described in this article and a summary 
of the field data obtained during 1962 and 1963 is given. 
During the late 1950's, the importance of the y-radiation 
from locally deposited fission products, from weapons 
tests was first noted. Gamma dose rates considerably in 
excess of the ambient natural levels were recorded by a 
number of investigators either by direct monitoring*-* or 
by inference from soil and/or.air sample analyses’~!. 
Similar increases were noted during the testing period 
that began in September 1961 (refs. 11-14). Under such 
conditions, ionization chambers have proved valuable as 
monitors of changes in totel environmental radiation- 
levels at individual locations, particularly when the 
mean natural radiation-levels are known from readings 
taken during periods of little or no fall-out‘-*44, Other 
techniques are needed if such readings are not available 
or if it is desired to survey new locations. 

The most direct means for separating the fall-out 
y- radiation from the natural is by means of energy dis- 
crimination. Many of the more prominent y-energies 
characteristic of the natural emitters lie between 1-1 
and 2:6 MeV, while almost all important energies from 
fission products are below 1:1 MeV. The properties of the 
significant y-emitting fission products are given in Table 1. 
The 1-6 MeV y-ray from lanthanum-140 is important in 
the upper energy range; but this is prominent only within 
a few months of production because of its short half-life. 
As a result, relatively simple spectrometric techniques 
have proved valuable in providing detailed information 
on the individual contributions to the total dose rate of 
the significant natural and fall-out y-emitters. 

In June 1962, several field measurements were made 
with a 5-in. diameter x 3-in-high sodium iodide (TI) 
detector placed on a small wooden tripod at a height of 
3 ft. above the ground. A 50-ft. cable connected this 
essentially unshielded detector to a Nuclear Data 256- 
channel pulse-height analyser mounted in the rear com- 
partment of a Corvan truck and operated directly from the 
12-V motor-car battery through a 300-W a.c—d.c. 
inverter. 20-min readings provided adequate statistics, 


and two typical results are given in Fig. 1. The prominent 





total absorption peaks at 0-5, 0-75, 1-46 and 2:62 MeV 
are characteristic of the spectra obtained during 1962 
and 1963. Ths most important peaks from the uranium 
series, at 0-61, 1:12 and 1:76 MeV, are generally not con- 
spicuous and, in the case of the 0-61- and 1-76-MeV peaks, 
are usually hidden by more prominent neighbours. 
Having determined that the field spectra obtained in 
the manner described showed considerable detail, it 
remained to find a means of inferring dose rates from the 
spectra. For the natural emitters, this has been accom- 
plished using two related techniques. In the first method®, 
the areas under the total absorption peaks were simply 
approximated by subtracting from the field data a 
straight-line fit between the continua on either side of 
each peak on semi-log paper as representative of the 
Compton continuwm under that peak. These results were 
assumed to be proportional to the true peak areas and 
therefore to the incoming primary flux at the detector in 
the field situation. This assumption was tested satis- 
factorily in the laboratory for several y-energies and the 
constants of proportionality between the measured areas 
and the incident primary fluxes determined. Assuming 
uniform source distributions in the ground half-space and 
known decay schemes for potassium-40 and the uranium 
and thorium series, the flux and angular distribution of the 
primary photons of the energies of interest and the total 
dose rate per unit source at 3 ft. above the ground wero 
calculated?5, Since the response of the detector in torms 
of peak counts per unit flux as a function of angle was 
obtained from laboratory measurements with standard 
radioactive sources, a simple calculation yielded the 
calibration constants of the measured peak areas in 
terms of dose rate. These results are given in Table 2. 
A second method for determining natural radiation 
dose rates utilizes a well-known energy band technique 
(for example, refs. 16-18), where‘the total counts in the 
spectrum between energy values that bracket significant 
peaks arə related to the dose-rate contribution from 
the radiation that contributes to these peaks. Three bands 
were therefore chosen to include the three total absorption 
peaks already calibrated, that is, from 1-32 to 1-60 MeV 


Table 1, IMPORTANT FALL-OUT y-EMITTERS 
Isotope Half-life -Energy (MeV) y/à* 
Zr 65-0 d. 0:724 0-5 

0:757 0-6 
- Nb 35-4d, 0-768 1-00 
Ru 39-7 d. 0-498 0-9 
0-610 0-06 
10Rh 30s.f 0-518 0-205 
0-624 0-105 
18b 60-1 d. 0-603 0-98 ‘ 
0-645 0-072 
0:722 0-105 
1-69 0-48 
2:09 0-063 
ws 30 yr. 0-662 0-94 
Ba 12-8 d. 0-030 0-16 
0:537 0-25 
La 40-2h 0-325 0-2 
0-488 O-4 
0:815 0-2 
0:923 0-10 
1-60 1:00 
Ce 32:5 d. 0-145 0-70 
MCe 284-5 d. 0:134 0:105 
*y-lines with 2/6 0:08 are omitted; data from NAS-~NRC Nuclear 
Data Tables (to date). 


t Effective half-life is that for **Ru, or approximately 1 year, 
$ Not a fission product. 
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Fig.1. Two typical feld spectra obtained during late 1962. Top curve: 

Colorado Springs, Colo., October 11, 1962; bottom curve: Argonne, 


Ill, October 15, 1862. The cosmic-ray, natural and fall-out levels are 
all somewhat higher at the Colorado Springs location 


to include the 1-46-MeV *°K peak, from 1-62 to 1:90 MeV 
to include the 1:76-MeV *4Bi peak, and.from 2-48 to 2°75 
MeV to include the 2°62-MeV TI peak. The band 
and peak methods have given essentially identical values 
for the inferred natural radiation dose rates. The band 
method has the advantage of providing greater precision 
for individual measurements and being more easily amen- 
able to routine data analysis, although it is sensitive to 
the instrument gain drift and to our determinations of 
the zero energy channel and energy per channel for the 
field spectrum. 

The energy-band approach has also been extended to 
provide a measure of the total y-dose rate. The total 
energy in the spectrum between 0:15 and 3-4 MeV has 
been found to correlate very well with total y-dose rate 
as measured by a high-pressure ionization chamber’. 
Further, the calibration factor determined in the labora- 
tory using a standard radium-226 source is consistent with 
that inferred from the ionization chamber readings’. 

The fall-out y-dose rate can be estimated by taking the 
difference between the total y-dose rate, as measured by 
the spectrometer and ionization chamber, and the natural 
y-dose rate, as determined by the peak or energy-band 
analysis. A second method involves the determination 
of the areas of the 0-5- and 0-75-MeV total absorption peaks 
in a manner analogous to that for the higher energy peaks 
characteristic of the natural emitters. These areas can 
also be related to the incoming primary flux in the field 


Table 2. DOSE-RATE CALIBRATION OF SPECTROMETER 


Peak energy (MeV) Isotope Source Peak counts/ur./h 

0-5 WORg—MoT a Exponential 6,000 

Ru- Rh ” 5,000 

we Ru Rh Si 18,000 
0-75 ssZr- Nb os 21,000 
146 £R. Uniform 5,550 
1-78 24B1 (U series) * 700 
2-62 20871 (Th series) ” 700 
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situation and thus to the total dose rate from’the con- 
tributing isotopes. 

However, two problems arise with the peak method. as 
applied to fall-out that are not encountered in the case 
of the natural emitters. First, the source distribution in 
the ground is less well defined than for the natural emitters, 
where the assumption of uniform concentration in the 
ground half-space is a reasonable one on the scale of our 
measurements. Fission products are, of course, not neces- 
sarily distributed uniformly in the upper layers of the 
ground, nor is the assumption of a uniform plane source 
distribution adequate for any but the most recently 
deposited fall-out. Measured soil-depth distributions of 
the significant y-emitters!’-** indicate that an exponential 
source distribution as a function of depth with a ‘relaxa- 
tion length’ of 3 cm may be a reasonable model. Of 
course, significant deviatioris from this average situation 
would not be unexpected at some locations, particularly 
where there has been substantial recent deposition. - 

Secondly, several radionuclides contribute to the 
0-5-MeV peak (Table 1). Since the total y-dose rate per 
unit 0-5-MeV flux depends on the decay scheme of the 
nuclide or series of nuclides under consideration, the dose- 
rate calibration of the 0-5-MeV peak area depends on the 
relative population of these nuclides, which in turn is a 


function of the mean age of the fall-out. Since rhodium- ' 


Dose rate (ur./h) 





May June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. 
Date of measurement (1963-64) 


Fig. 2. Fall-out y-dose rates at three locations in Westchester Co., N.Y. 

(A, Mamaroneck; B, West Harrison; C, Pelham.) The triangles refer 

to spectrometer readings and the circles to readings with the lonization 
chamber only : 
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106 dominates the 0:5-MeV activity for fall-out more than 
several months old and has an intermediate value for its 
peak calibration factor, the use of the rhodium-106 
peak calibration and the exponential source distribution 
provides a reasonable estimate for the dose contribution 
of the 0-5-MeV emitters in most circumstances. 

The peak calibration factors for the main fall-oat 
y-emitters are given in Table 2, along with those for the 
natural emitters. Part of the dose rate contribution of 
cesium-137 (0:66 MeV) would be included with that of 
zirconium-95 (0:75 MeV), since the two peaks overlap in 
our spectra, the 0-66-MeV peak generally being com- 
pletely hidden by the larger 0-75 MeV peak. Other fall-out 
y-emitters generally give only a very small proportion of 
the dose rate. 

The overall consistency of the two methods for determ- 
ining the fall-out dose rates, obtained over a wide range 
of natural y-fields, and the apparently high degree of 
precision of individual total y-dose-rate measurements 
suggest that a standard deviation of about + 0-5 ur./h 
would be appropriate for individual fall-out dose-rate 
estimates. The individual natural dose-rate components 
have standard deviations conservatively estimated at 
+ 10 per cent; the total dose-rate values have somewhat 
smaller deviations. 

Since July 1962, a number of survey trips have been 
undertaken to various parts of the Dnited States. These 
surveys have generally been motivated by an interest in 
natural radiation-levels in certain areas (for example, 
northern New England?*, New York State (to be pub- 
lished), and Denver). But spectrometric measurements 
were also carried out en route so that we now have spot 
readings of natural and fall-out radiation-levels at more 
than 200 different locations, fairly well scattered through- 
out the United States. Since such readings might bo 
expected to vary quite considerably with time and quite 
possibly with small shifts in location, little significance 
can be attached to these data except in so far as they show 
a common pattern. The exceptions to this statement are 
those regions where a large number of measurements 
have been carried out at nearly the same time (New 
England, New York and Denver) and those locations 
where the variations with time have been followed (New 
York). In such cases, we have a reasonably adequate 
measure of typical natural and fall-out y-levels at particu- 
lar times. Unfortunately, to carry out such measurements 
on a national scale would be a tremendous undertaking. 
At present, we must rely on the relatively few data 
that are available and reasonable inferences therefrom to 
construct a coherent picture of the influence of deposited 
fission products on environmental y-radiation-levels 
in the United States. 


In order to make data obtained in different locales com- ` 


parable, every effort was made to conduct our measure- 
ments at similar kinds of locations, namely, over flat, 
open. ground, generally grass-covered, at a distance of at 
least 50 ft. from other surfaces. In every case, a survey 
of the immediate area. was conducted with portable 
scintillation dotectors to ascertain that the measured 
total dose rate was representative for the area. The 
requirement for flatness is an important one, for ground 
depressions have often shown elevated +-ray-levels. 
Several spectrometer readings have been taken over 
depressions of large area where such elevated readings 
were observed. As expected, the resulting spectra exhib- 
ited large fall-out peaks (0-5 and 0-75 MeV). The observed 
dose rate increases above the values for adjacent flat 
areas generally were consistent with those predicted from 
the differences in peak areas. 

It should be noted that open-field fall-out determinations 
may be representative of areas of bare or grass-covered 
ground, but not necessarily of all areas which are of 
significance with respect to the radiation exposure of the 
human population in their daily rounds. Thus, any 
consideration of the influence of fall-out on general 
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population exposure-levels must take into account a 
number of factors not discussed here, such as the distribu- 
tion of fall-out on roadways, sidewalks and buildings, 
the degree to which the activity is distributed to other 
locations, and the shielding effect of man-made structures. 
For example, Franke et al.** have reported finding very 
little artificial radioactivity in homes, and then only 
near entrances from outside. Spiers has observed dose 
rate increases inside various structures during poriods 
of high fall-out deposition, although these were genorally 
of lesser amplitude than the corresponding outdoor 
changes. It is evident that the effect of deposition of 
fission products in the environment on indoor y-radiation 
levels must be strongly dependent on the type of building 
matorial, thickness of the walls, the number and size of 
apertures in the walls (that is, doors and windows), the 
location of rooms, the presence of other buildings nearby, 
as well as the degree to which the fall-out is tracked 
indoors. Spiers’ has suggested applying a shiolding factor 
of about two to outdoor measurements as a means of 
estimating an upper limit to the dose-rate contribution 
of fall-out to general population exposure, this figure being 
derived from ground-floor observations in houses. The 
removal of artificial radioactivity from hard surfaces by 
weathering processes plays a part in reducing the outdoor 
exposure-level of the population, particularly in urban 
areas where a large number of people see very little open 
ground. It is probable that open field measurements 
provide a substantial overestimate of the total exposure 
of the population to fall-out y-radiation. 

Table 3 presents a summary of the results obtained 
during the 1962 and 1963 survey trips with respect to 
both natural and fall-out y-levels. The dose-rate ranges 
quoted generally include about 80-90 per cent of tho 
individual measurements at various locations in the 
particular areas. The detailed data for individual loca- 
tions will be published in future reports from tho Health 
and Safety Laboratory. 


Table 3. SUMMARY OF 1962-63 SURVEY RESULTS 
No. Dose-rate range (ur./h) 
Survey area Date Loc. (naturaly) (fall-out y) 
New York State 
(1) South and west 8/68 35 5-7 3-4 
(2) North 8/63 19 4-8 30 
(3) New York City 5-9/62 3 6-10 -5 
5-9463 3 7 4-5 
Vermont 7/62 26 4-8 2-3 
8/63 6 4-8 4-3 
New Hampshire 7/62 39 6-16 2-3 
5/63 5 6-8 3-5 
9/63 10 6-15 a5 
South-eastern U.S.* 4/63 8 8-7 4-7 
(1) South Carolina 4/63 3-10 BT 
(2) North Carolina 4/63 2 15-19 2-4 
estern U.S. 
(1) Black Hills, S.D. 10/62 6 6-8 2-5 
0/63 4 6-8 a4 
(2) Seattle, Wash. 10/62 3 4 zZ 
(3) Olympic Peninsula, Wash. 10/62 9 3-5 14 
(4) San Francisco, Cal. 0/62 6 4-8 1-2 
0/63 6 5-8 1 
(5) Nevada~Utah 10/62 6 5-9 1-4 
10/63 3 5-9 23 
(6) Denver—Colorado 10/62 9 9-14 23 
Springs, Col. 10/63 10 8-15 1-2 
Central U.S. 10/62 16 7-9 3-5 
10/63 TL 7-9 24 


* Includes locations in Texas (2), Louisiana (1). Arkansas (1), Alabama (2), 
Tennessee (1), and Georgia (1). 

+ Includes locations in Wisconsin (1), Minnesota (1), Eastern South Dakota 
4), Illinois (4), Kansas (3) and Missouri (2). 


Most of the inferred natural y-dose rates are in tho 
range 5-9 pr./h, and the average for all locations surveyed 
is 7-0 pr.fh. The dose-rate contributions from potassium- 
40 and the thorium series are generally comparable. 
usually amounting to approximately 80 per cont of the 
total natural level. The uranium series contribution 
seldom accounts for more than 25 per cent of the total 
natural y-dose rate. High natural levels have beon 
encountered in northern New Hampshire, Denver and 
Colorado Springs, Colorado, and in an area of North 
Carolina north-east of Raleigh. These high levels are 
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Mean 
Town annual Sr 

rainfall K 

- (in.)* (me./mile*) ¢ 
Sequim 14 420 1:2 
Sequim - 14 — 15 
Port Angeles 24 853 1-6 
Port Angeles - 24 _ 1:2 
Joyce i 54 841 1-7 
Clallam Bay ' 81 183 1-0 
Forks ‘ 118 163 1-7 
Forks 118 — 15 
Forks 118 — LL 





* 1960-1962 value’ (ref; 25). 
with natural componen subtracted 


attributable to high thorium and potassium content of the 
soils, particularly the former. 

At almost every location, the observed fall-out y-dose 
rate is a significant fraction of the total. Between July 
1962 and September 1963, dose rates of 3-4 ur./h seemed 
to be typical of the eastern United States. Somewhat 
lower levels were encountered in some areas in the western 
States, which may be related to relatively less rainfall. 
For example, the measurements in the San Francisco Bay 
area were carried out after periods of very little rainfall. 
The highest fall-out readings were observed during the 

- spring and summer of 1963, when levels of 4-6 ur./h were 
found at a number of locations scattered throughout the 
“eastern states. - 

Beginning in May 1963, an effort was made to monitor 
the changes in fall-out y-levels in the New York City area 
by repeated measurements’ at several locations. Three 
flat grassy areas in Westchester County, New York, were 
chosen, separated ‘by about 5 miles from one another. 
The spectrometer readings indicated that the natural 
y-dose rates at the three locations were all approximately 
7 ur.fh. The measured total y-dose rates were generally 
slightly more than 12 ur.fh until September. Our best 
estimates for the fall-out y-levels at these sites are shown 
in Fig. 2. These data provide strong evidence that open 
field fall-out y-levels in the New York area remained 
roughly constant at a high level {~ 5 ur.fh) from at least 
May until September 1963 and then decreased, roughly 
exponentially with an apparent ‘half-life’ slightly longer 
than that of Zr~*Nb. This is consistent with the 
evidence provided by the field spectra that Zr- Nbp 
has been contributing 60-80 per cent of the fall-out dose 
rates during the periods of measurement. 

During the 1962 survey trip to the Pacific coast, a 
specific effort was undertaken to obtain measurements on 
the northern part of the Olympic peninsula (Clallam Co.), 
Washington. Over a distance of approximately 50 miles, 
the mean annual rainfall varies by a factor of nearly ten 
from east (Sequim) to west (Forks); under such conditions 
one might expect a substantial variation in the fall-out 
levels, since fall-out .deposition is strongly influenced 
by. the quantity of rainfall. Alexander et al.?5 have found 
a clear correlation between strontium-90 deposition and 
mean rainfall-levels at ‘five sampling locations in Clallam 
Co. Measurements of external y-levels at these and several 
other sites in ‘early October 1962 are summarized in 
Table 4. The increase of the fall-out y-dose rates with 
mean annual rainfall is noteworthy, and the degree of 
correlation seems quite as good as that for the accumulated 
strontium-90 soil content. But care must be exercised 
here in coming tò appropriate conclusions, since the 
quantity of relatively: short-lived y-emitters present də- 
pends on recent rainfall to a much greater extent than 
is the case with strontium-90. 

The Forks locations are of particular interest since these 
measurements were made during or between periods of 
heavy rainfall. The spectra show a distorted potassium-40 
poak at 1:46 MeV, which is clearly the result of a consider- 
able lanthanum-140 contribution at 1:6 MeV. This 
implies substantial recent fall-out deposition; this fact is 
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y-Dose rates (ur./h) 





Total 
Th Zr-Nb Natural Fall-outt 
(1) (2) 

1-2 0-6 3:3 0-8 0-6 
14 08 3-8 VL 1-2 
1-0 1:0 3-5 14 14 
0-9 1-0 3-2 13 12 
0:8 18 3-7 24 1-8, 
0-4 22 27 28 26 
1:3 2-6 5:2 3-4 27 
1-2 25 4-4 3-7 28 
0-9 2-8 3-1 B4 28 





t (1) From photopeak calibrations: (2) from total energy measurements 


also indicated by the lack of agreement between the two 
methods of estimating fall-out dose rates. As mentioned 
previously, recent deposition generally implies a more 
nearly plane source than used in our model and thus 
more peak counts per unit dose rate for the various radio- 
isotopes. Therefore, using our depth source model and 
the peak method, we would tend to overestimate the dose 
rate. If the band method were used to estimate the natural 
dose rate, the difference method would provide an under- 
estimate of the fall-out dose rate at Forks, since the 
lanthanum-140 peak would fall in the K and U bands 
and produce an overestimate of the inferred natural dose 
rate. Under such conditions, the actual dose rate at 
Forks probably lies between those listed in the last two 
columns of Table 4. 

In addition to the conspicuous 0-5 and 0-75-MeV peaks 
seen at all locations and the 1-6-MeV peak found in the 
Washington spectra, we have observed a small fall-out 
peak near 1-7 MeV in many of our late 1962 spectra which 
wo have tentatively attributed to antimony-124. This 
has also been found in a few 1963 spectra. In no case 
were there sufficient counts to indicate a significant dose- 
rate contribution. The origin of this debris is probably 
the late 1961 Soviet test series, as balloon sampling at 
high altitudes (60,000-100,000 ft.) in Texas and Australia 
indicated the presence of antimony-124 throughout 
1962 (ref. 28). : 

In general, the agreement between our two methods of 
determining the fall-out y-dose rate indicates that the 
assumptions involved in carrying out the peak method 
of analysis are reasonable. Thus, practically all the 
fall-out y-radiation during late 1962 and 1963 derived from 
95 Zr—5 Nb, @Ru—*Rh, 1°*Ru-!Rh, and "Cs, with the 
25 Zr- Nb contributing 60-80 per cent of the fall-out dose- 
rate. ‘This is consistent with Gustafson’s results?’ during _ 
a comparable period in 1959, when more than 90 per cent 
of the inferred fall-out y-dose rate at a location at Argonne 
National Laboratory was found to be derived from these 
isotopes. Peirson and Salmon! obtained similar results at 
several locations in Great Britain at about the same time. 

The Health and Safety Laboratory has therefore devel- 
oped techniques for the accurate determinaticn of environ- 
mental y-dose rates and the partial dose-rate contributions 
of the significant natural and fall-out emitters utilizing 
high-pressure ionization chamber and _ y-spectrometric 
measurements directly in the field. These techniques 
depend on reasonable assumptions as to the distributions 
in the environment of the various radioisotopes and on 
relatively unsophisticated procedures for interpreting the 
spectral data. 

Measurements at more than 200 sites in the United 
States indicate that the open-field y-dose rates from 
natural sources do not vary over a wide range from place 
to place in this country, generally falling between 5 and 
9 ur.fh. In those areas where high natural levels (up to 
20 ur./h) have been observed, high thorium and potassium 
content of the soil is generally responsible. The relatively 
small magnitude and narrow range of the observed dose- 
rate contributions from the uranium series are interesting 
results deserving of further study, and are probably 
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related to the leaching of uranium-238 and radium-226 
from weathered material and the migration of free 
radon-222 from the upper layers of the soil, 

During the second half of 1962 and 1963 it was observed 
that y-emitting fall-out in the environment had elevated 
the y-background by a measurable amount at every loca- 
tion and that increases of 50 per cent or more in the total 
y-level appeared to be quite common over open ground. 
The highest fall-out levels were observed during the spring 
and summer of 1963; the autumn 1963 readings were lower, 
and generally comparable with those a year earlier in the 
western States and in northern New England. A decline 
in fall-out levels set in at the New York City area sites in 
September of 1963 after at least four months of quite large 
elevations above the normal background-levels. These 
results are consistent with those of Burch et al. in Eng- 
land between August 1962 and April 1963, who recorded 
with an ionization chamber somewhat elevated readings 
at one location during August-November 1962 and then 
a jump to roughly 50 per cent above normal y-background 
in November, which was maintained except for the effect 
of snow cover until at least April 1963. There is also rough 
agreement with Gustafson’s data**, which seem to indicate 
a rather steady increase in fission product dose rate at a 
site at Argonne National Laboratory from 2 pr./h to 
7 ur.fh between September 1962 and July 1963 and then a 
decline to 3 ur.fh by October 1963. With the signing of 
the Test Ban Treaty, it is expected that the decline in 
fall-out y-dose rates observed in late 1963 will continue, 
but at a much slower rate as the long-lived #*Ru—°¢Rh 
and Cs replace “Zr—SNb as the dominant con- 
tributors. 

Any assessment of the significance of the fall-out data 
presented here in terms of population exposure-levels 
should take into account the relevance of open-field dose- 
rate determinations to such considerations and the degree 
to which the years 1962 and 1963 can be treated as typical 
for conditions of substantial weapons testing. If we 
reduce our open-field fall-out measurements by a factor of 
two to account for the effect of structural shielding as 
suggested by Spiers®, and by another factor of two to 
correct for weathering processes not taken into account 
in our measurements, it would appear that an increase of 
the order of 10 per cent in total external environmental 
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The National Academy of Sciences National Research 
Council: Awards 


The Kimber Genetics Medal for 1964 has been awarded 
to Dr. Max Delbriick of the California Institute of Tech- 
nology ‘‘for his decisive role in the contributions of biology, 
chemistry and physics to the understanding of the essen- 
tial molecular characteristics common to all known living 
systems, from the smallest viruses to man himself”. A 
physical scientist by training, Dr. Delbriick has at succes- 
sive intervals investigated the quantum theory of the 
chemical bond, nuclear physics theory, mutations in 
Drosophila, bacterial viruses and sensory physiology. 
His research on the genetic aspects of virus infection has 
involved the use of bacteria-destroying virus, or bacterio- 
phage, to examine the molecular mechanism of biological 
self-replication. 

The Mary Clark Thompson Medal for services in geology 
and paleontology has been awarded to Dr. Milton N. 
Bramlette of the University of California, San Diego, for 
his contributions to the development of sedimentary 
petrology. Dr. Bramlette has won recognition for investi- 
gations of the origin of the silica-containing rocks of the 
Monterey formation of California; for examinations of 
bottom samples from various parts of the Atlantic Ocean, 


NATURE 


749 


radiation exposure has been experienced by the popula- 
tion of the United States during this two-year poriod. 
If this is reasonable, it seems probable that, during and 
shortly after periods of significant nuclear weapons tosting, 
the exposure of the general population to environmental 
yTadiation from deposited fall-out is not negligible in 
comparison with that due to the natural radiation 
environment, : 
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which resulted in the first trans-oceanic correlation of 
glacial deposits; and for work on the origin of Arkansas 
bauxite deposits. 

The James Craig Watson Medal has been awarded to 
Dr. William J. Luyten of the University of Minnesota 
for his contributions to the understanding of ‘white-dwarf’ 
stars. Over a thirty-year period, Dr. Luyten has identified 
more than 80 per cent of the approximately 500 known 
white dwarfs, through systematic analysis of the motion 
and colour of stars of low luminosity in the neighbourhood 
of the Sun. A product of his catalogue of the white 
dwarfs was the discovery in October 1963 of the smellest 
and densest stellar object, a white-dwarf or pygmy with. 
a diameter less than 1,000 miles and a density of 3,000 
tons/in.*, The star, designated LP 768-500, was found 
to be 40-50 light years from the Earth. 

The Cyrus B. Comstock Award has been given to Dr. 
Chien-Shiung Wu of Columbia University. The Award is 
given every five years by the Academy for the most 
important discovery or investigation in electricity, 
magnetism or radiant energy. In aclassic paper, for which 
they were awarded the 1957 Nobel Prize in Physics, 
T. D. Lee and ©. N. Yang had questioned the long- 
accepted principle that Nature did not distinguish between. 
right and left in the nuclear phenomena known as weak 
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interactions. They pointed out that there had been 
no experiment thus far to prove or disprove the validity of 
the parity law for this class of physical interactions, and 
suggested a number of possible tests. Early in 1957, in 
collaboration with scientists at the National Bureau of 
Standards, Dr. Wu announced the results of the first 
such experiment which established that parity was, in 
fact, violated in weak interactions. 

The Public: Welfare Medal has been awarded to Dr. 
Detlev W. Bronk, president of the National Academy 
of Sciences from 1950 until 1962, for his “eminence in 
the application of science to the public welfare”. Dr. 
Bronk holds a unique position in educational and scientific 
leadership in the United States. While presiding over the 
affairs of the Rockefeller Institute and transforming it 
from a purely research centre to a fully fledged graduate 
university, he served simultaneously as president of the 
Acadeniy, official adviser on science and technology to 
the Federal Government; chairman of the National 
Science Board, which establishes policy for the National 
Science Foundation; and a member of the President’s 
Science Advisory Committee, the National Aeronautics and 
Space Council, and the Defense Science Board. At the 
same time, he served as trustee of Johns Hopkins Univer- 
sity, University of Pennsylvania, Bucknell University, 
the Rockefeller Foundation, the Rockefeller Brothers 
Fund, and many other institutions. 


Foreign Associates 


Tux following have been appointed foreign associates of 
the Academy: Sir Christopher Andrewes, former deputy 
director of the National Institutes for Medical Research, 
London; Prof. J. B. S. Haldane, research professor, 
Genetics and Biometry Laboratory, Orissa; Sir Hans 
Krebs, chairman of the Department of Biochemistry at 
the University of Oxford; Prof. H. G. Lundegardh, 
professor emeritus at the College of Agriculture of Sweden 
and director of the Research Laboratory in Plant Physio- 
logy, Penningby; Prof. M. G. J. Minnaert, professor 
emeritus at the University of Utrecht and, during the 
past year, director of the Utrecht Observatory; Prof. M. 
Roy, directeur général de l’Office National d’Etudes et de 
Recherches A éronautiques. 


Director of Materials and Structures Research and 
Development at the Ministry of Aviation : 
Dr. N. J. L. Megson, C.B.E. 


Dr. N. J. L. Meason, director of materials and struc- 
tures research and development in the Ministry of 
Aviation, retired from the Public Service on November 
16, 1963. Dr. Megson, who was born in 1903, graduated 
in chemistry at the University of Birmingham, gaining 
his B.Se. in 1924 and M.Sc. in 1925. The degree of doctor 
of science was conferred on him in 1946. Dr. Megson 
entered the Scientific Civil Service in 1927 as a research 
chemist with the Department of Scientific and Industrial 
Research, and served at the Chemical Research Labora- 
tory, Teddington, where he was in charge of the section 
dealing with synthetic resins. In 1939 he became a 
scientific officer and was seconded to the Ministry of 
Supply (later the Ministry of Aviation) as adviser on 
plastics. Later he was in charge of the Advisory Service 
on Plastics, Rubber and Paints. Dr. Megson was promoted 
to senior scientific officer in 1940, to principal scientific 
officer in 1944, and in 1951 he was promoted to senior 
principal scientific officer and appointed superintendent 
(Chemistry Department) at the Royal Aircraft Establish- 
ment. He remained there until 1959 when he was pro- 
moted to deputy chief scientific officer and appointed to 

. the post which he held at the date of his retirement. 


Mr. E. W. Russell 


Mr. E. W. Rousset has been appointed director of 
materials and structures research and development in the 
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Ministry of Aviation, in succession to Dr. N. J. L. Megson. 
Mr. Russell, who is fifty, was educated at Westminster 
City School and afterwards graduated with an external 
London degree in chemistry, physics and mathematics. 
He joined the Chemistry Department of the Royal Air- 
craft Establishment in 1936 as an assistant, where he 
worked on a wide range of topics including oil oxidation, 
the fire-proofing of textiles and the detection of carbon 
monoxide. He was promoted to scientifie officer in 1942, 
to senior scientific officer in 1945 and to principal scientific 
officer in 1948. During this period his interests in polymer 
research were stimulated by a study on the spot of the 
extensive U.S. Government sponsored effort. In pursuit 
of these interests he studied various aspects of the appli- 
cations of non-metallic materials in aircraft and published 
papers on transparent plastic materials and on the 
crystallization at low temperatures of natural rubber 
vulcanizates. He was promoted in 1955 to senior principal 
scientific officer when he became superintendent of the 
Non-Metallic Materials Division concerned with all aspects 
of polymer work from micro-evaluation to plastic struc- 
tures. 


U.S. National Academy of Engineering 


Prans have been drawn up by a Committee appointed 
by Dr. Frederick Seitz, president of the U.S. National 
Academy of Sciences, to consider the formation of a U.S. 
National Academy of Engineering. The Committee, 
which will seek a Congressional charter for the proposed 
academy, has elected three officers: Dr. A. B. Kinzel, 
vice-president for research, Union Carbide Corporation, 
Chairman; Dr. E. A. Walker, president, the Pennsylvania 
State University, Vice-chairman; and Dr. H. K. Work, 
director of the Research Division and associate dean, 
School of Engineering and Science, New York University, 
Executive Secretary. Sub-committees have been set up to 
deal with the main tasks of organizing the new Academy. 
With the aid of these sub-committees, the Committee 
will critically review the proposed organization of the 
National Academy of Engineering, secure a charter and 
select additional charter members. It is anticipated that 
the National Academy of Engineering will be a private 
non-profit organization dedicated to the furtherance of 


' engineering in the common interest serving the nation in 


connexion with problems in engineering and technology. 
The preliminary objectives of the Academy as envisaged 
at present are: (1) to formulate programmes for the 
effective use of the resources of the United States; (2) to 
explore means for promoting co-operation in engineering 
in the United States and abroad in order to secure con- 
centration of effort on significant engineering problems; 
(3) to encourage the interaction of engineering with the 
physical sciences, the medical sciences, and the social 
sciences in support of the more effective application of 
technology; (4) to sponsor such engineering research as 
may be advisable in the national interest; (5) to offer its 
services and make its findings available to the Govern- 
ment; (6) to advise the Government on national policy 
matters pertinent to engineering. 


Higher Education in India 


Tue report for the year 1962-63 of the University 
Grants Commission, New Delhi, records a 10-15 per cent 
increase on 1961-62 in the enrolment of students, to_ 
1,272,666, and compared with 651,479 in 1954-55, the 
number of universities increasing to 55; nearly 85 per 
cent of the enrolment was in colleges, the number of 
which increased by 129 (Pp. iti+58. New Delhi: Univer- 
sity Grants Commission. Available from Manager of 
Publications, 1964. Rs. 1.60; 3s. 9d.; 0-58 dollars), The 
total number of teachers in universities and colleges was 
66,370, but there is an acute shortage of competent and 
experienced teachers in certain fields. The Commission 
stresses the importance of raising the standards main- 
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tained by colleges by helping them to develop their staff, 
equipment, libraries, laboratories and other facilities. 
Certain selected university departments are being de- 
veloped as Centres of Advanced Study on an all-India 
basis, and a number of review committees have been 
constituted to examine the existing facilities for train- 
ing and research and the present syllabuses in various 
subjects and to make suggestions for their improvement. 
Those dealing with mathematics and biochemistry 
have already reported. During the first two years 
of the present Plan period the Commission allocated 
grants totalling Rs. 4-9 million to 42 colleges for improving 
facilities in postgraduate science departments; of this 
sum, Rs: 800,000 was expended in 1962-63. Of the 
1962-63 students, 30-4 per cent were in science, 10-2 per 
cent in commerce, 2 per cent in education, 5-4 per cent 
in engineering and technology, 3-9 per cent in medicine, 
and 2:5 per cent in agriculture. Postgraduate students 
numbered. 76,594, of whom 17,317 were in science, 1,035 
in education, 752 in engineering, 866 in technology, 2,498 
in medicine, and 1,757 in agriculture. 


The Wool Industries Research Association 


Tue annual report for 1963 of the director of research 
of the Wool Industries Research Association notes a 
re-organization of the Chemical Departments at Torridon: 
a new department—the Fibre Chemistry Department— 
has been formed, and the ‘Easy Care’ and shrink-resist 
work of the former Chemistry Department has been trans- 
ferred to Technical Chemistry and that of the Physical 
Chemistry Section to the Physics Department (Pp. 44. 
Leeds: Wool Industries Research Association, 1964). In 
his report on research, the director notes further trials to 
explore the effect of oil viscosity on the production of 
fly wastes in cap spinning, but the general result from 
these trials indicates that no dramatic reductions in waste 
have been achieved; the dry comb top seems to give the 
least waste. An improved form of tension meter has been 
designed for use on a single thread of running yarn in 
which the meter is electrically damped to give a steady 
point of reading at the average yarn tension in spite of 
large fluctuations in tension which are commonly experi- 
enced. Work on yarn-scouring in package form continued, 
and it appears that the state of oxidation of the oil is of 
much greater significance in package than in other forms 
of scouring. In outdoor exposure trials on worsted cloth 
treated with silicone and other water-repellent agents, 
cloths treated with silicone had a better initial water- 
repellency and accordingly gave satisfactory water- 
repellency for longer exposure periods than the other 
agents examined. A method has been developed for 
measuring the relative humidity in the interior of bags 
and bales of fibre and rolls of fabric in which the instru- 
ment abstracts a stream of air from the interior and 
measures wet- and dry-bulb temperatures outside and 
dry-bulb inside the material, using thermistors of very 
low thermal capacity. The investigation of fibre breakage 
in worsted-carding continued, and improvements and 
modifications have been made in instrumentation and 
techniques used for amino-acid analysis. The pumping 
system of the automatic amino-acid analyser has been 
re-designed and the dimensions of the resin columns 
reduced to give greater sensitivity in analysis without loss 
of accuracy. 


The Food and Agriculture Organization and Fish Legis- 

lation 

One of the objectives of the Food and Agriculture 
Organization in launching the ‘Freedom from Hunger 
Campaign’ is to encourage increased fish production, 
promote its greater availability, and widen distribution 
by building up trade in fish and fish products and ensuring 
improvements in their quality. It is hoped that the Food 
and Agriculture Organization Fisheries Report No. 9, 
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entitled Standards and Requirements for Fish Handling, 
Processing, Distribution and Quality Control, by D. D. 
Tapiador and J. E. Carroz, will contribute to this (Pp. 
iii+249. Rome: Food and Agriculture Organization of 
the United Nations, 1963). This has been produced to 
assist developing countries that wish to establish their 
own laws and regulations, by providing the compre- 
hensive technical information that applies in other 
countries which have had more experience in such fields. 
The report collects together governmental laws, regula- 
tions, codes and grading systems as applied to fish and 
fish products in various countries. The review reveals a 
lack of uniformity in standards even in the more developed 
countries, but the foreword refers quite optimistically to 
attempts to harmonize such sanitary regulations by the 
Organization for Economic Co-operation and Develop- 
ment. The more general sections relate to the handling 
of fish at sea and during and after landing, processing, 
the use of additives (mainly preservatives and colouring 
matters), hygiene and sanitation, standards, quality 
control and inspection. Other sections state the require- 
ments for various individual products including shell-fish, 
canned and frozen fish, fish paste, cakes, sticks, etc. 
Although produced primarily for the developing countries, 
this publication should be of special interest to those 
concerned with the export of fish products. 


The Smithsonian Institution, Washington 

THE annual report of the Secretary of the Smithsonian 
Institution for 1963 shows notable achievements in 
research and, by publications and museum displays, how 
the Institution has served the community by the diffusion 
of knowledge (Pp. xii+275+15 plates. Smithsonian 
Publication 4525. Washington, D.C.: Government 
Printing Office, 1964). The chief development has been 
the completion of the building for the Museum of History 
and Technology. This is a marble structure and is among 
one of the most modern and effective museums in tho 
world. Its fifty public exhibition halls have been planned 
so that access to exhibits and the movement of visitors 
will be as convenient as possible and produce a minimun 
of what is too accurately called “museum fatigue”. Hach 
exhibit has been planned to make every display a com- 
plete instructional unit. Space has also been made for 
the great study collections in the fields of history and 
technology, containing objects that are of importance to 
research scholars, specialists and collectors. Tho new 
east-wing addition to the Natural History building has 
now been occupied and many of the great biological and 
geological study and research collections of the Institution 
have been moved into the new space provided. Physical 
improvements have also been carried out at the National 
Zoological Park, and plans for renovation of the old 
Patent Office building and its adaptation as a new home 
for the National Collection of Fine Arts and of the New 
National Portrait Gallery are completed. The report also 
contains the financial report of the Executive Committee 
of the Board of Regents for the year ended July 30, 1963. 


t 

Dairy Research in Australia 

Tae Commonwealth Scientific and Industrial Research 
Organization and the dairy industry of Australia are 
fortunate in having an active Division of Dairy Research 
at Melbourne. It is concerned with the processing and 
manufacture of milk products as distinct from problems 
related to milk production itself, and it is ably led by its 
chief, Mr. G. Loftus Hills. The annual report for 1962-63 
shows that the Division is maintaining the high reputa- 
tion, which it so richly deserves, for the valuable work it 
does of importance not only in Australia but also in every 
country in which appreciable amounts of milk are con- 
verted to milk products (Pp. i+ 24. Melbourne: Common- 
wealth Scientific and Industrial Research Organization, 
1963). The programme of work is ideal for an institution 
of this type, for it includes high-quality basic scientific 
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research on such subjects as flavour chemistry, the pro- 
teins of milk, fat oxidation and micro-structure of certain 
milk products, and yet at the same time much is being 
done which: is of immediate practical application on a 
commercial scale. For example, for the manufacture of 
casein a new method of precipitation has been devised. 
When the previous annual report was written, this method 
was only at the pilot plant stage, but already it is being 
widely used in Australia with probable savings of some 
£150,000 a year. Much has been done also on the mechan- 
‘ization of cheese manufacture, a subject of world-wide 
importance, and it is significant to note that some of the 
machines that have been evolved in Melbourne for this 
purpose have already been exported to Britain and the 
United States. Then again, a cheese-drying process 
developed here is now being used successfully not only in 
Australia but also in Japan. The achievements of this 
Division illustrate the outstanding progress that can be 
made when basic science and its practical application on 
a manufacturing scale are both actively encouraged in 
one and the same institution. 


Nocturnal Intensity Recorder 


Instruments for the measurement of the intensity of 
the night airglow usually consist of a photoelectric-type 
photometer with narrow band-pass filters or with bi- 
refringent filters, and are made either to look at a fixed 
portion of the sky or to scan the sky at various altitudes 
and azimuths. A new instrument, called a ‘Noctinograph’ 
(Nocturnal Intensity Recorder), has been designed and 
built in the Radio and Electrical Engineering Division of 
the National Research Council, Ottawa, Canada. The 
instrument scans the entire dome of the sky and records 
the intensities of the night sky radiations in four wave- 
lengths of the visible spectrum several times during a 
night according to a predetermined programme. It con- 
sists of a scanning-type photometer with four, replaceable, 

-very narrow, band-pass interference filters, and is installed 
on the roof of the Springhill Meteor Observatory near 
Ottawa. A detailed description of the instrument and its 
performance is given by F. V. Kulkarni and J. C. Barnes 
in the January issue of the Canadian Journal of Physics 
(42, 1; 1964). The five components of the ‘Noctinograph’ 
consist of the scanner, recorder, twilunar clock, mixer 
chassis, and power pack and -amplifier. The scanner 
automatically scans the sky in concentric circles around 
the zenith. The EMI 9560B photomultiplier is mounted 
on an altazimuth mounting. Scanning with one filter 
takes 3-5 min and with all four filters a total of 14 min. 
The scanner and recorder then rest for 16 min and the 

_next scan begins after a half-hour pulse has been received 
from the twilunar clock. A set of recorded scans taken 
on the nights.of May 21-22, 1963, are shown in the 
article. Intensities: obtained with the 5400 A filter are 
less than those obtained with the 5577 A filter at all 
points in the sky.: The first filter is used to see the ‘back- 
ground’, and the second filter gives the intensity of [0], 
line together with the background. The other two filters, 
transmitting around 6300 A and 6257 A, serve to separate 
the rhs line from the (9-3)OH band head at 
6257 A. 


Stratigraphy of the U.S.S.R. 


In 1963 the Academy of Sciences in Moscow announced 
the forthcoming publication of a monumental series of 
fourteon large volumes on the stratigraphy of the U.S.S.R., 
sponsored jointly by the Academy, the State Geological 
Committee, and the Ministry for Higher Specialist 
Education. The first work to appear in this library is a 
well-produced monograph on the Upper Precambrian 
(Riphaean) formations (Stratigrafiya SSSR: Verkhniit 
Dokembrii. (Stratigraphy of the U.S.S.R.: Upper Pre- 
cambrian.) Pp. 716+-94 figs.+18 pl. Gosgeoltekhizdat, 
Moscow, 1963.° Price 4r. 85k. (Russian only) ). This is 
of special interest since unmetamorphosed rocks of this 
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age (from 1,500 m.y. to 570 m.y. ago) are extonsively 
developed within the U.S.S.R., and a proper understanding 
of their nature is fundamental to the resolution of many 
debated problems of Earth history. The book is a co- 
operative effort by many authors, but the overall respons- 
ibility of co-ordinating and editing it (in addition to that 
of writing many chapters) has been admirably discharged 
by Dr. B. M. Keller. Two-thirds of its pages are taken 
up with regional stratigraphical detail, and this is followed 
by chapters on paleontology (with 18 plates illustrating 
stromatolites, medusz, and other primitive fossils), on 
radiometric dating, on tillites and related glacial sedi- 
ments, on topics such as trans-continental and world-wide 
correlation, paleogeography and general questions of 
the contemporary development of the Earth’s crust, and 
finally on ore deposits. The last-mentioned include 
jaspilite-type iron quartzites, extensive metasomatic 
siderite ores in carbonate sediments, manganeso ores, 
magnesite deposits, indications of bitumens, oil and gas, 
and the important and widespread Upper Precambrian 
phosphorite deposits discovered in the past decade. The 
primitive fossils, the hydrocarbons and the phosphorites 
point to the existence of abundant organisms in Upper 
Precambrian times. An extensive bibliography occupies 
30 pages, and there are welcome indexes of stratigraphical, 
geographical, paleontological and personal names. 


Standardization of Diamond Abrasive Grit 


Diamonp grit, or ‘splint’ as it is sometimes known, 
finds very considerable use in a variety of industries, 
notably those concerned with the use of masonry and 
concrete saws, metal-l onded and resin-bonded grinding 
wheels, and in lapidary laboratories and workshops for 
arming mild-steel mineral and rock-cutting disks. It 
would appear that hitherto there has been little attempt 
at standardization of this important product, not only as 
regards quality but also more particularly in terms of 
strength as a function of grit size. According to N. G. 
Belling and H. B. Dyer, in a publication entitled Impact 
Strength Dete?mination of Diamond Abrasive Grit, particle 
strength is the factor which has most influence on diamond 
grit efficiency (Pp. 12. London: The Industrial Diamond 
Information Bureau, 1964}. Generally, with saws and 
metal-bonded wheels, it is found that optimum, strength 
is the maximum strength obtainable. “For resin-bonded 
grinding wheels, the situation is more complex. First, 
the optimum strength is a function of the grit size. 
Secondly, for a given size, the optimum strength varies 
with the type of resin bond used. A strength appreciably 
higher. or lower than the optimum results in reduced 
wheel efficiency. Thus, a further criterion is that the grit 
must be as homogeneous as possible in terms of strength.” 
In the experimental work involved it was necessary to 
define the particular strength property to be measured, 
and it appeared that in nearly all applications of diamond 
grit dynamic impact strength was the factor to be sought 
in determining the quality and efficiency of a grit. It 
was realized that whatever machine for this purpose was 
used, the method of strength measurement had to be 
quick, uncomplicated, capable of dealing with large 
numbers of fine particles of arbitrary shape. In the event, 
what is known as the ‘Friatest Impact Tester’ was de- 
signed and built; details of this apparatus and illus- 
trations, also of its operation, are given in this paper. 
The authors conclude that the Friatest is a most valuable 
instrument and that with its use “the major problem of 
a reproducible test for diamond grit strength has largely 
been solved”. The index of impact strength of a given grit 
can now be directly compared with values obtained on 
other grits in other laboratories. This technique permits 
standardization of quality control of the properties of 
various natural and synthetic diamond grits, and ultim- 
ately the widespread use of this apparatus should lead to 
a better understanding of the properties of these products, 
hence to their greatly improved characteristics. 
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El Bajo de Santa Fé 


A DETAILED investigation of a seasonal swamp close to 
the Maya site of Tikal, Guatemala, was undertaken to find 
evidence for the collapse of the civilization about a.D. 900 
(Trans. Amer. Phil. Soc. N.S., 53, Part 7: El Bajo de Santa 
Fé. By Ursula M. Cowgill and G. E. Hutchinson. Pp. 61. 
Philadelphia: American Philosophical Society, 1963. 
1.75 dollars), ‘The report incorporates descriptions of the 
geology, climate, vegetation and previous investigations of 
the area of flatlands predominated by logwood. The bajos 
lie between sea-level and 150 m, with a mean annual 
rainfall of about 150 cm, and mean minimum and maxi- 
mum temperatures of 19° and 31° C. The plant cover is 
mixed xerophytic forest with a luxuriant growth of 
logwood (Haematoxylum campechianum). The Bajo de 
Santa Fé is about 100 sq. km. in area, and a pit was dug 
at a point free from obvious contamination or ground 
disturbance and about 1 km. from the nearest forest. 
The surface 120 cm comprised a dark brown clay, the 
colour becoming lighter with depth. Live roots were 
found to 145 cm and root remains down to 5m. A car- 
bonaceous material of unknown nature was encrusted 
with gypsum at 500-511 em and gave a radiocarbon date 
(Y 1097) of 11,560+ 360 yoars B.e. A comprehensive set 
of data on chemical and differential thermal analyses, and 
of X-ray diffractometer tracings, for samples at different 
depths and for the residue from the scarp limestone, as 
well as the figures for the composition of water samples 
from the area, are examined statistically. The evidence 
does not support the hypothesis that the swamp developed 
by choking of a lake system by eroded soil arising from 
Maya agriculture; the features of the sediment suggest 
rather a slow deposition in swamp conditions such as exist 
to-day. There is an appendix by S. E. Sanders on a 
petrographic examination of chert nodules and another by 
O. Joensuu on the complete chemical analysis of samples 
from the pit. 


Uses of Papaya in India 


Papaya is indigenous to tropical America and is very 
popular as a fruit in the United States, Canada and several 
European countries. In India, where it is produced in 
almost every state, it can be justly described as the 
common man’s fruit. As papaya is very susceptible to 
spoilage even under favourable conditions of temperature 
and humidity, the problems of storage and marketing of 
the fruit in India are even more serious than in the case 
of most other fruits. With this in mind, the Central Food 
Technological Research Institute, Mysore, has directed 
special attention to the integrated utilization of the fruit 
at various stages of maturity (Industrial Monograph, No. 
2: Papaya. Pp. vi+41. Mysore: Central Food Tech- 
nological Research Institute, 1963). The major contribu- 
tion of the- Institute relates to the production of papain 
of high activity, which is also maintained over a long 
period of storage. Investigations have covered the extrac- 
tion of pectin from unripe papaya and the utilization of the 
pulp from the raw and the ripe fruit for various processed 
products, such as pickle, preserves and confectionery. 
The monograph covers nutritional quality, cultivation 
practices, varieties of commercial importance, marketing 
and various technological and industrial aspects. Special 
sections devoted to individual products include composi- 
tional data, recipes and methods of preparation, ‘and in a 
few instances flow sheet diagrams. The model schemes 
outlined in the appendixes cover the production costs of 
such products as papain, pectin, papaya toffees, cereal 
flakes and custard powder. 


Cstrogenically Active Steroid Extracts from Grass- 
lands 
Over the past. twenty-five years experiments have 
been carried out by African Explosives and Chemical 
Industries, Ltd., on the fertilization of natural veld and 
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sown pastures. One of the findings has been improvement 
in the quality of the herbage following fertilizing with 
phosphatic and nitrogenous fertilizers. Beef animals 
made more rapid gains when grazing on fertilized veld or 
pastures. The improvement in the protein and phosphate 
contents of the herbage, though substantial, did not 
appear to provide adequate explanation of the improved 
performance of the beef animals grazing the fertilized 
pastures, and an unknown factor was suspected. The 
analyses, over seven years, of milk produced by cows 
grazing in fertilized veld showed increases in solids and 
butterfat when compared with the milk from similar cows 
grazing on unfertilized veld. In Britain, G. S. Pope and 
S. J. Folley have shown that cestrogenic hormone 
administered to Dairy Shorthorn cows brought about 
increases in the butterfat and solids-not-fat of the milk. 
T. M. Clegg found that cestrogenic hormones resulted in 
higher efficiency of feed utilization when implanted, 
injected subcutaneously, or administered orally to beef 
animals. z 

The experiments: carried out in Africa by R. E. Altona 
and T. J. Tilley were conducted to investigate hormone 
activity in pure grass pastures (South African Journal of 
Science, 59, No. 12; December 1963). Hay was cut in 
fertilized and unfertilized veld. The grasses making up 
the hay from the fertilized veld were mainly species of 
Eragrostis, while the unfertilized hay consisted of numerous 
genera of which Trachypogon spicatus, Tristachya hispida 
and Elionurus argentus were dominant. Hay was also 
cut in fertilized Eragrostis curvula pastures. 

The results indicate a positive cestrogenic reaction from 
hay cut from fertilized veld and also from hay cut from 
fertilized Eragrostis pasture. Unfertilized veld hay gave 
negative results, Whether the cstrogenic activity was 
brought about by the fertilizing of the pastures or was 
due to the occurfence of Eragrostis, which did not occur 
to any degree in the unfertilized veld, is not known. An 
attempt was made to evaluate the effect of different 
levels of nitrogenous fertilizer on the œstrogenic activity 
of Hragrostis curvula.. The results gave no clear-cut 
answer, but indicated that applied nitrogen might 
influence the cestrogenic activity of a pasture. 


The Association of Applied Biologists 


Tue following have been elected honorary officers of 
the Association of Applied Biologists for the session 
1964-65: President, Prof. J. H. Western; Vice-President, 
M. J. Way; President-Elect, F. C. Bawden; Treasurer, 
Dr. F. Raw; General Secretary, Dr. F. T. Last; Pro- 
gramme Secretary, F. G. H. Lupton; Editor, R. W. Marsh; 
Assistant Editor, Dr. I. Thomas. New members of Council 
elected were: Dr. N. H. E. Gibson, Dr. D. L. Gunn, Dr. 
F. L. Milthorpe, Dr. T. W. Tinsley. 


The Zoological Society of London Awards 


Tue following awards of the Zoological Society of 
London, were presented by H.R.H. the Duke of Edinburgh, 
president of the Society, at the annual general meeting 
on May 4: The Gold Medal, to the late Mr. J. Cotton, in 
recognition of the outstanding help he gave to the Society 
in its efforts to rebuild the Zoological Gardens at Regent’s 
Park (the announcement of this award was made on 
December 4, 1963). The Scientific Medal (awarded to 
persons under forty years of age for scientific merit and 
distinguished work in zoology), jointly to Dr. L. Brent, 
National Institute for Medical Research, Mill Hill, N.W.7, 
who has worked with Dr. P. B. Medawar and Dr. R. E. 
Billingham on transplantation immunology; to Dr. P. H. 
Greenwood, principal scientific officer, Department of 
Zoology, British Museum (Natural History), for out- 
standing work on the life histories of East African fresh- 
water fishes and in particular on the taxonomy and 
relationships of African species of cichlid fishes; and to 
Dr. Janet Harker, of the Department of Zoology, Univer- 


754 


sity of Cambridge, for her work on the physiology of the 
sense of time and tho basis of periodic activities in lower 
animals. The Stamford Raffles Award, to Mr. ©. W. 
Mackworth-Praed, of Castle Top, Burley, Hampshire, in 
recognition of his distinguished contributions as an 
amateur zoologist to ornithology. The award is a bronze 
sculpture by Mr. Henry Moore. The Thomas Henry 
Huxley Award, to Dr. C. H. O’Neill, of King’s College, 
for original work submitted as a doctor’s thesis to the 
University of London, on the “isolation and some prop- 
erties of the cell surface membrane of Amoeba proteus”. 
The award is a bronze sculpture by Mr. Henry Moore. 


A Certificate of Commendation has also been awarded to. 


Dr. L. Hill, of the Department of Zoology, University of 
Sheffield, for his thesis on “Endocrine Control of Oocyte 
Development in the Desert Locust Schistocerca gregaria”. 
The Prince Philip Prize (open for competition to pupils 
of zoology taking the General Certificate of Education 
Advanced-level Examination or equivalent), to Janice 
Cornell (aged nineteen years), of the County Grammar 
School for Girls, Potters Lane, Lewes, : Sussex, for her 
entry, “The Relationship between Light Intensity and 
Temperature on the Horizontal Velocity of Polycelis 
nigra (Ehrenberg). The award is a bronze sculpture by 
Mr. Henry Moore. The Society’s Bronze Medal, to Mr. 
G. J. Ashby, overseer of the Aquarium and Invertebrates 
of the London Zoo, and Mr. F. J. Myers, Clerk of Works 
at the London Zoo, for their distinguished and devoted 
services. 


Oxidation of Reduced Triphosphopyridine Nucleotide 
of Guinea Pig Polymorphonuclear Leucocytes 


iy the communication under the above title by Prof. 
J. H. Quastel and Dr. J. Roberts, which appeared on p. 85 
of the April 4 issue of Nature, line 11 of the second para- 
graph should read ““The catalytic properties of crystalline 
horse-radish peroxidase on NADPH oxidation were 
similar to those of the leucocyte oxidase”. Furthermore, 
the reaction sequence depicted in paragraph six should be: 


Formate 
Glucose NADP H,O, ETSE 
Peroxidase Catalase 
BMPS | waak 
Pentose NADPH O; 
+COz 


The Selby Fellowship 


Tus Selby fellowship has been established by the Aus- 
tralian Academy of Science to bring graduates of high 
promise and proved capacity for research to work in the 
laboratories of universities or research institutions in 
Australia. The fellowship may be awarded in any branch 
of physical or biological science, and is tenable at any 
university or research institution in Australia, normally 
for one full year of work. Candidates must have taken 
their first university degree, and have had preliminary 
research experience, at some university or universities in 
a country other than Australia. Each applicant should 
(unless some special considerations are advanced) be less 
than thirty years of age on July 1 in the year in which 
his application is received. Applicants should, in general, 
hold a Ph.D. degree or have equivalent status and 
experience, but the fellowship will not normally be given 
to those who have already held a senior research award. 
The Selby fellowship will carry a stipend of £2,000 (Aus- 
tralian) per annum. The costs of the Fellow’s travel to 
Australia and back to his country of origin at the con- 
clusion of the fellowship will be provided, up to a limit of 
£4500, including dependants, if any. Where it is essential 
for the prosecution of the work carried out during the 
tenure of the fellowship, a limited sum may be allocated 
for travel within Australia. Each applicant is required to 
state the general nature and scope of the research that 
he wishes to undertake, and the university department 
or research institution in which he seeks to work. Appli- 


NATURE 


May 23, 1964 VoL, 202 


cations should be sent by July 30 to the Assistant 
Secretary, Gordon Street, Canberra City, A.C.T., from 
whom further information can be obtained. 


Announcements 


Mr. H. H. GARDNER, technical director, British Air- 
craft Corporation (Weybridge), Ltd., has been elected 
president of the Royal Aeronautical Society for 1964-65. 
Mr. Gardner succeeds Prof. A. R. Collar. 


Mr. E. S. SELLARS, assistant general manager, Refineries 
Department of the British Petroleum Company, London, 
has been elected president of the Institution of Chemical 
Engineers for the session 1964-65. Formerly, Mr. Sellars 
was professor of chemical engineering in the University 
of Wales, at University College, Swansea. 


Tue annual meeting of holders of Nobel Prizes will be 
held in Lindau during June 22-26. Further information 
can be obtained from the Sekretariat der Tagungen der 
Nobelpreisträger, 899 Lindau (Bodensee), Postfach 11. 


Tue inaugural meeting of the Society for Develop- 
mental Biology will be held in Oxford on June 20. 
Further information can be obtained from Dr. J. B. 
Gurdon, Zoology Department, 
Oxford. ' 


AN international conference on “The Physics and 
Chemistry of Solid Surfaces” will be held at Brown 
University, Rhode Island, during June 21-26. Further 
information can be obtained from Prof. H. E. Farnsworth, 
Brown University, Providence, Rhode Island. 


THE summer courses of the Enrico Fermi International 
School of Physies, organized by the Società Italiana di 
Fisica, will be held at Varenna. Three courses will be 
held as follows: weak interactions and high-energy 
neutrino physics (June 15-27); strong interactions (July 
6-18); molecular biophysics (July 23-August 18). 
Further information can be obtained from Prof. G. 
Germana; Società Italiana di Fisica, Via Irnerio 46, 
Bologna. 


Tus first international conference of women engineers 
on “Focus for the Future—Developing Engineering and 
Scientific Talent’’, sponsored by the Society of Women 
Engineers, will be held in New York City during June 
15-21. The Caroline Haslett Memorial Trust is offering a 
bursary of £250 to help one or two women engineers to 
meet the expense of attending the conference. Further 
information can be obtained from Mrs. Isabel Hardwich, 
Power Group Research Laboratory, Associated Electrical 
Industries, Trafford Park, Manchester 17. 


Tux forty-seventh annual conference of the Chemical 
Institute of Canada will be held in Kingston, Ontario, 
during June 1-3. During the conference, the Merck, 
Sharp and Dohme lecture, entitled ‘‘Studies on Soluble 
Ribonucleic Acids”, will be delivered by Dr. G. Tener 
of the University of British Columbia. Further informa- 
tion can be obtained from the Chemical Institute of 
Canada, 48 Rideau Street, Ottawa 2, Ontario. 


Errata. The address of the Association of the British 
Pharmaceutical Industry is now Mercury House, 195 
Knightsbridge, London, 8.W.7, and not B.M.A. House, 
Tavistock Square, London, W.C.1, as given in the article 
“Research Expenditure in the Pharmaceutical Industry”, 
which appeared on p. 140 of the April 11 issue of Nature. 


In the article entitled “A Simple Alternative to the 
Antoine Expression for Relating Gas Chromatographic 
Retention Data and Temperature’, by M. B. Evans 
and J. F. Smith, which appeared on p. 1281 of the 
March 28 issue of Nature, line 8 from the bottom of the 
left-hand column on p. 1282 should read, ‘“Higher terms, 
such as + (Z’'—.7',)§, do not... .”. 


University Museum, ` 


se 
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ADVANCES IN WEATHER FORECASTING 


HE introduction into short-range forecasting of the 
methods of exact science, and the development of 


: long-range forecasting, were the two main topics discussed 


by Dr. R. C. Sutcliffe, director of research in the Meteoro- 
logical Office, Bracknell, in a paper read before the Royal 
Society of Arts on April 15. 

Weather forecasting concerns the prediction of the 
behaviour of the atmosphere; an atmosphere which 
contains at any one time some 50 depressions or anti- 
cyclones and perhaps 100,000 showers, of which 2,000 
may be thunderstorms. To observe the weather, there 
are about 7,000 synoptic reporting stations, 4,000 reporting 
ships and only 700 stations launching balloons to give 
measurements of the upper air. Of the latter, more like 
2,000 are needed: a good investment for 100 million dollars 
a year. In addition the American meteorological satellites 
now transmit pictures of the clouds seen from above, 
while a new idea for obtaining upper air data is to use 
balloons floating horizontally at a fixed density launched 
from a few strategic sites. 

Now, however complicated the motions of the atmo- 
sphere may be, they are determined by the laws of 
physics, and it might have been expected that weather 
forecasting would have been approached by the methods 
of exact science in the same way as astronomy. However, 
because of the many variables and complicated laws the 
calculations seemed impossibly complex, and until very 
recently forecasting remained a skilful art. Even the 
work of L. F. Richardson forty years ago in showing how 
to calculate the change in wind and pressure was of no 
practical value, requiring according to his own estimate 
64,000 assistants to keep pace with the changing pattern 
of the weather. 

The introduction of the methods of exact science into 
short-range forecasting had to await the end of the Second 
World War. By then, upper air observations had pro- 
vided a good idea of the three-dimensional structure of the 
atmosphere; advances were being made in the theory of 
dynamical meteorology; and the electronic high-speed 
computer had been invented to replace Richardson’s 
64,000 assistants. Although work to develop prediction 
by mathematical calculation started in Britain some five 
years after that in the United States, by following an 
independent line Britain’s achievement now bears com- 
parison with any country. Dr. Sutcliffe then announced 
that the method would become routine in the Meteorologi- 
cal Office when a suitable computer was installed later 
in the year. The system used involves the four available 
quantities: pressure, temperature, density and the 
velocity of the air which are related by four laws of fluids, 


Boyle’s and Charles’s law and the conservation of mass. 
energy and momentum. The data from the observing 
stations are sorted and analysed by the computer, which 
interpolates values of the required quantities at a regular 
network of some 1,500 grid points covering a large geo- 
graphical area and the depth of the troposphere. The 
computer then does the calculations and prints out the 
answers from which the forecast charts can be constructed. 
A comparison of 102 forecasts in 1963 gave correlation 
coefficients between forecast and actual height changes 
at 1,000 mb of 0-71 for conventional and 0-80 for numerical 
methods; root mean square height errors in metres at 
200 mb were 68-5 for conventional and 50-7 for numerical 
methods. Thus the computer is replacing the skilful 
forecaster, who will now only be required to predict such 
things as rain or frost or fog—and this probably only for 
the present. 

The second topic, the long-range forecasting for wecks 
ahead, is much less of a success story. Public distribution 
of monthly forecasts by the Meteorological Office began 
last December, and thesé aim to give a general statement 
on how the coming month will work out compered with 
past averages. Even such a general statement, if reliable, 
would have very great economic value. The methods of 
short-range forecasting cannot be extended, since there 
is an energy loss by friction of 10 per cent every day, 
and there is no accurate way of calculating either this 
loss or the energy input. At present, long-range fore- 
casting can be at most a skilful art. The art involves 
investigating the synoptic situations over the northern 
hemisphere and trying to find the essential factors that 
make a month wet or dry, warm or cold. Previous years 
are then examined for the occurrence of these factors, and 
it is then inferred that the season will continue to progress 
in the same way as in these past years. Physical factors 
such as sea surface temperatures, the state of the polar 
ice or the Continental snow fields, are also taken into 
account. 

The reasons behind the changeableness of the seasons 
are unknown. Some relate the cause to sunspots, some 
to volcanic activity, others to meteoric dust. Dr. Sutcliffe 
ended by airing his own speculations. As the seasons go 
by and the circulation of the atmosphere responds to the 
changing heat of the Sun, there is no unique sequence of 
events; but rather there are many possibilities, and as 
every year begins differently from every other, so it con- 
tinues differently and there is never a balanced state. 
always continuous change. The atmosphere is always 
hunting towards the seasonal balance but never attaining 
it. J. R. PROBERT-JONES 


FISHERIES RESEARCH IN JAPAN 


INCE 1929 there has been in Japan a Central Fisheries 
Experimental Station under the Ministry of Agri- 
culture and Forestry. This station was divided, in 1949, 
with the view of speeding up research, into eight regional 
laboratories under the Fisheries Agency of the Ministry. 
The Tokai Laboratory (the Fisheries Research Institute, 
Tokyo) claims to be the successor of the former Central 
Fisheries Experimental Station so far as research on 
marine biology, fishing technology, propagation of marine 
life and utilization of marine products are concerned. 
The area served by the Laboratory is theoretically 
limited to the seas adjacent to the Tokai Region (that is, 
the central part of the Pacific Coast of Japan), but its 





investigations on sardine resources and its oceanographical 
investigations related to fishing extend into a considerably 
greater area since the Laboratory is a co-ordination 
centre for the Laboratories of the Agency. 

The Tokai Laboratory, under the directorship of Dr. 
Takemichi Hidaka, is situated on an approximately three- 
acre site, on an island of reclaimed land in the estuary of 
the Sumida River where it enters Tokyo Bay: the Tokyo 
Wholesale Fish Market is on the opposite bank. Prim- 
arily the Laboratory exists for the promotion of Japanese 
fisheries by investigations and researches into marine 
resources, and the technical problems of the fishing indus- 
try. The second objective is to provide information and 
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data for establishing administrative policies for Japanese 
fisheries. í 

The number of staff of ‘scientific officer’ class is about 
twenty-five, and these are grouped into five sections: 

Marine Resources Section. The main task of the Section 
is to carry out biological research into marine resources, 
and to investigate population dynamics with the view of 
determining adequate measures for the conservation of 
those resources under conditions of sustained maximum 
productivity. Besides the director, Jin-jiro Nakai, the 
Section has a statistician and a marine biologist. Special 
investigations are being carried out on ‘iwashi’ resources, 
that is, sardine, anchovy, whitebait. Similar investiga- 
tions are being made on mackerel. Marine plankton and 
other organisms are also being studied, while investiga- 
tions of marine mammals include the study of migration, 
distribution and abundance of fur seals off Japan. The 
Section possesses an analogue computer for analytical 
studies on fish populations, including the estimation of 
population parameters, and investigations. of the fluctua- 
tions of commercial catches. 

Oceanography Section. This Section, with three 
‘scientific officers’ led by Dr. Masao Migita, is concerned 
with those aspects of oceanography related to fishing in 
the sea areas adjacent to Japan, and includes investiga- 
tions on the variations of the cold-water mass off Enshu- 
nada and the resultant effects on fishing. Work is also 
being carried out on the chemistry of sea-water and its 
effects on marine organisms. Water pollution studies 
have been made to determine rates of diffusion of polluted 
water in fishing grounds and bio-assays are being made of 
such water by using the brine shrimp, Artemia salina, 
as an index animal. 

Marine Life Propagation Section. A programme of 
work is in progress under the direction of Dr. Takeshi 
Kawana, essentially as a pilot study of the feasibility 
of setting up an abalone hatchery farm. With control of 
temperature and food, the rate of growth of this shell-fish 
(much esteemed in east and south-east Asia) can be 
accelerated, and the crop made a good commercial 
proposition. Work is also in progress on the oyster, with 
similar aims. Large quantities of oysters are eaten in 
Japan, and frequently taken as hors d'œuvre just as they 
are in the West; but it is not uncommon for half a dozen 
oysters dipped in butter and fried to serve as a fish course 
for luncheon or dinner. 

Another standard article of food in Japan is seaweed. 
One use is in O-sembi, which is made with a rice-flour 
dough, to which chopped seaweed may be added and disks 
of the product dipped in soy sauce and baked. Alterna- 
tively small rolls of dough are made and a ribbon of sea- 
weed wrapped around and the result dipped and baked as 
above. Sushi are also eaten widely.- These consist of a 
strip of raw fish wrapped around with vinegared rice and 
the whole rolled into a cylinder with seaweed around the 
outside. The collecting of seaweed is, however, an 
arduous and somewhat hazardous occupation. The 
fisherman works some distance off-shore in a small open 
boat and uses a bucket with a glass bottom pushed into 
the water to assist him in locating the weed. A long pole 
with prongs on the end is used to ‘hook’ seaweed that 
has attained an appropriate stage of growth. 

Some years ago the productivity of the Japanese: sea- 
weed beds was severely threatened, but was saved by the 
application of the research work that had been carried 
out off the Welsh coast by the late Dr. Kathleen M. 
Drew of the Department of Cryptogamic Botany in the 
University of Manchester. In 1963 the seaweed fishermen 
of Kyushu gratefully erected a memorial to Dr. Drew. 
Warm tribute was paid to her work by Dr. Suto, algologist 
of the Tokai Laboratory, when he attended the ceremony 
in Kyushu. 

Work is in progress in this Section on the production of 
weed of commercially usable quality, starting with the 
sowing of spores of Porphyra and following development 
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through, under controlled conditions. This research 
work, including as it does investigations of the diseases of 
the laver and their countermeasures, is seen as a prelimin- 
ary to ‘pilot scale’ cultivation of edible seaweed. An 
industry developing in this way could have important 
consequences in Japan. 

Other work followed up in the Section is that of the , 
construction of artificial fish shelters and seaweed grounds. 
As in many other laboratories throughout the world, 
work is also being done on the protection of wooden 
structures from damage by the timber-borer. 

Fishing Gear and Methods Section. An experimental 
tank enables measurements to be made on the behaviour 
and hydraulic resistance of fishing nets of various designs 
under working conditions. Investigations can be made on 
fishing methods. Much work has been carried out under 
the leadership of the officer-in-charge, Shigene Takayama, 
on problems arising when nets of man-made fibres are 
used. The section has an officer staff of four members. 

Marine Products Utilization Section. This section has a 


- staff of seven officers, the largest group in the Laboratory. 


Under the direction of Dr. Hideo Higashi, work has been 


-undertaken for some years on the use of enzymes to break 


down fish flour material in order to obtain food seasonings. 
This has led to further investigations into the possibility 
of breaking down fish by the action of enzymes in such a 
manner that the full protein content of the starting 
material can be utilized for the production of a palatable 
human food substance of high nutritional value. Some 
success has now been achieved on this ‘liquefied fish’ as 
it has been called. 

Some two years ago, Dr. Paul Jones of Philadelphia, 
whose interests lay in the same field of work, visited the 
Tokai Laboratory and suggested a joint follow-up by the 
Tokyo and Philadelphia laboratories, with the view of 
producing a food suitable for weaning babies. Efforts 
have achieved sufficient success for both sides to have 
become extremely reticent about the methods adopted. 
Details are not being published until patents have been 
granted and, in the meantime, the Tokai Laboratory 
has appointed Dr. Kiyoshi Saito as its official representa- 
tive and spokesman for this development. 

The fermentation technique is reported to be somewhat 
tricky. Wrongly adjusted, it can easily lead to the 
production of harmful substances, or to the production 
of substances of too small a molecular weight considered 
too sickly for the Japanese taste. Under ideal conditions, 
the end-product is claimed to be of higher nutritional 
value than fish flour and, since in effect it is pre-digested, 


is easily digested; it has a good content of amino-acids. 


At present, support is being, sought from the United 
Nations Organization and the United Nations Children’s 
Fund so that work may move on from the laboratory to 
pilot-plant stage. 

The Marine Products Utilization Section has other 
interests besides ‘liquefied fish’. Much work has been 
done on the biochemistry of food tastes. Researches in 
similar laboratories elsewhere on the post-mortem changes 
of fish jelly (kamaboko) and its shelf life, rancidity of 
fish oils, vitamin A and B content of fish, extraction of 
vitamin A concentrates from fish liver oil, prepara- 
tion of foodstuffs for fish culture, all find a counterpart 
here. 

A 1,000-c. cobalt-60 source has been used for investi- 
gating the effect of ionizing radiations on marine products. 
Identifications are also made at the Tokai Laboratory of 
radioisotopes in fish contaminated as the result of nuclear 
tests. Studies have been made of the pathway of radio- 
isotopes from the environment into fish. 


The Tokai Laboratory has one vessel of 258 tons, con- 
structed in 1955, another of 225 tons dating from 1949 
and a wooden vessel of ten tons constructed in 1947. The 
major scientific research instruments carried by these 
vessels include 10,000-m echo sounders, wire winches for 
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up to 5,000 m, a Geiger—Miiller counter, X-ray equip- 
ment, a geo-electrokinetograph, a graduated thermostatic 
culture tank, and a large-scale projector for minute 
organisms. 

The Bulletin of the Tokai Regional Fisheries Research 
Laboratory appears about three times a year in Japanese, 
with English summaries. This journal commenced 
publication in December 1950. 

Most Japanese research organizations are in direct 
contact with their American equivalents, and the Tokai 
Laboratory is no exception. Knowledge of European 
work in fishery, however, is negligible, and what little 
there is has been obtained through exchanges with the 
Hull Branch of the Torry Research Station. There has 
also been an exchange of lists of publications with Aber- 
deen. The Tokai Laboratory is not an educational estab- 
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lishment so that it does not compete in any way with the 
Fisheries University a mile or two away (which does 
exchange literature with the Torry Research Station). 
Trainees do, however, go after graduation to the Tokai 
Laboratory from countries of south-east Asia for more 
advanced work. ‘These attachments are usually for 
periods of six months, and the number of students in- 
volved at any one time is less than ten—in January 
1964 it was one, a Filipino. 

Three of the staff of the Tokai Laboratory are serving as 
members of technical committees of the Indo-Pacific 
Fisheries Council of the Food and Agriculture Organiza- 
tion of the United Nations. There is usually someone 
from the Laboratory acting as a Food and Agriculture 
Organization Fishery adviser to the Government of a 
foreign country. C. R. 8. MANDERS 


THE CARNEGIE UNITED KINGDOM TRUST 


HE fiftieth annual report of the Carnegie United 
Kingdom Trust for 1963* contains some quotations 
from Sir Hector Hetherington’s oration on the work of 
the Trust delivered at Dunfermline on October 3, 1963. 
In his address Sir Hector Hetherington described the 
expenditure of £1:5 million on building up the public 
library service as the largest, longest and perhaps the 
most productive of the Trust’s endeavours. In the social 
services, about £375,000 had been expended on building 
or improving some 2,160 village halls, while more than 
£1-5 million had been spent on the urban areas, especially 
on helping the voluntary services to cope with their needs. 
Support of the Museums Service continued during 1963, 
and the Government approved a token sum of £10,000 to 
enable the Treasury to contribute up to half the net cost 
incurred by local museum authorities in participating in 
self-help schemes conducted by Area Museum Councils. 
Schemes of improvement totalling £7,150 were adopted 
by eight authorities as a result of suggestions in expert 
reports, and grants for reorganizing 24 museums were paid 
during 1963. Six new community projects were promised 
assistance before an allocation of £100,000 was set aside 
for distribution during 1961-65. From the latter, alloca- 
tions have been made for schemes at the new towns of 
Livingston and Basildon, the expanded town of Thetford, 
and housing estates in redeveloped areas at Edinburgh 
and Winchester. To qualify for these grants the schemes 
must concern wholly or mainly new communities, prefer- 
ably expanding ones and be promoted by a responsible 
local body, democratically elected and competent to 
receive grants from charitable funds. The proposed 
community centre must provide facilities not already 
existing in the area and be settled on acceptable legal 
trusts, and the capital cost of the scheme must not exceed 
£1,000. £1,000 was provided to enable the Highland and 
Islands Film Guild to acquire film screens and a launching 
grant of £3,000 went to the National Bureau for Co-opera- 
tion in Child Care, while the grant for a new Child Welfare 
Centre in Glasgow, containing a unit to provide special 
services for the handicapped, was increased to £16,000. 


* The Carnegie United Kingdom Trust. 50th Annual Report, 1963. Pp. 
vili+72. (Dunfermline, Fife: The Carnegie United Kingdom Trust, 1964.) 


By the end of 1963 about half the £100,000 allocated for 
youth projects had been committed and during 1963 
grants were paid in respect of improvements completed 
by 85 clubs in England, 14 in Scotland, 9 in Wales and 3 
in Northern Ireland. From June 1963, regional youth 
centres were admitted as eligible to apply for assistance. 
Pioneering projects supported during the year included 
£1,250 towards the establishment of a highland out- 
station at Inverhair Lodge, Lochaber, for pupils of a 
secondary modern school in Buckhaven, Fife, and £1,500 
to enable the Roxburgh Education Committee to develop 
a field study centre at Scotch Kershope under the manage- 
ment of a specially created voluntary body. A capital 
grant of £6,000 was also promised to the Greenhouse Trust 
to enable it to secure tenure of premises for its work in 
holding together small groups of teenagers in south-east 
London who are not at home in normal youth clubs. A 
grant of £4,000 was made to the Paddington Young 
People’s Hostel Association towards the purchase of a 
hostel, and £3,000 a year for 3 years to the Community 
Service Volunteers for its work in enabling young people 
to gain experience of work in hard-pressed projects of 
socia] service in Britain. 

The Trust’s last grant to the Conservation Corps expired 
at the end of 1963 and the Corps is now independent of 
Trust subvention. The work output of the Corps has 
increased from 1,238 man-days in 1959 to 6,300 in 1963. 
of which 17:1 per cent and 50-6 per cent, respectively, 
were performed by volunteers from youth groups and 
employment. Small grants for the purchase of tools were 
made to some County Naturalists’ Trusts and the Trust 
is providing £16,000 for the development of the first 
public Nature centre at Brantwood House, Coniston, as 
well as £5,000 for a permanent field centre at Kindrogun 
House, eight miles east of Pitlochry. Field study bursaries 
were awarded to members of 51 local scientific societies 
and grants totalling £838 were made for 15 projects 
sponsored by archeological societies in membership of the 
Council for British Archeology; while seven successful 
courses in meteorology for amateurs were arranged by 
the Royal Meteorological Society with the aid of the 
£500 annual grant from the Trust. 


CUNEIFORM STUDIES AND THE HISTORY OF CIVILIZATION 


HE December issue of the Proceedings of the American 
Philosophical Association (107, No. 6; 1963) includes 
papers read by five of the most eminent American cunei- 
formists at the 1963 annual general meeting of the 
Association. Each of these scholars writes on the subject 
which forms his own special field of interest, but each has 


taken pains to present his material in a context of wider 
hhilosophical issues. 

Prof. J. J. Finkelstein writes on Mesopotamian historio- 
graphy. He is mainly concerned to show that accurate 
and unbiased records of historical events are to be found 
only in the omen literature and that “true historiography ` 
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ultimately developed out of these records in the form of 
the Chronicles, but not until the first millennium B.c. 
He maintains that because all other genres of cuneiform 
literature that purport to deal with past events, from the 
legends of the Dynasty of Akkad to the Assyrian royal 
annals, are motivated by purposes other than the desire 
to know what really happened, they cannot be considered 
to represent nativo Mesopotamian historiography. Huiz- 
inga’s definition of history, which the author adopts at 
the outset, scarcely seems to support this contention; 
one would have thought that these were the very forms of 
literature in which, before the first millennium, the 
Mesopotamians most characteristically “rendered account 
to themselves of their past”, in spite of their admitted 
lack of objectivity. 

Prof. T. Jacobsen seeks to trace the central concerns of 
ancient Mesopotamian religion through its history of four 
millennia. Defining religion as “the human response to 
the religious or ‘numinous’ experience”, he selects one 
particular factor in this response—the urge in man to 
seok security in his deepest needs, his most profound fears, 
and shows that the religious response was lent a different 
emphasis from age to age in accordance with changes in 
the historical conditions and the basic fears to which they 
gave rise. These basic fears were, in the fourth millen- 
nium, famine, in the third, war, and in the second, with 
the gradual emancipation of the individual from his com- 
munity, personal suffering and guilt. In the first millen- 
nium Mesopotamian civilization drew to its close without 
producing any new development; the new beginnings were 
in Israel and Greece. The thesis is most fully developed 
for the earlier periods by means of extensive quotations 
from Sumerian religious literature, on which Jacobsen is 
one of the foremost living authorities. 

Prof. S. N. Kramer, another eminent Sumerologist, 
contributes @ paper consisting largely of translations of 
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the texts on the ‘Sacred Marriage’, most of which are here 
treated for the first time (complete with transliteration). 
This long article will be of greater value to the specialist 
than to the general reader, despite the importance of 
these texts for our understanding of Sumerian religion. 

Prof. O. Neugebauer discusses the survival of Baby- 
lonian methods in the exact sciences of antiquity and the 
Middle Ages, a subject on which he is an unrivalled author- 
ity. His purpose is to distinguish clearly between know- 
ledge, methods and procedure which the Babylonians 
did have and those which they did not have. He shows 
that the basic mathematical knowledge collected in 
Euclid’s Elements had been known for a millennium and 
more, whereas all that we know of Babylonian astronomy 
and mathematics speaks against the existence of any 
spherical geometry. Despite the popular belief that 
astrology originated with ‘the Chaldeans’, textual evid- 
ence for true astrology in Babylonia (as distinct from 
celestial omens) is very meagre and comes only from the 
latest period of Mesopotamian history. The really 
significant contribution of Babylonian astronomy to 
Greek astronomy lies in the establishment of very accurate 
values for the characteristic parameters of lunar and 
planetary theory and in particular in the careful separa- 
tion of the components of lunar motion. 

The final article on cuneiform law and the history of 
civilization is by Prof. E. A. Speiser. His thesis is that 
for the Mesopotamians ‘law’ was epitomized by the 
phrase “truth and right”, truth being an immutable 
aspect of cosmic order communicated to the ruler by the 
god (Shamash), “right”? being the function of the ruler 


in implementing this cosmic design. The implications of 


this fundamental conception of law are developed with 
much acumen, and the author finally traces its influence 
on neighbouring and succeeding civilizations. 

O. R. GURNEY 


DETONATION EMISSIVITIES AND TEMPERATURES IN SOME LIQUID 
EXPLOSIVES 


By J. T. A. BURTON and J. A. HICKS 


Explosives Research and Development Establishment, Ministry of Aviation, Waltham Abbey, Essex 


XPERIMENTAL measurement of tho spectral 
distribution of radiation from a detonation wave 
enables the detonation temperature and emissivity to be 
calculated using Planck’s radiation equation, provided 
that the grey or black body nature of the wave is estab- 
lished. Several workers!-4 since 1945 have used this 
method to determine detonation temperatures of con- 
densed explosives, but although confirming the grey body 
nature of the detonation products no emissivities have been 
quoted. Gas emissivities are normally low, but under the 
conditions obtaining in the detonation of condensed 
explosives, where pressures and temperatures are greater 
than 100 kb and 3,000° K, statistical and quantum 
mechanical considerations suggest that the emissivities 
should be close to unity. This is substantiated by the 
experimental evidence adduced hero for the liquid explo- 
sives nitromethane, diethylene glycol dinitrate (DEGDN) 
and ethyl nitrate. 

A spectrophotometer was used to compare the intensity 
of radiation from the explosive with that from a tempera- 
ture calibrated tungsten ribbon lamp at six selected narrow 
wave-bands in the visible region. Identical optics were 
used for each of the two light sources in each experiment, 
the radiation being focused by reflective optics on to the 
entrance slit of a Hilger medium quartz spectrograph 
which had been modified to enable the use of a photo- 
multiplier detector at each selected wave-band. The 
output of each photomultiplier was fed through a cathode 


follower, displayed as a function of time on an oscillo- 
scope and recorded photographically ; the overall rise-time 
of the apparatus was 15 nanosec. 

The explosive charge was contained in an aluminium 
tube, 23 in. inside diam., 3 in. outside diam., having at one 
end a 1-mm thick glass window and at the other a suitable 
initiator. It was immersed in water to help maintain the 
planarity of the detonation wave and to obviate the pro- 
duction of a highly luminous air shock at the end of the 
charge. The charge was viewed normal to the detonation 
front. Radiation reaching the spectrophotometer origin- 
ated from only a small area 2mm x 0-1 mm at the centre 
of the detonation front, corresponding to a region of high 
confinement. 

Fig. 1 is a typical record showing the time-resolved 
radiation intensity at two wave-bands for a nitromethane 
charge in which initiation phenomena of the type de- 
scribed by Campbell ez al.5 are observed between entry 
of the shock wave into the nitromethane (A) and the onset 
of steady-state detonation (B). As the detonation wave 
advances towards the window the apparent radiation 
intensity increases as æ result of the decreasing optical 
absorption by the nitromethane. All intensity measure- 
ments were made at the end of the charge (C) to eliminate 
absorption effects. 

The magnitudes of wave-length and temperature in this 
work make exp(c,/AZ') always much greater than unity, 
so that Planck’s equation may be approximated by 
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Wien’s radiation law without loss of accuracy. The ratio 
of intensities of the detonation wave, D, and the standard 
lamp, S, is given by: 


log In/Is = log (enfkes) + (¢/2-80382)(1/L's — 1/To) (1) 


where i is a transmission constant for the glass envelope 
of the standard lamp. Values for k and es as a function of 
2 and Z's were obtained from the work of de Vos et al.. 
Fig. 2 shows that a plot of the experimental values of log 
In/Is against 1/2 is very nearly linear. Since es is only 
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a weak function of à and Ts in this region it can be con- 
cluded that the detonation wave is a grey body emitter. 

The determination of the detonation emissivity from 
the intercept (log en/kes) of the above plot is inaccurate 
because the required extrapolation to 1/A = 0 is non- 
linear. Equation (1) was solved by determining the value 
of the detonation emissivity for which the standard 
deviation of the calculated detonation temperatures was 
a minimum (Table 1). It is apparent that the emissivities 
of the detonation products of the explosives examined are 
the same and aro only slightly different from that of a true 
black body. Other condensed explosives will be examined 
to see if this conclusion is generally true. 


Table 1 
Standard No. of Optimum values 
ep TpCK) deviation(°K) determinations ep Tp 
Nitromethane 
0-8 3,495 21-1 1 1-15 3,380 
1-0 3,445 14-7 
Tr 3,400 11-6 
1:2 3,382 11-8 
1-3 3,325 14-8 
Diethylene glycol dinitrate 
0-9 3,447 23-8 1-2 3,320 
1-0 3,398 16-6 
1-1 3,355 12-0 
1-2 3,317 10-4 
1-3 3,274 14-7 
Ethyl nitrate 
0:9 3,226 18-5 6 1-15 3,130 
1:0 3,184 12-4 
1-1 3,146 9-9 
1:2 3,112 10-7 
1-3 3,082 13-2 


We are not aware of any other published data for ihe 
detonation temperatures of diethylene glycol dinitrate or 
ethyl nitrate. The valve for nitromethane of 3,380° + 
20° K is identical with that obtained in the unpublished 
work of Davis and Mader, cited by Fickett*. It is loss 
than the experimental values of Gibson et al.? (3,800° K} 
and of Voskoboinikov and Apin? (3,700° K) but greater 
than the various theoretical values derived by Fickett* 
using Kistiakowsky/Wilson and Lennard-Jones/Devon- 
shire equations of state. 


1 Alentsev, M. N., Belyayev, A. F., Sobolev, N. N., and Stepanov, B. N., 
Zh. Exp. Teor. Fiz., 16, 990 (1946). 

4 Gibson, F. C., Bowser, M. L., Summers, ©. R., Scott, F. H., and Mason, 
C. M., J. App. Phys., 29, 628 (1958). 

oes va I. M., and Apin, A. J., Dokl. Akad. Nauk SSSR,180, 804 


4 Davis, W. C., and Mader, C. L., cited by Fickett, W., Los Alamos Sci. Lab. 
Rep. No. LA2712 (1962). 


5 Campbell, A. W., Davis, W. C., and Travis, J. R., Phys. Fluids, 4, 498 (1961). 
8 De Vos, J. C., Physica, 20, 690 (1954). 
7 Rutgers, G. A. W., and de Vos, J. C., Physica, 20, 715 (1954). 


ORIGIN OF THE COASTAL FLATS, THE SABKHA, OF THE TRUCIAL 
COAST, PERSIAN GULF 


By Dr. G. EVANS, C. G. St. C. KENDALL and Sirk PATRICK SKIPWITH 


Department of Geology, Imperial College of Science and Technology, London 


HE coast of the Sheikdom of Abu Dhabi, Trucial 
States, in the south-western part of the Persian Gulf, 
is bordered for most of its length by low coastal flats which 
stand just above normal high-tide level. These flats are 
known locally as sabkha. They are composed of uncon- 


solidated carbonate sediment with minor amounts of 
quartz and other minerals and are the site of deposition 
of various evaporitic minerals??. 

The flats strotch from Ras Ghanada in the east to almost 
the Qatar peninsula in the west, a total distance of almost 


200 miles. In their widest part, they are almost 20 miles 
across, and are everywhere bordered on their landward 
side by low bluffs of Tertiary and Quaternary rocks. In 
the east the flats are broad and continuous apart from a 
few isolated hills of older rocks, which project up above 
the flat surface. In the west the bluffs extend semwards 
as ridges to reach the coast as headlands. Hero tho 
sabkha is separated into a sories of isolated pockets opon- 
ing to seaward. In the extreme west, tho Sabkha Mutti. 
a wide area of coastal flats extending far inland, is split 
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in two by a long gravel and sand ridge which runs down 
to the coast. Similar areas of sabkha occur on other 
parts of the Arabian coast of the Persian Gulf, for example, 
at Umm Said, Qatar, and small areas occur on some of the 
offshore islands, while areas with a similar surface, but 
which are completely landlocked, can be found inland. 

On the seaward side the sabkha is bordered by broad 
intertidal flats. Seaward of these flats, in the west, is a 
large lagoon, the Khor al Bazm. This lagoon is separated 
from the open Gulf by a chain of islands (Fig. 1). In the 
east, the intertidal flats pass seawards into a complex of 
channels and shallow embayments with an outer chain of 
islands (Fig. 1). This latter complex protects the main- 
land coast with its intertidal flats much more, from the 
violent storms produced. in the open Gulf, than does the 
Khor al Bazm and its islands to the west. 

The western part of the sabkha plain is separated from 
the intertidal flats by a low beach ridge on a series of 
ridges which are often capped by low dunes and on which 
Sparse vegetation grows. The beach face of this ridge is 
usually covered with thick deposits of weed torn up from 
the shallow water areas to seaward. In the east only a 
line of flotsam with occasional bushes marks the high- 

. water level. Well-developed beaches are thus found on the 
more exposed western coasts whereas in the sheltered 
eastern areas there is a gradation between the sabkha, 
and the intertidal flats. At intervals, the beach ridges or 
lines of flotsam are cut through by shallow channels, 
which die out when traced inland. At extreme high 
water the tidal waters move in along these channels and 
flood the outer part of the sabkha plain. However, during 
the coincidence of high tides with strong onshore gale- 
force winds and rain the coastal dune ridge can be 
breached and the greater part of the sabkha plain can be 
under water. 

The surface of the sabkha is, over large areas, blistered 
and encrusted with salt. Scattered crystals of gypsum 
project from it at various localities and locally nodules of 
anhydrite occur on the surface. A planed off surface of 
cross-bedded Quaternary limestone is exposed in some 
places and sometimes it is found just beneath the sabkha 
surface. Elsewhere the sediment of the sabkha is much 
thicker. 

Although the sabkha is in general a plain just above 
normal high-water-level with little relief, a series of low 


linear ridges can be found particularly in the west. These 
ridges are clearly developed on the outer part of the 
sabkha plain and decrease in height inland. They pro- 
vide good transport routes over a surface which is apt 
to be treacherous for motor vehicles. The ridges can be 
seen to parallel the present coastline; and small low depres- 
sions cut across them at intervals. Where the Tertiary 
and Quaternary rocks form headlands these ridges can be 
seen to fan out from these features. The ridges are 
undoubtedly old beach ridges. Like the present-day 
outer seaward ridge they are sometimes almost pure 
gastropod shell concentrates and generally contain more 
quartz in the west. In the eastern, more protected area, 
the sabkha plain does not show these well-developed 
ridges, but old strand lines and patterns of old drainage 
channels can be seen from the air. 

The beach ridges and old strand lines clearly mark 
various stages in the outward growth of the sabkha plains. 
The extension seawards has probably not been a smooth 
continuous process but has been intermittent, with periods 
of rapid advance alternating with periods when the coast- 
line has been stationary or has been slightly receded. 

The outward growth of the sabkha plain is the result 
of the extensive and prolonged intertidal flat sedimenta- 
tion, the sediment having partly originated in the 
lagoons to seaward and also partly having formed in 
place by chemical deposition and the growth of calcareous 
organisms, for example, gastropods, etc., and the produc- 
tion of fecal pellets. Wind-blown dust from inland and 
from the offshore islands also makes up a small proportion 
of the sediment. Locally, outwash from the hills sur- 
rounding the sabkha plain may be important. This out- 
growth has been interrupted by phases of beach building 
dominantly in the west. Cores, taken from behind the 
outer beach ridges, sometimes show algal layers beneath 
the surface and all the features of the most recent inter- 
tidal flat sediments to seaward. Outside the outer beach 
ridge the upper parts of the intertidal flats themselves 
often show a sabkha-type surface. Where sedimentation 
continues undisturbed, these parts may build up and 
extend seawards. From time to time, probably as a 
result of storm action, a new beach ridge may develop to 
cut the sabkha flat off from the sea. In the east, the 
outward growth appears to have proceeded without the 
extensive development of beach ridges, mainly because of 


No. 4934 May 23, 1964 


the greater shelter afforded to the coast here by the 
complex of islands and shallow embayments. In places, 
especially on the inner part, shoal bays or lagoons might 
have existed as in the inner part of the Louisiana chenier 
plain‘. 

As the ridges and sabkha flats become isolated from the 
sea, wind becomes the important agent of change. The 
dominant wind in this region is onshore. It deflates the 
surface and more material inland. The saline crust, 
produced by evaporation of water drawn up to the surface 
by capillary action, protects the sediment surface and 
where it is broken, for example, along roads, a wide area 
of dusty sand stretching away to the leeward can be 
observed. A lag deposit of gastropod shells is left on the 
surface. Around the hills of Tertiary and Quaternary rocks 
thin haloes of wind-driven material are developed, again 
extending to leeward, and on the sides of the hills them- 
selves small dunes are seen moving to leeward. Further 
evidence of deflation is provided by the projecting gypsum 
crystals and anhydrite nodules which grow beneath the 
sabkha surface. The wind is thus reducing the features 
constructed by marine agencies, such as the beach ridges 
which become lower when traced inland, and is tending 
to lower the sabkha surface. Also there is scouring and 
redistribution of material when the sabkha becomes 
flooded under exceptional storm conditions. 

As the sabkha plain shows no major break in level 
when traced inland from the intertidal flats to the low 
bluffs of Tertiary and Quaternary rocks, it seems reason- 
able to conclude that there has been no significant change 
in sea-level during its development. There is, of course, 
the possibility that such a feature might have been re- 
moved by deflation, but this is thought to be unlikely. 
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The sabkha plain is therefore thought to be very young. 
After the last rise of the sea to its present level, the coast- 
line appears to have lain far inland along the foot of the 
Tertiary bluffs. As intertidal flat sedimentation proceeded 
the flats and their associated beach ridges in the west 
grew seawards. Tho beach ridges also grew out from the 
low headlands and knolls of older rocks and the areas 
behind became infilled. This caused a regression over & 
considerable stretch of almost 20 miles without any 
significant chango in sea-level. The deposits are therefore 
diachronous and the sabkha plain in this respect resembles 
the Chenier plain of Louisiana‘, the ‘silt-lands’ of the 
Wash’ and strand-plains in other parts of the world*’. 
However, it does differ significantly from these in being 
composed dominantly of calcareous sediment and also 
being an environment of formation of a suite of evaporitic 
minerals. 

This article presents some of the results of work 
financed by the Department of Scientific and Industrial 
Research, which is being carried out by the Geology 
Department of this College on the recent deposits of the 
Persian Gulf. We also thank Mrs. R. Evans for drafting 
the figure, and Dr. J. Watson and Mr. D. J. Shearman 
for their advice with the manuscript. 

1 Curtis, R., Evans, G., Kinsman, D. J. J., and Shearman, D. J., Nature, 
197, 679 (1963). 

1 Evans, G., and Shearman, D. J., Nature, 202, 385 (1964). 

? Holm, D. A., Science, 132, 1369 (1960). 

t Gould, H. R., and Me¥arlan, jun., E., Gulf Coast Assoc. Geol. Soc. Trans. 
ninth Ann. Meeting Houston, Texas, 9, 261 (1959). 

* Evans, G., Quart. J. Geol. Soc. (in the press). 

® Price, W. A., Environment and formation of the chenier plain, Teras A and 
M Res, Found. Project 63, Ref. 54-647 (1955). 

? Curray, J. R., and Moore, D. G., in Developments in Sedimentology, edit. by 
van Straaten, L, M. J. U., 76 (Elsevier, Amsterdam, 1964). 


INHIBITION BY ADENOSINE AND BY 2-CHLOROADENOSINE OF THE 
FORMATION AND EMBOLIZATION OF PLATELET THROMBI 


By Pror. G. V. R. BORN 
Department of Pharmacology, Royal College of Surgeons of England, Lincoln’s Inn Fields, London, W.C.2 


AND 


Dr. A. J. HONOUR and Dr. J. R. A. MITCHELL 
Department of the Regius Professor of Medicine, Radcliffe Infirmary, Oxford 


HEN adenosine diphosphate (ADP) is added to 
citrated platelet-rich plasma the platelets rapidly 
adhere to each other to form aggregates?*. Other sub- 
stances which bring about platelet aggregation include 
thrombin, adrenaline and noradrenaline, and.5-hydroxy- 
tryptamine**, Aggregation by all these substances can 
be inhibited by adenosine monosphate (AMP) and, more 
effectively, by adenosine?! which are breakdown products 
of ADP. This inhibition is very specific’; of many other 
related substances only 2-chloroadenosine inhibits as 
effectively, or more, than adenosine®. 

When ADP is infused into the blood stream of animals® 
and of man!° the concentration of circulating platelets 
decreases temporarily, presumably because they form 
aggregates which are trapped in some parts of the circula- 
tion; this effect is inhibited in animals by infusing 
adenosine. _ 

Platelets circulating through normal vessels are separate. 
In injured vessels, however, the platelets adhere to the 
site of injury and to each other to form white masses or 
thrombi. These ‘white bodies’ increase in size and break 
away intermittently to be carried away in the blood 
stream as emboli*.18, If the injury is such that the vessel 
bleeds, platelets swept out with the blood rapidly aggre- 


gate in the wound to form a ‘hemostatic plug’ which 
lies outside the lumen. 

The mechanism underlying these responses to injury 
is not understood. However, the observations already 
made have suggested a possible mechanism. It is known 
that, whenever cells are injured, some of their ATP 
breaks down to ADP. Therefore, the formation of white 
bodies might be initiated by ADP formed by injured cells 
in the vessel wall and released into the blood stream. 
Evidence in favour of this suggestion was provided by the 
observation’! that, in severely injured vessels, white body 
formation could be prevented by the application of 
enzyme poisons to the site and that, in minimally injured 
vessels, white bodies were not formed unless the site of 
injury was flooded with solutions of ADP, adrenaline or 
5-hydroxytryptamine. We now provide further evidence 
by showing that substances which inhibit platelet aggrega- 
tion in vitro also diminish the formation of white bodies in 
injured vessels. 

Grey Chinchilla rabbits of either sex were used; they 
weighed 2-3-3-5 kg. Each rabbit was anesthetized with 
urethane (0-6 ml./kg of a 25 per cent solution in physio- 
logical saline, injected intraperitoneally) and a trache- 
ostomy tube was inserted. A polythene cannula introduced 
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into the left common carotid artery was passed headwards 
and tied in place. Through this cannula we infused either 
saline, at a rate of 0-2 ml./min, or solutions in saline of 
adenosine or 2-chloroadenosine, always at a concentration 
of 10-2 M but at different rates. The blood pressure was 
recorded: kymographically from a cannula in the femoral 
artery. 

The right cerebral cortex was exposed and the vessels 
on its surface were observed as described by Honour and 
Ross-Russell*. Two degrees of arterial injury were used 
to assess the effects of adenosine and 2-chloroadenosine: 

(a) Major injury. An artery was pinched firmly with 
needle-pointed ophthalmic forceps, causing bleeding and 
the formation of a hemostatic plug outside the vessel. 
Inside the vessel the site of injury produced a steady 
succession of white platelet masses. These masses formed. 
and embolized at regular intervals. By recording the rate 
of embolization the ‘activity’ of the site was measured. 

(b) Minor injury. An artery was gripped gently with 
the forceps. This did not produce bleeding and no white 
bodies formed spontaneously. However, when solutions 
of ADP, adenosine triphosphate (ATP), or 5-hydroxy- 
tryptamine were applied to the external surface of the 
injured segment platelet masses formed and embolized 
for as long as the application was continued. By using 
a standard method of application (1 drop/sec for 1 min) 
and by testing progressively lower concentrations, the 
lowest concentration which produced white bodies was 
determined. . 

Adenosine triphosphate, adenosine diphosphate and 
5-hydroxytryptamino creatinine sulphate were from the 
Sigma Chemical Corporation; adenosine was from British 
Drug Houses Ltd.; and 2-chloroadenosine was kindly 
supplied by Dr. J. A. Montgomery, Southern Research 
Institute, Birmingham, Alabama. 


Effects of Adenosine on Major Injuries 


(a) Adenosine infused after injury (Fig. 1). A major 
injury was inflicted and observed for 60 min during which 
time white bodies formed and embolized at regular inter- 
vals. These bodies became impacted at bifurcations 
before moving on into deeper vessels. Adenosine was then 
infused into the carotid cannula for 30 min at a rate of 
0-5 mil./min, a total of 40 mg (16-7 mg/kg). Twenty min 
after the start of the infusion, the white masses at the 
injury site were seen to be less dense. Thsy broke up 
into tiny fragments which were swept rapidly out of sight 
into deeper vessels instead of becoming impacted at 
bifurcations. The masses forming at the site became pro- 
gressively smaller and less dense, and they streamed off 
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‘Fig. 1. Rate of embolization of white bodies from a major injury before 

and after infusion of adenosine. Infusions are indicated by_the hori- 

zontal bar, the width of which is proportional to the rate of infusion, 

ithus: saline 0-2 ml./min (white); and adenosine 0-5 ml./min (hatched). 

A major injury was inflicted at the arrow marked J. The time during 
which emboli stuck at bifurcations is indicated by S 
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after and before infusions of adenosine, Symbols as in Fig. 1. 


Hie, er oe of embolization of white bodies from two major injuries 
inflicte 
The first injury was inflicted at Z and the second at XI 
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Fig. 3. Rate of embolization of white bodies from a major injury site 
after infusions of adenosine, Symbols as in Fig. 1 


as white swirling clouds. Some 60 min after beginning 
the infusion the site became completely inactive and no 
further white bodies formed during the next 4h. Similar 
observations were made with two other rabbits. 

(b) Adenosine infused before injury. In the experiment 
shown in Fig. 2, adenosine was infused into the carotid 
cannula at 0-3 ml./min for 50 min, a total of 42-5 mg 
(17-0 mg/kg). Thirty min after the start of the infusion a 
major injury was inflicted. Hemorrhage from the site 
was normal in amount and duration, and the injury was 
sealed with a dense hemostatic plug. However, no em- 
bolizing white bodies formed until 40 min after the injury 
had been inflicted. Instead, all that could be seen at 
the site of injury was a diffuse white area from which 
minute fragments whirled away. Sometimes the whiteness 
disappeared without any fragments being seen; it appeared, 
to be washed away as fast as it formed. From 40 to 
170 min after the injury the fragments became larger; 
but these emboli were fluffy, pink, translucent and in- 
frequent, and they did not stick at bifurcations. From 
180 min onwards the site began to behave like a normal 
major injury, forming dense white bodies frequently 
which embolized and stuck at bifurcations. At this time 
a second artery was injured. This injury immediately 
produced large and dense white bodies; it behaved, 
therefore, quite differently from the earlier injury inflicted 
during the adenosine infusion. With both injuries showing 
vigorous activity, adenosine was infused again (0-5 ml./ 
min for 15 min and then 0-3 ml./min for 20 min, a total 
of 36-9 mg or 16-2 mg/kg). After 10 min the white masses 
forming at the original injury site were Jess dense and the 
emboli were less frequent and did not stick at bifurcations. 
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Table 1. EFFECT OF INFUSED ADENOSINE ON THE MINIMAL CONCENTRATIONS OF ADP, ATP AND 5-HYDROXYTRYPTAMINE CAPABLE OF PRODUCING WHITE 
BODIES AT A MINOR INJURY SITE 




















Minimal effective : 
Exp. concentration (ug/ml.)| Minimal effective concentration (ugiml.) at the 
No. , Adenosine (10~? M) infused Substance before infusion following times after start of infusion 
1 at 0-45 ml./min for 55 min 30 min | 137 min 159 min 
{total 67 mg or 28 mg/kg) 
ADP 2 4 4 2 
ATP 2 4 4 2 
5-hydroxytryptamine 2 > 250 16 2 
2 at 0-2 ml./min for 53 min 36 min 88 min 149 min ; 166 min 
(total 28-7 mg or 11 mg/kg) | 
ADP 2 8 8 4 4 
ATP 2 8 8 4 2 
§-hydroxytryptamine 8 > 250 250 16 8 
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Table 2, EFFECT OF INFUSED 2-CHLOROADENOSINE ON THE MINIMAL CONCENTRATIONS OF ADP, ATP AND 5-HYDROXYTRYPTAMINE CAPABLE OF PRODUCING 
WHITE BODIES AT A MINOR INJURY SITE 








Minimal effective 
concentration (ug/ml.) 


Minimal effective concentration (#g/ml.) at the following times 











Infusion Substance before infusion after start of infusion 
2-chloroadenosine (5 x £0-° M) 

infused at 0-31 ml./min for 63 E 

mo oral of 22°6 mg., 9°6 54 min 65 min 120 min 180 min 240 min 

mg/kg 
ADP 16 — 16 32 32 32 
ATP 16 — 16 32 32 32 

5-hydroxytryptamine 32 64 > 250 > 250 | > 250 > 250 





After 20 min the site was quiescent. Fifty min after the 
end of this infusion, floccular white bodies began to form 
again but discontinuously. 

In the experiment shown in Fig. 3 adenosine was 
infused at a rate of 0-3 ml./min for 50 min, a total of 
45-5 mg (19-8 mg/kg). Forty min after the start of the 
infusion a major injury was inflicted; this formed tiny, 
floceular white bodies occasionally for about 40 min and 
then became completely inactive. About 3 h after the 
end of the adenosine infusion the site became active: 
dense emboli showered off which stuck at bifurcations. 
When a further infusion of adenosine (0-5 ml./min for 
50 min) was given, the site became inactive 10 min after 
the start of the infusion. 

When adenosine was infused the respiration became 
faster and deeper and the blood pressure fell by, at most, 
20 mm mercury. The pressure often returned to its 
initial level during the infusions and we never had to 
reduce the rate of infusion because of hypotension. 

Effects of 2-chloroadenosine on major injuries. 2-Chloro- 
adenosine was infused at 0:24 ml./min for 30 min, a total 
of 22-2 mg (7-7 mg/kg). At the end of this period a major, 
injury was inflicted; this bled for the usual time and a 
dense hemostatic plug formed. Within the vessel, however, 
only a faint white smudge was seen at the site of injury 
from which minute fragments swirled and streamed away. 
This activity lessened progressively; 40 min after the 
injury the site became inactive. About 4 h later, dense 
white masses began to build up at the site and to embolize 
every 2-3 min; the emboli stuck at bifurcations. 

This experiment was repeated with another rabbit. 
The infusion rate was more rapid (0-6 ml./min for 16 min, 
a total of 27:7 mg, or 11-8 mg/kg) but the effect on the 
major injury was similar. Thirty-nine min after begin- 
ning the infusion, the animal stopped breathing; it was 
respired artificially for 7 h. During this time the blood 
flow through the cerebral cortex remained excellent 
but then the heart stopped. Throughout this long period 
no white bodies were observed at the injury site. 

Effects of adenosine on minor injuries. When ADP, 
ATP or 5-hydroxytryptamine are applied to minor 
injury sites they produce white bodies which embolize 
as long as the application is continued'®. Minor injuries 
were inflicted on cortical arteries of two rabbits. ADP, 
ATP and 5-hydroxytryptamine in decreasing concentra- 
tions were applied to the site before, during and after 
infusions of adenosine; and the minimal concentrations 


were determined which were effective in producing white 
bodies. The results are shown in Table 1. In both experi- 
ments adenosine affected the response to 5-hydroxytrypt- 
amine most: the site no longer formed white bodies with 
concentrations 30-125 times greater than those which were 
effective before the infusion. With ADP and ATP the 
minimal effective concentrations increased by only a 
factor of 2-4; but the behaviour of the site changed 
qualitatively. Before the infusion, when the minimal 
effective concentrations of ADP and ATP were applied a 
white mass formed after 20-30 sec and remained at the 
site for 30-40 sec after the end of the application. In- 
creasing concentrations produced larger, denser masses 
which remained at the site for several minutes and which, 
on embolizing, stuck at bifurcations. When adenosine 
was infused, after about 20 min this pattern ‘of response 
began to change. The white masses were less dense and 
were washed away in tiny fragments as soon as the 
application of ADP or of ATP was stopped. Moreover, 
the graded response was abolished in that the applications 
of ADP or ATP in high concentrations (250 pg/ml.) 
produced a white mass no more dense or persistent than 
one produced by the minimal effective concentrations 
(4-8 ug/ml.). 

As the injury sites recovered their response to 5- 
hydroxytryptamine, 82 and 96 min respectively after the 
end of the adenosine infusion, the responses to ADP and 
ATP also became normal. 

Effects of 2-chloroadenosine on minor injuries. Minimal 
effective concentrations of ADP, ATP and 5-hydroxy- 
tryptamine were determined before, during and after an 
infusion of 2-chloroadenosine. The results are shown in 
Table 2. The response to 5-hydroxytryptamine was 
abolished while the minimal effective concentrations of 
ADP and ATP were only doubled. However, as with 
adenosine, the quality of the response was profoundly 
altered: the white masses were less dense, were washed 
away in tiny non-adherent fragments as soon as the 
applications were stopped, and showed no tendency to 
stick at bifurcations. As with adenosine, the gradation 
of response was also abolished. The effect of the 2-chloro- 
adenosine was, therefore, similar to that of adenosine but 
more prolonged: after 4 h the behaviour of the injury 
site had not returned to the pre-infusion pattern whereas, 
with adenosine, it had done so after 90 min. 

Ninety min after beginning the infusion of 2-chloro- 
adenosine the rabbit stopped breathing. It was artificially 
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Fig. 4, Inhibition of the aggregation of rabbits’ platelets by ADP in vitro 
by intravenously infused adenosine or 2-chloroadenosine (1 x 10-? M). 
The period of infusion is shown thus <—>. Adenosine (O) was infused 
at a rate of 0-12 ml./min kg; the standard concentr tion of ADP was 
1-7x10->M. 2-Chioroadenosine (@) was infused at a rate of 0-11 ml./ 
min kg; the standard concentration of ADP was 5 x 10-* M. In samples 
of separated plasma, containing 6-8-9-8x10* platelets/mi., rapidly 
reversed aggregation of platelets (ref. 5) was brought about by addin: 

ADP and recorded as decrease in optical density of the plasma (ref. 2, 


3 4 


respired for 3 h during which the cortical circulation 
looked normal; then the heart suddenly stopped. 

- Effects of infused adenosine and 2-chloroadenosine on the 
aggregation of platelets by ADP in vitro. Having estab- 
lished that infused adenosine and 2-chloroadenosine 
inhibited the aggregation of platelets in injured arteries, 
we investigated the effects of such infusions on platelet 
‘aggregation im vitro. Polythene cannule were tied into 
an external jugular vein and a femoral artery of anzsthe- 
tized rabbits. At hourly intervals heparin (60 units/kg) 
was injected intravenously ; this did not alter the aggregat- 
ing effect of ADP. The blood pressure in a carotid artery 
was recorded on a kymograph. Blood samples of 1:5 ml. 
from the femoral artery were mixed with 0-045 ml. 19 
per cent tri-sodium citrate. The samples were centrifuged 
at room temperature for 2 min at 500g. The platelet- 
rich plasma was separated and samples were used for 
counting the platelets and for measuring their aggrega- 
tion® by recording the fall in optical density produced by 
a standard concentration of ADP after a standard time 
at 37° C. 

Adenosine or 2-chloroadenosine was then infused into 
the jugular vein for 30 min. Blood samples were taken 
during and after the infusion and platelet aggregation 
was determined in response to the same concentration of 
ADP. Fig. 4 shows that infusions of adenosine or 2- 
chloroadenosine diminished aggregation of the platelets 
in vitro, and that this effect of 2-chloroadenosine was 
greater and more prolonged than that of adenosine. 

We have shown that infusions of adenosine and 2-chloro- 
adenosine, substances which strongly inhibit the aggrega- 
tion of platelets by ADP in vitro, alter the behaviour of 
platelets circulating through an injured artery so that 
they no longer adhere to the site of injury to form masses 
which embolize as white bodies. Before the formation of 
these masses is completely suppressed their character is 
altered. Usually the masses are white and dense and they 
embolize en masse; the emboli clear the site of visible 
accretion, and they tend to stick at bifurcations. Under 
the influence of infused adenosine or 2-chloroadenosine 
the masses are pink and floccular; and they are washed 
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away in streams of tiny fragments which do not become 
impacted at bifurcations. 

There are similarities between the inhibitory effect of 
adenosine and 2-chloroadenosine on platelet aggregation 
in vitro and on white body formation in vivo. In vitro, 
when an inhibitor is added at the same time as ADP, the 
effect is slight, but it increases as the interval increases 
between. the addition of the inhibitor and the subsequent 
addition of ADP?. In vivo, there is a delay between 
infusion of an inhibitor and inhibition of white body 
formation. Inhibition is maximal after 10-15 min in 
vitro and after 20-40 min in vivo. These time effects may 
oa the same cause; what this is has not yet been estab- 
ished. 

Another similarity is that the effect of 2-chloroadenosine 
was more prolonged than that of adenosine. The in vitro 
results? suggest that this is due, at least partly, to the 
inactivation of adenosine by a deaminase in plasma which 
does not inactivate 2-chloroadenosine. in vivo both 
adenosine and 2-chloroadenosine inhibited the formation of 
white bodies completely, but the inhibition by 2-chloro- 
adenosine lasted much longer than that by adenosine. 
Presumably, the concentration in the blood of both 
substances decreased through diffusion out of the vessels 
while the concentration of adenosine also decreased by 
inactivation. The effect of adenosine seemed to be com- 
pletely reversible for, in the experiment shown in Fig. 2, a 
major injury made 3 h after an adenosine infusion behaved 
normally. 

A difference between adenosine and 2-chloroadenosine 
was in their toxic effects. None of the rabbits into which 
adenosine was infused appeared to be harmed by it, 
whereas two rabbits receiving 2-chloroadenosine developed 
respiratory arrest. Some other toxic effects of 2-chloro- 
adenosine are known!?:18, 

The mechanism by which ADP, ATP and 5-hydroxy- 
tryptamine produce white bodies when applied to minor 
injury sites is not known!*, Since aggregation by these 
substances as well as by thrombin is inhibited by 
adenosine”, it has been suggested’ that there is a final 
common pathway in the mechanism of platelet aggrega- 
tion in which ADP is essential. This suggestion is sup- 
ported by other recent work (see following article). 
Since ATP-ases are activated in injured cells, the effect 
of ATP is probably due to its breakdown to ADP. 

The effect of 5-hydroxytryptamine at a minor injury 
site was much more strongly inhibited by infused 
adenosine and 2-chloroadenosine than the effects of ADP 
and ATP. It has already been shown™.?® that when 
specific antagonists to 5-hydroxytryptamine are applied 
to a minor injury site its response to 5-hydroxytryptamine 
is abolished whereas the responses to ADP and ATP 
are unchanged. In both these ways, therefore, the white 
body-producing effect of 5-hydroxytryptamine differs 
from that of ADP and ATP. 

The relevance of our observations on the formation of 
platelet masses in mechanically injured arteries in the 
rabbit to the formation of thrombi in man is uncertain. 
Nevertheless, if adenosine and its derivatives influence 
some fundamental step common to both these types of 
platelet aggregation our results suggest that such sub- 
stances, if sufficiently non-toxic, may prove effective in the 
prevention and treatment of human thrombotic diseases. 

Since platelet aggregation is an important factor in 
arresting bleeding, one has always feared that drugs which 
prevent platelets from adhering to each other might also 
prevent hemostasis. Our observations show that the 
formation of platelet thrombi in the lumen of an injured 
artery can be suppressed without interfering with the 
formation of hemostatic plugs. 
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ROLE OF ADENOSINE DIPHOSPHATE IN THE AGGREGATION OF HUMAN 
BLOOD-PLATELETS BY THROMBIN AND BY FATTY ACIDS 


By Dr. R. J. HASLAM 


Sir William Dunn School of Pathology, University of Oxford, and Research Department, Imperial Chemical 
Industries, Ltd., Alderley Park, Cheshire 


To adhesion and aggregation of blood platelets at 
sites of injury in blood vessels and the presence of 
aggregated masses of platelets in natural and artificial 
thrombi have focused attention on the role of platelets in 
thrombosis (for review see ref. 1). A wide variety of 
agents, including thrombin?, collagen fibres®, ADP‘ and 
recently certain long-chain saturated fatty acids®.,* have 
been shown to induce clumping of platelets under appro- 
priate experimental conditions. Platelet aggregation by 
thrombin has been attributed both to the action of the 
enzyme on platelet fibrinogen’ and to the release of ADP 
by the breakdown of platelet ATP (ref. 8), which occurs 
both in clotting platelet-rich plasma’ and on addition of 
thrombin to isolated washed platelets’, Evidence has 
also been presented that collagen fibres act through 
the release of ADP (ref. 12). The work recorded here, by 
utilizing pyruvate kinase (PK) as an enzyme capable of 
removing low concentrations of ADP through reaction (1), 
the equilibrium of which lies far to the right, provides 
convincing evidence that ADP is of general importance in 
the aggregation of platelets. 


PK 
2-Phosphoenolpyruvate*- + ADP®*- + Ht == pyruvate- 
a K+,Mgt+ 
+ ATP* (1) 


For each experiment platelets were isolated from human 
blood withdrawn through a siliconized needle into a flask 
containing 0-075 vol. 0:077 M sodium EDTA, pH 7-4. 
Tho platelets were used only on the day the blood was 
withdrawn. Siliconized glassware was used throughout. 
The blood was centrifuged in tapered 10 ml. tubes at 5° C 
for 16 min at 300g to yield supernatant platelet-rich 
plasma, which was in turn centrifuged for 15 min at 750g 
in an angle head. ‘The platelet pellets obtained were 
resuspended with a Pasteur pipette in a volume equal to 
the plasma of a medium composed of 0-154 M-sodium 
chloride, 0-154 M tris-hydrochloride buffer, pH 7-4, and 
0:077 M EDTA, mixed in the proportion 90: 8:2 by 
volume. Centrifugation was repeated for 12 min at 
250g. The washed platelets were finally resuspended in 
sufficient of a medium, containing 9 parts 0-154 M sodium 
chloride and 1 part 0-154 M tris buffer, pH 7-4, to give a 
platelet count of 2-3 x 10°/mm%. Suspensions of platelets 
prepared in the foregoing manner and stored at 5° C for up 
to 6 h showed no spontaneous aggregation and were 
unaffected on stirring at 37-5° C after addition of 1-1 mM 
calcium chloride alone. Failure to use siliconized glass- 
ware, use of citrate as anticoagulant, omission of EDTA 
from the solution used in washing the platelets, more 
rapid centrifugation than necessary, and final resuspen- 
sion in a medium containing Kt, Mgtt or Catt ions, all 


led to unsatisfactory preparations showing some degree 
of spontaneous aggregation. One or more of these factors 
may account for the failure of some authors to obtain 
stable preparations of washed human platelets'4. Suspon- 
sions of platelets prepared in the manner described showed 
a progressively decreasing responsiveness to all the 
aggregating agents used. By periodically performing 
control aggregation tests it was possible to continue 
experiments for up to 6 h after completing the prepara- 
tions. ` 

Human thrombin (from-the Lister Institute, Elstree) 
and bovine thrombin (Parke, Davis and Co.) were both 
used and dissolved in 0-154 M sodium chloride to give 
solutions of 1-4 N.I.H. units/ml. Crystalline, salt-free 
trypsin was obtained from Böhringer und Söhne, Mann- 
heim, Germany. Synthetic palmitic, stearic, arachidic, 
behenie and lignocerie acids were very kindly supplied 
by Dr. N. Polgar of the Dyson Perrins Laboratory, Oxford. 
These were converted to 4 mM suspensions of the sodium 
salts by warming with 10 per cent excess sodium hydroxide 
followed by neutralization to pH 7:5. Commercial 
pyruvate kinase (Bohringer und Söhne; 10 mg/ml.) was 
freed from ammonium sulphate immediately before use 
by gel filtration on ‘Sephadex G.25° using tris-buffered 
saline as the solvent. This was essential, as ammonium 
sulphate powerfully inhibits the aggregation of platelets 
by thrombin. The activities of the pyruvate kinase (PK) 
preparations obtained (1 unit is defined as 1 ymole/min 
at 25° C and pH 7-4) were estimated spectrophoto- 
metrically by coupling the reaction to the oxidation of 
NADH in the presence of lactate dehydrogenases. ADP 
was determined enzymatically, using the same principle, 
after precipitation of protein with 2 por cent w/v (final) 
perchloric acid'*. This method also estimates other 
nucleoside diphosphates with ADP. Phosphoenolpyruvate 
(PEP) obtained as the tricyclohexylammonium salt was 
converted to the sodium salt by passing a solution through 
a column of ‘Amberlite IR 120 (HY resin, followed by 
immediate neutralization. 

Platelet aggregation was measured according to 
Born’s method**, as the decrease in extinction, using white 
light, of stirred 2 ml. samples of platelet suspension in 
50 mm x 10 mm ‘Pyrex’ centrifuge tubes, and was 
recorded automatically as described by Cuthbertson and 
Mills’. Adequate stirring was achieved by a polythene- 
coated steel rod moulded at the tip into a propeller and 
rotating at 900 r.p.m. just above the light path. Apart 
from a channel for the light beam the tubes were sur- 
rounded by a hollow brass block through which water at 
37-5° C was circulated. Temperature equilibration from 
5° C required 3 min. f i 
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In experiments with the PK system 1-65 ml. of platelet 
suspension was mixed immediately before each aggrega- 
tion test with 0-20 ml. 0-154 M potassium chloride, 0-02 ml. 
0-154 M magnesium sulphate, 0-01 ml, 0-11 M calcium 
chloride, 0-02 ml. PEP solution or water, and 0-10 ml. 
ammonium sulphate-free PK or éris-buffered saline. In 
the absence of thrombin the extinction of the stirred 
suspension fell by only 0-5 per cent in 15 min but, when 
human thrombin (0:02 ml, 4 units/ml.) was added at 
5 min to a suspension containing no PEP or PK, rapid 
aggregation of the platelets occurred after a lag of 30-40 
sec (Fig. la). Large. platelet clumps were visible to the 
neked eye 3 min after the addition of thrombin. Lower 
thrombin concentrations (human or bovine) caused 
slower aggregation with a longer lag period. Inclusion of 
both 3 units of PK per ml. and 0:28 mM PEP in the 
system caused a marked inhibition of aggregation, while 
PK alone caused no inhibition and PEP alone at this 
concentration had only a slight effect (Fig. 1). Identical 
observations were made using bovine thrombin. Lower 
concentrations of PEP caused decreasing degrees of 
inhibition of aggregation in the presence of PK (Fig. 2) 
and little or no inhibition in the absence of the latter. 
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Fig. 1. Effect of PK+PEP on the aggregation of platelets by human 

thrombin. a, b, ¢ and dare superiinposed tracings‘of automatic record- 

ings, a, PK and PEP both: nt;- b, 3 units PK/ml. and 0-28 mM 

PEP present; (e) 3 units PK/ml. but no PEP present; (d) 0-28 mM 

PEP but no PK present. Thrombin (0:02 ml., 4 units/ml.) was added 
in each case after incubation with stirring for 5 min 
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Fig. 2. Effect of PEP concentration on the aggregation of platelets by 

human thrombin in the presence of PK. Thrombin (final concentration, 

0:02 units/ml.) was added to each sample after 5-min. incubation. All 

samples contained 8-5 units PK/ml. and PEP as follows: a, none; 
b, 25 uM; c, 10 uM; d, 50 uM 
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Fig.3. Effect of addition of PEP after aggregation of platelets by throm- 
bin has commenced. Human thrombin (final concentration, 0-04 units/ 
ml.) was added to each sample after 5-min incubation and 0-1 mM-PEP 
(final concentration) after 9 min. a, PK absent; b, 3 units PK/ml. 
present from zero time 
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Fig. 4. Effect of ionic composition of the medium on the agutegation of 


washed human platelets by ADP. After 5-min incubation 0-02 ml. 

5 mM ADP was added to 2-ml, samples made up of 1-7 ml. platelet 

suspension in buffered saline, test isotonic salt solutions and buffered 

sa to volume. Additions other than buffered saline were: a, none; 

b, 0:20 mi. 0-154 M KCI; 0:02 ml. 0-154 M MgSO, and 0-01 ml. 0-11 M 

CaCl; c, 0-02 ml. 0-11 M CaO; h 0.20 ml, 0'154 M KOI and 0-02 ml. 
. 3 


The lowest concentration of PEP tested (2-5 uM) delayed 
the start of platelet aggregation by human thrombin for 
2-3 min, after which complete aggregation occurred. 
The remarkable effectiveness of the PK + PEP system in 
preventing the aggregation of platelets was further demon- 
strated by the finding that addition of 0-1 mM PEP after 
the addition of thrombin to a system containing PK 
almost halted aggregation, even after it was well under 
way (Fig. 3). Measurement of the ADP appearing in the 
supernatant of stirred samples of platelet suspension 
(2-5 x 10° platelets/mm}?), incubated for 10 min with 
human thrombin (0-02 units/ml.) in the presence and 
absence of components of the PK system and then 
centrifuged for 2 min at 2,000g, gave final ADP concen- 
trations as follows; with both PK and PEP absent, 3-0 yM 
(70 per cent decrease in extinction of the platelet suspen- 
sion), with 3-5 units PK/ml. alone, 3-3 uM. (63 per cent 
decrease in extinction), with 50 uM PEP alone, 2'8 uM 
(63 per cent decrease in extinction), and with both PK 
and PEP present less than 0-5 uM, that is, below the limit 
of detection (11 per cent decrease in extinction). In the 
absence of thrombin no measurable ADP was released 
and the fall in extinction of the platelet suspension was 
only 4 per cent. This experiment indicates that the 
PK + PEP system was performing its intended function. 
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Consideration of reaction (1), catalysed by PK, indicates 
that an inhibition of platelet aggregation, which is de- 
pendent on the simultaneous presence of PK and PEP, 
must result from the removal of ADP (or other nucleoside 
diphosphates which react more slowly) or the formation 
of pyruvate or ATP. Addition of 0-2 mM sodium pyruvate 
had no effect on platelet aggregation caused by thrombin 
and 0-1 mM ATP inhibited only to about the same extent as 
0:28 mM PEP alone (Fig. 1). Thus, as the concentration 
of ATP generated by the reaction must be limited by the 
available ADP to considerably less than one-tenth of that 
tested, the effect of addition of PK + PEP is probably 
entirely due to the removal of ADP. Gaarder et al.‘ have 
shown that externally added ADP and no other naturally 
occurring nucleoside diphosphate can, at the concentration 
liberated in the present experiments, cause rapid aggrega- 
tion of platelets in platelet-rich plasma, and it may there- 
fore be inferred that the action of thrombin on human 
platelets is mediated through the release of ADP. How- 
ever, addition of external ADP to a suspension of washed 
platelets in a medium supplemented with K+, Mgt+ and 
Catt ions in the concentrations previously described 
caused appreciable aggregation only at a concentration of 
50 uM or above (Fig. 4b), and even then the aggregation 
was several times slower than that caused by thrombin 
(0-02 units/ml.). This indicates that ADP liberated from 
inside washed platelets is more effective than ADP added 
from the outside, either by virtue of a high local concen- 
tration of ADP at the platelet membrane or for some other 
reason. The aggregation of washed platelets by 50 uM 
ADP in media of varying ionic composition is illustrated 
in Fig. 4. The most rapid and extensive aggregation was 
found when the suspension of platelets in tris-buffered 
saline was supplemented with both Catt and K+ ions 
(see also ref. 18). Aggregation of washed human platelets 
by ADP showed an absolute requirement for either Ca++ 
or Mg++ ions and the effect of both these was enhanced 
by K+ ions. Platelets which had been washed twice during 
their isolation showed almost as rapid aggregation by 
external ADP as those washed only once, indicating that, 
if a plasma constituent other than the above inorganic ions 
is concerned in the ADP effect, some of it, at least, must 
be very firmly adsorbed to the platelets. The greater 
sensitivity to external ADP of platelet-rich plasma relative 
to suspensions of washed platelets does, however, suggest 
some deficiency in the latter. A marked requirement for 
a plasma constituent other than K+, Catt and Mg++ 
ions for aggregation of washed pig platelets by ADP 
has been reported? and confirmed by the present author. 

Trypsinization of platelets has been shown to prevent 
the aggregating effects of both thrombin’ and collagen", 
both of which now appear to act through the release of 
ADP. It was therefore interesting to find that trypsin 
‘also abolished the aggregation of washed platelets by 
ADP. Thus, while low concentrations of trypsin (for 
example, 0-2 ug/ml.) caused rapid and complote aggrega- 
tion of platelets in the presence of Catt ions, concentra- 
tions a thousand-fold higher caused only a much smaller 
rapid drop in extinction, after which no further decrease 
occurred (Fig. 5), even on addition of 50 uM ADP (Fig. 6). 
These findings suggest that the first effect of trypsin is 
analogous to that of thrombin (see also ref. 20) but that the 
more extensive proteolysis which follows, especially with 
high concentrations of trypsin, damages either a protein 
constituent of the membrane or an adsorbed plasma pro- 
tein, which is essential for the aggregating effect of the 
ADP released. This conclusion is supported by a recent 
report that plasmin also prevents platelet aggregation by 
ADP, thrombin and connective tissue extracts*t. The 
available information does not yet indicate whether the 
platelet substrate for thrombin, probably platelet fibrino- 
gen’, is the same or different from the protein required for 
aggregation by ADP. 

Long-chain saturated fatty acids have been shown to 
promote thrombus formation both in the Chandler 
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Fig. 5. Effects of trypsin on washed human platelets, To 2-ml. samples 
of platelets in buffered saline were added after 4-6-min incubation 0-02 ml. 
011 M CaCl, and after 5 min 0:02 ml. trypsin solution in saline to give 
the following final trypsin concentrations; a, 0:2 pg/ml; b, 0-2 mg/ml. 
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Fig. 6. Effect of trypsin on the aggregation of washed platelets by 

ADP. To 2-ml. samples of platelets in buffered saline were added at 

45 min 0-02 mJ. 0-11 M CaCl, and at 5 min 0-02 ml, 5 mM ADP; 

a, 0-2 mg. trypsin/ml. added after 3-5-min incubation; b, equivalent 
volume (0-02 ml.) of saline only added at 3-5 min 


apparatus”? and on intravenous injection®*, and this has 
been attributed to the activation of Hageman factor??-25, 
The effects of sodium salts of these fatty acids on washed 
human platelets were, therefore, investigated. Palmitate, 
stearate, arachidate, behenate and lignocerate at a final 
concentration of 0-1 mM were all found to cause rapid 
platelet aggregation in the presence of 1-1 mM calcium 
chloride. Comparison of the relative activities of the 
different fatty acids was impossible; as the size of the 
fatty-acid micelles seemed to be the most critical factor. 
For example, an inactive stearate suspension could be 
reactivated by warming and cooling to give a more translu- 
cent suspension. The lowest concentration of fatty acid 
to give measurable aggregation was generally 20-30 uM 
(Fig. 7). Using the same experimental system as for 
thrombin it was found that the effect of 0-1 mM behenate 
was almost abolished by PK (3:4 units/ml.) and PEP 
(0-1 mM) together (Fig. 8), though was unaffected by 
either component alone. This suggests that aggregation 
was again mediated by ADP released from the platelets, a 
conclusion which was supported by the finding that plate- 
let aggregation by behenate was as markedly inhibited 
by 0-1 mM adenosine (Fig. 8), which competitively inhibits 
aggregation by ADP (ref. 26). Adenosine also caused a 
partial inhibition of the aggregation of washed platolets 
by human or bovine thrombin (Fig. 9), as has already boen 
reported for platelets in platelet-rich plasma?’. The above 
observations on the aggregation of washed platelets by 
fatty acids probably refer to the same phenomenon as 
described by Shore and Alpers’, who found that stearate 
and longer-chain saturated fatty acids caused clumping 
of platelets with release of serotonin and histamine in 
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heparinized rabbit platelet-rich plasma. While it may 
be that fatty acids release ADP by direct damage to the 
platelet membrane, activation of an adsorbed protease, 
perhaps via Hageman factor, must also be considered as a 
possible mechanism. As in the presence of 4 per cent 
w/v human albumin, 0-1 mM behenate did not cause 
platelet aggregation (see also ref. 5), the physiological 
significance of the aggregation of washed platelets by fatty 
acids is uncertain. However, it has recently been shown 
that the marked elevation of plasma free fatty acids in 
rabbits given subcutaneous injections of ACTH or porcine 
anterior pituitary extract is associated with thrombosis 
and a shortening of the whole blood silicone clotting 
time®*. This suggests that under some conditions plasma 
free fatty acids may not be fully or effectively bound by 
albumin and that the action of fatty acids on platelets 
could have pathological significance. 
The results obtained indicate that the release of ADP 
- may be of general significance in mechanisms leading to 
the aggregation of platelets both in thrombosis and normal 
hemostasis. If this is the case the rate of enzymatic 
removal of ADP in blood may, as exemplified by the 
action of the PK + PEP system, be a factor determining 
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Fig. 7.. Effect of concentration of behenate on aggregation of washed 

humanfplatelets. To samples of platelets in buffered saline were added 

after 4-6 min 0-02 ml. 0-1] M CaCl, and after 5 min behenate in the 

following final concentrations; a, 100 uM; 6,70 4M; c, 40 uM; d, 30 uM. 
Final volume 2 ml. in each case 
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Fig. 8. Effects of PK + PEP and adenosine on the aggregation of piate- 
lets by behenate. For ionic composition of medium see text. Behenate 
(0-05 ml. 4 mM) was added to each sample after 5-min incubation. a, 
PK and PEP absent; b, 3-4 units PK/ml. and 0-1 mM PEP present; 
ec, PK and PEP absent, 01 mM adenosine present from zero time 
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Fig. 9. Effect of adenosine on the aggregation of human platelets by 
bovine thrombin. To samples of platelets in buffered saline were added 
after 4-6 min 0-02 ml. 0-11 M CaCl, and after 5 min thrombin (0-02 ml. 
1 unit/ml.); a, 0-02 mi. saline also added at 4-5 min; b, 0-02 ml. 10 mM 
adenosine in saline added at 4-5 min, Final volume 2 ml. in each case 


the extent to which platelet aggregation proceeds in 
physiological cireumstances. A common basis for the 
effects of a variety of aggregating agents in the action of 
ADP also presents an opportunity for effectively prevent- 
ing platelet aggregation in vivo by an antagonist of the 
adenosine type. 
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MATERNAL AND FETAL LIPIDS OF SHEEP 
By D. R. BODY and F. B. SHORLAND 


Department of Scientific and Industrial Research, Fats Research 
Laboratory, Wellington, New Zealand 


OR the past few years investigations on the lipids 
of the total tissues, excluding wool, skin and hoofs, 
of maternal and foetal sheep have been carried out in this 
Laboratory. As typical of the findings in this project we 
report the results obtained for a Romney ewe born in 
spring 1958 and killed on June 8, 1962 (when pregnant 
with two foetuses 8-10 weeks old), and a Romney fæœtal 
ram lamb, still-born on August 1], 1961. The tissues of 
the ewe (excluding foetuses) and of the foetal lamb were 
processed as described by Barton and Kirton) while the 
lipids were extracted as outlined by Shorland, Bruce and 
Jessop?, The characteristics of the lipids are given in 
Table 1. 


Table 1. CHARACTERISTICS OF THE TOTAL MATERNAL AND FETAL LIPIDS 
oF ROMNEY SHEEP 


Total Trans 
weight Free (as 
of fatty elaidic 
tissue Lipids Sap. Unsap. Iodine aclds* P acid) 
(kge) (%) (equiv.) (%) value (%) (%) (%) 
Maternal 36-6 323 289-5 0:67 46-3 0-97 0-08 12-0 
Fetal 4:4 28 3104 627 681 667 0-83 0-6 
*Calculated as oleic acid. 


The relatively low lipid content of the new-born as 
compared with that of the well-nourished adult animal 
shown in Table 1 is in keeping with the observations of 
other workers. 

Although the percentages of phospholipids and of 
unsaponifiable matter are shown in Table 1 to be approx- 
imately ten times greater in the foetal as compared with 
the maternal lipids, when expressed on a fat-free basis 
the levels of these constituents in the two tissues are found 
to be similar. 

Using the rubber membrane technique of Van Beers, 
de Iongh and Boldingh‘ the lipids were separated into 
phospholipid and triglyceride fractions. The fatty-acid 
composition (Table 2) of these fractions was determined by 
gas chromatography using 20 per cent polydiethylene 
glycol adipate on ‘Celite 545° with argon carrier gas at 
207° and a radioactive strontium detector’ under the 
conditions described by Gerson®, 

The triglycerides of the maternal lipids are shown to 
contain (Table 2) substantial amounts of n-odd numbered 


Table 2, Farry-Acm COMPOSITION OF MATERNAL AND Fata TRIGLY- 
CERIDES AND PHOSPHOLIPIDS. FATTY ACIDS MOLES PER OENT* 


Maternal Footal’ 
Tri- Phospho- Tri- Phospho- 
Fatty acids glycerides lipids glycerides lipids 
Cu 1:63 0-42 0-62 116 (0-09) + 
Cus 0:76 (0-16) 0-42 (0-08) — 0-68 (0-22) 
cr tamoe noaa a PERO 
a! zy + = ‘ania e e } 
Saturated {Cn 26-29 25-99 25 15-49 
Crs — — — 017 
Cay -_ 0-34 _ 0-35 
Cas — — ~~ 0-28 
Cuti 0:25 — — 0:23 
Cre 1:84 2°19 1°45 5°88 
Guat ging 35-28 58-71 B88 
H D a . 4 a! 
Unsaturated | G8 103 0-36 = trace 
Cisis 2:04 7:25 — 0-42 
Cisis 1-00 218 m — 
tis — 3-03 —_ 2:85 


* Assuming areas under ies are proportional to molecular concentrations, 
+ Figures in brackets indicate the amount of branched chain acid included. 
ł Includes some Cr, branched chain acid. 

Indicates trans-octadec-16-enoic acid. 


(4:03 per cent) and of branched chain acids (1-11 per cont) 
as well as of linoleic acid (2-04 per cent) and linolenic acid 
(1-00 per cent). The aforementioned acids were not 
detected in the foatal glycerides under the conditions of 
analysis used. However, the n-odd numbered and 
branched chain acids shown in Table 2 were found in trace 
amounts (less than 0-1 per cent) by gas chromatographic 
analysis of appropriate concentrates prepared by ester 
fractionation. These results together with the data for 
the foetal phospholipids show that the n-odd numbered 
and branched chain acids do not pass readily from the 
mother through the placenta. 

The occurrence of considerable amounts (12-0 per cent) 
of trans acids in the maternal lipids as compared with 
0-6 per cent found in the feetal lipids is in agreement with 
the observations of other workers’. In this regard, it 
may be noted thai whereas the maternal triglyceride 
fatty acids contained 1-03 per cent of trans octadec-16- 
enoic, this acid was absent from the foetal triglycerides, 
although present to the extent 0-36 per cent in the corre- 
sponding phospholipid fatty acids. The relatively high 
stearic acid content of the maternal lipids as compared 
with that of the foetus is also significant (Table 2). 

The passage of unsaturated acids, including oleic and 
linoleic acids, across the placenta has been indicated for 
guinea pigs? while other workers have shown that the 
dienoic acids from corn oil and the hexaenoic acids from 
cod liver oil also pass across the placenta of the rabbit’. 
In the present work, although di- and poly-enoic acids 
were not found in the foetal triglycerides there is evidence 
that linoleic but not linolenic acid occurs in the feetal 
phospholipids. 

Consistent with the possibility of the C, unsaturated 
acids being mainly synthesized within the fœtus, rather 
than being transported through the placenta, is the 
occurrence of mainly eicosatrienoic acid in the fetal 
phospholipids and of mainly eicosatetraenoic acid and 
eicosapentaenoic acids in the ewe phospholipids. 

Using column” and paper? chromatographic techniques 
it was shown that the phospholipid fractions of tho 
maternal and fcetal lipids were similar in composition 
containing approximately by weight (per cent) phos- 
phatidyl choline, 50; phosphatidyl ethanolamine, 25; 
sphingomyelin, 10; phosphatidyl serine, 7; phosphatidyl 
inositol, 3, and unidentified, 5. However, as already 
indicated, the fatty acid composition of the total phos- 
pholipid fractions of the maternal and feetal lipids showed 
minor differences. 


1 Barton, R. A., and Kirton, A. H., Nature, 178, 920 (1956). 

* Shorland, F. B., Bruce, L. W., and Jessop, A. S., Biochem. J., 52, 400 (1952). 

* Widdowson, E. M., Nature, 166, 626 (1950). 

4 Van Beers, G. J., de Iongh, H., and Boldingh, J., Fourth Intern. Conf. 
Biochem. Problems of Iipids, 43 (Oxford, 1957). 

* Lovelock, J. E., James, A. T., and Piper, E. A., Ann. N.Y. Acad, Sci., 72, 
720 (1959). 

* Gerson, T., J. Chromatog., 6, 178 (1961). 

7 Johnston, P. V., Johnston, O. C., and Kummerow, F. A., Proe, Soc. Exp. 
Biol. Med., 98, 760 (1957). 

t Satomura, K., and Söderhjelm, L., Teras Rep. Biol. Med., 20, 671 (1962). 

* Söderhjelm, L., Acta Soc. Med. Upsal., 58,-239 (1953). 

3° Rouser, G., Bauman, A. J., Kritchevsky, G., Heller, D., and O’Brien, J. S., 
J. Amer. Oil Chem. Soc., 38, 544 (1961). 

3 Rouser, G., Bauman, A. J., Nicolaides, N., and Heller, D., J, Amer. Oil 
Chem. Soc., 38, 565 (1961). 


770 


NATURE 


May 23, 1964 von. 202 


RNA CONCENTRATIONS IN THE VENTRICLES OF FULL-TERM AND 
PREMATURE RABBITS FOLLOWING BIRTH 


By Pror. LOUIS GLUCK, NORMAN S. TALNER, THOMAS H. GARDNER and 
MARIE V. KULOVICH 


Department of Pediatrics, Yale University, New Haven, Conn. 


I. the mammalian foetus to the time of birth, the right 
and left ventricles of the heart are of equal thickness. 
During foetal life the two ventricles perform in parallel, 
distributing blood to and from the foetal parts and the 
placenta. -Post-natally the left ventricle enlarges and 
thickens much more rapidly than the right, and by three 
days of age in the rabbit there is a clearly visible difference 
in thickness between the two ventricles. During this time- 
period major hemodynamic changes have occurred!: 
(1) The low-resistance shunt of blood through the placental 
circuit has been abolished, and systemic blood flow 
provided by the left ventricle is maintained against an 
increased peripheral vascular resistance. (2) The pul- 
monary vascular resistance has fallen concomitant with 
inflation of the lung with air and an increase in pulmonary 
blood flow. 

Biochemically it has been shown that each ventricle is 
capable of responding independently to an experimentally 
induced increase in vascular resistance with an increased 
concentration of RNA in that ventricle required to increase 
its work®?. This suggested a study to compare the changes 
in concentrations of RNA in the two ventricles from 
birth to determine whether the hemodynamic events 
which oceur are accompanied by an increased concentra- 
tion of RNA in the left ventricle as compared with the 
right. 

A pure strain of albino New Zealand white rabbits were 
examined. At various ages indicated in Table 1 and 
Figs. 1-3 the hearts were removed after decapitation. The 
atria were cut away and a standard longitudinal dissection 
done of the ventricles at the ventricular septum (included 
with the left ventricle because of its embryological origins). 
Tissues were homogenized in cold 10 per cent 
trichloroacetic acid (TCA), lipids removed with 
ether—alcohol (3:1), placed into pre-weighed 60 
tubes, and dried under high vacuum. Com- 
parison extractions of nucleic acids were done 
directly in the tubes on the weighed dry tissue 
both with hot TCA? and with hot perchloric 50 
acid (PCA)!. Pentose analyses were done on 
the TCA extracts for RNA and DNA with 
orcinol?® and diphenylamine reagents? re- 
spectively. Total absorptions of nucleic acids 
at 260 mp. were measured on the PCA extracts, 
the DNA content determined with diphenyl- 
amine and subtracted from total nucleic acids 
for content of RNA. The two methods corre- 
sponded to within 3 per cent. Concentrations 
of RNA or DNA are expressed in micrograms 
per milligram of vacuum-dried TCA-precipit- 
ated tissue, free of acid-soluble and lipid com- 
pounds, hereafter referred to as ‘dry weight’ 
tissue’. 

Baseline determinations on 20 rabbit foetuses 
at 27-28 days gestation showed equal concen- 
trations of RNA and DNA in right and left 
ventricles. A total of 18 full-term new-born 
rabbits from 9 different litters were killed at 
birth and, as in the foetus, had equal concentra- 
tions of nucleic acids in the two ventricles. 
Thirteen litters totalling 144 rabbits were 
killed during the first 24 h from birth at 
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Fig. 1. Changes in concentrations of RNA in the two ventricles 
following birth in the full-term rabbit 


the varying intervals designated in Figs. 1-3 and in 
Table 1 (a total of 18 rabbits for each time-interval): 
To assure that differences seen were outside the range of 
individual biological variability, each litter was run 
separately, several rabbits from each group being killed 
at the various time-intervals. Statistical analysis of the 
groups a 12 and 16 h gave a highly significant P value 
of < 0-01. 
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Fig. 2. Changes in concentrations of RNA in the two ventricles from the fetus 


to the adult 
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As shown in Table 1 and Figs. 1 and 2, the new-born 
rabbit immediately after birth has equal concentrations of 
.RNA in the two ventricles but lower than those in the 
27-28 day foetus. 

After birth, however, the concentration of RNA in 
the left ventricle begins to rise at a greater rate than that 
in the right ventricle, and by 16 h after birth reaches a 
peak concentration 66 per cent greater than that at birth 
and 45 per cent greater than that in the right ventricle. By 
the third day of life the morphological differences between 
the right ventricle and the now thicker left ventricle are 
grossly obvious. 

By the fifth to the seventh days the concentrations of 
RNA in the two ventricles again become equal, a relation- 
ship that continues during the lifetime of the rabbit, as 
shown in Table 1 and Fig. 2. The concentrations of 
RNA in both ventricles continue to decline with age and 
reach relatively very low levels in the adult rabbit. 








Table 1 
Left ventricle Right ventricle 
Concentration Concentration 
No. in wg/mg Ratio: in pg/mg Ratio: 
of ‘dry weight’ tissue RNA ‘dry weight’ tissue RNA 
samples RNA DNA ‘DNA „RNA DN DNA 
Mean Mean + Meant Meant 
S.D. S.D. S.D. S.D. 
Full-term 
rabbit 
Birth 18 8541-4 3040-9 12 3541-2 2841-3 1:2 
2h 18 3840-8 2041-9 1:3 8441-0 2642-1 1:3 
ah 18 4341-3 3340-6 1-3 3541-6 303:1-5 1-2 
8h 18 4841-2 82408 1-5 35411 30418 1-2 
12h 18 6040-6 3140-4 16 4040-9 3040-9 1-3 
16h 18 5841-1 3641-2 1-6 4041-3 3040-6 1-3 
18h 18 4740-6 8441-6 1:4 8541-2 2541-2 1:4 
24h 18 4041-8 28416 1-4 3341-2 2540-6 1:3 
2 days 18 3841-4 2540-9 1:5 3140-6 2241-2 1-4 
3 days 12 3442-2 2442-4 1-4 8141-7 2741-9 1-1 
5 days 12 31421 2841-3 1-1 2941-9 2942-0 1-46 
7 days 12 2343-4 1843-8 1-2 2842-6 2041-5 1-1 
2 weeks 12 1841-9 1242-9 1-1 14422 1210-8 1-2 
4 weeks 8 1442-6 41-8 %12 1442-1 1441-2 1-0 
8 weeks 6 841-4 742-4 1-1 910-9 743-1 1:3 
12 weeks 8 542-8 6412 12 7Łl-1 8418 0-9 
16 weeks 8 1044-8 643-1 1-6 1043-6 843-8 1:2 
Adult 6 90-8 541-1 1-8 841-2 641-4 1:3 
Premature 
rabbit—27-28 days 
C. section 20 4040-3 38422 1-1 4040-8 37418 1-1 
2h 14 3941-2 3843-1 1-0 38418 3642-2 1-1 
8h 14 8741-38 38+1-7 1:0 3441-2 8441-4 1-0 
16h 14 4140-7 3241-3 1:3 3941-0 8241-8 1-2 
24h 14 4240-4 8142-1 1:3 8941-0 26422 1-5 
30h 14 8541-0 33421 11 8141-6 27484 1-1 


To determine the association of time and mode of birth 
with the production of RNA in the ventricles, eight litters 
of rabbits delivered by Caesarean section at 27-28 days 
gestation were next investigated. There were no differences 
found in concentrations of RNA between right and left 
ventricles for the 30 h following delivery of the premature 
rabbits, as shown in Fig. 3. 
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Fig. 3. The course of RNA concentrations in the two ventricles in the 
27-28 day premature rabbit delivered by caesarean section 


Similar results—no differences in concentrations of 
RNA in the two ventricles for 24-30 h after birth—were 
found in three litters of rabbits of 28-29 days gestation, 
although again the concentrations of RNA in the ventricles 
of these rabbits are of themselves higher than in the full- 
term rabbits. There is some evidence from additional 
litters of rabbits closer to term.(for example, 29 days) 
which animals delivered by Caesarean section and allowed 
to live beyond their expected time of term eventually do 
show differences in concentration of RNA in the two 
ventricles. However, the effects of nutrition in these have 
not as yet been separated and are being examined. 

Thus, in the full-term rabbit delivered per vias naturales 
the left ventricle normally develops a higher concentration 
of RNA than the right ventricle, commencing after birth 
and continuing to a peak concentration at 16 h. This 
process follows the acute hemodynamic changes at birth 
which result principally in an increased hemodynamic 
load on the left ventricle. The failure to observe a similar 
increased concentration of RNA in the premature rabbit 
possibly may reflect a lowered systemic resistance in 
premature new-borns. It was postulated in a previous 
report? on experimental cardiac hypertrophy that in- 
creased concentration of ventricular RNA may result 
from distortion of the myocardial cell by increased wall 
tension accompanying an elevated vascular resistance. 
The results reported here lend additional support to this 
suggestion of a possible fundamental process important 
in growth. 
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A TECHNIQUE FOR TESTING THE CAT’S DISCRIMINATION OF 
DIFFERENTLY ORIENTED RECTANGLES 


By J. R. PARRISS 


Medical Research Council, Department of Anatomy, University College, London 


OMPARISONS of the ability to discriminate visually 
between: (a) two rectangles, the one oriented 
vertically, the other horizontally; (6) similar rectangles 
oriented obliquely at 45° and 135° to the horizon, have 
been carried out with octopuses, goldfish, cats and very 


young children. With octopuses, trained by the method 
of successive presentation, the oblique discrimination is 
very difficult, whereas the horizontel/vertical discrimina- 
tion is quickly learned!. Goldfish, trained by the method 
of simultaneous discrimination, take approximately three 
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times longer to learn the oblique diserimination?. Cats, 
however, also trained by the method of simultaneous 
presentation, tako the same number of trials to learn 
both discriminations’. Children of 4-8 years have also 
been tested with oblique discriminations and horizontal/ 
vertical discriminations, both presentod simultaneously; 
they find the obliques the more difficult‘. Rats have been 
trained to differentiate botween two shapes, presented 
simultaneously, differing only in their orientation of black 
and white stripes. They discriminate the vortical and 
horizonal striations moro readily than they discriminate 
the oblique striations®. 

There is some anatomical explanation for the limitation 
of the capacity of octopus to learn oblique discriminations. 
Young’ has shown that the dendritic fields in the optic 
lobe of octopus are oriented primarily in the vertical and 
horizontal planes of the eye as it is normally held with 
the pupil horizontal. There are fewer fields lying 
obliquely. Comparable investigations on the cat cortex 
so far offer conflicting evidence. Tho electrophysiological 
work of Hubel and Wiesel’? has shown that there are 
columns of cells in the cortex of the cat responding to 
specific orientations of slits of light or boundaries between 
contrasts in brightness. So far they have found all types 
of orientation but none more predominant than the 
rest. Colonnier*, on the other hand, has examined the 
dendritic orientation of the stellate cells in the cat cortex 
and has found a predominance of oval fields with orienta- 
tion of the long axes in the vertical plane. 

The results of Hubel and Wiesel at present agree with 
Sutherland’s behavioural findings on cats, whereas those 
of Colonnier suggest that the visual cortex of the cat 
functions in a way comparable with the optic lobes of 
octopus. So far there is no conclusive evidence on 
mammals to suggest that simultaneous and successive 
discrimination techniques give radically different results’. 
However, it is known that octopuses learn some dis- 
criminations better if trained by the method of simul- 
taneous rather than successive discrimination’®. Con- 
sequently it was decided to train cats to make the two 
visual discriminations already described under conditions 
in which the shapes to be discriminated could not be 
compared simultaneously. 

An oblong box was designed, approximately 5 ft. x 
2 ft., with the shapes to be discriminated displayed ir 
random order, one at either end (Fig. 1). The shapes 
were attached to doors; a locked door (negative shape} 
constituted punishment, and a free door (positive shape), 
opening on to food, constituted reward. Throughout the 
experiment, food was kept behind both the locked and the 
unlocked doors. An incorrect response was recorded if 
the animal touched, however lightly, the locked door; a 
correct response was recorded when the animal touched, 
and consequently pushed open, the unlocked door. At 





Fig, 1. Diagram of oblong box, approximately 5 ft. x 2 ft. x 2ft, 
painted white throughout, used to test the cat’s capacity to discriminate 
visually between the orientation of two black rectangles presented 
id simultaneously one at each end of the box 


NATURE 


May 23, 1964 VoL. 202 


the end of each trial partitions controlled by a rope and 
pulley were lowered immediately in front of the shape at 
either end of the box. The animal was not removed or 
handled betweon. trials and could move freely in the box 
throughout the exporiment. 

Four cats were trained to discriminate between a black 
door and a white door. Two of these animals were then 
trained to discriminate between black rectangles 10-2 cm x 
1-3 cm, oriented vertically and horizontally, on a white 
background. They then learned to reverse this dis- 
crimination. Finally, they learned to discriminate 
between the same black rectangles oriented obliquely at 
45° and 135°. The other pair of cats learned the oblique 
discrimination before learning and reversing the hori- 
zontal/vertical discrimination (Table 1). 


Table 1 


Discrimination 
between black and Discrimination between different orientations of 








white doors, black rectangles, each 10:2 cm x 1:3 cm 
16 cm x 11 em 
Animal Blackt + -= + - + - 

: ae ot ae ae ae 
i 120 (23) 110 (18) $20 (122) 250 (86) H 
+ = po aho Se S 
i — | — ZN I 
2 190 (31) 290 (84) 350 (113) 610 (241) | 
Po = + - + - ' 
/ N = i aes. A 
3 140 (24) 480 (162) 150 (28) 290 (105) l 
tS + - + = | 

Lye ee) 

| 4 110 (14) 600 (228) 200 (62) 310 (97) 














Figures without parentheses show the total number of trials for each 
eat, including trials to erlterion. Total errors are shown in parentheses. 
ares sign indicates rewarded shape, negative sign indicates non-rewarded 
shape. 


The black and white discrimination was used to 
accustom the animals to the training procedure before 
introducing the critical shape discriminations. The 
reversal training was given to observe whether vertical 
positive, horizontal negative was learned more easily than 
horizontal positive, vertical negative. Throughout the 
experiment it can be seen that each cat has been used as 
its own control. 

The animals were given 20 trials per day for five 
consecutive days in each week, with a rest period of 
approximately five days between different discriminations. 
Tho learning criterion was 90 per cent correct responses 
over a period of 80 consecutive trials. 

The results were as follows: 

(1) Animals learning the horizontal/vertical discrimine- 
tion first took twice as many trials to learn the oblique 
discrimination as the horizontal/vertical discriminations. 

(2) Animals learning the oblique discrimination first 
took three times as many trials to learn the oblique dis- 
crimination as the horizontal/vertical discrimination. 

(3) Animals learning horizontal positive, vertical nega- 
tive did not learn to reverse this discrimination more 
quickly than the animals learning vertical positive, hori- 
zontal negative learned to reverse their discrimination. 

(4) The first pair of animals made approximately five 
and three times as many errors, the second pair approx- 
imately six and four times as many errors, respectively, 
learning the oblique discrimination as they did learning 
the horizontal/vertical discrimination. 

It has been shown that octopuses learn some tasks 
better if presented with both shapes at once. It has not 
yet been shown in that species whether oblique dis- 
criminations fall into this category. Rats, trained with 
simultaneous presentation, although able to discriminate 
between oblique striations could not discriminate between 
N and |/|. It would seem that when figures are presented 
simultaneously there is often an opportunity for the 
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animals to learn a relationship between the shapes, but 
that in the case of the rats the vertical lines of the NI 
and |/] may have obliterated such a relationship. It 
is difficult to say whether or not this is the reason cats 
learned the obliques more easily when they were able to 
view both shapes at once. Sutherland retrained his 
cats, using the original apparatus, by showing them one 
shape at a time and training them to avoid the negative 
shape. The results were the same as for the simultaneous 
training, but the animals may have been responding to 
parts of a previously learned pattern. In Sutherland’s 
apparatus the shapes were also illuminated from behind. 

Viewing two figures side by side may in any case be 
easier for certain species of animals. Moreover, the 
techniques used to observe discrimination learning may 
need to be rather more critical for mature animals of 
mammalian and primate species than for animals with 
less well-developed forebrains. Presumably in adult man 
differences in the learning of oblique and horizontal/ 
vertical discriminations would not be apparent under 
conditions of simultaneous presentation. Of the children 
already described, the eight-year-olds made considerably 
fewer mistakes than the younger children. 
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The present findings are in accordance with the pre- 
diction made on the basis of Colonnier’s measurements 
of dendritic fields in visual cortex. They also agree with 
similar behavioural and anatomical findings in octopus. 
It seems, therefore, likely that for many animals there 
will be a relationship between the structure of the classi- 
ficatory part of the nervous system and the animal’s 
capacity to measure visual clues against basic horizontal 
and/or vertical elements in the environment. Thero is 
already some indication of a basis for this capacity m 
the rat and the monkey? as well as the cat and tho 
octopus. 
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PROPERTIES OF HÆMOGLOBIN H AND THEIR SIGNIFICANCE IN 
RELATION TO FUNCTION OF HÆMOGLOBIN 


By Pror. REINHOLD BENESCH and Dr. RUTH E. BENESCH 


Department of Biochemistry, College of Physicians and Surgeons -of Columbia University, New York 


4EMOGLOBIN H is of particular interest among 
the many hemoglobin variants, since it is composed 
of four identical chains'*. These chains have the same 
amino-acid composition and sequence as the ®-chains of 
hemoglobin A, the major constituent of normal adult 
human blood?-§, Hemoglobin A, however, is composed 
of only one pair of these B-chains in combination with 
another pair of chains of different amino-acid composition 
and sequence, that is, the «-chains. The formule of 
hemoglobins A and H are therefore «48,4 and 8,4 
respectively. There are only very few other instances 
where whole chain rather than single amino-acid substitu- 
tion leads to an abnormal hemoglobin, for example, 
y, and 3,47 (refs. 6 and 7). Hemoglobin H thus represents 
a unique case which permits a comparison of the special- 
ized heterogeneous structure of hemoglobin A (possessing 
a dyad and pseudo-dyad axis of symmetry) with a closely 
related homogeneous molecule in which this built-in 
source of special asymmetry is missing. 

Hemoglobin H. occurs as a minor constituent in the 
blood of patients with thalassemia-hemoglobin H 
disease in amounts varying from traces up to about 
40 per cent of the total hæmoglobin. It is not inherited 
in Mendelian fashion and can, in a general way, be regarded 
as arising from an underproduction of a-chains®. This 
view derives support from the fact that other tetramers 
without a-chains, that is, hemoglobin Bart’s (y,F) and 
$,44, have also been found in this disease”’®. The formation 
of hemoglobin H as a molecular entity is favoured because 
8-chains have an affinity for each other, whereas «-chains 
have not. Thus, hemoglobin H has a molecular weight 
of 65,000—70,000 (refs. 1 and 5), that is, identical with that 
of hæmoglobin A, whereas «-chains, when isolated by 
chemical procedures, appear to be largely monomeric”. 

Under certain conditions hemoglobin H is actually 
more stable as a tetramer than hemoglobin A. This is 
illustrated by the results of molecular weight determina- 
tions in 2 M sodium chloride, In this medium oxyhemo- 
globin A is essentially split into half molecules, whereas 


i ~~  —<—_ ee 


hemoglobin H is only slightly affected (Table 1). The 
salt-labile interactions in hemoglobin A, most probably 
between identical «f-dimers'*, evidently do not exist in 
hemoglobin H. One of the most noticeable differences 
between hemoglobins A and H is the far greater suscepti- 
bility of hemoglobin H to oxidation to methemoglobin™. 
On storage for even a few days in the oxy- form it turns 
brown asd insoluble. This is due to the fact that, in 
contrast to methemoglobin A, methemoglobin H is very 
rapidly denatured even in neutral solution, sO that 
measurements on methemoglobin H solutions are not 
feasible. Tho inclusion bodies characteristically found 
in the erythrocytes of patients with hemoglobin H 
undoubtedly consist of aggregates of denatured oxidized 
6-chains}s. 


Table 1. MOLECULAR WEIGHTS OF OXYHEMOGLOBINS A AND H IN 2-0 M 
SODIUM CHLORIDE 


Molecular weights 
Temperature HemoglobinA Hemoglobin H 
° 41,700 41,000 58,300+ 900 
eo dete: 58,900 +1,200 
20°C 38,300 +1,300 55,700-+- 700 


For experimental details, see refs. 11 and 30. 


Another special property of hemoglobin H is the 
apparent ease with which it can undergo reversible 
conformational changes in neutral solution merely as a 
function of relatively minor changes in pH and ionic 
strength". In this way two isomers of different electro- 
phoretic mobility can be obtained. They can be converted 
into one another simply by changing either of these two 
parameters. A lowering of the ionic strength and/or 
raising the pH probably causes some expansion of tho 
molecule which leads to the ionization of additional 
buffering groups with a consequent change in the electro- 
phoretic mobility. Such changes are known to occur m 
more stable molecules, such as serum albumin ™5-", but 
under much more drastic conditions, that is, ot acid and 
alkaline pH values. 
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This isomerization of hemoglobin H is not in any way 
associated with oxygenation and is independent of the 
nature of the ligand, since it occurs with both the oxy- 
and the carbon monoxy- forms. It should be clearly 
distinguished from the very specific conformational change 
associated with reversible oxygenation in normal hemo- 
globin. 

A comparison of the functional properties of hemo- 
globin H with those of hemoglobin A has led to a number 
of interesting results and conclusions about structure- 
function relationships in these proteins, and this discussion 
is an attempt to summarize and correlate these findings. 

The primary function of hemoglobin is that of an oxygen 
carrier, based on its ability to combine reversibly with 
oxygen in the ferrous form. The oxygen equilibrium curves 
of hemoglobin H and hemoglobin A isolated by starch- 
block electrophoresis from the same patients’ blood are 
shown in Fig. 1 (ref. 5). It is apparent that the two 
curves are entirely dissimilar and that they differ in three 
major respects. 





-05 0 0-5 1-0 
Log pO, 


Fig. 1. (Reproduced from the J. Biol. Chem., 286, 2928, 1081) ag 


dissociation curves of hemogiobin components of subject H. N. The 

hemoglobins used for these e experiments were derived from a single 

starch block. O, pH 7-30, 0-1 phosphate buffer; @, pH 6-88, 0-1 M 
phosphate buffer 


(1) In contrast to the normal sigmoid oxygen equili- 
brium curve of hemoglobin A, the corresponding curve for 
hemoglobin H is hyperbolic, like that of myoglobin, 
indicating that the oxygenation proceeds essentially 
without hem—hem interaction. 

(2) The whole oxygen equilibrium curve of hemoglobin 
H is shifted to the left, that is, in the direction of lower 
oxygen pressures. The shift corresponds to an increase in 
the overall oxygen affinity of 20-40-fold. 

(3) The oxygenation of hemoglobin H is unaffected 
by pH, that is, it has no significant Bohr effect, a property 
which again is shared by myoglobin. 

The conclusion must therefore be reached that hemo- 
globin H behaves functionally as a monomer, that is, 
like myoglobin, but structurally as a tetramer, that is, 
like hemoglobin A. 

There is by now very little doubt that the properties 
‘which enable hemoglobin A to function as an ideal oxygen 
carrier under physiological conditions are fundamentally 
connected, with a conformational change of the protein, 
linked to the reversible binding of oxygen'*:*. A number 
of different experimental approaches have shown that 
oxy- and deoxy-hemoglobin are indeed distinct conforma- 
tional isomers®*-3!1, The anomalous, myoglobin-like 
oxygenation behaviour of the 8,-tetreamer discussed here 
suggested that this molecule undergoes no such con- 
formational change. In order to test this hypothesis, 
three of the criteria which have been used to demonstrate 
the difference in conformation between oxy- and deoxy- 
hæmoglobin A were applied to the case of hemoglobin H. 

Perhaps the clearest chemical indication of a difference 
in molecular architecture between the oxygenated and 
deoxygenated form of hemoglobin A is the reactivity of 
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the so-called ‘reactive’ —SH groups, that is, the cysteine 
residues at position B, As can be seen from Table 2, 
these —SH groups are easily alkylated by iodoacetamide 
when hemoglobin A is fully oxygenated but fail te react 
at all in the deoxygenated form of the protein®. The 
results in Table 2 show that the reactivity of the —SH 
groups of hemoglobin H towards iodoacetamide is indeed 
uninfluenced by the stage of oxygenation *. 


Table 2. REACTION OF IODOAOETAMIDÐ WITH HUMAN HÆMOGLOBIN 


moles/68,000 g 
Oxy- aes 
Hemoglobin A 2-1 
Hæmoglobin H 3. 0 T a 


The figures represent the moles of H+ liberated per mole of protein in the 
presence of excess iodoacetamide at pH 7-4 in 2h at room temperature, For 
further experimental details sec ref, 25, 


The first convincing demonstration of a clear-cut 
difference in the structure of oxy- and deoxy-hemoglobin 
A is due to Haurowitz, who showed in 1938 that crystals 
of deoxygenated hemoglobin are destroyed by oxygena- 
tion before new crystals of oxyhemoglobin could be made 
to appear**, This lod him to conclude that oxygenation or 
deoxygenation cannot occur without a fundamental 
reorganization. of the crystal lattice. Once again, the 
hypothesis that hemoglobin H binds oxygen without 
conformational change would lead to the expectation 
that in this case crystals could be reversibly oxygenated 
without any change in structure. This prediction!® has 
now been borne out by the experiments of Perutz and 
Mazzarella**, who found very little change in the crystal 
structure or the diffraction pattern on deoxygenation of 
erystals of oxyhemoglobin H. 

Kinetic evidence for oxygenation-linked conforma- 
tional change was first obtained by Gibson, who showed 
that, when carbon monoxyhemoglobin A is dissociated by 
flash photolysis, the rate of the recombination with the 
ligand is biphasic. The initial fast rate was assumed to be 
due to a short-lived highly reactive form (Hb*) which has 
lost its ligand but has not yet undergone the conforma- 
tional change to the structure characteristic of normal 
deoxyhemoglobin (Hb). This is followed by a much 
slower reaction, the rate of which is equal to that of the 
combination of ordinary deoxyhemoglobin with carbon 
monoxide. In collaboration with Dr. Q. H. Gibson®, 
hemoglobin H has-now been examined by this technique. 
The expected absence of conformational change led to 
the prediction that in this case the recombination with 
ligand should be mono- rather than bi-phasic. Moreover, 
the high oxygen affinity of hemoglobin H suggested that 
here the Hb* form should be stable so that the entire 
recombination should be governed by the fast reaction 
rate. Fig. 2 shows that this was in fact found. The 
rate constant for the recombination of hemoglobin H 
with carbon monoxide after flash photolysis was 8 x 10° 
l. mole- sec-1, This is in very satisfactory agreement 
with the rate constant of the fast phase of the reaction of 
hemoglobin A under the same conditions, that is, 5 x 10° 
1. mole sec-!.. By contrast the rate for the slow phase in 
hemoglobin A is only 7 x 104 1. mole-* sec-t. The fast 
rate of combination of hemoglobin H with carbon monox- 
ide is maintained indefinitely since the same rate as that 
observed after flash photolysis was found when hemo- 
globin H, reduced with dithionite, was allowed to combine 
with carbon monoxide in a stopped~flow apparatus. 
Thus hemoglobin H remains permanently in its highly 
reactive conformation and does not undergo the trans- 
formation Hb*—> Hb characteristic of hemoglobin A. 

It has been traditionally assumed that the physiologic- 
ally decisive properties of normal hemoglobin such as its 


* It should be noted that a 64-chiin contains two cysteine residues. In 
hiemoglonin A only one of these, that is, fs, reacts with iodoacetamide 
even in the oxy- form, while the other is totally unreactive. Since 
hemoglobin H reacts with eight iodoacetamides per mole, both —SH groups 
on each f-chain must be fully reactive in this protein. 
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‘Fig. 2. Reaction of hæmoglobin H and hæmoglobin A with carbon 


monoxide after flash photolysis. Hemoglobin, ; 1x10 M (hem basis); 
carbon monoxide, 4x10 M; temperature, 38°C; light path, 3 mm; 
flash energy, 130 J 


low oxygen affinity, the sigmoid shape of the oxygen 
equilibrium curve (hem—hem interaction), and the Bohr 
effect result, largely if not entirely, from the presence of 
four hems per molecule. This assumption stems partly 
from a comparison with myoglobin with its single hem 
per molecule. The close resemblance of the oxygen 
equilibrium curve of the tetrameric hemoglobin H to 
that of the monomeric myoglobin makes this view 
untenable. Conversely it has been shown that the normal 
functions of hemoglobin are quite well maintained under 
conditions where essentially only dimers are present*. 
Since it can safely be assumed that dissociation occurs 
symmetrically, «8 dimers can be regarded as the minimum 
functional unit of hemoglobin A. Furthermore, the 
special functional properties exhibited by normal hemo- 
globin evidently depend in an obligatory fashion on its 
ability to exist in two native configurations corresponding 
to the oxygenated and deoxygenated forms respectively. 
It is clear from the evidence discussed here that the 
dramatic loss of functional properties in hemoglobin H 
is correlated with an absence of such a specific conforma- 
tional change associated with ligand binding. 

This line of reasoning therefore leads to the conclusion 
that the origin of the special functional properties of 
hemoglobin A as well as the accompanying conformational 
change must be sought in the specific interactions between 
a- and ®-chains. These are, of course, missing in hemo- 
globin H and therefore, in the words of a recent reviewer, 
“in terms of function the price of homogeneity is high’. 
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This is also illustrated by a comparison of hemoglobin 
F (a,4y,¥) with hemoglobin Bart’s (y,F). The oxygen 
equilibrium curve of the former is identical with that of 
hemoglobin A (ref. 36), whereas that of the latter is very 
similar to that of hemoglobin H (ref. 37). 

All the hemoglobin H used for these investigations was 
isolated and purified by Dr. Helen M. Ranney of the 
Albert Einstein College of Medicine, whom we thank. 

This work was supported by grants from the U.S. 
National Science Foundation and the National Heart 
Institute (U.S. Public Health Service). One of us (R. B.) 
is research career investigator of the National Heart 
Institute. 
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DEGRADATION OF THE BENZENE NUCLEUS BY BACTERIA 
By Pror. S. DAGLEY, Da. P. J. CHAPMAN, D. T. GIBSON and J. M. WOOD 


Division of Biochemistry, Department of Chemistry, University of Illinois, Urbana, and Department of Biochemistry, 
University of Leeds 


EFORE a benzene ring is opened by means of the 
oxygenases possessed by bacteria which metabolize 
aromatic compounds, it appears that two hydroxyl groups 
must first be introduced into the nucleus. When catechol 
or protocatechuic acid (3: 4-dihydroxybenzoic acid) 
resulis from these initial hydroxylations, fission between 


adjacent carbon atoms bearing the hydroxyl groups may 
then occur to give, respectively, cis-cis-muconic acid or 
its y-carboxy derivative! ; alternatively, fission may be 
catalysed by a 2 : 3-oxygenase forming «-hydroxymuconic 
semialdehyde or a derivative of this compound®*, This 


article summarizes some recent studies of enzymatic re- 
ws 
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actions which convert a-hydroxymuconic semialdehyde 
and related compounds into pyruvate and other meta- 
bolites that are recognized to serve bacteria as general 
sources of energy and cellular material. 

Nishizuka, Ichiyama, Nakamura and Hayaishi! showed 
that a Pseudomonas grown with o-cresol converted catechol 
into acetate and pyruvate by reaction sequence (a), Fig. 1. 
They isolated pyruvate and acetate and identified y-oxalo- 
crotonate in an isotope-trapping experiment ; the evidence 
for acetopyruvate was indirect. This sequence of reactions 
involves two oxidative steps and one decarboxylation and 
it is not compatible with the earlier results of Dagley and 
Stopher*, who worked with a different species of Pseudo- 
monas and reported that catechol was converted into 
pyruvate by cell-free extracts with no evolution of carbon 
dioxide and no further consumption of oxygen in addition 
to that needed for the ring-fission reaction. We have. 
confirmed these observations for the Pseudomonas they 
used and find that similar results are obtained for cell-free 
extracts of other species selected from soil by virtue of 
their ability to use cresols as carbon sources. For these 
organisms there exists another metabolic pathway shown 
in sequence (6), Fig. 1, by which «-hydroxymuconic semi- 
aldehyde is converted into «-oxo-y-hydroxyvalerate, 
formic acid being the other product; this reaction is 
followed by an aldolase fission which gives rise to acetalde- 
hyde and pyruvate. ‘y-Oxalocrotonate is not a reaction 
intermediate in this sequence ; for while untreated cell-free 


SEQUENCE (a) 


CH,-C-CO,H 


Oa 


a- HY DROXYMUCONIC 
SEMIALDEHYDE 


CHy-C-COgH 
f) 


NNO ai C 


COH 


SEQUENCE (b) 


OH CHO “cHo 
HYPOTHETICAL 
INTERMEDIATE 
Fig. 1. 
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extracts readily decarboxylate this compound, fractionated 


extracts that convert catechol into «-oxo-y-hydroxy- 
valerate do not, unless they are supplemented with 
10° M Mg++ ions. 

Some of the methods used in this work were as follows. 
Formic and acetic acids were extracted from deproteinized 
reaction mixtures with ether, re-extracted with alkali and 
separated on ‘Celite’ columns"; high-voltage paper electro- 
phoresis? and vapour phase chromatography of methyl 
esters were also used to identify organic acids. Carbonyl 
compounds were converted into their 2 : 4-dinitrophenyl- 
hydrazones : acidic derivates were identified by means of 
paper chromatography in a variety of solvents and neutral 
2 : 4-dinitrophenylhydrazones, those of acetaldehyde and 
propionaldehyde for example, were chromatographed in 
reverse phase systems", Thin-layer chromatography 
was used for both neutral and acidic!* hydrazones and also 
for identification of succinate’. Cell-free extracts which 
had been fractionated with ammonium sulphate and then 
passed down a column of ‘Sephadex G25’ to remove 
ammonium ions catalysed the quantitative conversion of 
l umole of catechol into 1 umole of «-oxo-y-hydroxy- 
valerate. This compound, on heating in 0-6 N hydro- 
chloric acid to 100° for 3 min, is converted quantitatively 
into its y-lactone («-oxo-y-methylbutyrolactone) the 
spectrum of which shows a single peak at 228 my. (e = 4,800 
M-tem-) in alkali. The concentration of «-oxo-y-hydroxy- 
valerate in a deproteinized reaction mixture was determ- 


CH3-CH-CH,-C - CO,H (ACE TOPYRUVATE} 
ets òH 6 = 


een 


+ 
H,0 
CO, 


«-OX0-¥- HYDROXY- 


VALERATE CH3aCOH + CH-C-COH 
o 


CHy-CH-CHp- C- CO2H ++  CHy-CHO 


H20 Mg 
oO OH (0) —— ge 
+ + 
H-CO3H CH3 ~C- COH 
. H 
oO 


{b}, the species 


discussed in the text 


COH COH COM 
l 1 
CHy CH, CH, 
I 1 1> 
CH, CH, CHa 
CO oe 0, ‘ae 
—_> 
ON CHp~C-COgH 
o 


2:3 ~DIHYDROXY— 
A- PHENYLPROPIONATE 


Fig. 2. 
z 


COK 
1 
CH, CH3 
i 
CHO 
Gis CH3 s. 
2 HO COH CHOH Mg 
ania Í m + 
ii 
C+0 CHa ~ Ç ~ COH 
COH 2 


a -0X0 -~ Y- HYOROXY- 
VALERATE 


Degradation of p-phenyipropionate by an Achromobacter 


No. 4934 May 23, 1964. 


R R 
Ro OH 0 he o 2 H0 
es OH RS SNCH -C-CO;H 
Fig. 3. General scheme for the degradation of catechols. 


ined by conversion to the y-lactone, measurement of the 
extinction at 228 my and reference to a calibration curve 
made by using synthetic «-oxo-y-methylbutyrolactone™. 
The 2:4-dinitrophenylhydrazone of «-oxo-y-hydroxy- 
valerate is also readily converted into the derivative of 
the lactone on heating with hydrochloric acid. Infra-red 
spectra of 2: 4-dinitrophenylhydrazones of compounds 
isolated from enzymatic reactions were compared with 
those of authentic compounds. 

The conversion of «-hydroxymuconic semialdehyde into 
formate and «-oxo-y-hydroxyvalerate appears to be one 
example of a new type of hydrolase. Hydrolases for 
f-dicarbonyl compounds have been described which 
catalyse reactions that may be formulated by the general 
equation : 2, —-CO—-CH,—-CO—R, + H,O — R,CO,H + 
CH,—-CO—2,. Thus, fumaryl acetoacetate is hydrolysed 
by liver?® and bacterial?’ enzymes to fumarate and aceto- 
acetate ; fumaryl pyruvate to fumarate and pyruvate by 
a bacterial enzyme ; and oxaloacetate to oxalate and 
acetate by a mould enzyme. In the work recorded 
here the compounds hydrolysed are not 8-dicarbonyl 
compounds. First there appears to be addition of water 
to an ethylenic bond to form a hypothetical compound, 
for the hydrolysis of which the following general equation 
can be written: R,—CO—-CH,—CH(OH)—R, + H,O — 
R,-CO,H + CH;,—CH—(OH)R,. For the compound formed 
by addition of water to x.-hydroxymuconic semialdehyde, 

1 = H. Another example of this type of reaction is 
provided by our studies of the metabolism of 6-phenyl- 
propionic acid by an Achromobacter. 

Culture filtrates ofa Pseudomonas™ growing with cinnamic 
acid as carbon source contained 2 : 3-dihydroxy-§-phenyl- 
propionic acid ; this was also produced by an Achramo- 
bacter** growing with hydrocinnamic acid ($-phenyl- 
propionic acid). The ring-fission product of 2 : 3-dihydroxy- 
@-phenylpropionic acid has been isolated** and has the 
structure shown in Fig. 2. Cell-free extracts of Achromo- 
bacter were fractionated with ammonium sulphate, 
dialysed and then supplemented with Fet+ ions (10-3 M) 
to activate the ring-fission oxygenase. 2: 3-Dihydroxy- 
§-phenylpropionic acid was oxidized by such preparations 
with an uptake of 1-0 umole of oxygen per 1-0 umole of 
substrate and no carbon dioxide was evolved ; «-oxo-y- 
hydroxyvalerate accumulated in the reaction and was 
shown to be identical chemically both with the synthetic 
compound and with that formed from catechol by the 
action of Pseudomonas enzymes. Degradation of «-oxo-y- 
hydroxyvalerate to acetaldehyde and pyruvate was 
catalysed slowly by extracts of Achromobacter grown with 
hydrocinnamic acid and rapidly by those from a Pseudo- 
monas grown with m-cresol ; Mgt+ ions were needed for 
activity in both cases and only one of the two stereoisomers 
present in synthetic ¢-oxo-y-hydroxyvalerate was attacked. 
In addition to «-oxo-y-hydroxyvalerate, succinic acid 
accumulated from 2 : 3-dihydroxy-f-phenylpropionate by 
the action of extracts free from Mg++ ions ; its identity 
was established by the various methods stated. 

Further illustrations of the types of reactions discussed 
were provided from studies of the bacterial metabolism 
of cresols. Dagley and Patel: had shown that when a 
Pseudomonas grew with p-cresol as source of carbon, the 
eresol was oxidized to p-hydroxybenzoate which on 
hydroxylation gave protocatechuate, the substrate for 
the ring-fission oxygenase of this organism™*®. However, 
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R,, Rs, and R, represent substituents listed in Table 1 


we have isolated several species of Pseudomonas which 
differ from that of Dagley and Patel®* in so far as they 
do not oxidize the methyl group of the cresol to carboxyl : 
after a second hydroxyl group has been introduced, to 
give a methylcatechol, the benzene ring is opened while 
it still bears an intact methyl group. Accordingly, extracts 
prepared from the Pseudomonas of Dagley and Patel 
oxidize protocatechuate but not 3- or 4-methyleatechol, 
while extracts from a Pseudomonas that metabolizes 
m-cresol will oxidize both 3- and 4-methyleatechol but 
fail to oxidize either protocatechuate or 2 : 3-dihydroxy- 
benzoate. However, although they are specific in this 
respect, cell-free extracts of the m-cresol-metabolizing 
organism do not discriminate between catechol and its 
two methyl-substituted derivatives. Thus, the nucleus 
of catechol was cleaved by cell-free extracts to give 
«-hydroxymuconic semi-aldehyde when m-cresol was the 
growth substrate : catechol is unlikely on general crowds 
to be a reaction intermediate in m-cresol metabolism and, 
indeed, all the available evidence indicates that it is not. 
When growth of the same organism was with phenol then 
the methyleatechols, which cannot be reaction inter- 
mediates in the direct degradation of the growth substrate, 
were attacked by extracts as readily as was catechol itself. 
After growth with o- and p-cresol, whole cells oxidized 
catechol and both of the methyleatechols as readily as the 
eresols. Whether the same enzyme cleaves all three sub- 
strates cannot be finally decided until purification studies 
are completed ; but meanwhile, the lack of discrimination 
described may explain our observation on the distribution 
of catechol 2: 3-oxygenase in soil organisms. Thirteen 
Gram-negative organisms were selected on the hasis of 
their ability to utilize m-cresols as carbon source for 
growth ; all of them cleaved catechol to «-hydroxymuconic 
semialdehyde and none opened the ring between the 
carbon atoms bearing hydroxyl groups**. 

We have used cell-free extracts of an m-cresol-metaholiz- 
ing Pseudomonas isolated in Urbana for a study of the 
degradation of the methylcatechols. This organism differs 
from that of Dagley and Patel? in that whole cells oxidize 
propionaldehyde, propionate and 4-methyleatcchol at 
about the same rate as the growth substrate (m- or p-cresol) 
is oxidized ; whereas the second Pseudomonas? oxidizes 
4-methyleatechol readily but in so doing converts the 
methyl group to carboxyl: neither propionaldehyde nor 
propionate is oxidized by these cells when grown with 
p-cresol. Extracts of the Urbana Pseudomonas converied 
both the methyleatechols into pyruvate; in addition, 
acetaldehyde was formed from 3-methyleatechol and pro- 


Table 1. SOME CATECHOLS AND THE PRODUCTS OF THEIR ENZYMATIC 
DEGRADATION WITH REFERENCE TO FIG. 3 
Substrate Nuclear substituents Produ: ts 
Catechol R, = Ry = Ry =I Formate, acetsidehyde, 
pyruvate 
8-Methylcatechol R, = CHy; Ry = Ry =H Acetate,  acctaldehyde, 
pyruvate 
4-Methylcatechol R, = Rs = H; R = CHs Formate,  rrepionalde- 
hyde, pyruvate 
2:8 Dihydroxy- R, = HO,C-CH,CH:: 
8-phenylpropionic 
acid Re = R = H Succinate, acetuidehyde 
pyruvate 
Protocatechule acid R, = Ry = H; Rs =-CO,H Formate, pyruvate (2 
moles) 
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Fig. 4. Degradation of protocatechuate by the Pseudomonas of Dagley and Patel 


pionaldehyde from 4-methyleatechol. «-Oxo-y-hydroxy- 
valerate was a reaction intermediate in the degradation 
of the former compound; whereas the corresponding 
intermediate from 4-methylcatechol, although having 
very similar properties, gave a 2 : 4-dinitrophenyl- 
hydrazone with significantly different Rp values in thin- 
layer chromatograms as would be predicted for a methyl- 
substituted «-oxo-y-hydroxyvalerate. These observations 
can be accommodated by the general scheme of degrada- 
tion proposed in Fig. 3, where R,, R, and R, represent 
substituents listed in Table 1. These equations show no 
evolution of carbon dioxide and no consumption of oxygen 
apart from that used in ring-fission: this is in agreement 
with measurements of gas exchange for each system. 

The metabolism of protocatechuic acid presented special 
problems. When the Pseudomonas of Dagley and Patel 
was grown with p-cresol, crude cell-free extracts oxidized 
protocatechuate to «-hydroxy-y-carboxymuconic semi- 
aldehyde; this compound was then attacked without 
evolution of carbon dioxide or consumption of oxygen 
and no carbonyl compounds were detectable at the 
end of the reaction. To account for this and other 
observations it was proposed®*? that the aldehyde 
group of «-hydroxy-y-carboxymuconic semialdehyde was 
oxidized to carboxyl by these extracts, hydrogen atoms 
being accepted by a cofactor such as NAD and trans- 
ferred to the carbonyl group of the same molecule; 
accordingly, the substrate would be oxidized at one 
position in the molecule and reduced at another, the 
carbonyl function would be lost and there would be no 
gas exchange in the process. This interpretation does 
not accord with the general scheme in Fig. 3 and we 
decided to re-investigate the problem when. we discovered 
that crude extracts of this pseudomonad, and of certain 
others, catalysed a rapid decomposition of pyruvate, pre- 
sumably to formate and acetate, without gas exchange. 
We found that pyruvate accumulated when arsenite, bisul- 
phite or semicarbazide was added to the reaction mixture. 
Furthermore, chromatography of 2: 4-dinitrophenylhydra- 
zones showed that other carbonyl compounds could be de- 
tected, including both y-methyl-y-hydroxy-«-oxoglutarate 
and its y-lactone pyruvic aldol, the 2 : 4-dinitrophenylhy- 
drazone of which gives a characteristic scarlet colour when 
sprayed with caustic soda. The formation of y-methyl-y- 
hydroxy-«-oxoglutarate was confirmed in an experiment in 
which a solution of protocatechuate was added slowly to a 
stirred, fractionated cell-free extract until the yellow colour 
due to the product of ring-fission no longer appeared and 
disappeared. Perchloric acid was added, the precipitated 
protein was removed and the acidic solution maintained 
at 100° for 5 min in order to convert y-methyl-y-hydroxy- 
«-oxoglutarate into pyruvic aldol. The solution was 
extracted with ether and a crystalline 2 : 4-dinitrophenyl- 
hydrazone prepared from the white solid obtained when 
the ether was evaporated. This derivative had the same 
melting point and infra-red spectrum as a derivative 
made from an authentic sample kindly supplied by 
Dr. Abraham Marcus and it showed the same chromato- 
graphic properties. Extracts of p-hydroxybenzoate-grown 
Pseudomonas contain about five times as much aldolase 
for y-methyl-y-hydroxy-«-oxoglutarate as do the age 


cells grown with succinate. Partially-purified preparations 
have properties similar to those reported?! for the aldolase 
from germinating peanuts, including a requirement for 
Mgt+ ions and a sulphydryl compound. The enzyme 
shows a pH optimum of about 9 and it does not attack 
a«-oxo-y-hydroxyvalerate. There now seems little reason 
to exclude protocatechuate metabolism from the general 
scheme of Fig. 3 and the pathway shown in Fig. 4 is 
therefore proposed. 

Dagley, Wood and Chapman” have proposed a pathway 
for homoprotocatechuate breakdown that is based on the 
earlier scheme for protocatechuate metabolism in which 
the aldehyde group of «-hydroxy-y-carboxymuconic semi- 
aldehyde is oxidized to a carboxyl group. If this occurred, 
§-oxoglutarate would be a predicted reaction intermediate 
in homoprotocatechuate metabolism, and indeed it is found 
that cell-free extracts which attack homoprotocatechuate 
also contain a powerful 8-oxoglutarate decarboxylase. 
However, we have seen that the pseudomonads used in 
our studies with catechol contained a decarboxylase for 
oxalocrotonate, which is therefore most probably a meta- 
bolite ; but it is not an obligatory intermediate in the 
conversion of catechol into pyruvate by cell-free extracts 
of our pseudomonads, as it is for those of Nishizuka et al.}° 
Consequently, the occurrence of B-oxoglutarate decarboxy- 
lase in extracts that metabolize homoprotocatechuate can- 
not be accepted as a powerful argument for the conversion 
of homoprotocatechuate into B-oxoglutarate. This system 
is at present under investigation. 

We thank the U.S. National Science Foundation for a 
senior foreign scientist fellowship (to S. D.) and also the 
U.K. Department of Scientific and Industrial Research 
and the Medical Research Council for research training 
grants (to D. T. G. and J. M. W. respectively). 
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DRUG ELIMINATION BY SIMULTANEOUS FIRST-ORDER AND 
ZERO-ORDER PROCESSES 


By A. J. CUMMINGS and Dr. B. K. MARTIN 
Nicholas Research Institute, Ltd., Slough, Bucks 
AND 
Dr. G. S. PARK 
Department of Chemistry, Welsh College of Advanced Technology, Cardiff 


N investigation of the rate at which the tmchanged 
drug or its metabolites appear in the urine after drug 
administration is an established technique in pharmaco- 
kinetic investigations. This method was used by Bray, 
Thorpe and White! in their investigations of the kinetics 
of drug metabolism in animals; Swintosky?, Nelson? and 
others have since extended the theoretical application and 
use of similar studies in map. On the basis that the 
specific excretion rate constant of the metabolite (ke) 
was much larger than the specific rate constant for its 
formation (kr), Bray et al. equated the observed rate of 
excretion of a metabolite to its rate of formation. They 
observed that in rabbits the elimination of small doses of 
benzoic acid involved the formation of two motabolites, 
each formed by a first-order process, the rate of formation 
of one metabolite, however, never exceeded a limiting 
value and at high dosage it was formed in a zero-order 
reaction. 

The recent observation of an instance of drug elimina- 
tion by simultaneous first-order and zero-order processes 
in man prompts the following theoretical considerations 
concerning the elimination of a drug in this manner. 

After the administration of a number of doses, or a large 
single dose, of a drug, the rate of excretion (mg/h) of 
total metabolites and of individual metabolites may be 
studied over a considerable period of time after the 
effects associated with drug absorption and metabolite 
accrual’ have become negligible. These effects will be 
apparent for a number of hours immediately after drug 
administration and the results obtained during this initial 
period may be excluded from consideration. 

If a drug forms two metabolites, one by a first-order 
process throughout and the other by a zero-order process 
until time ¢, and thereafter by a first-order process, the 
observed rates of excretion of individual metabolites and 
total metabolites may be as depicted in Fig. 1. 
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Fig. 1. Plot of the log rate of formation of metabolites M,, Af, and 

total metabolites (M, + M,) against time after the administration of a 

drug D. During the period /,-t,. M: and M/, are formed in zero-order 

and first-order reactions respectively, from t, to ¢; both metabolites are 
formed in first-order reactions 





It may be anticipated that if ke is larger than ky for 
each metabolite, then the plot of the log rate of excretion 
of total metabolites will be linear in the final phase of 
excretion (t, — t,)—for when the plasma level of the drug 
is low, the formation of both metabolites occurs by first- 
order processes. The existence of a linear section during 
the period (ft; — t.) when one metabolite is formed in a 
zero-order reaction was, however, unexpected, but the 
consideration of an idealized model system provides 
theoretical support for this observation. 

If a drug D is eliminated as two metabolites, M, and 
M., which are formed respectively by zero-order and first- 
order processes with specific rate constants k, and k, 
respectively, then: 

aM. aM 
ay = ky, and = = kD 
where M, M, and D represent the amount of the meta- 
bolites and drug present at a time ż. 
Representing the total metabolites M, + M, by M: 


aM 
T (1) 


Solving this equation with the condition that D = D, 
att = 0: 3 


1 1 
— t= po + kD) -g inh + kDa) (2 


and hence: 
D= (G+ D,) ett — z (3) 
Substituting for D in equation (1), then gives: 
“ = (It, + k Dojet 
and: 
ne = In (ky + kaDo) — Kot (4 


Equation (4) shows that a plot of the log of the rate of 
formation of total metabolites (log dM/dt) against time 
(t) is a straight line having the same slope as if metabolito 
M, were formed alone. 

Cummings and Martin‘ have suggested that the rate of 
excretion of a metabolite cannot be precisely equated to 
its rate of formation, but if ke is larger than kp, the decline 
with time of the logarithm of the rate of excretion of a 
metabolite ultimately becomes parallel to the decline 
of the logarithm of its rate of formation. Changes in the 
rate of metabolite formation are then reflected by changes 
in its observed rate of excretion in the urine. This 
condition will be reached in the present system provided 
that k: is larger than ky and equation (4) may then bo 
applied to the excretion of metabolites. This indicates 
that during the period (t; — t.) a plot of the log rate of 
excretion of total metabolites against time will also be 
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a straight line, of slope = — 2-303 k, The rate constant 
(k) for the metabolite formed in the first-order reaction 
may be calculated. 

During the period when one metabolite is formed in a 
zero-order process, the rate of total metabolite excretion 
does not, as in the simple case discussed by Cummings and 
Martin‘, reflect the decline in plasma drug concentration, 
for equation (3) indicates that log D is not linear with 
time. A plot of the log of the rate of excretion of M, alone 
will similarly be a curve. 

The ratio in which the metabolites M, and M, occur in 
the urine shows a continuous change during this period, 
as reflected by the changing ratio of k, : k.D1. 

The rate of formation of M, remains constant, but the 
accrual of a metabolite which is produced in a zero-order 
reaction will continue so long as this rate limitation 
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applies, and its rate of excretion therefore approaches its 
rate of formation asymptotically. 

An observed log-linear decline of the rate of excretion 
of total drug metabolites does not necessarily indicate, 
therefore, that the overall elimination of a drug is a first- 
order process, for such data do not reveal the presence 
of a simultaneous zero-order process. 

Experimental results which closely conform ‘to. this 
general theoretical treatment have been obtained in respect 
of the elimination of salicylate, and details have been 
submitted for publication. 
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. USE OF SYNTHETIC POLYGLUCOSE FOR DENSITY-GRADIENT 
CENTRIFUGATION OF VIRUSES 


By Dr. S. 


I. OROSZLAN, S. RIZVI, Dr. T. E. O'CONNOR and Dr. P. T. MORA 


National Institutes of Health, Bethesda, Maryland 


ENSITY -gradient centrifugation has been widely 

used for the separation of cell particulates and 
purification of virusest-+, Among the various substances, 
sucrose and inorganic salts have been used most frequently 
to form density gradients. In some instances macro- 
molecular substances were also used5-"*. 

Several investigations have shown the effects of the 
medium on the specific volume and therefore on the 
sedimentation rate or on the apparent buoyant densities 
of virus particles'8, Most of all, osmotic effects, the 
extent of hydration?:7*1° and the binding of heavy 
ions'+12 have been considered. 

The use of inert, neutral macromolecular substances 
instead of sucrose or inorganic salts has the following 
advantages. It produces a low osmotic pressure through- 
out tho gradient. It precludes the formation of artefacts 
caused by cation binding, or the inactivation of heavy 
salt-sensitive viruses. The macromolecules, because of 
their low diffusion rate, will form a more stable gradient 
and will assure sharper and more stable zones of the 
fractionated components. Brownian motion effects and 
temperature convection disturbances will be reduced also. 
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Fig. 1, Refractive index (n) of a polyglucose solution in 0-01 M tris— 
hydrochloric buffer versus density (p) 


In this article we describe a method for equilibrium 
banding of some viruses, using preformed density gradients 
of synthetic polyglucose. Polyglucose is a neutral, highly 
branched, spherical polymer, prepared by acid-catalysed 
polycondensation of glucose!¥*, It can be dissolved in 
water or in buffer at a high concentration to yield solutions 
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Fig. 2. Distribution of phage infectivity (p.f.u.) after density-gradient 
centrifugation. Upper, Ti; lower, ọX 174 
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of low intrinsic viscosity, with density similar to that of 
sucrose. The material used in the present experiments 
was a purified fraction of polyglucose (fraction I, ref. 14). 
It had number average molecular weight of about 18,000 
and intrinsic viscosity [yn] = 0-09 dl./g. A 60 per cent 
solution in 0-01 M ¢tris-hydrochloric acid buffer gave a 
density of 1-22 g/ml. at 30° C. The only disadvantage of 
polyglucose solution as a gradient is its high absorption 
in the ultra-violet with a maximum at 265 my. Poly- 
glucose does not interfere with the infection of E. coli cells 
by various bacteriophages!’ and does not affect the hem- 
agglutination activity and the infectivity of the influenza 
virus?! or of the polyoma virus!?; furthermore, it is not 
toxic to mouse cells grown in tissue culture”. 

Bacteriophages T1, T2 and »X 174 were prepared as 
previously described!518, Infectivity was determined by 
the plaque assay. 

Concentrated stock solutions of polyglucose (60 per 
cent) in 0-01 M tris—hydrochloric acid buffer (pH 7:5) 
containing 0-001 M magnesium sulphate were sterilized 
by filtration under positive pressure through Seitz filters. 
The densities of solutions having various concentrations 
of polygiucose were determined in a pycnometer at 30° C, 
and the refractive indexes were read at the same tem- 
perature. Fig. 1 shows that the plot of densities versus 
refractive indexes gives a straight line. In subsequent 
density-gradient work densities were determined by 
measuring the refractive indexes of the various fractions. 

Linear gradients were prepared with a gradient-forming 
device by mixing equal volumes (2-3 ml.) of concentrated 
solution (60 per cent) and of dilute solution (usually 10 
or 6 per cent) of polyglucose and layering into 5-ml. 
‘Lusteroid’ centrifuge tubes. Then the gradient columns 
were slowly chilled to 4° C. The virus stock, suspended 
in 0-2-0-4 ml. buffer, was layered on the top of the 
gradient column. The tubes were centrifuged in the 
SW 39 rotor in a Spinco model L centrifuge at 30,000 
r.p.m. for 16 h at 2°-6° C. Fractions were obtained by 
puncturing the tubes at the bottom and collecting drops 
through a needle’®. The individual fractions (10-20 drops 
per each fraction) were then analysed for infectious virus 
and for refractive index. Under the same conditions 
linear gradients were achieved reproducibly in several 
experiments with or without virus. 

The sedimentation of bacteriophage T1 and of 9X 174 
is shown in Fig. 2. The viruses banded in sharp, visible 
zones. The apparent buoyant densities were 1-192 for 
TI and 1-180 for pX 174. Under similar conditions, 
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Table 1. RECOVERY OF INFECTIVITY OF BACTERIOPHAGES AFTER CENTRI- 
FUGATION IN A POLYGLUCOSE DENSITY GRADIENT 


Total activity (p.f.u.) 
Input 


Bacteriophage Recovered Recovery (%) 
T1 112 x 10% 0:69 x 10" 61-8 
280 x 10! 237 x 10” S46 
pZ 174 5 x 10° 13 x 10° 26-0 
5 x 10° 18 x 10° 36.0 


bacteriophage T2 banded deeper in tho tube than T1, 
and the band was located close to the bottom of the tube. 

In general, good recovery of viral infectivity wus ob- 
tained, but the percentage recovery was proportional to 
the amount of virus input as shown in Table 1. The 
incomplete recovery was probably the result of the adsorp- 
tion of the viral particles to the wall of the tube. In 
separate experiments when the phages were exposed to 
concentrated solutions of polyglucose in the cold for 24 h, 
no loss of the infectivity appeared. _ i , 

Polyoma tumour virus was examined by using this 
novel density-gradient medium, and an unusual separation 
of viral infectivity and hemagglutinin was obtained”. 
At present we are using the polyglucose density gradient 
for the purification of the Rauscher murine leukemia 
virus, and the results will be described elsewhere. 

This work was supported in part by research follow- 
ship grants from the Jane Coffin Childs Memorial Fund 
for Medical Research and from the U.S. National Cancer 
Institute. 
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EVIDENCE FOR THE BINDING OF POLYNUCLEAR AROMATIC HYDRO- 
CARBONS TO THE NUCLEIC ACIDS OF MOUSE SKIN : RELATION 
BETWEEN CARCINOGENIC POWER OF HYDROCARBONS 
AND THEIR BINDING TO DEOXYRIBONUCLEIC ACID 


By Dr. P. BROOKES and Dr. P. D. LAWLEY 


Chester Beatty Research Institute, Institute of Cancer Research: Royal Cancer Hospital, London, S.W.3 


OLLOWING the demonstration by Kennaway’ that 
application of 1:2,5:6-dibenzanthracene to the 
skin of mice caused tumours to develop at the site of 
treatment, it has become generally accepted that certain 
pure polynuclear aromatic hydrocarbons are capable of 
inducing cancer. Furthermore, relationships between 
the chemical structure of a considerable number of hydro- 
carbons and their carcinogenic power have been proposed?. 
It has often been assumed that the carcinogenic action 
depends on the binding of either the hydrocarbon or of one 
of its metabolites to a cellular constituent, althongh no 


molecular mechanism for the carcinogenic process has vet 
achieved general acceptance. One widely held view? is 
that the essential step is a mutation or serics of mutations 
induced by the carcinogen. This would imply that 
deoxyribonucleic acid (DNA) was the significant cellular 
receptor. On the other hand, several investigators havo 
favoured the binding of carcinogens to proteins as the 
primary event leading to carcinogenesis. For example, 
Miller and Millert found that following administration 
of p-dimethylaminoazobenzene to rats the carcinogen 
was bound to liver proteins, which proteins were absent 
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in the resulting tumours. They therefore suggested that 
the ability of the azo-dyes to cause deletion of these pro- 
teins was responsible for their carcinogenic action. This 
theory received further support from the work of Heidel- 
berger and Moldenhauer® on the binding of aromatic 
hydrocarbons to mouse skin proteins. The immunological 
theory of carcinogenesis due to Green’ also envisages that 
the binding of carcinogens to protein is of primary impor- 
tance. More recently, Jacob and Monod’ have proposed 
that chemical carcinogenesis need not involve modifica- 
tion of DNA, as is generally considered necessary for 
mutagenesis, but could result from binding of carcinogens 
to extranuclear repressor substances, which could be 
either ribonucleic acid (RNA) or protein in nature. 

In their classical investigations of the interaction of 
carcinogenic hydrocarbons with tissue constituents Wiest 
and Heidelberger® introduced techniques which enabled 
them to disrupt mouse skin and to isolate cellular fractions. 
They described an irreversible, time-dependent, non- 
physicochemical binding of 1: 2,5: 6-dibenzanthracene- 
9,10-(#4C) to proteins of the mouse skin following the 
application of this hydrocarbon to the backs of mice. 
They claimed that no radioactivity was bound to the 
nucleic acids associated with either the soluble or in- 
soluble protein fractions. However, the evidence on 
which this latter statement was based, namely, that, after 
removal of nucleic acid by hot trichloroacetic acid, the 
protein specific activities remained unchanged despite 
loss of total mass, would be consistent with loss of a 
nucleic acid with the same specific activity as the remain- 
ing protein. 

In the work of Wiest and Heidelberger and of Heidel- 
berger and Moldenhauer® nucleic acids were not isolated, 
and the protein preparations may have contained nucleic 
acid, although if, as previously reported, the nucleic acids 
did not bind hydrocarbons, this would not have affected 
the results. However, in the subsequent work of Heidel- 
berger and Davenport? nucleic acids were isolated, and 
it was reported that following application of 1:2,5:6- 
dibenzanthracene-9,10-(4C) to the backs of mice, both 
DNA and RNA of the skin contained bound radioactivity. 
Nevertheless, in a further investigation!® involving 
hydrocarbons the soluble proteins were fractionated 
without isolating nucleic acids. These latter investiga- 
tions provided additional support for the protein deletion 
hypothesis since certain protein fractions were shown to 
bind carcinogenic hydrocarbons to a greater extent than 
non-carcinogenic compounds. Furthermore, these particu- 
lar protein fractions were absent in the soluble protein 
derived from induced tumours. The properties of the 
proteins which bind the hydrocarbons are those which 
might be expected of the repressors in the genetic control 
of enzyme synthesis as proposed by Jacob and Monod’. 
A mechanism of carcinogenesis involving inactivation of 
repressor proteins by binding of carcinogens has been 
proposed by Pitot and Heidelberger"; but these authors 
did not rule out the possibility that the direct interaction 
of the carcinogen with the genetic material might be of 
primary importance. 

It is apparent, therefore, that in most of the previous 
investigations of the binding of hydrocarbons to cellular 
constituents, the binding to nucleic acids was not determ- 
ined. For this reason it seemed worth while to devise 
methods of isolating DNA and RNA from mouse skin 
and to investigate the binding of a series of tritium- 
labelled hydrocarbons, the latter being available at a 
high specific radioactivity from the Radiochemical 
Centre, Amersham, Bucks. 

The hydrocarbons (0:1-1-0 umole) were applied to the 


shaved backs of Swiss S or BRO mico in 0-05-0-1 ml. of — 


benzene. After various times the mice were killed and the 
fat and muscle from the treated area of skin was removed 
by the method of Wiest and Heidelberger®. The remaining 
dermis and epidermis were frozen in liquid nitrogen and 
finely ground with a pestle and mortar. RNA and DNA 
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were isolated by the phenol method, essentially as de- 
scribed by Kidson, Kirby and Ralph’, and protein was 
precipitated from the phenol layer with methanol. In 
each preparation the skin from eight mice was used, and 
this yielded about 1-25 mg DNA and 2mg RNA. The 
DNA was frecd from RNA by ribonuclease treatment, 
carbohydrates were removed by the methoxyethanol— 
phosphate procedure of Kirby", and the DNA was finally 
precipitated as the cetyl trimethylammonium (CTAB) 
salt. After washing this precipitate with water it was 
converted to the sodium salt with 2 per cent sodium acetate 
in 70 per cent aqueous ethanol. As a final purification 
stage the DNA was centrifuged at 109,000g in a gradient 
of aqueous cesium chloride (density 1-72) for 44 h and the 
DNA was re-isolated from the ultra-violet-absorbing band 
by precipitation as the CTAB salt. It was found that 
the methoxyecthanol—phosphate procedure caused some 
degradation of RNA of higher molecular weight as shown 
by sucrose gradient sedimentation, according to the 
procedure indicated in the caption to Fig. 1. In later 
experiments this step was therefore omitted. RNA could 
be re-isolated from the sucrose gradient by precipitation 
with ethanol. 
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Fig. 1. Sedimentation (22 h at 50,000g) in a sucrose gradient (5-20 per 
cent sucrose in 0-05 N sodium acetate, pH 6-2) of RNA Isolated from 
mouse skin at various times after application of (*H)-labelled 3 ; 4-benz- 
pyrene (os umole; 170 wc. per mouse). Fractions of 1-5 ml. (20 drops) 
were collected, their ultra-violet absorption was measured In 0-5 mm 
cells, and their radioactivity was determined as in ref. 12. (a) 24 h; 
(6) 48 h; (e) 96 h; full line, optical density at 260 mux; broken line, 
¢p.m.; 10 myc. (CH) gave 2,000 o.p.m. and the background was 90 
p.m. 
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Typical nucleic acids obtained by these procedures were 
analysed in comparison with standard yeast RNA or 
salmon sperm DNA. They were found to contain 6-5 per 
cent P(RNA) or 7-4 per cent P(DNA), that is about the 
same as for the standard nucleic acids, and to give orcinol 
(RNA) or Dische (DNA) reactions quantitatively equal 
to those for the standard nucleic acids. The ultra-violet 
absorption spectra were also the same as for the standards; 
for RNA in aqueous solution #!%, = 190 at 260 mp; 
and for DNA in 0-05 N perchlorie ‘acid, , either after deoxy- 
ribonuclease digestion or after heating at 100° to obtain 
a clear solution, El% „= 210 at 260 my. In order to 
calculate the extent of binding of the hydrocarbons from 
the observed specific radioactivities of the isolated nucleic 
acids, the concentrations of nucleic acid P in the solutions 
assayed for radioactivity were derived from their optical 
densities by taking the value ep = 8,750 for DNA and 
€p = 9,000 for RNA. 

The tritium-labelled hydrocarbons used were naph- 
thalene and 1:2,3:4-dibenzanthracene (dibenz(a,c)- 
anthracene) (non-carcinogenic); and 1: 2,5 : 6-dibenz- 
anthracene (dibenz(a,A)anthracene), 3 : 4-benzpyrene 
(benzo(a)pyrene), 20-(3-)-methylcholanthrene, and 9,10- 
dimethyl-1: 2-benzanthracene (7,12-dimethylbenz(a)an- 
thracene) (carcinogens, in order of increasing carcinogenic 
power according to Iball’s'* index). In addition 9,10- 
dimethyl]-1: 2-benzanthracene-9(*C) was used. 

The finding of Heidelberger and Davenport” that no 
binding of the hydrocarbons to any cellular constituents 
had occurred immediately after their application to the 
skin was confirmed, and maximal binding was found after 
24-48 h. Autoradiographs of sections of skin from treated 
mice showed persistence of bound radioactivity up to 30 
days after application of tritium-labelled 9,10-dimethyl- 
1: 2-benzanthracene. 

The binding of naphthalene to DNA, RNA or protein 
was insignificantly small. The level of the binding of 1 : 
2,3 ; 4-dibenzanthracene to DNA was very low, and the 
specific radioactivity was below the level of one-half 
of the background count per 100 ug DNA, which was 
considered to be a significant level. For all other hydro- 
carbons and for all three cellular constituents isolated, 
___ namely, DNA, RNA and protein, a low but significant 
~~ extent of binding was found. 

Since in some cases RNA had not been rigorously 
purified in order to avoid degradation of fractions of 
higher molecular weight, these RNA’s were analysed 
by sucrose-gradient centrifugation. This yielded three 
fractions corresponding to RNA’s with sedimentation 
coefficients of approximately 28S, 18S and 4S (Fig. 1). 
The radioactivity in the fractions was determined, and 
it will be seen from the typical examples shown in Fig. 1 
that the radioactivity is approximately proportional to 
ultra-violet absorption throughout the fractions. 

While these results provide further evidence for the 
firm nature of the binding of hydrocarbons to the nucleic 
acids, probably mediated by reactive metabolites of the 
hydrocarbons, they do not eliminate the possibility that 
the hydrocarbons were broken down and the fragments 
re-utilized for nucleic acid biosynthesis. However, in 
analogous experiments Heidelberger and Davenport? 
showed that the bound radioactivity was not associated 
with the normal nucleotide constituents of nucleic acids 
following application of C-labelled 1:2,5:6-dibenz- 
anthracene, and it is perhaps unlikely therefore that 
tritium-labelled hydrocarbons could be utilized in this 
way. In addition, in the present work the binding of both 
“C-labelled and ‘*H-labelled 9,10-dimethyl-1:2-benz- 
anthracene was investigated and a similar pattern of 
binding was found for both radioactive isotopes. 

Another possibility remains that the radioactivity 
bound to nucleic acids is in fact bound to certain proteins 
or polypeptides which are so firmly associated with the 
nucleic acids that they are not separated from them 
by any of the procedures used in the isolation ; for example, 
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Fig. 2. Time-course of ne binding of (°H)-labelled hydrocarbons to 
total proteins of mouse skin. Results are expressed as specific radio- 
activity of protein (uo./g} divided by the dose (uc./mouse) given at 
zero time, plotted against time 
A, Naphthalene; A, a : 2,3 4-dibenzanthracene; O, 1: : 6- 
dibenzanthracene; @, 3 4-benz pyrene; $W, 20- i honn boeno, 
D. 9, o aimotbyLa 2-benzanthracone 
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Fig. 3. Binding of @H)-labelled hydrocarbons to total proteins of 


mouse skin 24 h after application, in relation to carcinogenic potency 
as represented by Iball’s (ref. 14) index. Symbols as in Fig. 2 


Kirby" and Bendich and Rosenkranz!* have presented 
evidence that residual proteins or polypeptides are firmly 
bound to DNA. It should be pointed out, however, that 
if this explanation were to hold, the specific radioactivity 
of these residual proteins would have to be much greater 
than that of the bulk of the proteins isolated. 

For the individual hydrocarbons used the results froin 
a large number of experiments were considered from two 
aspects. First, the variation of the extent of binding to 
the cellular constituents with time was found to be similar 
for all hydrocarbons (Fig. 2). The maximum binding was 
reached approximately 24 h after application of the 
hydrocarbon. Secondly, the partition of a bound hydro- 
carbon between the three cellular constituents presented 
a consistent pattern which differed for the various indivi- 
dual hydrocarbons. As the hydrocarbons used were 
known to be of different carcinogenic potency a correlation 
was sought between this property and binding to any of 
the cellular constituents examined in these experiments. 
It was clear that the binding to total cellular protein 
showed no positive correlation with carcinogenic potency 
(Fig. 3). The extent of binding following application of 
1 pmole of hydrocarbon per mouse was of the order 
of 0-01-0-02 molecules of hydrocarbon per molecule of 
protein of molecular weight 105. Similarly the binding to 
RNA, which was found with all the hydrocarbons except 
naphthalene, showed no positive correlation with carcino- 
genic power. However, DNA binding, whether expressed 
as the ratio of specific radioactivity of DNA to that of 
RNA (Fig. 4a) or to that of protein (Fig. 4b), shows a 
significant positive correlation with carcinogenic potency. 
Furthermore, when the results are expressed as the 
number of molecules of hydrocarbon bound per molecule 
of DNA at the same dose level, a similar positive correla- 
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tion is evident (Fig. 5). If these results are expressed as 
the number of hydrocarbon molecules bound to each 
DNA molecule of 20,000 nucleotide units (that is, of 
molecular weight 6-7 x 10%) the extent of binding ranged 
from 0:04 for 1:2,3:4-dibenzanthracene to 1:4 for 
9,10-dimethyl-1: 2-benzanthracene. 

An additional feature of the binding to DNA which is 
possibly consistent with its playing a significant part in 
the carcinogenic process is that although both protein and 
DNA binding are maximal during the first 48 h after 
application of the hydrocarbon, the DNA-bound hydro- 
carbon persists for a longer time than that bound to protein 
(Fig. 6). 

The significance of the results reported here is clearly 
limited by the small number of hydrocarbons investi- 
gated and it would be premature to assume that the 
correlation found is general. However, the unexpectedly 
consistent correlation observed throughout the present 
series of experiments would support the view that DNA 
is the significant cellular receptor of carcinogenic hydro- 
carbons, as implied by the mutational theory of carcino- 
genesis. 

The present work gives no indication of the way in 
which the hydrocarbons are bound to the nucleic acids. 
The binding is clearly not a physicochemical adsorption 
of the hydrocarbon molecules by the nucleic acids, since 
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Fig. 4. Binding of (*H)-labelled hydrocarbons to DNA of mouse skin 
in relation to carcinogenic potency 
(a) Ratio of specific radioactivity of DNA to specific radioactivity of 
protein 24 h after application of the hydrocarbons; (b) ratio of specific 
radioactivity of DNA to specific radioactivity of RNA at the same 
time as in (@). Methods for ey of nucleic acids are described in 
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DNA relative to that of protein following application of CH)-Iabèelled 
hydrocarbons to the skin of mice. Symbols as in Fig, 2 


it has been found!’, using the technique of equilibrium 
dialysis, that hydrocarbons bound to DNA in this way are 
completely removed into solution when the DNA is 
precipitated with alcohol. 

The time-course of the binding suggests that metabolism 
of the hydrocarbons is necessary to enable their reaction 
with cellular constituents, but the nature of such meta- 
bolites remains unknown. Many final products of hydro- 
carbon metabolism have been isolated, but none has 
been shown to be carcinogenic. However, Boyland! has 
suggested that epoxides may be reactive intermediates in 
this process. Such compounds might be expected to 
behave like other alkylating agents which are known to 
react readily with both nucleic acids and proteins. Fur- 
thermore, certain epoxides have been shown to be 
carcmogenic!, $ 

Although the results obtained in the present work do 
not give a conclusive indication of the nature of the 
significant cellular receptors of chemical carcinogens, they 
do suggest that it might be worth while to extend the use 
of the present techniques to a wider group of hydrocarbons 
and to other types of chemical carcinogens. It may also 
prove possible to investigate the relationship between the 
binding of such compounds to cellular constituents in a 
wider variety of tissues of various species which differ 
in their response to chemical carcinogens. 

We thank Mr. P. Edwards for running the cesium 
chloride gradient centrifugations and Prof. A. Haddow 
for his advice. This work was supported by grants 
to the Chester Beatty Research Institute (Institute 
of Cancer Research: Royal Cancer Hospital) from the 
Medical Research Council, the British Empire Cancer 
Campaign and the National Cancer Institute of the 
National Institutes of Health, U.S. Public Health Service. 
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LETTERS TO 


ASTROPHYSICS 


Particle Acceleration in Cislunar Space 


Tue recent discovery! of a characteristic red lumines- 
cence when enstatite achondrites are bombarded by 
40-keV protons led Kopal and Rackham? to observe the 
Moon in order to determine whether a similar luminescence 
might be excited in lunar materials by solar wind bom- 
bardment. On the night of November 1-2, 1963, Kopal 
and Rackham observed an enhanced red emission from 
the vicinity of the crater Kepler. The duration of the red 
glow was of the order of 10 min or longer, and it appeared 
twice within a 2-h period. No repetition of this pheno- 
menon was observed on the following night or at the next 
lunation. 

Among the circumstances which may be relevant to an 
explanation of this phenomenon are the following: the 
enhanced emission occurred within one day of Full Moon. 
There had been a class 3 solar flare on October 28 and 
two class 1 flares on November 1, and the Earth was in a 
magnetically disturbed region of space. Cosmic-ray 
neutron counts indicated that recovery from a Forbush 
decrease was occurring at the time of the luminescence. 

Kopal and Rackham? noted that the red glow from the 
Kepler region approximately doubled the brightness of 
the lunar surface there, so that the amount of energy 
emitted in the red was approximately 10‘ ergs/em? sec, 
They further concluded* that since the highest luminescent 
efficiency (in the Bustee meteorite) had been found to be 
20 per cent’, it was likely that the incoming energy respon- 
sible for the luminescence was at least 5 x 10 ergs/em? 
sec. The other two enstatite achondrites examined by 
Derham and Geake! had a luminous efficiency lower by a 
factor of three, so it is not unlikely that the incident 
energy exceeded 105 ergs/em? sec. Because approximately 
the same luminous efficiency is found during bombard- 
ment of the meteorite powder by photons of several MeV 
as by protons of 40 keV‘, it appears likely that the above 
conclusions are not sensitive to the energy of the particles 
bombarding the lunar surface. 

Kopal and Rackham? have discussed a possible inter- 
pretation that the above events resulted from bombard- 
ment of the lunar surface by an enhanced flow of solar 
plasma initiated by the preceding solar activity. They 
noted that the energy flux required was five orders of 
magnitude greater than that normally available in the 
solar wind, which must be considered a difficulty. Kopal* 
has suggested that an alternative mechanism might be 
required in which the lunar bombardment would involve 
particles, of energy greater than those of the solar wind, 
which had been accelerated in the preceding class 3 flare 
and trapped by the chaotic magnetic field configuration 
then existing in interplanetary space. It is the purpose of 
this communication to suggest a further alternative. 

The region of interaction between the solar wind and the 
Earth’s magnetosphere is very complex; but the following 
general picture has emerged (see, for example, Hines). In 
the solar direction the pressure of the solar wind com- 
presses the magnetosphere, but the solar wind must then 
flow around the magnetosphere, so that in the antisolar 
direction a long cavity is formed into which the terrestrial 
magnetic field can expand. Quite large energetic particle 
fluxes are observed near the magnetosphere boundary in 
the antisolar direction, and it has been suggested that the 
region of trapped radiation may extend to a distance 
comparable with that of the Moon®. A recent analysis of 
terrestrial magnetic activity has shown that the general 
level of activity is slightly changed for several days on 
either side of Full Moon, suggesting that the antisolar 
magnetic cavity may extend to the lunar distance’. Since 
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the solar wind exhibits supersonic flow with respect to tho 
Earth, it is necessary that a standing shock wave must be 
formed beyond the magnetopause. The highly turbulent 
magnetic fields between the shock front and the magneto- 
pause have been observed®. 

It seems to be the case that wherever turbulent fluid 
motions and chaotic magnetic fields exist in Nature, the 
acceleration of charged particles to energies much exceed- 
ing thermal energies takes place. This is inferred to be the 
case in strong extragalactic radio sources, in supornova 
remnants, in solar flares, and in the magnetosphere 
itself. One acceleration mechanism which can be very 
efficient in certain circumstances is the second-order 
acceleration of charged particles traversing time-varying 
fluctuations in a magnetic field system®. This is probably 
responsible for the acceleration of particles in the outer 
‘part of the magnetosphere which are then dumped directly 
into the atmosphere to produce auroræ. The process 
will be enhanced at times of greater magnetic activity 
when the solar wind is exerting varying pressure on the 
magnetopause. 

It is a logical extension of these considerations to expect 
that extensive particle acceleration will take place in the 
shock zone beyond the magnetopause. The particles thus 
accelerated, will be discharged down the magnetic field 
lines in the antisoler direction. By analogy with the 
auroral discharges, it is possible that the particle beams in 
the antisolar direction may carry an energy flux large 
compared to that in the solar wind. However. since the 
energy going into the charged particle beams must bo 
derived from that of the solar wind, it is evident that such 
particle streams will be isolated in local regions of space, 
and that the integrated energy flux of plasma and particles 
together cannot exceed the initial energy flux of the 
plasma flow. 

The luminescence near the crater Kepler observed by 
Kopal and Rackham may have been produced by these 
energetic particle streams. It may also have been pro- 
duced by trapped radiation in the distant tail of the 
magnetosphere. Many more observations will be needed 
to evaluate the plausibility of these two possibilities. In 
either case, such luminescence can be expected to occur 
principally at times near Full Moon and during unusually 
large magnetic activity on the Earth. Because of the 
localized nature of the incident particle streams, lunar 
luminescence excited in this way is likely to be observed 
only in ‘small regions of the Moon at any one time and to 
exhibit variations with periods of a few minutes. 

Because of the complex character of the phenomena 
suggested here, it is not possible to suggest the range of 
energies to which particles are likely to be accelerated in 
the shock zone, and hence it is not clear whether such 
particle streams will constitute a radiation hazard to a 
manned lunar landing or to manned spaceflight in the 
antisolar direction. 

I wish to thank Prof. Z. Kopal for a stimulating discus- 
sion of his observations. 

A. G. W. CAMERON 


Goddard Institute for Space Studies, 
National Aeronautics and Space Administration, 
New York. 
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Quasi-stellar Radio Sources as Spherical 
Galaxies in the Process of Formation 


TRE large energies and short time-scales characteristic 
of the quasi-stellar radio sources present major problems 
for their interpretation. The total power emitted by 
3C 48 is estimated to be 2 x 104% ergs/sec!. The presence 
of nebulosity around 3C 48 (ref. 1) and 3C 273 (ref. 2) 
suggests lifetimes of at least 5 x 10* sec, so that the 
emitted energy exceeds 10°* ergs. If a major part of this 
energy is in the form of synchrotron radiation, this is a 
lower limit to the energy contained in relativistic electrons. 
Similar lower limits follow for the relativistic particle 
energies in bright radio galaxies, even if the proton com- 
ponent is small*. The appearance of the nebulosity and 
the ratio of radius to velocity suggest that the lifetime 
of these objects is not much greater than 10° years. Both 
sources are observed to vary in optical brightness over a 
period of years‘, and there is some evidence that 30 48 
varies over a period of weeks as wellt. 

Shklovsky*, Burbidge’, and Cameron! have postulated 
that the energy of radio galaxies originates in supernove. 
Ginzburg? and Shklovsky™, on the other hand, have 
examined the possibility that the energy is released in the 
contraction of gas clouds to form stars, while Hoyle and 
Fowler! have considered the energy released by an 
extremely massive star the radius of which approaches 
the Schwarzschild radius. 

My purpose here is to suggest that energy release of the 
magnitude and time-scale required might be the natural 
consequence of the formation of a spherical galaxy through 
the contraction of an intergalactic gas cloud. If one 
assumes that from time to time such gas clouds become 
gravitationally unstable, one may describe the ensuing 
contraction approximately as the radial free fall of a 
uniform sphere?*, at least until such a time that the centri- 
fugal forces accompanying rotation of the cloud prevent 
further contraction. 

Star formation proceeds along with the contraction of 
the cloud, According to Schmidt", the rate at which the 
gas is depleted by star formation is proportional to the 
square of the gas density, pg. Modifying his relation for the 
present case, in which the total density p is increasing 
because of the contraction, one finds that: 


deg pa dp 20g 
“ae = — Kea + > soe api 


where K is a constant and t = ¢, is the epoch of minimum 
radius, since: 


1 
e= ran oH (2) 


represents the behaviour of the total density as t > ty. 
Equations (1) and (2) imply that: i 





T = Q + 7 J (3) 


where 


K 
tk = Erő” 3 x 104 years (4) 


marks the epoch at which star formation is 50 per cent 
complete. The value of K is taken to be 1 x 10° gm- 
cm’ sec-} from Schmidt’s analysis of star formation in the 
Galaxy. 

Tf the original cloud has a mass of 10" suns, a density of 
10-28 gm om-3, and a radius of 2 x 105 parsec, the radius 
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when ¢ = t, — t, is 120 parsec and the maximum radial 
velocity of infalling material is 2,600 km/sec. If the cloud 
is to contract to such a small radius before it is stabilized 
by rotation, its original equatorial velocity must be less 
than 1 km/sec. One expects clouds which rotate more 
rapidly to be stabilized at larger radii, with consequent 
reduction in the rate of star formation. It is suggested 
that such clouds result in the formation of spiral galaxies, 
while those which experience massive star formation 
before they are rotationally stabilized become spherical 
galaxies. 

The kinetic energy of the gas when ¢ = tọ — tą is 
5 x 10° ergs. A fraction of this energy may be converted 
into energy of relativistic electrons by the acceleration 
of secondary electrons produced during the contraction 
by nuclear collisions with cosmic rays. For example, if 
the intergalactic cosmic-ray flux is 0-3 per cent of that in 
the Galaxy, there would be 105° ergs in relativistic elec- 
trons when t= t,— 7 x 10° years, long before star 
formation commences. Further acceleration is limited by 
bremsstrahlung losses. 

After star formation has begun, the system of young 
stars and proto-stars reaches a minimum radius fixed by its 
rotation and begins to re-expand. The visual light of 
ordinary early-type stars is 1 x 10** ergs/sec at this phase, 
with an additional 5 x 10** ergs/sec available in the 
extreme ultra-violet for the excitation of emission 
lines. 

The stellar radiation begins to decrease when t = t + 
3 x 10° years because of the death of the brightest stars. 
Concomitantly, supernove of Type IT begin to contribute 
energy in the form of light and fast particles. Some 
10° supernove explode between the times ¢ + 2 x 10° 
years and tọ + 3 x 10° years, giving a total energy of 
10° ergs and an average rate of 100 supernove a year. 
The latter implies statistical fluctuations in brightness of 
+ 40 per cent. 

The dynamical equations show that the radial speed of 
the contracting or expanding system increases with 
decreasing radius, so that the observational upper limits 
on radius and systematic internal speeds in 3C 48 and 
3C 273 permit one to estimate the present value of 
jt — t,| as 3 x 10° and 3 x 105 years, respectively. The 
corresponding radii are 2,600 parsec and 560 parsec, and 
the corresponding speeds, 560 km/sec and 1,200 km/sec. 
It seems likely that ¢ > tọ so that the systems are begin- 
ning to re-expand at the present time. A major part of 
the light can therefore be attributed, directly or indirectly, 
to normal stars. The short-period variations in 3C 48 
may be due to supernove, but the long-period variations 
in both sources remain enigmatic. Both systems may con- 
tain large numbers of relativistic electrons accelerated 
in the contraction phase. 

If the vorticity of the intergalactic gas flow is comparable 
in magnitude with its divergence, a typical intergalactic 
cloud having the dimensions cited would rotate at 20 
km/sec. Only a few per cent of such clouds would rotate 
slowly enough to permit massive energy release on a short 
time scale as described above. This lends support to the 
assumption that the quasi-stellar sources evolve into normal 
spherical galaxies, since the latter constitute only a few 
per cent of all galaxies. If there are 10° quasi- 
stellar sources in the universe, their present rate of 
formation is about 10 a year, 10 per cent of the 
average rate of formation of spherical galaxies over 101° 
years. 

The picture presented here will be subjected to severe 
observational tests by detailed spectroscopic analysis now 
in progress*, If even the outline of this scheme is sub- 
stantiated by further observation, the investigation of 
quasi-stellar sources. and possibly radio galaxies in general, 
will throw light on the processes involved in the formation 
of galaxies. 

I thank M. Schwarzschild, L. Spitzer, N. Woolf, J. 
Greenstein and D. Wentzel for their advice. A more 
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detailed account of this work has been submitted for 
publication in the Astrophysical Journal. 
G. B. FELD 
Princeton University Observatory, 
Princeton, New Jersey. 
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PHYSICS 


Bearing of Recent Experiments on the 
Special and General Theories of Relativity 


Ir has been shown!-* that the frequency of an atomic 
absorber at the end of a rotating arm is less than that of a 
similar atomie emitter at the centre of the rotor by the 
amount Av = vw*/2c*, that there is no frequency shift‘ 
between an emitter and absorber at opposite ends of a 
rotating arm, and that there is a shift® when the emitter 
and absorber are at different gravitational potentials. 
All these results are generally assumed to be in accord 
with both the special and general theories of relativity, 
but a critical examination of the question leads to a differ- 
ent conclusion. 

Champensy and Moon express surprise that the naive 
use of the transverse Doppler effect formule without any 
account being taken of the acceleration gives the correct 
answer. The reason is simply that Einstein? assumes this 
result in the general theory with an argument which can be 
summarized as follows: (1) A clock at the circumference 
of a rotating disk is in motion relative to one at the centre 
and therefore appears to go more slowly when viewed from 
the centre, in accordance with the special theory. (2) For 
a steady state of rotation all the waves emitted by the 
clock at the circumference are received at the centre. 
(3) The clock at the circumference therefore actually 
goes more slowly than that at the centre. ° 

The foregoing argument is unsound because it is first 
assumed that the accelerated clock undergoes the same 
time dilatation as one in uniform motion, and then that 
this dilatation is entirely due to the acceleration. However, 
it has been pointed out? that the time dilatation result 
is actually contained in the -postulates of the special 
theory, so that in effect Einstein is using these same 
postulates in the general theory rather than using a result 
of the special theory. The weakness of the argument is of 
no consequence to the general theory, but it removes the 
dependence which it is thought to have on the special 
theory.. It is more accurate to regard the two theories 
as alternative ways of explaining the postulates. 

In the special theory it is also postulated that two obser- 
versin relative uniform motion obtain identical experimental 
results. The time dilatation must in consequence be an 
apparent effect arising in some way from the transmission 
of signals between the observers. Mathematically the 
result can be obtained only by making the units of measure- 
ment depend on the relative velocity®, and Einstein makes 
his hypothetical observers adjust their units to keep the 
value of c constant. In an actual experiment such adjust- 
ments are not made and if the theory is to have any 
physical significance they must follow automatically from 
the transmission process. 
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In the general theory, on the other hand, there is no 
symmetry between the two observers, and the time dila- 
tation can be a real effect. This idea was indeed intro- 
duced by Einstein in the special theory, but in the context 
of this theory it led to the well-known clock-paradox. 
Einstein? later agreed that the prediction based on the 
assumption that one clock actually goes slower than the 
other contradicts the special theory. 

Experimental results now vindicate the view that the 
time dilatation is due to acceleration and also to a differ- 
ence in gravitational field, thus supporting the principle 
of equivalence. 

The null result of the experiment of Champeney and 
Moon with the absorber and emitter in relative motion 
but having the same acceleration indicates that the time 
dilatation is not due to relative motion or to the process 
of wave transmission and that the special theory is wrong. 
It may be that this theory should not be applied since it 
relates to uniform motion, but in this case it is not applic- 
able to any experiment carried out on the Earth’s surface”. 


L. Essen 
50 Wensleydale Road, 
Hampton, 
Middlesex. 
‘Hay, H, as Schiffer, J. ie y o ranshan, T. E., and Egelstaff, P. A., Phys. 
Rev. Letters, 4, 165 (1960). 
Barer D. ©., Isaak, G. R., and Khan, A. M., Nature, 198, 1186 
1963). 


3 Kindig, W., Phys. Rev., 129, 2371 (1963). 

*Champeney, D. C., and Moon, P. B., Proc. Phys. Soc., 77, 350 (1961). 

ë Pound, R. V., and Rebka, jun., G. A., Phys. Rev. Letters, 4, 337 (1960). 
€ Einstein, A., Principles of Relativity (Methuen and Co., London, 1923). 
7 Essen, L., Nature, 199, 684 (1963). 

8 Essen, L., Proc. Roy. Soc., A, 270, 312 (1962), 

? Einstein, A., Naturwiss., 48, 697 (1918). 

10 Essen, L., J. Inst. Elect. Eng., 9, 389 (1963). 


Generation of Giant Optical Maser Pulses 
using a Semi-conductor Mirror 


THIS communication reports the observation of high- 
intensity pulses of light when one mirror of a laser Fabry— 
Perot resonator is a semiconductor. 

The reflectance at a semiconductor-air interface may be 
regarded as due partly to the dielectric nature of the 
material, arising in particular from bound electrons and 
partly to the metallic properties attributable to free 
electrons and holes associated with quantum states in the 
conduction and valence bands, respectively. 

In the case o germanium, the dielectric properties 
usually predominate but intense light incident on the 
germanium surface may generate sufficient electron-hole 
pairs locally to make the plasma contribution to reflect- 
ance appreciable. This generation process competes against 
diffusion and recombination processes, but initial calcu- 
lations have indicated that the light pulses from a ruby 
laser operated in the ordinary free running condition can 
generate at the surface a plasma density greater than 10% 
charges per cm’. According to Sosnowski! this should 
yield an increase of more than 1 per cent in the reflectance 
of the surface. 

The effect has been used to provide ‘Q-switching’ in a 
ruby laser by replacing one of the usual metallic or 
dielectric mirrors of the Fabry—Perot resonator with an 
optically flat germanium surface. 

The dielectric reflectance of germanium is high enough 
(0-36) to allow initiation of laser action when the input 
energy to the pumping flash tube is about 25 per cent 
above the threshold observed with a silver mirror (reflect- 
ance about 0-9). 

Oscillograms show that the light output of such a 
system consists of mdny typical laser pulses of low 
intensity together with one or more ‘giant pulses’ the 
peak intensity of which is at least 40 times greater than 
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that of any of the ordinary pulses. The width of a 
‘giant pulse’ is about 60 ns. 

Similar results were obtained with two kinds of ger- 
manium mirror, namely, an evaporated film on an optically 
flat silica substrate and a mechanically polished single 
crystal of intrinsic material. 

We thank W. Dixson and K. Taylor for preparing the 
mirrors. 

C. H. CARMICHAEL 
G. N. Surpson 
Signals Research and Development Establishment, 
Christchurch, Hants. 
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An Explanation of the High Strain Fatigue 
Law in Terms of the Statistical Distribution 
of Strains 


Many investigators, particularly L. F. Coffin, have 
found that the high-strain fatigue endurance of a wide 
range of metals and alloys is represented by a law of the 


following type: 
en/N = ¢,/2 (1) 


where s is the plastic strain-range, N is the number of 
cycles to cause rupture, s is the unidirectional strain-at- 
rupture. 

Despite its general applicability, no acceptable explana- 
tion of equation (1) has, until now, been advanced. 

It is proposed to regard the specimen as comprising & 
large number n of small elements of volume. During a 
specific plastic strain-reversal, e, let a fraction x of the 
deformation-systems in such an element be operative. 
Then the plastic strain is accommodated by the deformable 
fraction, which therefore undergoes a strain (e)l/z. Hence 
the variance of the strains to which all of the elements 
are subjected is l/n(c)*X1/x*, that is, proportional to (e)*. 

Assuming (reasonably) that there is no significant long- 
term correlation between the microscopic deformation 
systems operative in successive plastic strain-cycles, the 
variance after N cycles will, by the law of addition for 
variances, be proportional to N(<«)? and the standard 
deviation wil be proportional to £€4/Ẹ. Failure is asserted 
to have occurred when. a specific fraction, y, of the specimen 
has undergone a strain exceeding the unidirectional 
ductility, ə» When the specimen is in this condition, a 
negligible number of further cycles will break it into two 
pieces. The condition for failure is then &/N = clim = 
feo), which is equation (1) when f(e,) =«,/2. 

The central difficulty in explaining equation (1) has 
always been its general applicability. This difficulty is 
now removed since the explanation here advanced is one 
which implies that equation (1) should apply to all 
plastically fatigued materials which exhibit plastic 
heterogeneity. 

J. H. Grrrvs 

U.K. Atomic Energy Authority, 

R.F.L., Springfields, 
Salwick, Nr. Preston, Lanes. 


Uniaxial Anisotropy ‘Permalloy’ Films 
grown in a Glow Discharge on Sputtered 
Tantalum Substrates 


Ir is well known! that the magnetization reversal 
mechanism in a thin ‘Permalloy’ film is related to the 
degree to which a truly uniaxial anisotropy can be 
induced on a microscopic scale. Once the magneto- 
strictive and crystal anisotropy has been minimized by 
carefully controlling the composition of the film, the sur- 
face morphology of the substrate on which the NiFe is 
to be deposited can play a dominant part in determining 
He and Hy and the angular dispersion of the easy axis of 
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magnetization. In magnetic memory applications it is 
expedient to deposit the ‘Permalloy’ film on to a highly 
conducting metal ground plane which will be in close 
proximity to the memory bits in order to reduce both the 
memory noise and the drive power of the memory array. 
However, in practice it has not been possible to deposit 
a thin NiFe film directly on to such a metal ground plane 
and obtain uniform magnetic properties over large sub- 
strate areas, that is, 100 cm?. Magnetic and electron micro- 
scopy investigations have shown? that this is partially 
due to the fact that mechanical polishing techniques cannot 
adequately produce the smooth surface characteristics 
necessary to avoid the inhibition of domain wall motion. 
In addition, recent work in this laboratory on sputtered 
Nife films on very highly polished Ag or Ag.Cu or Au 
metal planes has shown that significant amounts of the 
face-centred cubic NiFe diffuses into these face- 
centred cubic metal substrates during deposition in 
the glow discharge, resulting in completely isotropic 
magnetic films. These problems can be overcome 
by depositing an intermediate layer which is thick 
enough to serve both as a diffusion barrier which does not 
replicate the topography of the underlying metal ground 
plane and at the same time has a minimum of granular 
structure of its own’. An evaporated SiO film, > 10,000 A, 
can adequately fulfil these needs? ; however, reproducibility 
over large areas is difficult. The chemistry. of SizOy 
vaporization and the susceptibility of this material to 
gettering reactions at the substrate with the associated 
microscopic morphology and anisotropic film stress‘ 
problems all lead to a rather complex system to control 
accurately. Relatively few alternative thin film materials 
will adequately fulfil the diffusion barrier and morphology 
requirements in the deposition temperature-range, 300°— 
400° C, found necessary? for uniaxial anisotropy sputtered 
NiFe films. The possibility of using a thin film of a refrac- 
tory metal such as tantalum was considered since this 
would have a low surface mobility on the metal ground 
plane and would be less susceptible to formation of large 
granules during the NiFe deposition. Alloying of NiFe 
with body-centred cubic refractory metals should also not 
be as serious a problem. 

The physical sputtering process rather than evaporation 
is ideally suited for the deposition of such refractory 
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Fig. 1. 60 cycle B.H. loops on sputtered NiFe films 700 Å thick. 

a, NiFe on glass: He = 3'9 œ, HR = 2:9 œ, differential at 45°; b, NiFe 

on 2000 Å tantalum on glass: H 42 Œœ, Hg = 28 @, differential 
at 45° 
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metal films, and in addition it has been established’ 
that sputtering can afterwards be used in the same pump- 
down to produce NiFe films having low (<1-5°) angular 
dispersion of the easy axis of magnetization. Sputtering 
of the refractory metal on to a cold metal substrate has the 
additional advantage that small grain size, <400 A, can 
easily be maintained up to about 3000 A at a deposition 
rate of 20 A/sec, and at the same time the topography 
of the bare polished metal substrate is lost as determined 
by high resolution electron microscopy of Pt-C replicas. 
A. 10,000 A sputtered Ta film, that is, of similar thickness as 
the evaporated SiO film formerly used for this purpose’, 
gave too large a granular structure so that the Nike 
films afterwards deposited were magnetically isotropic. 

In an effort to separate the diffusion from the mor- 
phology problem, magnetic properties of sputtered 700 A 
Nife films on glass and on tantalum on glass made in the 
same run were compared, assuming glass to be the 
smoothest, practical substrate available. Sixty cycle 
B.H. loops in Fig. 1 show these properties to be essentially 
the same with angular dispersion as determined by the 
Kerr magneto optic method! less than 1-5° on both films. 
Both films are of the inverted type. The differential 
di /di versus H curve with the driving field at 45° to the 
easy axis shows that the Barkhausen spectrum typical 
of wall motion processes occurs at higher fields than the 
smooth change of magnetization at the lower fields. In 
addition, a sequence of X-ray fluorescence measurements 
on the NiFe and the tantalum film before and after solu- 
tion of the NiFe showed that the NiFe did not in any 
discernible way alloy with the tantalum film. Similar 
magnetic results were afterwards obtained on Nike 
(700 A), on tantalum (2000 A), on highly polished Ag.Cu 
substrates when the temperature of the metal substrate 
was maintained at 330°C throughout deposition. In 
separate runs with the substrate temperature at 395° C 
the magnetic properties deteriorated giving high He 
values. >5 œ, and consequently large dispersion of the 
easy axis. The lower substrate temperature limit at which 
a uniaxial anisotropy can be induced in a sputtered NiFe 
film on tantalum has not yet been determined, but by 
analogy to our results? on sputtered NiFe films on SiO 
(10,000 A) on Ag.Cu substrates it is expected to be 
above 250° C. 

Erro Kay 

Research Laboratories, 

IBM Corporation, 

San Jose, 
California. 
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GEOPHYSICS 


Direct Observations of Low-energy Electrons 
in the Disturbed lonospheric E-region 


DIFFERENTIAL spectra of electrons 20-3,000 eV in 
energy have been directly measured in the ionosphere for 
the first time. The spectrometer used an open electron 
multiplier as its detector, counting individual electrons. 
It was carried ‘in Black Brant II rockets launched in 1963 
at Churchill, Manitoba, in the presence of so-called 
auroral absorption (of very-high-frequency cosmic radio 
noise). Such absorption events usually last from a few 
minutes to about an hour, with rapid fluctuations, and 
occur in or near the auroral zone. Electrons of energy 
< 100 keV, precipitated into the ionosphere by processes 
not understood but closely related to magnetic activity, 
are considered to be the main cause of these events. A 
great deal of information exists on the upper part of this 
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energy range, but below 10 keV there is very little. 
Our experiment covered a large part of this unknown 
region. In order to provide a more complete spectrum, 
measurements on electrons above 10 keV were made 
aboard the same rockets by instruments from the National 
Research Council of Canada. In addition, experiments 
measuring electron. density and radio-wave propagation 
effects were carried, the results from which will be dis- 
cussed in future publications. 

The low-energy electrons were counted by a beryllium- 
copper electron multiplier which was open to the atmo- 
sphere. By means of electrostatic deflexion six broad, 
almost overlapping energy bands were sampled in 
sequence, together covering the whole range. About three 
such differential spectra were produced per sec. The 
acceptance angle was about 3° x 15°, centred on a direc- 
tion normal to the rocket axis, the smaller angle lying in 
the plane of the rocket axis. Directional fluxes of olec- 
trons from 5 x 104-5 x 108 (cm? sec ster)“ could be 
measured. Neutral and positively charged particles and 
photons entering from outside were excluded from the 
detector, but not photoelectrons and secondary electrons 
produced inside the apparatus. The photoelectrons 
produced significant numbers of counts only during periods 
(brief because of roll and yaw of the rocket) when the Sun 
lay within the acceptance angle of the instrument. 
Results in these periods amounted to less than 1 per cent 
of the total and were discarded. The contributions from 
secondary electrons, unlike those from photoelectrons, 
were easy to measure in the process of laboratory calibra- 
tion. The secondaries usually increase the counting rato 
significantly; the results presented here have been correc- 
ted using the calibration results. 

Table 1 is a summary of conditions during the threo 
flights, and of some of the magnitudes of fluxes observed. 
The maximum and typical fluxes quoted were all obsorved 
in the lowest channel in the range 20-35 eV. The maxi- 
mum integral flux was estimated from the top channel of 
the low-energy experiment, the contribution from above 
10 keV being negligible. All data in this communication 
apply to altitudes > 120 km, below which the counting 
rates decrease rapidly with decreasing altitude owing to 
atmospheric absorption. 


Table 1 

Local date/time of launch (add 6 h May 7 June 10 Oct. 13 

to obtain U.F.) 1431 2306 2334 
Peak altitude (km) 139 135 145 
Illumination Sunlit Solid Earth Dark 

shadow st 
80 km 

Tonospheric absorption at 30 Mo/s 

(db.) 0-2~0-4 1-3 1 
Minimum and maximum observable 

pitch angle (0° means straight down 

field line’ 42°, 138° 67°, 118° 77°, 103° 
Maximum differential electron flux 

(em? sec ster keV) Uncertain 6 x 10° 2 x 10° 
Typical flux, same units Uncertain 8x 10° 4 x 10° 
Maximum integral flux > 1 key 

{em? see ster)“ : 1x 107 2x 10° 1 x 108 


Since the instrument looks out at 90° to the rocket axis, 
it covers a range of pitch angles in one rotation of the 
rocket. The form and phase of any roll modulation of the 
counting rates, therefore, give information about the 
dependence of flux on pitch angle. Such modulation 
was always present in the top channel (0-8-3 keV) and 
above, and was small or absent at lower energies. This is 
consistent with our expectation that at lower energies tho 
electrons must be secondaries, which one would expect to 
be isotropic, while the more energetic ones are primaries 
and should show an angular dependence. 

The reason for this expectation is that even at the 
maximum. altitude of 145 km, electrons < 2 keV incident 
from above should have reached the end of their range. 
In the typical spectrum of Fig. 1, only the three highest- 
energy points are definitely primaries, and of these that 
at 2 keV, which represents the 0-8-3 keV component, is 
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Fig. 1. Average of three differential spectra from October 13 rocket at 
altitudes of 125-145 km 
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probably a considerably lower flux than would be found 
50 or 100 km higher. 

The pitch-angle dependence of the 0-8-3 keV component 
was not simple: at times a larger flux appeared to be 
ascending the field line than descending it. This peculiarity 
was not observed above 10 keV, where there were always 
more coming down than coming up, as would normally be 
expected; however, the excess flux from below has been 
observed previously? in electrons > 20 keV under con- 
ditions of auroral absorption. 

It is well known that a primary electron passing through 
air produces on the average one secondary electron for 
every 35-eV loss in the primary’s energy. A 5-keV primary, 
therefore, produces more than 120 secondaries, so that the 
relatively intense secondary spectrum of Fig. 1 is reason- 
able. Not very much is known about the form of spectrum 
to be expected, except that its peak lies below 20 eV. 
This is consistent with our observed, spectra, which are 
still rising at the lowest observed energy. 

We ostimate from the above discussion of pitch angle 
dependence and stopping processes that below 100 eV the 
secondaries, and above 1 keV the primaries, dominate the 
observed flux. In between these two energies there should 
at these altitudes be something like a minimum in the 
spectrum, since the primaries have mostly been stopped 
and nearly all the secondaries have lower energies. Such a 
minimum is often observed in our spectra, and always at 
least an inflexion as in Fig. 1. 

These are to our knowledge the first spectra of secondary 
electrons to have been observed in the ionosphere. 

The maximum energy flux observed in any of these 
flights was of the order of 1 erg/cm* sec in the primaries, 
and about the same in the secondaries. In the primaries 
we estimate from the data that nearly all the energy was 
in the range 1-5 keV, and in the secondaries between 20 
and 100 eV. 
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We are grateful to I. B. McDiarmid and E. E. Budzinski, 
of the National Research Council of Canada, for permission 
to quote from their rates before publication. 


W. J. Hermsma* 
D. L. MATTHEWS 
Radio Physics Laboratory, 
Defence Research Telecommunications Establishment, 
Ottawa 4, Canada. 
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1 Krasovskiy, V. I., Geomag. and Aeronomy, 8, 333 (1963) (Russian, p. 401). 
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Piezomagnetic Effect at the Time of Local 
Earthquakes 


Tue magnetostrictive effects, or piezomagnetic proper- 
ties, of rock under stress have been widely discussed and 
experimentally observed in the laboratory~*. The results 
of these investigations indicate that a change in the 
sub-surface stress should manifest itself as a change in the 
susceptibility and remanent magnetization of rock and 
therefore in the local geomagnetic field. Wilson! described 
laboratory observations of these effects with the suggestion 
that they be used to observe actual deformation of the 
Earth’s surface. Direct observation of these effects under 
conditions such as those involving active fault stress, 
however, have never been reported. 

The recently developed, high-sensitivity, spin precession 
magnetometers, which are also free of microphonic (seismic) 
response, fulfil the necessary requirements for measurement 
of the expected magnetostrictive phenomena. With such 
instrumentation available and with some of the world’s 
most active seismic. areas close at hand, I proposed’ a 
series of investigations to observe the character, magni- 
tude, and frequency of any unusual magnetic events that 
correlate reasonably well with local seismic activity. Of 
particular interest is the geomagnetic phenomenon that 
corresponds to the stress variation in the elastic rebound 
theory of earthquake fault motion®. 

The area first selected was near Fairview Peak in 
Nevada, the scene of a normal faulting earthquake of 
Richter magnitude 7-1 in 1954 (Fig. 1). Two optically 
pumped rubidium vapour magnetometers capable of 
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Fig. 1. Location of the magnetometer stations and earthquake epicentre 
near Fairview Peak, Nevada 
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Fig. 2. Differential and total magnetic feld variation for a 8-h period during which a strong local micro-earthquake occurred 


resolving a change as small as 0-02y were used to monitor 
the Earth’s total magnetic field intensity. The instru- 
ments were placed at stations 14 km apart in order that 
each would serve as a local reference for the other to 
extract the normal geomagnetic micropulsations and 
diurnal variations. For logistic reasons, however, neither 
was far enough away from the fault to be completely 
free of Jocal stress-magnetic effects. Several unusual 
events were observed that occurred only at the time of 
local micro-earthquakes. 

The most significant geomagnetic event is reproduced 
in Fig. 2 and is one which indeed occurred in a manner 
suggested by elastic rebound theory. The intensity 
increased steadily and reached a maximum, returning 
abruptly to some former value at the moment of a strong 
micro-earthquake (less than Richter magnitude 2). The 
differential plot shows that the geomagnetic field change 
was indeed local and more pronounced at one station. 
Furthermore, the rate of change of intensity that occurred 
simultaneously with the earthquake follows the qualitative 
time dependence suggested by Stacey®. 

To evaluate the magnitude of the magnetic changes, 
assume that the observed geomagnetic phenomena are 
manifestations of the magnetostrictive effects of the rocks 
under stress. Grabovsky? and Kapitsa‘ reported that the 
magnetic susceptibility of rocks decreased in the direction 
of applied compressive stress and increased to a smaller 
extent at right angles to the stress. Similar behaviour 
was noted for the remanent magnetization. For a change 
in stress, Ac, these relationships can be expressed as: 


Ly a o om 
wee S p n 
AILL _ cm? 
ee S r 


where Ay, Xo and AI, J, are the change and initial values 
of the susceptibility and remanent magnetization re- 
spectively. The stress sensitivities, Sy and Sy, are 
approximately equal and reported to be in the range of 
0-7-2 x 10-4 em*/kg (refs. 1 to 6). 

The east-west tensional stress is negligible with respect 
to changes observed in the total intensity. Assume, then, 
that a moderate stress of 100 kg/cm? is applied in a 
spherical region whose radius is 7 km centred at the known 
focus at a depth of 7 km. The surface outcrops in the 
vicinity of the epicentre are metamorphic and volcanic 
rocks which are the source of a local geomagnetic anomaly. 
Inserting an approximate value of 0-005 0.a.s. E.m.v. for 
the susceptibility xə and letting Sy=S;=1-0x 10-4 
em*/kg in the foregoing equations, one determines the 
intensity of magnetization to be 5 x 10 o.a.s./em-*. 
The dipole moment of this stressed region is then approxi- 
mately 6-5 x 10% ¢.6.s. E.M.U. 





The observed dipole moment, moreover, from the known 
position of the focus and the observed total intonsity 
change is likewise approximately 6-5 x 10% 0.4.8. E.M.U. 
Reasonable assumptions, then, may justify the order of 
magnitude validity of the observed piezomagnetic 
anomaly. 

A number of other repeated events, some of which 
occurred just prior to local earthquakes, have been 
observed in connexion with seismic activity. These events 
and some results of observations on the San Andreas fault 
in California will be described later. A more extensive 
programme is now under way to confirm and correlate 
these and to substantiate by repetition the event discussed 
in this report. 

I thank Mr. Warren Westphal of Stanford Research 
Institute for his help, Dr. F. D. Stacey for his advice and 
Varian Associates for their kind permission to use the 
magnetometers. 
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GEOCHEMISTRY 


Variations of Oxygen-18/Oxygen-I6 and 
Carbon-13/Carbon-12 in the Calcium Carbonate 
Pleistocene Varved Clays from Toronto, 
Canada 


EXTENSION of isotope techniques for the determination 
of environmental conditions of ancient limestone deposi- 
tion to fresh-water carbonates requires some knowledge of 
seasonal variation of 130/120 and 180/10 ratios. If the 
limestone unit under investigation is varved, seasonal 
change in isotopic composition will be superimposed on 
compositional trends extending over longer periods of 
time. In an examination of varved sediments deposited 
in Rita Blanca Lake in Blancan time near Channing, 
Texas, the lighter-coloured, summer portion of the varves 
was shown to be relatively enriched in carbon-13 and 
oxygen-18 (ref. 1). Theisotopic composition of both summer 
and. winter layers was that of fresh-water carbonate and 
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not marine carbonate?. In this sequence of sediments, 
time trends of $80 and 813C were not masked by seasonal 
variations, and hence were considered to indicate signifi- 
cant climatic changes which took place over about 1,400 
years spanned by varved deposition. Since Rita Blanca 
Lake was located very much south of the Pleistocene ice 
sheets, a 20-4-in. sequence of varved clays from the pro- 
glacial lake sediments of the Don Beds of probable 
Sangamon age, now exposed in central Toronto, Canada, 
was collected for comparison. 

Carbon dioxide, evolved from calcium carbonate present 
in the varves by vacuum extraction with 100 per cent 
phosphoric acid for 24 h, was analysed isotopically using 
a 60° sector, 6-in. mass spectrometer with isotope ratio 
recording apparatus similar to that described by McKinney 
et al”. Each sample of carbon dioxide was prepared and 
analysed in duplicate by rapid comparison of sample gas 
with a carbon dioxide standard. Results are corrected for 
the presence of oxygen-17 in the gas samples‘, and are 
expressed in per mil. in § notation, where: 

1) 


130/20 sample 
Bee: 1,000 (oro ada standard 
using the Chicago PDB standard carbon dioxide. Total 


analytical random error for ôO and 8180 is less than 0-1 
per mil. for dupliċate analysis. 


Table 1. ISOTOPIC COMPOSITION OF CALCIUM CARBONATE IN PLEISTOOENE 
VARVED CLAYS FROM TORONTO, CANADA 


Sample Varve Description 68C dO Thickness (in.) 
1572 1 dark — 0°36 — 6-88 0-0-5 
1573 1 light -016 — 6-20 œ-5-1-11 
1574 2 dark — 038 -7:12 1-1-1-9 
1575 2 light — 0-20 — 6-46 1-9-3-2 
1578 4 dark — 6:38 — 6:93 5-3-58 
1580 5 dark —0:43 — 6-94 7:0-75 
1582 6 dark — 0°50 — 8-89 886-91 
1585 7 light — 9-13 ~ 6-54 10-7-11-4 
1686 8 dark — 0°35 — 6:81 11-4-12:3 
1687 8 light —0-15 — 6-56 12-8-13-0 
1588 9 dark — 0-28 — 6-68 13-0-13-5 
1589 9 light — 0:18 — 6°50 13-5-14-4 
1690 10 dark — 0-32 ~ 6-99 14-4-14-9 
1591 10 -light — 0-16 — 6:36 14-9-15-7 
1592 11 dark — 0-48 — 678 15-7-16-2 
1594 12 dark — 9-38 — 6-94 17:3-47-5 
1595 12 light — 0-36 — 6-16 17-5-18'6 
1596 13 dark — 0:43 — 6-92 18-6-19-0 
1597 13 light -007 — 6-45 19°0-20-1 
1598 14 dark — 0-51 — 6-90 20-1-20-4 


The results, presented in Table 1, indicate that the 
CaCO, of the dark winter varves (av. S&C — 0-40; av. 
S180 — 6-90) is consistently enriched in carbon-12 and 
oxygen-16 with respect to the adjacent lighter-coloured, 
summer layers (av. FC — 0-18; av. HO — 6-40). 
Moreover, the carbon isotopic composition falls within the 
range of marine carbonates (8%C greater than — 2 
per mil.) rather than that of limestones of fresh-water 
origin. It appears that, unlike the Rita Blanca Lake 
deposits, the CO,” in the calcium carbonate of the summer 
laminations from the proglacial lake has been derived from 
pre-existing limestones without modification by isotopically 
lighter carbon dioxide produced from the decay of humus 
and organic matter’. Presumably this arises from the 
general absence of abundant vegetation in the region at 
this time, and the possible deposition of fine-grained 
clastic particles of calcium carbonate contributed by 
glacial melt-water streams. 

Decay of relatively small amounts of organic matter 
under stagnant winter conditions when a surface layer of 
ice was present produced carbon dioxide enriched by 
carbon-12 which apparently influenced the isotopic 
composition of the slowly precipitating calcium carbonate. 
Hence the winter portions of the varves are slightly 
enriched in carbon-12 with respect to the summer portions. 

This suggests that during Pleistocene time a spectrum 
of pluvial lakes existed. Isotopic analysis of carbonate in 
varves formed in lakes adjacent to the ice sheets would 
provide relatively little information regarding environ- 
mental conditions and climatological trends. Pluvial 
lakes somewhat removed from the ice sheets, and sur- 
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rounded by an area of vigorous organic activity, on the 
other hand, would deposit calcium carbonate the 
isotopic composition of which is much more sensitive 
to climatological changes. 


Jon N. WEBER 


Materials Research Laboratory, 
Pennsylvania State University, 
University Park, Pennsylvania. 
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CHEMISTRY 


An Archibald-type Solution to a Non-linear 
Lamm Equation 


Ax exact solution of the Lamm equation: 


ae 1 a dc 

oe ROS 
is of considerable utility in ultracentrifugal analysis'. In 
this equation e(r, t) is the concentration of solute in a 
two-component system, D is the diffusion constant, s is the 
sedimentation coefficient, and œ? is the square of the 
frequency. Archibald has calculated an exact solution for 
s and D independent of concentration, with the boundary 
conditions?: 


— ws rc) 


(1) 


(2) 


c 
Dg= w’sre ab r = fa, Tb 


The experimental dependence of s on cis: 





(3) 


but no one has succeeded in solving equation (1) with this 
form for s. In 1956 Fujita showed that if equation (3) is 
approximated by: 


8 = 3,(1 — ke) (4) 


that is, the concentration is low enough, then the resulting 
non-linear equation can rigorously be linearized’. Recently 
the exact Faxén solution has been found, that is, a solution 
assuming that the cell is an infinite wedget. 

It is the purpose of this communication to show that an 
exact solution can be found when s is of the form given in 
equation (4) with the finite boundary conditions of 
equation (2). If we make the substitutions: 


a = kOg, € = 2D](w* 8972), T = 208 aot 


ac lfr\ (5) 
ven © re Te 


where c, is the initial solute concentration, then equation 
(1) becomes: 


a0 ə 30 } 
z= al” [az- 00-0] (6) 
with the boundary conditions: 
08 
70 L o (1 = 0) abe =E i (2 y= wa, a (7) 
The further substitution: 
3 F 
8 = E In u (8) 
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converts equation (6) into: 


ðu Pu 


our _ 
(Su - S) (9) 


or T 
with boundary conditions: 
atu a 
Sat = Ge abe = Wa, Xb (10) 


A general solution to equation (9) satisfying equation (10) 
can be written: 


ule, t) = A + O(a, 7) 
where X(x, t) satisfies equations (9) and (10) and A is a 
constant to be determined later. To solve for ¢(x, t) we 


make the further substitution v(x, t) = d(x, 1)/ðx and 
thereby find that v(x, +) satisfies: 


dv 3w av 


(11) 


jp =e ggrt S - *) a (12) 
with boundary conditions: 
a 
= v at © = La, wo (13) 
and the initial condition: 
du (x, 0) 
v(x, 0) = mer Ties (14) 


x 
= O(x, 0) exp f 6 (y, 0) dy 
Ta 

Equation (12) can be solved by separating variables. 
Setting v(x, t) = X(x) exp ( — At) we find that X(x) 
satisfies: 

æ X” (x) + (1 — x} X’ (æ) + (A- DX) = 0 
where the eigen values are determined by the boundary 
conditions X(x) = X(x) ats = £a and xs. This equation is 
recognized to be Archibald’s equation?, and his expan- 
sion of the initial condition in terms of the confluent 


hypergeometric functions can be used. In this way we 
find, for the initial condition e(a, 0) = co, a constant: 


: o-ar wo-0-0w Ma (y) dy 
v(a,ct) = E = Ma (a)e-%* (16) 
aay Í e-v [Mn (y)}? dy 


Ta 


(15) 








where o = O and An > 0,n > 0. A detailed discussion of 
the functions Mn(z) can be found in Archibald’s paper. It 
is shown there that: 

M, (£) = e _(17) 
which is the only eigenfunction required for the equilib- 
rium case. To determine the constant A we seb © = 2, in: 


ÉJ 
u(x, t) = exp | Oly, +) dy 
Ta 


z 18 
= 4+ |" oy, =) ay me 
Ta 
which implies the value 4 = 1, so that: 
8 (a, 1) = 2G) 2) (19) 


D 
1 sa uly, t) dy 
ta 


It is easily verified that this solution reduces to Archibald’s 
in the limit « = 0. 

A Fortran programme for the evaluation of eigenvalues 
and eigenfunctions of the Archibald equation will shortly 
be available’. The modification required for the solution 
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of the present problem will also be programmed. It is 
also possible to solve the rectangular approximation for 
linear concentration dependence of the sedimentation 
coefficient’. 

This work was supported by U.S. Public Health Service 
grant IF3 GM-21, 390-01. 
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Colorimetric Differentiation of «- and «N- 

substituted Lysine Derivatives 

a- and c-N-substituted lysine give distinctively different 
spectra when reacted with ninhydrin in methylcollosolve 
solution. The difference in spectra can be easily applied 
to provide a sensitive as well as a qualitative method for 
determining oach of these isomers in the presence of the 
other. The spectra of the ninhydrin products from a 
number of derivatives of lysine and ornithine were 
examined. 

Coleman. colorimetric tubes are charged with 0-1 ml. of 
aqueous solution of the compound and 0-9 ml. of 4 por cent 
ninhydrin dissolved in methyleellosolve. The content of 
each tube is quickly mixed by vigorous shaking; each 
tube is capped with a rubber stopper equipped with a 
capillary tube. The tube is heated in a boiling water bath 
for exactly 10 min. The tube is then immersed in ice-water 
for 1 min and 7 ml. of ice-cold water is added to the tube. 
The reading should be made without delay since the colour 
fades rather quickly. Samples should be protected from 
light, since this is one of the chief factors causing insta- 
bility. The optical density can be measured with a Cole- 
man spectrophotometer, while the visible spectrum is 
determined with a Bausch and Lomb Spectronies 505 
recording spectrophotometer. 

Fig. 1 illustrates the absorption spectra of ninhydrin 
colours of g- and e-N-acetyl-t-lysine. As shown in Fig. 1, 
a-N-acetyl-t-lysine has a maximum absorption peak at 
516 mp and a second smaller peak at 554 my. Since the 
g-amino group of this compound is blocked. this absorption 
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Fig. 1. Absorption spectrum of ninhydrin derivatives of a- and e-N- 
acetyl-L-lysine. 1-0 mole of compound was used 
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pattern is due to the free amino-group at the e position. 
In contrast to the aforementioned result, e-N-acetyl-L- 
lysine has the maximum absorption at 570 my. It is 
worth noting here that ninhydrin reaction with «-N- 
acetyl-L-lysine or «-N-benzoyl-z-lysine in completely 
aqueous solution produces no colour, while e-N-acetyl-L- 
lysine gives a colour with maximum absorption at 570 mu. 

Numerous attempts to increase the stability of the 
coloured product resulted in a complete loss of the typical 
differences in spectra. It was found that the intensity of 
the colour at 516 my or at 570 my decreased approximately 
10 per cent in 20 min at room temperature when light was 
avoided as much as possible. 

As seen in Fig. 2, pure «-N-acetyl-L-lysine has a ratio of 
ODg52fODs1¢ Of 0-79 and e-N-acetyl-L-lysine of 1-96. 
When varying proportions of these isomers were plotted 
versus the ratio OD;,./OD5,5, the curve was a smooth 
sigmoid and this is very reproducible. Thus, it is quite 
possible to determine quantitatively either isomer in a 
mixture of the two. It follows that, in this example cited. 
free L-lysine should be removed prior to the determination.. 
This can be easily achieved by paper or column chroma- 
tography}. 

Table 1 lists the optical densities of various compounds 
with ninhydrin at both 570 my and 516 my with tho ratio 
of both absorptions and the percentage colour yield: in 
comparison with that of u-aspartic acid taken as 100 por 
cent. Compounds 1-7, having a free «-amino group, show 
a maximum absorption at 570 mp. Furthermore, tho 
ratio (OD5/O0D;,,) is approximately 1-96. Chromo- 
genicity at 570 my. is quite similar to that of L-aspartic 
acid at this wave-length. However, when a second 
amino-group was introduced at a position opposite to the 
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Fig. 2. Plot of the ratio of absorption at two different wave-lengths 

versus varying proportions of mixtures of a- and e-N-acetyl-L-lysine. 

The total amount of componnda a varying proportions of mixture 
was 1:0 umole 
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Table 1. NINHYDRIN COLOUR SPEOTRUM AND COLOUR YIELD oF VARIOUS 
LYSINE AND ORNITHINE DERIVATIVES 
OD at OD. oD Ra 
ab: chromo- 
Compound 570 mp 516 mez vomulODneny genleity 
at 570 my 
1 L-Aspartic acid 0-800 0-395 2-02 100-0 
2 e-N-Acetyl-L- 
lysine 0-770 0-381 2-02 963 
83 «-N-Benzoyl-L- 
lysine 0-572 0-295 1-94 _* 
4  8-N-Formyl-L- 
lysine 0-819 0-410 2°00 102-4 
5 e-N-Chloroncety]- 
L-lysine 0-856 0-430 1-99 107-0 
6 a-Amino-e-hy- 
droxycaproic 
acid 0-782 0-400 1:96 97-8 
7 8-N-Acetyl-L- 
ornithine 0-867 0-436 1-99 108-4 
8 L-Asparagine 0-583 0-305 1:91 729 
9 #N-Glycyl-L- 
lysine 0:637 0:329 1:93 796 
10 a-N-Acetyl-1- 
lysine 0-625 0-781 0-80 781 
1l a-N-Benzoyl-L- 
lysine 0-300 0-320 0°94 —_* 
12 -Lysine 0177 9-200 0'89 221 
13 -Ornithine 0295 0-652 0-45 36-9 
14 e-Aminocaproic 
acid 801 0-208 1-92 48-9 
15 a-Keto-e-acet- 
amidocaproic 
acid 0-010 0-012 = = 
18 a,£.Diacetyl-L- 
lysine 0 0 
17 Acetyl-x-meth- 
ionine 0 0 


Reaction mixture: 1-0 umole of compound in 0-1 ml. aqueous solution 
and 0-9 ml. 4 per cent ninhydrin solution. 


* Due to their low solubilities, the percentage chromogentolty is not 
accurate. 


free amino-group, such as for compounds 8 and 9, chromo- 
genicity decreased approximately by 20 per cent. In this 
event, the ratio (OD,,)/0D;,,) does not change from the 
previous series of compounds and an absorption maximum 
is found at 570 mg. The results obtained with 1-lysine 
and L-ornithine are difficult to understand since these two 
compounds exhibit an absorption peak at 516 my and 
their chromogenicity is quitelow. This suggests that, with 
the method used in this experiment, the type of bonding at 
the additional amino group could well play an important 
part. Compounds 10 and 11 have the «-amino group 
blocked and e-amino group free. These compounds show 
a maximum absorption at 516 my. When only one amino 
group is present in the molecule and the distance between 
the carboxyl and the amino group is appreciable, as in the 
case of compound 14, the ratio ODs5./ODma, is the 
same as in the case of L-aspartic acid and the chromo- 
genicity is relatively low. 

The fact that the extent to which the «- and s-amino 
groups of lysine contribute to the total colour intensity 
depends on whether or not either of the amino groups of 
this amino-acid is substituted has also been recognized by 
others?. Since in no case were the end-products analysed, 
the mechanism of this reaction remains obscure. 

All the x-lysine and 3-ornithine derivatives listed in 
Table 1 were generous gifts from Dr. L. Benoiton of this 
Department. 

This work was supported by grants from the Institute 
of Arthritis and Metabolic Disease, U.S. Public Health 
Service (grant 4-6094), and from the Medical Research 
Council of Canada (M_A-1148). 

Woon Kı Park 
SANGDUK Kim 
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School of Medicine, 
University of Ottawa. 
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Use of Methanol containing Boron 
Trifluoride for the Esterification of 
Unsaturated Fatty Acids 


ATTENTION was recently directed! to the production of 
considerable amounts of methoxy-substituted fatty acids 
as artefacts during the esterification of unsaturated fatty 
acids with methanol containing about 50 per cent of boron 
trifluoride. . 

However, when the boron fluoride content is reduced by 
dilution with methanol, progressively smaller proportions 
of methoxy-substituted derivatives of unsaturated fatty 
acid methyl esters are formed; when esterification is 
carried out for 2 min under reflux using a solution contain- 
ing 12-5 per cent boron fluoride as advocated by Metcalfe 
and Schmitz?, no methoxy-substituted derivatives are 
produced. Though methanol containing boron fluoride is 
satisfactory for the esterification of unsaturated fatty 
acids under carefully controlled conditions, the possibility 
that methoxy-substituted products may arise inadver- 
tently should, nevertheless, be recognized. 


A. K. Loven 
Rowett Research Institute, 
Bucksburn, Aberdeen. 


‘Lough, A. K., Biochem. J., 90, 4, © (1964). 
1 Metcalfe, L. D., and Schmitz, A. A., Anal. Chem., 38, 363 (1961). 


Continuous Flow Spotting for Paper 
Chromatograms 


In spite of the claims of other systems, paper chroma- 
tography remains a major analytical tool of forensic 
toxicology. One of its minor disadvantages is that, in 
order to get sufficient material on to the paper to give an 
identifiable spot, a dilute solution must be applied by the 
tedious process of ‘spotting’ small aliquots and allowing 
them to dry between each application. We wish to report 
a very simple and reliable method in which the solution is 
allowed to flow continuously on to the paper, producing a 
spot about 0-5 cm in diameter. 

The device (Fig. 1 A) is made by pulling out a piece of 
glass tubing (6 mm internal diameter) into a capillary, 
which is bent into U-form as shown. A convenient 
length for the wider limb is 3 em, the capillary being 
about 0-5 cm longer. The latter has a diameter of about 
1-5 mm, and narrows at the tip to an orifice of 0-:2-0-3 mm. 
Too fine an orifice delivers the liquid too slowly and may 
make holes in the paper; too coarse a capillary will not 
maintain the flow of liquid. 
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The device is filled with the solution to be spotted, and 
the capillary ‘primed’ if necessary by tipping it or by 
applying pressure to the end of the wider limb. It is 
placed with the orifice 2-3 mm below a sheet of chroma- 
tography paper, B, suspended horizontally between 
supports. A hot air blower, C, is arranged immediately 
above the paper as shown. When the blower is switched 
on, the paper is depressed by the air stream, and touchos 
the top of the capillary. The solution is drawn into the 
paper by capillary attraction, and rapidly evaporates in 
the blast of hot air, thus limiting the sizo of the spot 
produced. Once started, the apparatus may be loft 
unattended, as, should the blower stop, the paper springs 
away from the capillary, thus obviating any risk of 
flooding. 

With ethanol or chloroform, a spot 3-5 mm in diameter 
is obtained; with water the spot is considerably larger. 
being about 1 em or more in diameter. The volume spotted 
on. the paper in a given time depends on tho exact dimen- 
sions of the device, but, in general, 0-2 ml. of an ethanolic 
solution is run on in 5 min. Using the citrate -butanol 
system of Curry and Powell, a l-min run with the device 
filled with a 0-01 per cent solution of morphine, nicotine. 
strychnine, cocaine or chlorpromazine produces spots 
easily visible when sprayed with iodoplatinate solution. 


E. Q. ©. CLARKE 
SHEILA A. SowrTer 
Department of Physiology, 
Royal Veterinary College, 
London, N.W.1. 
1 Curry, A. 8., and Powell, M., Nature, 173, 1143 (1954). 


Gas-phase lon-mofecule Interactions involving 
Atom Transfer; Limitations of the Orbiting 
Theory in accounting for the Variation of 
Cross-section with Energy 


Jon-MOLECULE interactions of the type Xt + YH = 
XH+ + Y are of interest in gas kinetics since they are 
chemical reactions in which the translational energy of one 
of the reactants may be chosen over a wide range. This 
may be achieved by accelerating an ion beam to the desired 
velocity. However, most of the information on such 
reactions has in fact been derived by supplying a mixture 
of the gases X and YH to the source of a mass spectro- 
meter, and, if possible, choosing the electron energy so 
that X (but not YH) is ionized’. The ultimate transla- 
tional energy of X+ is then determined by its initial 
position and the potential difference between the repeller 
plate and the exit slit of the source. This technique 
involves the acceleration of ions throughout the actual 
reaction zone, and the observed reaction cross-sections 
correspond to mean values for all the ions with transla- 
tional energies up to the maximum. A rigorous inter- 
pretation of the effect of translational energy on the 
reaction cross-section is, therefore, difficult if the ‘mixed 
gas’ approach is used. 

The mechanism of such reactions is believed to involve 
the initial formation of an orbiting complex betwoon X+ 
and YH, followed by transfer of the hydrogen atom. An 
orbiting complex is formed if the attractive polarization 
force between the ion and the molecule is equal to, or 
greater than, the centrifugal force which tends to disso- 
ciate the complex. The maximum impact parameter (the 
impact parameter is the perpendicular distance botween 
one particle and the initial line of relative motion of the 
other) which can lead to the formation of an orbiting 
complex is taken as the radius of the reaction cross- 
section®. Thus the reaction cross-section (oy) for an inter- 
action between an ion and a molecule with an initial 
relative velocity V is deduced to be (x/V)(4e? «/u)t, where 
e is the charge of the ion, « th» polarizability of the 
molecule, and p the reduced mass of the system. 
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Fig. 1. Variation of cross-section with translational gnergy ew) for the 
atom transfer reaction Na+ + Dyg—> N,D* 


The work recorded here examines this relation by using 
the first technique (prior acceleration of an ion beam), 
which has the dual advantage of covering a wider range 
of translational energy (up to 2,000 eV) and securing a 
comparatively narrow velocity distribution within the 
reaction zone. An ion beam of X+, moving with a chosen 
constant velocity, is admitted into a field-free reaction 
chamber containing molecules of the gas YH, and the 
intensities of both the £+ reactant and the XH+ product 
are measured simultaneously with a time-of-flight mass 
spectrometer®-*, 

Several systems have been examined, and in the 
majority of cases the observed cross-section shows more 
variation with translational energy than the theory 
predicts. For example, the results obtained for the 
N,* + D, = N,D+ + D system are compared with the 

redicted cross-section in Fig. 1, from which it can be 
seen that there is agreement only in the translational 
energy region of 20 oV. A similar effect has recently been 
reported by Giese and Maier’, who have examined this 
system over a translational energy range up to 15 eV; 
their results show a somewhat greater positive deviation 
from theory, but extrapolate to intersect the theoretical 
curve again in the region of 20 eV. 

For some time it has been recognized that the orbiting 
theory is based on an over-simplification of such inter- 
actions since it assumes that the interacting bodies are 
point particles?:*, However, since it is difficult to visualize 
how this approximation could account for observed cross- 
sections which are greater than the predicted ones, the 
present work leads to the suggestion that the orbiting 
theory must be inadequate in other respects, too. A 
number of possible features under consideration may be 
summarized as follows: 

(1) Time of association. The orbiting theory assumption 
that the reaction cross-section radius is equal to the critical 
impact paramoter implies that the requirement for 
reaction to occur is that the two particles must be brought 
into close association; this will occur by means of the 
spiral Langevin orbits? for all impact parameters smaller 
than the critical impact parameter. The theory could 
also be taken to imply that a finite time of association, 
comparable with (or Jarger than) the time of one orbit, is a 
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necessary feature of such a reaction. If this time factor is 
of greater importance than the proximity factor, and if it 
is assumed possible that reaction could occur in a period 
of association rather less than the time of one orbit, 
then the reaction cross-section radius will be larger 
than the critical impact parameter. This assumption 
could, therefore, explain why experimental results could 
be greater than those predicted on tho orbiting theory, 
but would imply that at the higher relative velocities of 
impact the experimental cross-sections should not fall 
below the theoretical values. Hence additional effects 
such as those in the following paragraphs must also be 
taken into account. 

(2) Dependence of polarization force on separation. The 
orbiting theory assumes the inverse fourth power induced 
polarization potential, that is, an inverse fifth power 
polarization force between the ion and the molecule. 
While this may apply for large critical impact parameters 
(that is, small relative volocities of impact) it will certainly 
cease to apply as the relative velocity of impact becomes 
larger and the critical impact parameter becomes smaller. 
Ultimately, when the impact parameter becomes com- 
parable with the sum of the atomic radii, the force will 
have become a repulsive force, and the interactions 
become comparable with the head-on collisions considered 
by Hamill’. Between these two extremes there must lie a 
region in which the effective polarization force gradually 
becomes less than that caleulated on the basis of the 
inverse fifth-power expression. The true critical impact 
parameters in this region will then be less than those 
predicted by the orbiting theory. The overall effect here 
would, therefore, be to cause a negative deviation from 
the theory, the magnitude of which would increase as 
the relative velocity of impact increases. 

(3) Head-on collisions. Even for relative velocities 
low enough to allow the critical impact parameter to be 
calculated on the basis of the inverse fifth-power expres- 
sion, @ proportion of the collisions occurring within the 
cross-section corresponding to this will be collisions of a 
different type, that is, a rapid approach to the repulsive 
field, followed by the possibility of orbiting at a greater 
radius (‘head-on collisions’). Such collisions may have 
less than unit efficiency (unit efficiency is assumed by the 
orbiting theory), and if this were so, the true reaction 
cross-section would show a negative doviation from theory 
throughout the whole energy range. The fact that at 
high relative velocities reaction cross-sections can be 
found which are considerably smaller than the sum of the 
atomic radii suggests that the efficiency of such collisions 
must be less than unity. 

(4) Anisotropy effects. The simplest atom transfer 
reactions necessarily involve a diatomic molecule; this 
implies that orientations between the two extremes: (a) 
atoms in line with ion; (b) axis of molecule perpendicular 
to ion, are possible. Since the polarizability of the 
molecule depends on its orientation, the critical impact 
parameter would also vary with the orientation. The way 
in which this effect may influence the dependence of cross- 
section on energy depends on additional factors, for 
example, whether the molecule locks into position during 
the orbiting, and whether steric considerations favour a 
specific configuration when the impact parameter is 
small. 

(5) Other molecular effects. The orbiting theory does 
not take into account a number of energetic factors which 
may influence the efficiency of the reaction. For example, 
if the overall reaction is exothermic, the excess energy 
must in some way be accommodated in the translational 
or internal energy of the product particles; on the other 
hand, if the reaction is endothermic it is necessary to 
efficiently transfer energy from the translational energy 
of the bombarding ion, or from internal excitation of the 
bombarding ions. It is even possible that internal excita- 
tion of the bombarding ion may be required for certain 
reactions which may have an energy barrier comparable 
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with an activation energy. As the interacting bodies 
become more complex, a number of other features become 
more important, for example, the existence of a permanent 
dipole in the ion or the molecule will influence the magni- 
tude of the induced polarization force. Moreover, in a 
complex with many degrees of freedom, alternative reac- 
tion paths may become more probable; thus if charge 
transfer, dissociative charge transfer, or even combination 
occur, the efficiency of the atom transfer process will be 
reduced. 

A more detailed account of these effects, and of the 
experimental technique and results, will be published in 
due course. 


Department of Chemistry, 
University of Birmingham. 
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Circular Dichroism Investigations of the Two 
Conformations of Polyriboadenylic Acid 


PoLYRIBOADENYLIC acid (poly A) presents special 
interest because of its relation to the nucleic acids and of 
its importance as a model for the application of exciton 
theory to helical polymers? This homopolymer adopts 
two conformations depending on the pH of the solution?:4, 
At acid pH, poly A exists in a rigid (rod-like) structure, 
which according to the X-ray diffraction model is formed 
by two parallel intertwined helical chains’. In neutral 
saline solution the structure of poly A is much less known; 
the light-scattering and hydrodynamic data indicate that 
the gross overall shape is suggestive of a coiled configura- 
tion. However, some other evidence (hypochromicity, 
dextrorotation) has been interpreted as indicating some 
degree of ordering?. 

In this communication we report the results of the 
application of circular dichroism to the examination of the 
two forms of poly A. Our previous work on polynucleo- 
tides indicated that the circular dichroism is a sensitive 
method for the investigation of macromolecular conform- 
ation’. 

Poly, A at pH 7-4 (in 0-1 M sodium chloride, 0-1 M tris) 
exhibits a circular dichroism curve composed of two 
parts: a positive one with a maximum at 264 my and 
a negative one with a minimum at 247 mp; at 264 mu 
the circular dichroism is cancelled (curve 1, Fig. 14). 
This circular dichroism curve is not symmetrical; if 
one calculates the rotational strength values for the 
positive and negative parts of the curve the obtained 
values are: + 35 x 10- and — 15 x 10* in o.a.s. 
units, respectively. However, the weaker intensity of 
the negative part, as compared to the positive, may 
be caused by the overlapping due to the presence of a 
positive band at shorter wave-length than 230 mu (Fig. 14, 
see also ref. 7). This pattern of the circular dichroism curve 
is in. good agreement with Tinoco’s® recent theoretical 
prediction for helices with an absorption band polarized 
perpendicularly to the helix axis. In fact, the general 
shape of this circular dichroism curve of poly A at neutral 
pH is also reminiscent of the circular dichroism curve of 
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Fig. 1. A, Circular dichroism of poly A at pH 7-4 in 0-1 M NaCl, 0-1 M 
tris, 104 M EDTA; 1, measured at 2°-10° C; 2, at 33° C; 3, at 63° C; 
4, at 73° 0. B, Circular dichroism of poly A at pH 4-86 in 0-1 M NaCl, 
0-04 M acetate buffer, 10“ M EDTA, measured at 4° and 22° C (circular 

ichroism was measured using a Roussel-Jouan dichrograph equipped 
with four sensitivity settings (0-45, 1-5, 2 and 3). The cells used varied 
from 0'1 to 5 cm. in light path and the concentration of poly A usually 

from 0-0006 to 0-008 per cent) 


native DNA? for which the geometry of the helix is char- 
acterized by the perpendicular base-planes arrangement to 
the helix axis. However, the absence of symmetry of the 
circular dichroism curve cannot exclude the participation 
of another weak transition located at longer wave- 
length*?. This ordered form of poly A is stable between 
0° and 10° C. 

At higher temperatures the intensities of the positive 
and negative parts of the circular dichroism curve decrease 
progressively over a broad range of temperatures, thus 
indicating the gradual loss of ordered structure. 

This is in agreement with recent small-angle X-ray 
scattering data of Witz and Luzzati (personal communica- 
tion), which are indicative of a rod-like structure of poly A 
at neutral pR”. 

The circular dichroism curve of the acid form of poly A 
(Fig. 1 B) is also composed of two parts: a positive one 
with a maximum at 262 my and a negative one with a 
minimum at 242 my; at 248 my the circular dichroism is. 
zero. The calculated values of rotational strength of the 
negative and positive parts are: — 13 x 10“ and + 61 x 
10~° o.G.s. units, respectively. The shape of the positive 
part of the circular dichroism curve seems to be complex 
and might be considered as composed of two overlapping 
bands the tentative resolution of which is proposed in 
Fig. 1B. This may suppose the participation of a transi- 
tion located around 280 mu. 

Comparison of the circuler dichroism curves of the 
alkaline and acid forms of poly A indicates that the rota- 
tional strength of the positive part increases almost twice 
(from 35 x 10-4° to 61 x 10-*° o.4.s. units) on transition. 
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from alkaline to acid pH whereas the negative part does 
not change significantly. This pronounced difference in 
the circular dichroism curves is in contrast with the slight 
changes in the absorption spectra of the two forms of 
poly A. The explanation of these data resides in the 
geometry of the helical structure. The acid form of poly A 
is characterized by the adenines base-pairing which are 
located on two parallel strands®, and therefore we may 
suppose that their rotational strength should be added. 
This is in contrast to the DNA structure in which the 
two backbone chains are antiparallel and their rotational 
strength’ is greatly reduced (the bases in the acid form of 
poly A are not exactly perpendicular to the helix axis 
but slightly tilted about 10° (ref. 5); this does not seem to 
be of major importance in our considerations). 

In conclusion, the circular dichroism data indicate that 
at neutral pH poly A exists in an ordered helical form 
which by heating is gradually disorganized. This con- 
formation of poly A at neutral pH and ambient tempera- 
ture exhibit the circular dichroism spectrum which, 
according to Tinoco, is characteristic of single or multi- 
stranded helices, that is, having an absorption band 
polarized perpendicular to the helix axis. That the struc- 
ture transition induced by lowering the pH leads to a 
formation of a rigid double-stranded helix is also reflected 
on the circular dichroism, curve, which has a positive part 
of a more complex shape and stronger intensity. 

I thank Profs. Ch. Sadron, W. F. H. N. Mommaerts and 
G. Ourisson for their advice. I also thank Prof. J. T. 
Yang, Dr. V. Luzzati and J. Witz for giving me their 
unpublished results. 
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BIOPHYSICS 


Fluorescent Labelling of Polystyrene Latex 
for Tracing in Biological Systems 


POLYSTYRENE latexes, due to their remarkable mono- 
dispersity and the convenient range of available sizes, 
are finding ever-increasing application in such diverse 
fields as reticuloendothelial clearance!, colloid stability 
studies’, electron microscopy? and immunology’. In this 
laboratory polystyrene latex is being used in investigation 
of the effect of the surface charge of colloidal particles 
on clearance from the blood and the site of accumula- 
tion in various organs and in studies on the effects of 
radio-frequency fields®. 

Biologically, one of the advantages of using polystyrene 
latex is its extreme inertness (in a metabolic sense). 
However, at the same time the material has no easily 
utilizable chemical or physical characteristics by which 
it may be identified. This means that, for example, to 
trace the fate of intravenously injected material it is 
necessary to incorporate a ‘tag’ into the polymer materials. 
Polydivinylbenzene polystyrene copolymers can be labelled 
with iodine-131 (ref. 6), but polystyrene latex does not 
iodinate easily and often a non-isotopic tag is more 
convenient. 
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In this laboratory we have been able to incorporate a 
fluorescent dye into polystyrene latex by a method similar 
to that of Juhlin’, and the dye may be re-extracted with a 
suitable solvent and assayed using fluorometric techniques. 
The dye used was dimethyl 6:12 coeroxenol acetate 
(‘Fluorescent Green HW 185%’, kindly supplied by Wilmot 
and Cassidy Co., Brooklyn, New York), chosen as the. 
only suitable one after extensive search. This dye has 
also been successfully incorporated into a lipid emulsion 
to follow the fate of intravenously injected lipid®. The 
method makes use of the fact that during the preparation 
of polystyrene latex by emulsion polymerization, ‘seed’ 
particles from an initial polymerization are used to grow 
the particles to larger sizes in successive steps’. If an oil- 
soluble dye dissolved in fresh monomer is added to the 
‘seed’ suspension during one of these steps, then it will be 
incorporated into the polymer particles. 

The procedure for this process is as follows. Polystyrene 
latex (kindly supplied by Dr. John Vanderhoff of Dow 
Chemical Co., Midland, Michigan) of known weight com- 
position was diluted with twice its volume of distilled 
water, and styrene (containing 0-2 g of fluorescent dye 
per 10 ml. styrene) added to give a monomer/polymer 
weight ratio of 1:1. Sodium hexadecyl sulphonate was 
added as a stabilizer to give 2 per cent by weight of 
monomer. To initiate polymerization, potassium persul- 
phate was added to give a 0-02 per cent solution based on 
total water in the system. This reaction mixture was 
introduced into a screw-topped bottle and stoppered after 
nitrogen was bubbled through for 5 min. The reaction 
vessel was rotated end over end (about 20 r.p.m.) in a 
water bath at 70° for 24 h. At the end of this time the 
suspensions were dialysed against two changes daily of 
distilled water for a week to remove salts and excess 
stabilizer. No dye could be detected in the dialysate. 

It should be pointed out that the ratio of monomer/ 
polymer/stabilizer is critical. If too much stabilizer is 
used micelles will be formed which will cause new particles 


10 


No. of particles (x 10-3) 
an 





3 4 5 6 7 8 9 10 
Threshold divisions 
Size distribution curve of 1:17u-diam. polystyrene latex (O) 


Fig. i. 
and 1:17z-diam. polystyrene latex with incorporated dye (@). 
threshold division corresponds to 0-1306,2 


One 


No, 4934 


May 23, 1964 


100 





2 
© 
© 
3 
I 
Get 
© 
& 
3 
a 
$ 
ko 
(al 
“30 
Time (min) 
Fig. 2. Clearance rate from the blood of the rat of 0-802u-diam. poly- 


styrene latex labelled with dye as a function of dose. 1-42 mg/100 g 
of rat (@); 3-43 mg/100 g of rat (©); 21-2 mg/100 g of rat (Q) 


to be formed and the final product will not be mono- 
disperse. If too little stabilizer is added there will be in- 
sufficient for satisfactory emulsification. 

The final product, of course, has a greater percentage 
solids concentration and the particle diameter is greater. 
Hence it is necessary to determine the size after incor- 
poration of the dye. Fig. 1 shows a size distribution curve, 
obtained in a Coulter counter model B, for 1-17p diameter 
polystyrene latex, compared with a suspension which 
has had ‘fluorescent green’ incorporated into it by the 
above method. It can be seen that the size distribution 
peak in the fluorescent material shows a greater average 
diameter. 

The dye is conveniently extracted from the polystyrene 
latex, whether in blood or tissue, with dioxane and determ- 
ined in a spectrophotofluorimeter using an activating 
ee of 3500 A and measuring the fluorescence at 
5500 A. 

Fig. 2 shows the disappearance from the blood of 
injected labelled 0:8024 polystyrene latex in the rat. 
Blood samples (0-1 ml.) were taken from the tail at time 
intervals after polystyrene latex injection. The blood 
samples were extracted with 10 ml. dioxane and, after 
centrifuging, the supernatant was examined in the 
spectrophotofluorimeter. By reference to calibration 
“curves of intensity of fluorescence against dilution, the 
weight of polystyrene in the sample can be obtained. 
The results are expressed as percentage of polystyrene 
latex injected. It can be seen that the two smaller doses 
show exponential clearance typical of the fate of intra- 
vascular colloids. Further, the slope of all these curves is 
proportional to the reciprocal of the dose. It is presumed 
that the non-exponential clearance of the largest dose is 
simply due to overloading the available surface of the 
reticulo-endothelial cells temporarily. 

It is anticipated that this material may well be of use in 
other fields, for example, in histological examinations 
using ultra-violet microscopy. 
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Operative Use of Ultrasonics in Cholelithiasis 


WE have previously’? reported an attempt to detect 
gall stones in the common bile duct at operation using 
ultrasonics. The echo-sounding technique used gave 
results which were considered too unreliable to be of value 
to the surgeon. 

Knight and Newell’, using the same method but a 
specially designed probe, thought that the technique was 
of clinical use. They made an ultrasonic examination 
during eight cholecystectomies. In three cases they detec- 
ted stones in the common bile duct by ultrasonics, but 
did not mention the size of the stones or whether they 
were palpable. After their removal no other stones were 
found by this technique or by cholangiography. In the 
other five cases no stones were detected in the common 
bile duct, but in only one case was the accuracy of this 
ultrasonic exploration verified by cholangiography. In 
an attempt to resolve the differences in these results we 
have made a further series of experiments. 

The apparatus used was an “Ultrasonoscope’ flaw detec- 
tor operating at 2-5 Me/s, as utilized by Knight and 
Newell. The transducer crystal, 3-5 mm in diameter, 
was mounted at the end of a 30-cm steel cylinder 4 mm in 
diameter and connected to the instrument by a flexible 
lead. The whole probe and lead assembly could be easily 
sterilized for clinical use. 

Gall stones of varying composition were inserted into 
bile ducts suspended in tanks of water. The object of this 
was to match in vivo conditions as closely as possible and 
to eliminate such variables as the presence of other tissue, 
and the uncertain distance between the ultrasonic probe 
and the bile duct; while giving greater accessibility for 
ultrasonic examination. Most of the work was carried out 
with cystic ducts excised at operation a few hours before 
and, for the remainder, common bile ducts excised at post- 
mortem examinations were used. The size of the gall 
stones varied from 5 to 6 mm. 

The decision as to whether a stone was to be placed in 
the bile duct or not was made by a process of random 
selection without the knowledge of the person making the 
examination. A series of 50 examinations was made 
with the probe outside the duct. In most cases the probe 
was inserted into the duct as well, but in both methods of 
assessment the presence or absence of a stone was con- 
firmed in only about half the cases (Table 1) owing to the 
difficulty of identifying the echo from the stone from 
among the confusing echoes received. 

The technique was tried at operation in four cases, the 
common bile ducts and gall bladders being examined with 


Table 1 
Examination From outside From inside 
one Present Absent Present Absent 


No. of correct ultra- 

sonic diagnoses 11 10 10 14 
No. of incorrect ultra- 

sonic diagnoses 13 16 12 li 
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the probe from the outside only. Except with large 
stones which could easily be palpated, echo patterns were 
too confusing to give conclusive evidence of the presence 
of a small stone. 

The presence of a stone will be indicated by the position 
and size of a vertical pulse on a cathode-ray oscilloscope 
trace. The distance of the pulse along the trace is propor- 
tional to the distance separating the stone from the 
probe. Therefore, if this separation can be seen when 
examining the supra-duodenal portion of the common 
bile duct, the position on the trace at which an echo from 
a possible stone will occur can be predicted; but at the 
distal end of the duct this separation cannot be estimated 
within narrow limits and, therefore, any echo over a finite 
length of the cathode-ray oscilloscope trace must be con- 
sidered as possibly coming from a stone. As there are also 
echoes from adjacent structures, again of uncertain 
distance from the probe, positive identification of a stone 
becomes difficult. Moreover, to produce an echo, the gall 
stone must present a surface perpendicular to the incident 
ultrasonic waves and, as gall stones are often faceted, the 
limited mobility of the probe through a 15-cm incision 
may preclude the fulfilment of this condition. 

Operative cholangiography is not a simple procedure 
and the interpretation of some of the radiographs is often 
difficult. It does, however, provide a two-dimensional 
picture and has an accuracy of 95 per cent‘. Ultrasonic 
A-scope exploration of the type used in these experiments 
gives a one-dimensional picture which is very confusing. 
The same proportion of success and failures as recorded in 
Table 1 could have been obtained by chance. 

In genera], A-scope techniques are of value when the 
material under examination is relatively homogeneous 
and only the objects to be detected produce echoes, for 
example, in the detection of flaws in metal castings, the 
measurement of the thickness of the fat on bacon pigs and 
the measurement of a shift in the midline structures of the 
brain in intracranial disease. B-scope techniques provide 
a two-dimensional picture’, and these could be of value in 
the detection of galistones in the common bile duct, but 
they would probably not improve on operative cholangio- 
graphy and would certainly be difficult and very costly to 
put into practice. 

We thank Prof. C. B. Allsopp and Prof. Hedley Atkins 
for their advice and the Ultrasonoscope Co. for the loan 
of the flaw detector and probe. 
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BIOCHEMISTRY 


Sterols in Neoplastic Cells 


Bzrore a cell is established, in a suitable environment, 
as a malignant one, many highly sophisticated processes 
presumably take place: these would include changes in 
DNA and aberrations in the various finely balanced 
phenomena of gene repression and expression. Since these 
events must be initiated and maintained by physico- 
chemical means, the part played therein by the com- 
ponents of cell surfaces and membranes may be important. 
These surfaces and membranes act not only as physical 
selectors in the traffic of substances in and out of the cell, 
but also as the essential architectural elements of intra- 
cellular metabolism and of intercellular coexistence. 
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It has been amply demonstrated that cancer cells do, 
in fact, differ in their surface properties from normal ones, 
and that they exhibit abnormal intercellular contact 
characteristics!. Normal intercellular contacts have been 
postulated by Mercer? as necessary prerequisites for 
successful differentiation. A corollary to this view is the 
suggestion that faulty differentiation may lead to uncon- 
trolled cellular proliferation. This forms a premise in 
Osgood’s unifying concept of carcinogenesis’, that any 
defect in differentiation may lead to a shortened life-span 
of a differentiated cell. This would decrease the time 
available for such a cell to produce a substance which 
would inhibit the division of other, less mature, cells 
within the tissue. The existence of such inhibitors, which 
control mitotic activity in differentiated adult tissues, has 
also been postulated by Bullough‘, who has suggested that 
in cancer cells less of the inhibitor (chalone) is produced 
than in normal cells, or, alternatively, that the ability to 
respond to the inhibitor is impaired. 

The events occurring at the cell membranes, and conse- 
quently within the cells, may be profoundly and subtly 
affected by various properties of the sterol components of 
these membranes‘. For this reason it is suggested that it 
may prove rewarding to investigate in detail the status of 
sterols in neoplastic cells, in particular their intracellular 
localization. 

Our initial investigations’ on sterol biosynthesis in rat 
ascites tumour cells revealed a distinct aberration in their 
lipid metabolism. In the course of that work a useful 
biochemical system was devised, and a number of wider 
issues emerged which are capable of being studied with the 
help of this system. 

We had shown‘ that the cancer cells studied were not 
deficient in lipids—amply provided by the host—but 
lacked the ability to synthesize them from: acetate. This 
led us to postulate that the intracellular localization of 
‘scavenged’ lipid might be different from that of the same 
lipid biosynthesized by normal cells, Although the two 
types of lipid would be indistinguishable chemically, it was 
contended that their metabolic function might be very 
different, since the spatial aspect is of such importance in 
the initiation and maintenance of biochemical processes. 
Support for this view has recently been found in the experi- 
ments of Furano and Green’, who deduce that cells and 
even subcellular fractions discriminate metabolically 
between endogenously synthesized substances and the 
same, preformed, substances assimilated from the environ- 
ment. They conclude that “implicit in these observations 
on intact cells and subcellular systems is the importance 
of intracellular localization and the contiguity of sub- 
cellular substances and enzyme systems in the control of 
cellular events”. 

A scheme for the experimental verification of intra- 
cellular localization of ‘scavenged’ and of biosynthesized 
sterol may be based on my observations on ascites tumour 
cells. These are able both to take up lipids preformed 
from the host, and to synthesize them from mevalonate 
(but not from acetate) in vitro’ and in vivo’. If one could 
prepare samples of intact ascites tumour cells containing: 
(a) ‘scavenged’ or (b) biosynthesized sterol, by administer- 
ing to the tumour-bearing animals either “C-labelled 
cholesterol, or 2-4C-mevalonate, respectively, and collect- 
ing the cells after a suitable time, autoradiographic 
and electron microscopic investigations could then reveal 
whether the intracellular locations of the two types of 
lipid are identical or different. Since it might be argued 
that “4C-mevalonate supplied to the cells may itself be 
regarded as an exogenous substrate, the intracellular 
localization of sterol biosynthesized from endogenous 
mevalonate would also need to be investigated. In general 
terms, incubation én vitro of tumour cells with isotopically 
labelled precursors of mevalonate, supplemented with the 
necessary enzyme(s) and/or cofactors, would provide the. 
requisite tumour samples for the foregoing investigation s 
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The experiments serving to provide these samples could, 
however, be so designed as to yield more detailed informa- 
tion on the lipid metabolism of tumour cells. We had 


suggested’ that mevalonate as such was not likely to be © 


available as a substrate pool in the organism, but was 
synthesized in normal tissues as required. The locus of 
the metabolic block in this synthesis between acetyl- 
coenzyme A and mevalonate in tumour cells? could be 
unmasked by so selecting “C-labelled precursors of 
mevalonate as to reveal: (a) which of two pathways 
operates between acetate and mevalonate; (b) the step in 
the operating pathway at which the block resides. 

The pathway proposed by Lynen? and by Rudney” 
involves B-hydroxy-f-methylglutaryl-coenzyme A (HMG~ 
CoA) as an obligatory intermediate: 


Acetyl-CoA + acetoacetyl-CoA > 


HMG-CoA reductase 
HMG-CoA--—__---_- > mevalonate 


+TPNH 
The alternative, postulated by Brodie, Wasson and 
Porter”, involves malonyl-coenzyme A, by-passes HMG— 
coenzyme A, and proceeds through enzyme-bound inter- 
mediates: 
Acetyl-CoA + malonyl-CoA —> aootoatotylss enzyme 
+ TPNH 


+ acetyl-CoA 
-——-—> HMG-S-enzyme ——— mevalonate 


It is, therefore, clear that incubations of tumour cells 
under suitable conditions with: (a) “C-HMG—coenzyme A 
or with (b) 4C-acetate + HMG-coenzyme A reductase 
would reveal whether the first pathway is operating and 
whether the cells are deficient either in HMG-—coenzyme A 
or in HMG-coenzyme A reductase. (This enzyme has been 
shown to be affected by a variety of conditions, for 
example, starvation, X-irradiation, ‘“Triton-WR1339’ 
treatment, etc.*, A study of the chemistry of this 
enzyme could probably shed considerable light on the 
mechanisms of physiological control and of direction of 
cellular metabolic functions.) Incubations with 10- 
melonyl-coenzyme A, on the other hand, would provide 
information regarding the other pathway. In the event 
of a lack of incorporation of “C-label from C-—malonyl- 
coenzyme A, further investigation would be necessary to 
see whether the cause lies in the lack of the enzyme(s) 
responsible for this pathway, or in insufficient levels of 
acyl-coenzyme A esters and/or TPNH within the tumour 
cells. 

Since the lipid metabolism of ascites tumour cells can 
thus be manipulated, it should be possible to investigate 
the effect of their artificially ‘restored’ sterol-synthesizing 
ability on the characteristics and behaviour of the 
tumour. Long-term administration of mevalonate, or of 
its precursors, to tumour-bearing animals might well be 
worth investigating. Conversely, it is also possible to 
study the problem of whether artificially modified tumour 
development is reflected in the lipid metabolism of the 
neoplastic cells. DeCarvalho and Niu have shown that 
inoculation of tumour cells pretreated with RNA from 
normal tissues profoundly affected the subsequent 
development of the tumours. This ‘normalizing’ process 
could well be reflected in a more normal metabolism, and 
possibly location, of lipids in such modified cells. The 
normal RNA presumably exerts its influence by enabling 
the tumour cells to synthesize the proteins (enzymes) 
required for the more ‘fastidious’ metabolism found in 
normal cells, as compared to the more ‘primitive’ one of 
malignant cells'*. This view is supported by the report of 
Niu et al.® that liver-RNA induced the biosynthesis of 
enzymes specific for liver in Novikoff hepatoma and in 
Ehrlich ascites tumour cells, which are incapable of these 
syntheses by themselves. Moreover, a certain limited 
number of liver structures could thus be induced in liver- 
RNA-treated hepatoma. It would be extremely interesting 
to investigate the response of such RNA-treated cells to 
contact inhibition by fibroblasts in tissue culture?. 
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The possibility that tumour cells may not, in fact, be 
deficient in enzymes, but that these enzymes are inhibited 
er masked, by some factor(s) present in the cells, should 
also be considered. In this connexion, the work of 
Migicovsky!? on an ‘inhibitor of cholesterol synthesis’ 
could provide a lead. 

Finally, there is an intriguing feature in the conversion 
in vitro of 4C-mevalonate into sterols by intact ascites 
tumour cells. When these are not reinforced with extra 
ATP, TPNH and a phosphatase inhibitor, as we have 
demonstrated?*, an astonishingly large amount, approxim- 
ately 50 per cent, of the “C-mevalonate supplied to the 
cells is converted into free farnesol, and is consequently 
effectively diverted from forming squalene or sterols’. 
Sterol synthesis is thus not only diminished through 
depletion of substrate, but is also further threatened by the 
possibility of farnesol being dehydrogenated to farnesoic 
acid, which is known to inhibit mevalonic kinase®®. Jt may 
well be asked what effect on a cell an accumulation of 
farnesol would have. It has been shown that farnesol 
(‘juvenile hormone’ factor)?! maintains larval syntheses in 
insects, and thus acts as a deterrent to adult differentia- 
It would, therefore, be of direct interest to investi- 
gate the production of farnesol in vivo by a variety of 
tumours, to see whether this substance can be implicated 
in maintaining repressed differentiation in the cells in- 
volved. Similarly, it would be interesting to study whether 
farnesol is able to suppress differentiation in normal, 
actively dividing cells, such as those of liver regenerating 
after partial hepatectomy. 

A successful solution of the problems outlined here 
would seem feasible only through concerted efforts. 
The various suggestions have, therefore, been made in the 
hope that interested workers in diverse fields may take 


‘them up for investigation. 
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In vitro Incorporation of Acetate-I-'4C 
into the Leucocyte Lipids following a High 
Protein or Fatty Meal 


Tue role of leucocytes in lipid metabolism has been 
confirmed!; moreover, their special role during lipemia 
has been emphasized. In a previous communication’, 
results have been given concerning the lipid metabolism 
of blood cells during post-alimentary lipemia. 
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Table 1. INcURPORATION OF ACETATE-1-C INTO LEUCOCYTES AND PLASMA LIPIDS OF BLOOD TAKEN AFTER A FAT MEAL 
Leucocytes Plasma 
Phospholipids Non-phospholipids Phospholipids | Non-phospholipids 
Sample In 10° cells In 1 ml. of blood In 10° cells In 1 ml. of blood In 1 ml. of blood 
Before meal 1-00 1-00 (0-35) 1-00 1-00 ae =i 1-00 (0-21 1-00 (1°12) 
(0-38 att 0-23 1-12 
B 1-00 1-00 (0:25 1-00 1-00 0:8) 1-00 (0-25 
0-31 (0-81 0-633 
Cc 1-00 1-00 (0-52) 1-00 1-00 (0-89) 1-00 (0-66 
D 1-00 1-00 (0-48 1-00 1-00 g 333 1-00 (0-37) 
(0-35 0-90 0-22) 
4 hours after meal A 0-73 + 0-02 0-86 + 0-03 1-10 + 0-05 1-28 + 0-07 0-59 + 0-04 
B 0-68 + 0-02 0-79 + 0-02 1-22 + 0-01 1-42 + 0-02 0-62 + 0:02 
Cc 0-83 0-91 1-25 1-38 0-50 
D 0:76 + 0:04 0-88 + 0-04 1:15 + 0-02 1-33 + 0:03 0-60 + 0:06 
8 hours after meal A 0-79 + 0-03 0-05 + 0-02 1-43 + 0-05 1-70 + 0-06 0-67 
B 0-79 + 0-03 0-89 + 0-03 1-67 + 0-15 1-87 + 0-17 0-65 + 0-01 
Cc 0-85 0-91 1-55 1-65 0-57 
D 0-82 + 0-02 0-98 + 0-02 1-30 1-55 0-71 + 0:03 




















The determined values (c.p.m.) for the sample before the meal have been normalized to a value of 1-00 and the other values are relative to this normal. 
Figuresin parenthesis indicate the percentage distribution of incorporated radioactivity based on the added one. 


Table 2. INCORPORATION OF ACETATE-1-4C INTO LEUCOCYTES AND 


PLASMA LIPIDS OF BLOOD TAKEN AFTER A HIGH PROTEIN MEAL 
































Leucocytes Plasma 
Phospholipids Non-phospholipids Phospholipids Non-phospholipids 
Sample In 10° cells In 1 ml. of blood In 10° ceils In 1 ml. of blood In 1 mi. of blood 
Before meal A 1-00 1-00 (0-40) 1-00 1-00 (0-85 1-00 (0-30) 1-00 ft 30 i 
NE (0-94 (0-28 1-21 
B 1-00 1-00 (0-32) 1-00 1-00 (0-90) 1-00 (0-15 1-00 (0-92 
{0- o2 (0-2 0-94 
Cc 1-00 1-00 0-393 1-00 1-00 (0-89 1-00 (0-57) 1-00 (0:85) 
D 1-00 1-00 (0-39 1-00 1-00 10:58) 1-00 (0-32) 1-00 (1:32) 
(0-28) 0:82) (0:22) 1-01) 
4 hours after meal A 1-04 + 0-03 1-20 + 9-02 1-06 + 0-03 1-24 4 0-05 1-33 + 0-02 1-06 +: 0-03 
B 1-13 + 0-01 1-24 + 0-03 1-16 + 0-06 1-27 + 0-04 1-27 + 0-07 1-10 + 0-05 
C 1-06 1-17 1-09 1-20 1:12 1-20 
D 1-05 1-21 111 1-31 1-25 + 0-06 1-12 + 0-04 
8 hours after meal A 0-93 + 0-02 0-95 + 0-02 0-99 + 0-03 1-05 + 0-05 0-90 1:10 
B 0-96 + 0-03 1-03 + 0-03 0-96 + 0-03 1-07 + 0-03 0-94 + 0-07 0-95 + 0-04 
C 0-96 1-10 0-81 1:04 0-88 1-05 e 
D 0-80 + 0-02 0-96 + 0:05 0-96 + 0-06 1-10 + 0-03 0-98 + 0-01 0-01 + 0:02 























The determined values (c.p.m.) for the sample before the meal have been normalized to a value of 1-00 and the other values are relative to this normal, 
Figures in parenthesis indicate the percentage distribution of incorporated radioactivity based on the added one. 


The work recorded here offers some additional findings 
on the incorporation of acetate-1-“C into the phospholipids 
(PL) and the rest of the lipids (NON-PL) of leucocytes 
during lipemia, and after ingestion of a high protein 
meal. 

Four human blood donors (A, B, C, D) were used in. 
15 experiments. They were fed alternately with high 
protein, or high fat diets. Blood was taken from them 
once a month, following a fasting period of 10 h, and a 
restriction of lipids and proteins 24 h prior to the experi- 
ment. 

In the experiment with lipemic blood, a sample of 50 ml. 
of blood was taken and used as a standard. The subject 
was then fed with 3-2 g/kg body-weight of olive oil and 
0-5 g/kg body-weight of carbohydrates. Samples of blood 
were taken 4 and 8 h after the meal was completed. In 
the experiment with a high protein diet, the blood donors 
were fed with 4'5 g/kg veal steak, free of any visible fat. 
The same number of samples was taken as in the case of 
lipemia. 

Blood sampling, incubation technique and separation 
of leucocytes have been described elsewhere‘. 

_ The incubation time was 6 h at 37°C and the added 

acetate-1-4C was 1 ue. per ml. (sp. act. 12-06 mec./mM). 
In some experiments the samples were divided into two 
portions and 2:2 mg/ml. of choline chloride, or 1-5 mg/ml. 
of ethanolamine were added to one of them. 

The number of leucocytes was counted in an electronic 
counter (Coulter counter). The morphology and activity 
of these cells, before and following the incubation, were 
examined by plating and vital staining techniques. 

After incubation, leucocytes were separated from the 
red cells, platelets and plasma. Red cells do not appear to 
be able to synthesize lipids from acetate, and it seems that 


platelets do not play a critical part in the problem under 
investigation’. 

The lipids of leucocytes and plasma were extracted 
with a mixture of chloroform-ethanol 2 : 1, as described 
by Folch et al.§. Separation of PL from other lipids and 
further fractionation of them into cephalin, lecithins 
and sphingomyelin was made on a silicic acid column, 
according to Hanahan et al.°. Total plasma lipids were 
weighed, and lipid phosphorus was determined as 
described by King!*. Routine methods were used for 
thin layer chromatography and autoradiography. 

Radioactivity was measured with a direct plating 
technique, using a Geiger—Miiller flow counter. 

Total lipid and lipid phosphorus determination of plasma 
showed that lipemia had been established within 4 h from 
the ingestion of the fat meal, and that plasma lipids were 
not affected by the ingestion of the high protein meal. 

The lipid phosphorus of the leucocytes also remained 
unchanged after fat or protein ingestion. 

The average of the results of two incubation experi- 
ments, performed on each of four individuals, is given- 
in Table 1. Incorporation into leueocyte lipids was 
expressed on a leucocyte count basis, and the small 
increase of leucocytes during lipwmia was taken into 
consideration when the quantity of acetate-1-4C was 
calculated for the incubation of the lipemic blood. 

The figures for incorporation per ml. of blood are pre- 
sented in order to compare them with the figures of 
the radioactivity of the plasma lipids. When the blood 
of the fourth hour was incubated, decreased incorporation 
from acetate-1-14C into the PL fraction of leucocytes was 
measured. The radioactivity of the plasma PL was 
changed in the same way, but the decrease was much 
more than expected from the fall of the cell PL. 
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The increased incorporation. observed in the NON-PL 
fraction of the leucocytes is partly counterbalanced by the 
decreased radioactivity of the plasma NON-PL. 

It is therefore evident that only the incorporation into 
the phospholipid fraction has been depressed and that 
lipemia depressed the release of the labelled PL and 
NON-PL from the cells into the plasma. Time course 
investigations and thin-layer chromatography autoradio- 
grams did not show any evidence for an initial increased 
incorporation into the PL fraction, or of accumulation of 
any possible intermediate. 

Separation of the PL by silicic acid chromato- 
graphy into cephalins, lecithins and sphingomyelin did 
not give any evidence for preferentially decreased incorp- 
oration into any one of the main PL fractions. 

Any possible effect of choline chloride and ethanolamine 
was ruled out by adding each of these compounds to 
the incubated sample of the lipemic blood. 

These compounds had no effect on the decreased ratio 
of incorporation. on PL to NON-PL. 

Table 2 indicates the results of incubation of acetate- 
1-4C with blood taken from fasted men and from the 
same 4 and 8 h after a high protein meal. The effect of 
this kind of diet was rather different from that of the high 
fat meal, so it can be seen that there was a slight overall 
increased incorporation in both PL and NON-PL fractions, 
and that the release of labelled lipids from the cells into 
the lipids was not altered. 

The results of these in vitro experiments suggest that 
leucocytes, apart from their ability to synthesize lipids, 
and, in contrast to the red blood cells", take part in the 
response to the feeding of fat and protein—this response 
being expressed as an in vitro ability of the cell to decrease 
the relative rate of incorporation of acetate-1-“C between 
PL and NON-PL in the case of lipæmia and to increase 
slightly the incorporation into total lipids of leucocytes of 
blood taken after a high protein meal. In both cases, 
since the leucocyte lipid phosphorus remained unchanged, 
the effect would be better explained as an alteration of the 
turnover rate of a part of, or of the total, lipids. Elsbach!? 
reports a similar change in the turnover rate of leucocyte 
lipids during active phagocytosis; a stimulation of lipid 
metabolism was observed by the author which was more 
marked in triglycerides and cholesterol esters (the NON- 
PL fraction of this report) than in phospholipids. Whether 
the results obtained in the present investigation reflect 
metabolic changes of the cells due to fat phagocytosis, 
which has been reported’ to occur in vitro in lipemic 
bloods, or to changes of membrane lipids, remains to be 
found. 
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Thin-layer and Paper Chromatographic 
Analyses of the Carbohydrates in the Cell 
Wall of Chlorella pyrenoidosa 7-11-05 


THE monosaccharide composition of isolated cell walls 
of strain 7-11-05 of Chlorella pyrenoidosa Chick, an organ- 
ism proposed for life-support systems in space travel, was 
examined. The two principal methods used were thin- 
layer chromatography and paper chromatography, accom- 
panied by appropriate staining. 

Northcote eż al.! and Olaitan and Northcote? investi- 
gated the chemical composition and physical organization 
of isolated cell walls of Chlorella pyrenoidosa. They found 
that a cellulase preparation from the snail, Helix pomatia, 
reduced the weight of the cell wall by about 21 per cent. 
Shefner et al.? used various cellulases for degrading the 
walls of Chlorella 7-11-05 cells and found each to be less 
effective than a Helix pomatia preparation. The reason for 
this may be inherent in the composition and the structural 
organization of the cell wall of this strain of Chlorella, 

Chlorella 7-11-05 was grown heterotrophically at 37° C 
on the medium described by Vanderveen eż al.4, collected, 
and freeze-dried. The cell walls, isolated by the procedure 
outlined by Northcote et al.1, appeared to contain extran- 
cous material when viewed under the microscope. The 
total nitrogen content was 7-85 per cent, compared with 
4-6 per cent reported by Northcotet. 

In order to purify the material, it was resuspended and 
centrifuged at 200g for 10 min. The resulting super- 
natant was centrifuged at 800g for 10 min, yielding a cell 
wall pellet. This process was repeated 5-6 times and 
yielded a final white-grey cell wall preparation which 
was about 90 per cent pure optically and contained 4-1 
per cent nitrogen’. The cell wall yield on a dry weight 
basis was 0-34 per cent. 

Potassium hydroxide-soluble and -insoluble polysaccha- 
rides of Chlorella 7-11-05 cells and cell walls were pre- 
pared according to Northcote’s procedure. Total acid 
hydrolysis was achieved by heating for 6 h at 100°-105°C 
in a sealed combustion tube with 1 ml. of 1 N sulphuric 
acid per 10 mg of material. Partial acid hydrolysis was 
achieved by heating for 3 h at 100°-105° C with 3 ml. of 
0-3 N sulphurie acid per 10-15 mg of material. The 
sulphate salts present in the hydrolysates were removed by 
adding 50-60 ml. of 5 per cent di-N-octyl methyl amine 
in chloroform to 15 ml. of the hydrolysate, shaking the 
mixture vigorously, and allowing it to equilibrate for 
1-2h. The hypophase was removed and discarded. The 
interface and epiphase were retained, and the extraction 
repeated twice more. Some white interface material was 
eliminated by centrifugation after the second extraction. 
The final epiphase solution containing the sugars was con- 
centrated to dryness under reduced pressure at 30°-35° ©. 
The residue was then resuspended in 1 ml. of water, and 
aliquots were assayed chromatographically. 

The primary chromatographic method used in pre- 
liminary analyses was thin-layer chromatography using an 
ethyl acetate-isopropanol solvent, as described by Stahl 
and Kaltenbach’. Descending paper chromatography was 
performed on Whatman Ne. I paper; tertiary amyl 
alcohol/water (11:2 v/v) was used as the solvent. Resolu- 
tion of glucose, arabinose, and galactose via thin-layer 
chromatography was poor, while the paper method gave 
good separation of these sugars. 

Afterwards, thin-layer plates using silica-gel G (E. 
Merck, A.G., Darmstadt) suspended in distilled water 
were prepared, and thin-layer chromatography was per- 
formed with the tertiary amyl alcohol solvent. Solvent 
migration was much slower—12 h for a 9-em movement. 
Monosaccharides and disaccharides were located by 
spraying both thin-layer and paper chromatograms with 
anisaldehyde’ or aniline oxalate’ reagents. 

Fig. 1 is a diagrammatic representation of a thin-layer 
chromatogram analysis. Resolution of glucose and galac- 
tose in the mixture of standard sugars is complete. 
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Fig. 1. Diagram of thin-layer chromatography of sugars in soid- 


hydrolysed Chlorella 7-11-05 cell-wall fractions. Solvent is tertiary 
amyl alcohol/water(11:2 v/v). (1) Mixture of standard sugars, 
3-5 ve of each, spotted as 0-5 g per cont solns.: rhamnose (Rh), xylose 
(ul. , Mannose (Man.), glucose (Gluc.), arabinose (Arab.), galactose 
Gal.), Maltose (Malt.), and lactose (Lact.). (2) Cell wall, soluble 
fraction, total hydrolysis, 5 lambda spotted: Rh., Xyl., Man., Gluc., 
and Gal. (8) Cell wall, soluble fraction, partial hydrolysis, 5 lambda 
spotted: Rh., Gluc., Gal, and Lact. (4) Cell wall, insoluble fraction, 
total hydrolysis, 5 lambda spotted: Rh., Xyl., Man., Gluc., and Gal, 
(5) Gum acacia, total hydrolysis, 6 lambda spotted: Rh., Arab., and Gal. 
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Fig. 2. Diagram of descending paper chromatogram of sugars in the 
soluble fraction of Chlorella 7-11-05 cell walls. Solvent is tertiary 
amyl aleohol/water (11:2 v/v). Total migration time, 40-48 h. 
(1) Mixture of standard sugars, 3:5 ug of each, spotted as 0-5 g per cent 
solns.: Arab., Gluc., Gal., and Lact. (2) Cell wall, soluble fraction, 
total hydrolysis, 10 lambda spotted: Glue. and Gal. (8) Cell wall, 
soluble fraction, partial hydrolysis, 10 lambda spotted: Gluc., Gal, 
and Lact. (4) Gum acacia, total hydrolysis, 5 lambda spotted; Arab. 
and Gal. 





Glucose and arabinose, however, appear as essentially one 
spot (column 1). When the thin-layer chromatogram plate 
was stained with aniline oxalate, glucose stained brown- 
beige and arabinose stained dark green. This differentia- 
tion revealed that arabinose was not present in significant 
quantities in the cell walls analysed by thin-layer chomato- 
graphy, but glucose was present in the soluble and insoluble 
fractions of the hydrolysed cell walls. 

Fig. 2 is a diagrammatic representation of a paper 
chromatographic separation of cell wall sugars. Resolu- 
tion of arabinose, glucose,-and galactose is complete. The 
oxalate staining reaction on the paper chromatograms 
resulted in pink for arabinose and brown-yellow for 
glucose. 

The qualitative concentrations of the sugars found in 
the cell walls of Chlorella 7-11-05 are depicted in Table 1. 
The concentrations are based on staining intensity. 


Table 1. SUGAR ANALYSIS OF CELL WALLS oF C. pyrenoidosa 7-11-05 







































Total | Insoluble 
cell wall Soluble fraction | fraction 
Total Total Partial =| Total | 
hydrolysis hydrolysis hydrolysis | hydrolysis 
High | Rhamnose Glucose Glucose Bhamnose 
conc. | Glucose Rhamnose Rhamnose Galactose 
Galactose Glucose 
Galactose Galactose 
conc. | Xylose Xylose Xylose 
Mannose | Mannose Lactose Mannose 
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The findings indicate that arabinose is not present in the 
cell wall of Chlorella 7-11-05 and that glucose is present 
in alkali-soluble and -insoluble polysaccharide fractions. 
These findings are in contrast to those of Northcote et al.. 
Working with an unspecified strain of C. pyrenoidosa, 
they found significant amounts of arabinose in both 
soluble and insoluble fractions and glucose only in the 
insoluble fraction. 

The composition of the Chlorella 7-11-05 cell walls may 
be relevant to the problem of utilization of this organism 
for nutritional purposes in addition to its gas-exchange 
properties for life-support systems in space vehicles. 
Further work, however, should be done to characterize 
and quantitate the monosaccharides in the cell wall by 
more refined techniques. 

This work was supported by the Aeronautical Systems 
Division, Air Force Systems Command, U.S. Air Force, 
under contract AF 33(657)-10066. 
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ALAN M. SHEFNER 
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Chicago, Illinois. 60616. 
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Fine Structure of Keratin 


PREVIOUSLY, investigations of sectioned material have 
provided extremely valuable information regarding the 
ultrafine structure of keratin':2. However, little if any 
information has been forthcoming regarding the axial 
organization of the microfibril. This, in part, may be 
attributed to the large depth of focus of the electron 
microscope coupled with the fact that a longitudinal 
section consists of several layers of microfibrils. Such 
limitations therefore force one to adopt alternative tech- 
niques in the study of structures at the molecular level. 

Porcupine quill tips which had previously been reduced 
in 0°5 M thioglycollic acid pH 4-6 at 35° C for 2 days were 
washed and immersed in a 1 per cent solution of unbuffered. 
osmium tetroxide. The specimens were then shredded 
with a scalpel and subjected to ultrasonic irradiation, 
in the presence of a quantity of 98-100 per cent formic 
acid, for 6h. The debris was then isolated by centrifuga- 
tion and washed several times with water. Finally, an 
equal volume of 2 per cent sodium phosphotungstate 
pH 5-6 was added to the suspension. The material was 
then examined in a Siemens Elmiskop 1 operating at 
80 kV using the double condenser system. 

The debris obtained by this treatment usually consisted 
of sheets of microfibrils; however, in some cases isolated 
microfibrils could be observed, providing information 
for the first time about their axial organization. In high- 
resolution micrographs of the debris, filaments 25 A wide 
occur in pairs to form a unit which is about 75 A across, 
as in Fig. la. From a dimensional point of view it is 
doubtful whether these filaments can be identified with the 
protofibrils observed previously in transverse sections of 
keratin!. However, their appearance and dimensions are 
compatible with the intensity distribution to be expected 
from a microfibril approximately 75 A in diameter com- 
posed of an unstained annulus 20 A wide which encloses 
a heavily stained core. Even more important is the 
observation of a periodicity along individual filaments. 
This period as measured from a micro-densitometer trace 
of the image is approximately 37 A. Becauso of the large 
depth of focus, it is possible that this is a pseudo-period 
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Figs. 1 a, bande. Porcupine quill, reduced and treated with osmic acid, 
disintegrated by ultrasonics and stained with sodium phosphotungstate 


resulting from the apparent superposition of axially 
staggered units. If all the repeating units were in register, 
then one would expect a well delineated periodicity; 
however, this is not the case since the filaments show 
evidence of obliquity. The observations so far could 
therefore be accounted for by a helical arrangement of 
the repeating units in the annulus of the microfibril. 
This does not necessarily imply that the ‘protofibrils’ 
are twisted around the microfibril. 

In a few micrographs, Fig. 1b, elements 75 A in width 
and, identified with microfibrils exhibit a longitudinal 
repeat of 200 A which consists of a composite unit approxi- 
mately 160 A long. This type of order is fairly long-range 
and extends over at least 1400 A. It seems likely that this 
periodicity is related to the meridional X-ray diffraction 
pattern of a-keratin®, in particular to the first-order 
reflexion. 

During this work, further evidence has been obtained 
which throws new light on the structure of the microfibril. 
There has been a controversy? as to whether or not 
the microfibril is composed of nine ‘protofibrils’ arranged 
around its periphery with an additional two located within 
the core. From a consideration of the intensity distribu- 
tion to be expected from such an arrangement in a Jongi- 
tudinal aspect, at least one or possibly two filaments 
should be seen within the core of the microfibril depending 
on the possible orientation of the two protofibrils. How- 
ever, no such structures have been observed, although 
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it is pertinent to report the occurrence of unstained ‘cross 
bridges’ between pairs of filaments (previously identified 
with the annulus). In fact such ‘bridges’, which in some 
micrographs (Fig. lc) appear to be regularly distributed 
along the axis of themicrofibril, would satisfactorily account 
for the unstained aggregates seen previously in the core of 
transverse sections of the microfibril. It has been sugges- 
ted? that the changes in contrast on defocusing the image 
particularly of transverse sections of the microfibrillar 
core, are due to phase effects enhanced by some regularity 
in the arrangement of metal along the microfibril. The 
present work lends considerable support to this suggestion. 
M. G. Doss 
Division. of Protein Chemistry, 
C.S.I.R.O. Wool Research Laboratories, 
Parkville, N.2 (Melbourne), 
Victoria, Australia. 
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2 Johnson, D. J., and Sikorski, J., Nature, 194, 31 (1962). 
2 MacArthur, I., Nature, 152, 38 (1943). 
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Complex Formation between Chloroquine 
and Ferrihæmic Acid in vitro, and its effect 
on the Antimalarial Action of Chloroquine 


RESISTANOE of malarial parasites to chloroquine and 
its analogues was first reported in 19611, and during the 
past several years has caused increasing concern. Among 
the possible mechanisms to be considered in the develop- 
ment of drug resistance is production by the parasite of a 
metabolite which can interact with chloroquine and 
thereby interfere with the action of the drug. This 
communication presents spectrophotometric evidence that 
ferrihemic acid, a product of hemoglobin breakdown by 
the malarial parasite, can bind strongly to chloroquine in 
vitro. The anti-malarial action of chloroquine against 
P. berghei infection in mice is markedly inhibited by such 
complex formation. 

Ferrihemic acid, a ferric-porphyrin complex resulting 
from the oxidation of hem, was prepared by the method 
of Morrison and Williams’. Throughout a wide pH range, 
this compound has an intense absorption band near 
400 my, characteristic of the hematins (the Soret band-— 
Emax ~ 10°), as well as several lesser peaks at higher wave- 
lengths in the visible spectrum*. Chloroquine diphosphate, 
a 4-aminoquinoline anti-malafial drug, was obtained from 
Winthrop Laboratories. In solutions of neutral or acid 
pH, chloroquine exists largely as a doubly protonated 
cation (pK values of 8-1 and 10-2)4, and has sharp absorp- 
tion peaks at 343 and 329 mu. 

Complex formation between these two compounds can 
be followed spectrophotometrically by examining changes 
in the absorption peaks of chloroquine produced by the 
addition of ferrihemic acid, or vice versa. These spectral 
alterations consist of: (1) a depression of optical density 
at the absorption peaks; (2) a shift of the ferrihemic acid 
peaks toward longer wave-lengths. 

The difference spectra shown in Fig. 1 illustrate changes 
in the absorption characteristics of both compounds 
resulting from complex formation. In this experiment. 
increments of 0-9 uM ferrihemic acid were added to a 
solution of 5 x 10-° M chloroquiné diphosphate at pH 7-1 
and the extinction was compared with a blank consisting 
of identical increments of ferrihæmic acid added to buffer. 
The presence of more than one form of ferrihemic acids-* 
and the participation of several species of complex in the 
spectral changes prevented the use of spectrophotometric 
data such as these to determine the Ka and binding ratio. 

Alterations in the spectra of both chloroquine and 
ferrihemic acid as a result of complex formation suggest 
that the interaction involves the aromatic ring portions 
of the reacting molecules through -orbital overlap or 
charge transfer. Present results do not permit evaluation 








Relative absorbance 





340 380 420 ` 460 500 540 
. mu 
Fig. 1. Difference spectra resulting from addition of ferrihemic acid 


to ‘Suffered chloroquine as compared with ferrihcemic acid in buffer alone: 
Curve A, 5 x 10-M chloroquine read against buffer blank; curves B, 
C, D, E and F en spectra after thes addition of 0-9 uM increments 
of ferrihemic acid, as explained in text. This ene was con- 
ducted in 0:015 M potassium phosphate buffer, pH 7:1, using a Cary 
model 14 recording spectrophotometer and a 5-cm Hght path 


of the extent of participation of other types of interaction 
in formation of the chloroquine—ferrihemic acid complex. 
However, increasing the ionic strength of the solvent from 
0:015 M to 0-5 M diminished the spectral alterations, and 
decreasing the pH from 7-1 to 5:9, where chloroquine is 
almost completely protonated, enhanced these changes. 
In identical binding experiments, quinine hydrochloride, 
which has lower pK values for its protonated groups, 
produced qualitatively similar changes, but caused a 
smaller shift in the ferrihemic acid spectrum at neutral 
pH. 

The type of interaction observed in the present experi- 
ments is clearly different from that described in co- 
ordination complexes between the iron of metallopor- 
phyrins and certain organic bases*:* since it is favoured at 
pH values where chloroquine exists as a protonated 
cation, rather than as a free base. Furthermore, the inter- 
action reported here appears to be independent of the 
presence of iron, since spectral alterations qualitatively 
similar to those shown here are seen when chloroquine 
complexes with protoporphyrin or hematoporphyrin’. 

The effect of ferrihemic acid on the anti-malarial action 
of chloroquine in an experiment representative of 11 such 
trials is shown in Table 1, Each group of experimental 
animals consisted of five white male Swiss mice (N.I.H. 
general purpose strain) weighing about 25 grams each. 
Each animal was injected intraperitoneally with 0-05 ml. 
of infected blood in which approximately 60 per cent of 
the erythrocytes were parasitized with the N.Y.U.-2 
strain of Plasmodium berghei. Smears were made on the 
fifth day after inoculation, air dried, stained with Giemsa 
stain, and 200 consecutive red blood cells were counted 
on each smear to determine the extent of parasitemia. A 
single dose of chloroquine diphosphate (100 ug/mouse = 
0-19 uM) was administered intraperitoneally to groups 
two and three on the first and second days after inocu- 
lation. Equimolar amounts of ferrihemic acid were 
mixed with chloroquine in vitro at pH. 7:1 before the drug 
was injected into animals of group three. 

Marked interference with anti-malarial action resulted 
when equimolar amounts of ferrihemic acid were mixed 


Table 1. | EFFEOT OF FERRIHÆMIC ACID ON THE SUPPRESSION OF PARA- 
SITEMIA BY CHLOROQUINE 


P-value 


Group 1 Group 2 Group 3 Chloroquine 
Control Chloro- Chloroquine- Control versus 
quine ferrihamic versus chloroquine- 
acid chloroquine ferrihemic 
acid 

Percentage 
of red cells 

parasitized 60-8 26-2 431 P < 0-001 P < 0:02 

(2:0)* (2-0)* (2:0)* 


* S.E. 
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with chloroquine in viiro before injection of the drug into 
parasitized mice. Significant reduction of the anti- 
malarial action of quinine, which had been shown spectro- 
photometrically to interact relatively poorly with ferri- 
hæmic acid at the pH used for these animal experiments, 
required a 4-fold excess of the porphyrin compound. 

The experiments reported here indicate that ferrihemic 
acid, which results from hemoglobin breakdown by 
malarial parasites, can interact with anti-malarial drugs 
in vitro, and that inhibition of drug action can result from 
such complex formation. While there is no evidence that 
this mechanism plays a part in the natural development of 
drug resistance by malarial parasites, one may speculate 
that alterations in the production or turnover of ferri- 
hæmic acid, or other changes in the cellular environment 
of the parasite which would favour the type of binding 
described, may render chloroquine and other therapeutic 
agents pharmacologically inactive by complex formation. 

Note added in proof. Similar findings on the effect of 
ferrihemic acid on the anti-malarial action of chloroquine 
have been recently reported by F. W. Schueler and W. F. 
Cantrell (J. Pharm. Exp. Ther., 143, 278; 1964). 
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Coenzyme Q and Phenylketonuria 


INVESTIGATIONS by Olson’s group’? of the biosynthesis 
of coenzyme Q, (ubiquinone-45) in the rat have shown 
that phenylalanine is a metabolic precursor of the benzo- 
quinoid ring of coenzyme Q. Presumably, hydroxylation 
of phenylalanine to yield tyrosine would be an intermediate 
step in the biosynthesis of coenzyme Q (ref. 3). If tyrosine 
is such an obligatory intermediate, the question is raised 
whether a deficiency of coenzyme Q may occur in phenyl- 
ketonuria, since impairment of the hydroxylation of 
phenylalanine to tyrosine in this disease has been demon- 
strated‘. 

To examine this problem, the 24-h urinary output of 
coenzyme Q in 15 phenylketonuric patients was measured 
by the modified Craven test’, and the data compared to 
that of a normal group (Table 1). If one presumes 
urinary coenzyme Q reflects normal tissue levels, then 
there does not appear to be any significant deficiency of 
the tissue level of coenzyme @ in phenylketonurics as 


Table 1. URINARY EXOBETION OF COENZYME Q IN PHENYLKETONURIG 
AND NORMAL HUMANS 

Normal Phenylketonuric 
Sex ug/24 h Sex ug/24 
M 0 F 32 
M 20 M 16 
M 22 M 0 
M 10 F 0 
M 22 F 18 
M 26 M 40 
M 0 M 36 
M 0 M 48 
M 10 M 102 
M 0 M 0 
M 0 F 0 
M 28 F 16 
F 58 F 0 
M 22 E 26 
— — F 10 
Mean 16-4 22-9 
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phenylketonurie liver. 


compared to normal individuals. Reverse-phase chroma- 
tography of urinary extracts from phenylketonuries on 
‘Vaseline’ impregnated paper? further showed that 
coenzyme Q,, or ubiquinone-50 was the prevalent homo- 
logue in the urine of phenyiketonuries. 

The presence of significant levels of coenzyme Q,, in the 
liver of phenylketonuric patients is further supported by 
the assay of the hepatic level of coenzyme @ in one 18- 
year-old male phenylketonuric patient. The liver was 
received (courtesy of Dr. R. J. Allen) 8 h post mortem 
following accidental death, homogenized in methanol, 
saponified with potassium hydroxide in the presence of 
pyrogallol and extracted with ‘Skellysolve-B’ (ref. 6). The 


‘Skellysolve-B’ extracts were then dried in vacuo and- 


coenzyme @ separated by chromatography on neutral 
Brockman grade III alumina’. Utilizing an extinction 
coefficient of 142 for the difference spectra between oxid- 


ized and reduced coenzyme Q,,(Foxia—Erea = AE”), 


lem 
18-1 mg of coenzyme Q,, per kilogram of wet liver tissue 
was determined and identified spectrophotometrically 
(Fig. 1). Reverse-phase chromatography of the prepara- 
tion showed only the presence of coenzyme Qio As a 
comparison, samples of normal liver biopsied during 

pyloroplasty for peptic ulcer were obtained from two 
adult males and were found to contain 54:7 and 64:9 mg 
of coenzyme Q per kilogram of wet tissue. Further 
examination of the liver in phenylketonuria will there- 
fore be necessary to establish any significant impairment in 
the biosynthesis of coenzyme Q. 

On the basis of the urinary output of coenzyme Q, and 
the hepatic level in one patient with phenylketonuria, one 
may conclude that: (a) tyrosine may serve as a precursor 
for coenzyme Q, from dietary sources or because hydroxyl- 
ation of phenylalanine to tyrosine is sufficient to maintain 
the cellular level of coenzyme Q, or (b) that coenzyme Q is 
synthesized from phenylalanine, or other ring precursors, 
not involving tyrosine as an obligatory intermediate. The 
recent observations that benzoic acid?, and parahydroxy- 
benzaldehyde! may serve as ring precursors of coenzyme Q 
would favour the thesis that tyrosine is not an obligatory 
intermediate, at least in the phenylketonuric, since 
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phenylalanine has been reported to be a precursor of 
hippuric acid in this disease*. Thus, in these patients, 
coenzyme @ may be synthesized from phenylalanine, 
possibly through cinnamic and benzoic acid, or directly 
from dietary benzoates. 

This work was supported in part by an institutional 
grant from the American Cancer Society (UMCRI No. 
57). 

EDWARD A. NAPIER, JUN. 
Rorr W. KreypEen* 
Kerra S. HENLEY f 

H. Marvin POLLARD 


Gastroenterology Research Unit, 
Department of Internal Medicine, 
University of Michigan Medical School, 
Ann Arbor. 


* Post-doctoral Fellow of the U.S. Public Health Service (AAT-24-5191). 
+ Research Career Development awardee, U.S. Public Health Service 
(4 M-K3-14030). 


1 Bentley, R., Ramsey, V. A., Springer, C. M., Dialameh, G. H., and Olson, 
., Biochem. Biophys: Res. Comm., 5, 443 (1961). 


* Olson, R E., Bentley, R., Aiyar, A. S., Dialameh, G. H., G fa: 
Ramsey, V. G., and Springer, C. M, J. Biol. Chem., 338, oe 3146 


* Olson, R. E., Dialameh, G. H., and Bentley, R., 
Quinones ‘in Electron Transport, edit. by Wolstenholme, G. E. 
and O’Connor, C. M., 284 (J. and A. Churchill, Ltd., London, 1961). 
‘Jervis, G. A., Proc. Soc. Exp. Biol. and Med., 82, 514 (1953). 
7 sas om H., McPherson, J. F., and Folkers, K., J. Org. Chem., 25, 1053 
* Linn, B. O., Page, jun, A. C., Wong, E. L., Gale, P. H., Shunk, C. H., 
and halere K., J. "Amer. Chem. Soc., si, 4007 (1959). 
-plion E dis gaa Dialameh, G. H., Biochem. Biophys. Res, Comm., 
3 
* Rudney, H., and Parson, W. W., J. Biol. Chem., 288, PC, 3137 (1963). 
* Grumer, H. D., Nature, 189, 63 (1961). 


in Ciba Found: Symp. 
W., 


PHYSIOLOGY 


Location of Hydrolysis of Certain 
Disaccharides and Peptides in the Small 
Intestine 


Tur problem of location of hydrolysis of oligosaccharides 
and peptides cannot yet be considered as finally solved. 
Based on the investigation of hydrolysis and absorption 
of oligosaccharides?:? and peptides? 3, it was suggested that 
hydrolysis occurs within the intestinal cells. According to 
another point of view, the hydrolysis is not considered as 
being an essentially intracellular phenomenon, and it is 
accomplished on the external surface of the cell membrane 
through membrane or contact digestion’®. (Various 
aspects of the problem have been thoroughly discussed in 
A. M. Ugolev’s monograph: Membrane (Contact) Diges- 
tion (Leningrad: U.S.S.R. Acad. Sci., 1963).) Lately some 
authors set forth a conception——which by itself is rather a 
compromise—that the hydrolysis develops intracellu- 
larly in the immediate proximity, or on the internal 
surface of, the membrane®’, 

Our approach to the solution of the problem was as 
follows. 

The rate of the surface catalysis is often limited by the 
passage of reacting products on to the surface, and in this 
case the movement of liquid relative to catalyst will be 
accompanied by a distinct acceleration of the catalytic 
reaction®. If the digestion occurs intracellularly the rate 
of hydrolysis is to be determined not by the entry of 
substances from the depth of the phase on to the surface, 
but by a slower diffusion through the cell membrane. 

The work recorded here deals with the offect of the 
movement of liquid relative to the surface of isolated 
pieces of the small intestine on the splitting of sucrose 
and peptides. To estimate the effect of shaking on the 
diffusion of substances through the cell membrane tho 
accumulation of galactose and glucose was studied in the 
intestinal tissue during the incubation period under 
similar conditions. 
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Everted ring-pieces of the albino rat (Wistar line) 
small intestine (1-5-3 om of length), first treated with 
acetone or poisoned with 0-01 per cent sodium fluoride for 
preventing active transport, were incubated on glass rods 
in 4 ml. of Ringer solution with corresponding substrate 
for 5, 10, 15 and 30 min at 38° C. The concentrations of 
sucrose, glucose and galactose were 1, 1 and 0-5 per cent 
respectively; for the dipeptides, namely, glycyl-I-leucine 
and, dl-«-alanyl-di-serine, 0-1 per cent each. 

During each experiment 3-4 intestinal strips were 
incubated and shaken (80-200 c/min); by means of & 
special device connected with ultra-thermostat; 3-4 
intestinal strips were incubated without shaking. After 
incubation the reaction was stopped by rapid cooling to 
2°C. After sucrose hydrolysis the samples were deprotein- 
ized with 10 per cent solution of Na,WO,. To measure 
increased, amount of liberated hexoses (in mg per cent/min) 
we used Nelson’s method? modified by A. M. Ugolev. 
Dipeptides were determined after adding a saturated 
solution of picric acid with subsequent boiling. Increased 
amount of free amino-nitrogen was evaluated by the 
colorimetry—ninhydrin method’. Intensity of digestion 
was determined in percentage of hydrolysed dipeptide 
per min. In a number of experiments the peptides and 
amino-acids were identified with the help of high-voltage 
paper electrophoresis. 

It was found that the shaking resulted in intensification 
of the hydrolysis of sucrose (Fig. 1). A special series of 
experiments revealed that the acceleration of the move- 
ment of liquid relative to the surface of the intestinal 
mucosa is accompanied by further increase in the rate 
of the sucrose hydrolysis. A similar phenomenon produced 
by shaking was regularly observed when examining the 
hydrolysis of peptides (Fig. 3). The special experiments 
proved that passage of invertase and peptidases into the 
incubation solution is very insignificant. These results 
agree with the results of other authors. 
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Fig. L Effect of shaking on sucrose hydrolysis. (A) Shaking; (B) in 
absence of shaking. Increasing amount of hexoses in mg per cent min 
{mean values + S.E.) 
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Fig. 2. Effect of shaking on passive transport of glucose (left) and 
galactose (right) into the tissue of the small intestine. Increasing 
amount of hexoses in tissues in mg per cent/min (mean values + S.E.) 
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Fig. 3. Effect of shaking on hyärolysia of dipeptides (on the left; glycyl- 
l-leucine; on the right, dl-a anylal-ccrine), (4) Shaking; (B) in the 
absence of shaking. Increased amount of free amino-nitrogen in per- 
centage of hydrolysed dipeptide per 1 min (mean values + S.E.) 
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The intensification of hydrolysis produced by the 
movement of solution relative to the surface of the intes- 
tinal mucosa, may be due to the closer contact of the 
substrate with the corresponding enzymes. 

As we have already mentioned, the phenomenon being 
investigated is characteristic of catalytic reactions on 
surfaces, provided the rate of the superficial process exceeds 
the rate of diffusion from the depth of the phase on to the 
surface. If the rate of the diffusion from the phase on to 
the surface is greater than the rate of the subsequent 
process, the effect of the shaking wil] be poorly mani- 
fested. It may be assumed that in the case of intracellular 
hydrolysis the shaking effect is capable of increasing 
markedly the rate of diffusion of oligosaccharides and 
peptides into the intestinal cells. 

We tried to verify this hypothesis under our experimen- 
tal conditions in spite of numerous data in favour of the 
conception that the diffusion through the membrane is 
the slowest component of the passive transport. The 
effect of shaking on the transfer of glucose and galactose 
from the incubation medium into the intestinal tissue was 
studied. However, we failed to find any essential 
differences between the transfer of galactose and glucose 
through the membrane with shaking effect or in absence 
of it (Fig. 2). 

The .results presented here agree poorly with the 
hypothesis of intracellular hydrolysis of peptides and 
oligosaccharides, but they are well accounted for by an 
assumption that the hydrolysis occurs on the external 
surface of the membrane (membrane digestion) and that 
this process is restricted by the rate of diffusion of the 
substance from the depth of the phase on to the surface 
because the additional entry of substances, caused by 
shaking, increases hydrolysis. 

It should be noted that very similar results were 
obtained when examining the membrane hydrolysis of 
starch, which does not penetrate inside the intestinal cells. 
These facts were obtained in our laboratory and, indepen- 
dently, by Dr. De Lasy (University of Ghent, personal 
communication). It is interesting to compare these results 
with recent attempts to determine an effective radius of 
pores in membranes of various tissues, the intestines 
included. For the latter it was found to be about 4 A, and 
it was also shown that the intestinal cells are impermeable 
for sucrose!!, 

A mathematical analysis of the results obtained is 
beyond the scope of the present work, but it should be 
emphasized that although there is no ground for completely 
discarding the concept on intracellular digestion of oligo- 
saccharides and peptides, its role should be considered 
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much less significant than that of hydrolysis on the 
external surface of the cell membrane. 

Our experiments suggest that the efficiency of the 
membrane digestion under natural conditions is, to a great 
extent, determined by motor function. It is probable 
that the investigation of the shaking effect will contribute 
to differentiating the processes occurring on both sides of 
the cell membrane. 

A. M. Ugorev 

N. N. Issvrrova 
N. M. TIMOFEEVA 
I. N. FeprosHrva 
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Cardiac Output during Diving in an 
Unrestrained Sea Lion 


AQUATIC mammals and birds experience abrupt and 
profound cardiovascular changes during water immersion. 
In seals, for example, a diving bradycardia of one-tenth 
the normal rate without change in pressure has commonly 
been observed!?. The evidence suggests that this is 
accompanied by a reduction in cardiac output and wide- 
spread vasoconstriction in skeletal muscle'?, skin! and 
kidneys‘. Even in man, a relatively poor diver, the flow 
of blood in the limbs has been shown to decrease during 
breath-holding dives’. A single determination of cardiac 
output has been made in a seal during non-diving 
asphyxia®, but direct blood flow measurements are 
lacking. 

A female California sea lion, Zalophus californianus, 
approximately 1 year old and weighing about 30 kg, was 
used in these experiments. This species is easily trained 
and is widely used in ‘seal’ shows because of its agility 
and tractability. In order to minimize the effects of 
extraneous stimuli, such as muscle activity during forcible 
restraint, the sea lion was trained to ‘dive’ its head into a 
container of water on command. Upon a second signal it 





_ Fig. 1. Trained sea lion performing a typical ‘dive’ two weeks after 
surgery. Healed wound is visible behind left flipper 
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Fig. 8. Pulmonary artery blood flow and derived values for changes 
in stroke volume, cardiac output and Rearierate during the dive shown 
in Fig 


would emerge to be rewarded with a piece of mackerel. 
Head immersions of up to 2 min could be achieved in this 
manner. Electrocardiograms taken during such dives 
before surgery showed changes in heart rate from about 
140 in air to 30-40 in water. On’'surfacing, the rate 
immediately stabilized at 140 without overshoot. A 
typical diving manceuvre is shown in Fig. 1. 

Under nembutal anesthesia the thorax was entered 
beneath the left flipper and a pulsed ultrasonic flow trans- 
ducer? was mounted on the main pulmonary artery. The 
animal resumed diving activity on the second post-opera- 
tive day, and within two weeks she appeared to be normal 
in every respect. During the subsequent two weeks, 
magnetic tape-recordings were made of phasic blood flow 
through the pulmonary artery during a large number of 
both spontaneous and commanded dives. Afterwards 
these tapes were replayed and the heart rate, stroke 
volume, and cardiac output were derived by analogue 
computer techniques’. 

A sample record from a dive of 35 sec is shown in Fig. 2 
and derived values are shown in Fig. 3. The heart rate 
decreased, from 130/min to 40/min within 10 sec after nose 
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immersion and continued, at this rate during the balance 
of the dive. The rate returned to 130 immediately on 
emerging from water and remained at about that level 
thereafter. The stroke volume remained essentially con- 
stant, except that a very slight decrease was commonly 
observed near the end of the dive. Cardiac output varied 
in close accordance with the heart rate. This pattern of 
cardiovascular adjustment was observed in all the dives, 
whether spontaneous or commanded. 

The marked bradycardia and decreased cardiac output, 
when coupled with previously reported maintenance of 
arterial blood pressure, are consistent with the general 
concept of widespread vasoconstriction during diving. 

We thank the staff of the San Diego Zoo for their assist- 
ance. Mr, Benny Kirkbride, sea lion trainer, was particu- 
larly helpful in assisting with the training and care of the 
sea lion. We also thank Dr. P. F. Scholander, Scripps 
Institution of Oceanography, for his advice. 

This work was supported in part by U.S. Public Health 
Service grant RG 5979 and Nationa] Science Foundation 
grant G 7476. 
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Transplantation of Rabbit Oviduct to the 
Cheek Pouch of the Syrian Hamster 


In our laboratory, it was thought that work being done 
on oviduct physiology could be fostered by observing 
segments of oviduct under the influence of hormones and 
autonomic drugs. As transplants, the oviduct segments 
would not be influenced by a variable nerve supply. The 
hamster has very few histocompatibility genes, but these 


are capable of producing an antigen-antibody reaction - 


that results in as strong a rejection of tissue as is produced 
by animals having innumerable histocompatibility genes. 
It is probably the structure of the cheek pouch, itself, 
which allows foreign tissue to be accepted. 

Documentation of successful homo- and hetero-trans- 
plantations to the hamster cheek pouch may be found in 
Billingham et al.1, Cohen?, and Resnick eż al.'. The struc- 
ture of the cheek pouch has been described by Billingham 
and Silvers‘. They state that the wall of the pouch 
consists of (1) stratified squamosal epithelium several 
layers thick, with no appendages or glands, (2) the epi- 
thelium is firmly united to a relatively dense and well- 
vascularized layer of fibrous connective tissue having 
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longitudinally arranged striped muscle fibres, and (3) a 
thick outer layer of loosely packed areolar tissue joining 
the wall of the pouch to the subcutaneous tissue of the 
cheek, which allows the pouch to be everted easily. This 
last feature makes the transplantation procedure and later 
observation of the transplant very easy. In an investi- 
gation designed to explain the peculiarity of the cheek 
pouch with respect to its acceptance of homo- and hetero- 
transplantations, Shepro eż al.° found that the diffusion of 
inert particles out of the pouch was completely or greatly 
slowed down. They found that the cheek pouch is 
alymphatic and concluded that the large area of dense 
fibrous connective tissue limits the diffusion of the large, 
transplantation antigens. 

In the work recorded here, eight adult female hamsters. 
(Mesocricetus auratus) received segments of rabbit oviduct. 
The rabbit’s neck was broken and one of its oviducts was 
completely dissected out and placed in a Petri dish con- 
taining normal saline at room temperature. The tissue 
was prepared for transplantation by trimming off the fat 
tissue. Segments about 3:5 mm long were cut from the 
infundibular end with a razor blade. Both ends of these 
segments were tied with fine-textured, white nylon thread. 
The remaining part of the oviduct was similarly cut into 
segments about 1 mm long. The ends of these segments 
were not tied. No attempt was made to use aseptic tech- 
nique. Following the procedure outlined by Lutz et al.*, 
the hamsters, anesthetized with ‘Nembutal’, received one 
transplant per pouch. 

Three hamsters had been bilaterally ovariectomized for 
more than 30 days, Starting on day 11 after transplan- 
tation (day 0), these individuals received 0-2 ug of 
cestradiol benzoate (in 0-1 ml. corn oil, subcutaneous) for 
seven days and then received 2 ug of cestradiol benzoate 
(in 0-1 ml. corn oil, subcutaneous) for at least 2 and not 
more than 3 days. The five other hamsters were killed 
17-24 days after the transplantations. All animals were 
killed when their vaginal smears showed the cestrous 
phase. Of the 16 transplants, two were lost due to manipu- 
lation of the cheek pouch before healing was complete; 
seven showed histological acceptance; and five of these 
transplants had intact oviduct epithelium. One of nine 
{11 per cent) of the 1-mm long segments present at autopsy 
showed survival of functional oviduct epithelium. This 
transplant was present in one of the ovariectomized 
animals. Observation of oviduct segments during the 
several days of cestrogen injections showed that this 
transplant was distended with a clear fluid. Four of the 
five (80 per cent) 3-5-mm long segments present at autopsy 
showed survival of functional oviduct epithelium. Two 
of these transplants were from one of the ovariectom- 
ized animals. The results of this enquiry suggest 
that the oviduct epithelium of the longer segments 
has a better chance of survival than that of the shorter 
segments. The thinner wall of the infundibular versus the 
uterine end of the oviduct may, in part, explain these 
results. A more extensive study of oviduct transplan- 
tation to the hamster cheek pouch will be conducted in the 
near future. 
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Restoration of Endotoxin Activity following 
Alteration by Plasma 


Enpotoxins from Gram-negative bacteria, when added 
to human plasma or certain fractions of human plasma and 
incubated at 37° C for several hours, show reduced 
immunological reactivity, pyrogenicity, and toxicity}. 
Physical changes occur in such altered endotoxins, as 
manifested by a more rapid diffusion rate?? and a lowered 
ability to be sedimented in a high-speed centrifuge?4 
when compared with native endotoxin. The kinetics of 
the inactivation of endotoxin by plasma or its fractions 
suggested that the endotoxin was being degraded by a 
plasma enzyme. However, germane to the proof of such a 
tenet should be the isolation and identification of products 
which have come from a previously undergraded 
endotoxin. Examination of the literature revealed a 
paucity of such data. 

We applied ourselves to the problem of isolating the 
products of endotoxin following alteration with presumed 
plasma enzymes; but after a series of failures in attempts 
to separate any degraded product of endotoxin free of 
plasma protein, hypothesized that any degraded product 
of endotoxin must be complexed with plasma proteins. 
Accordingly this hypothesis was tested by treating endo- 
toxin altered’ by incubation with Fraction IV, (Cohn) of 
pooled human plasma with agents which were known to 
dissociate protein~polysaccharide complexes or which 
would extirpate the plasma proteins. Following such 
procedures several of the physical and biological properties 
of the endotoxin which had been abolished by the plasma 
proteins were restored. 

The method used for the alteration of endotoxin and the 
subsequent restoration of activity of the altered endotoxin 
is given in Table 1. The procedures for the restoration of 
altered endotoxin terminated with solutions of the same 
volumes as the original incubation mixtures, so that the 
final concentration of unaltered endotoxin should be less 
than or equal to that in the starting solutions. When the 
three samples of the mixtures described in part A of Table 1 
were tested for capacity to be precipitated by a constant 
volume of anti-S. typhosa serum and the nitrogen precipi- 
tated was estimated by the micro-Kjeldahl technique, the 
relationships plotted in Fig. 1 were obtained. These 
relationships indicate that incubation of endotoxin with 
Fraction IV, destroyed almost completely the ability of 
the former to precipitate with homologous antiserum. 
However, it may be seen that pronase and ethanol treat- 
ment permitted a quantitative recovery of the precipi- 
tating properties of endotoxin. In addition, the shape of 
the restored quantitative precipitation curve suggests a 
qualitative similarity to the native endotoxin. Evidence 
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Fig. 1. Ability to be precipitated by homologous antiserum of (1) endo- 

toxin altered by incubation with Fraction IV, (Cohn) of human plasma 

O); (2) endotoxin altered by Fraction IV, and afterwards 

treated with pronase and ethanol (*-—~*); and (4) endotoxin 
incubated in phosphate buffered saline (IZ—~——l) 
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Fig. 2, Change in rectal temperature of rabbits injected with 1 ml. of 
21: 1,000 dilution of mixtures of (1) endotoxin altered by Incubation 
with Fraction IV, (Cohn) of human plasma (O-'— O); (2) endotoxin 
altered by Fraction IV, and afterwards treated with pronase and 
ethanol (*-----*); (3)all the reagents excepting endotoxin (@---@); 
and (4) endotoxin incubated in phosphate buffered saline (I8 p). 
Each curve represents the average temperature response of three rabbits 





for restoration of the pyrogenicity of altered endotoxin 
following pronase and ethanol treatment is given in Fig. 2, 
which shows the temperature response of rabbits to intra- 
venous injections of 1 ml. of 1/1,000 dilutions of the four 
samples described in part A of Table 1. It may be seen 
that incubation of endotoxin (ET) in saline resulted in a 
preparation giving a typical febrile response (sample 4). 
‘When ET was incubated in Fraction IV, (sample 1) this 
response was diminished considerably as expected. In 
contrast, subsequent treatment of the non-pyrogenic 
ET-IV, complex with pronase and ethanol (sample 2) 


Table 1. PROTOCOL FOR THE ALTERATION AND RESTORATION OF ALTERED ENDOTOXIN 























A B 
oe N, J, 
1 2 3 1 2 3 | 4 
125 mg IV,* 125 mg IV, 125 mg IV. 10 ml. plasma§ 10 ml. plasma 10 ml. plasma 10 ml. PBS 
20 ml. PBS t 20 ml, PBS 20 ml. PB 
2 mg BTt 2 mg ET _ 1mg ET 1mg ET — 1 mg ET 
Incubate 5 h, 37° C Incubate 5 h, 37°C ' 
Add 0-2 ml. of 1% merthiolate Add 0-1 ml. of 1% merthiolate 

Store at 4°C Add 8 mg pronase] Store at 4° © Store at 4° © Add 16 mg pronase Store at 4° © 


Incubate 18 h, 37° © 





Hear a min, 80° C and discard 
ppt. 
Ept pith 6 vol. ethanol 18 h, 


Centrifuge 15,000 r.p.m., 2 h 
Take up ppt. in 20 ml. water 








Incubate 18 h, 37 
Pot. a 6 vol. ethanol 18 h, 


4 
Centrifuge 15,000 r.p.m., 2h 
Take up ppt. in 10 ml. water | 





* IV,, human plasma Fraction IV, (Cohn), kindly supplied by Cutter Laboratories. 
t PBS, phosphate buffered saline, 0:05 M in phosphate and 0-075 M NaCl, at pH 7-4. 


i ET, endotoxin (‘Boivin’) extracted from S. typhosa 0-901. 


Plasma, pooled human plasma collected into ACD solution and used within 3 h. 


{ Pronase, purchased from Calbiochem Corp. (lot No. 502117). 
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Fig. 3. Change in rectal temperature of rabbits injected with 1 ml. of 

a 1: 1,000 dilution of a mixture of (1) endotoxin altered by incubation 

with human plasma ([]—:— (J); (2) endotoxin altered by human plasma 

and afterwards treated with pronase and ethanol (*--——*); (8) all 

the reagents excepting endotoxin (@---@); and (4) endotoxin in- 

cubated in phosphate buffered saline (ma—m. Each curve represents 
the average temperature response of three rabbits 


resulted in a typical pyrogenic preparation. Sample 3, 
which served as a control testing Fraction IV, alone, 
when carried through the same steps used for the restora- 
tion of altered endotoxin, was non-pyrogenic. 
In a different system, the pyrogenicity of endotoxin, 
which had been diminished by incubation in fresh, 
citrated, whole human plasma, was restored, as evidenced 
by testing 1 ml. of 1/1,000 dilutions of the samplesin part B 
of Table 1 for pyrogenicity. These results are shown in 
Fig. 3. However, technical difficulties prevented the 
demonstration of a quantitative recovery of precipitable 
endotoxin in these whole plasma preparations; neverthe- 
less, the immunodiffusion pattern of endotoxin which had 
been altered either by incubation in fresh citrated plasma 
or with Fraction IV, (ref. 2) could be restored to that of 
the native endotoxin. 
While this work was in progress, Oroszlan et @t.* pub- 
lished results which showed that the loss in tumour 
necrotizing activity of Serratia marcescens endotoxin 
following interaction with liver protein could be reversed 
by treatment of the inactive complex with polyglucose 
sulphate. They presented further evidence which indi- 
cated that inactivation of the tumour-necrotizing potency 
of endotoxin was a reversible interaction of endotoxin 
with a cationic liver protein. Our results suggest that a 
similar protein-endotoxin complexing is responsible for the 
alteration of endotoxin in human plasma and contradict 
the tenet that a plasma enzyme degrades the endotoxin 
polymer. Some of the previous evidence that endotoxin 
was degraded by a plasma enzyme had been the observa- 
tion that altered endotoxin diffuses more rapidly in gel 
and sediments more slowly in a high-speed centrifuge 
than does native endotoxin?+. Although a smaller, 
degraded particle would exhibit these properties, an 
undegraded molecule rendered more soluble would 
exhibit them as well. Since endotoxins are quite insoluble 
in aqueous media, complexing with a hydrophilic protein 
would increase their solubility and could account for 
some of the physical properties of altered endotoxin. If the 
protein complexing with the endotoxin were an immune 
globulin, this could explain the diminished pyrogenicity 
and toxicity of altered endotoxin. 
This work was supported by U.S. Public Health Service 
research grant E 1524. 
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Effect of Anti-inflammatory Agents on 
Capillary Permeability and edema 
Formation 


FotLowine the injection of a noxious substance such 
as formalin into the subcutaneous tissues of an animal an 
inflammatory response ensues. If the injection is made 
into the feet (usually of rats), the degree of inflammation 
can be assessed by measuring the amount of swelling 
produced. The inflammatory response can also be 
measured by assessing the penetration of an intravenously 
administered dye into the affected area. The dye is bound 
to the plasma protein and therefore the amount of 
coloration produced gives an indication of the Jeakage 
of plasma protein through the capillary walls. Parratt 
and West! and Northover and Subramanian? have 
concluded from their experimental work that cedema 
formation and protein leakage are closely linked. On the 
other hand Gézsy and Kato? and Wilhelm‘ have indicated 
that processes are independent. In examining the action 
of anti-inflammatory drugs we have confirmed the views 
of the latter workers and have found that blueing and 
swelling can be affected independently. 

The action of the drug on the blueing of mouse ears is 
assessed by giving intravenously a 0-5 per cent solution of 
‘Pontamine’ sky blue in normal saline at a dose of 0-12 
ml./10 g body-weight. The left ears of these mice are 
treated with xylol (2 drops to each surface of the ear 
applied with a syringe and needle) and in 15 min they 
become bright blue in the majority of mice. The reactors 
are picked out and randomly divided into groups (mini- 
mum number of 10 per group). Drugs at various dose- 
levels are given orally and 1 h later the right ear is 
treated with xylol. We have shown that in untreated 
control animals the blueing is unaffected between one 
ear and another under similar conditions. After 15 min 
the test is read as follows: if the blue of the left ear is 
more intense than the right ear a positive score is recorded. 
The percentage of positives is plotted against the dose 
on log paper and the #D,, value estimated graphically. 

In the case of hydrocortisone, since the optimal time of 
testing would be expected to oceur 4-6 h after oral 
administration, the test has to be modified as follows: 
30 mice were taken and 15 were treated with hydrocorti- 
sone orally and the other 15 used as non-treated controls; 
after 4-6 h both groups of mice were treated with intra- 
venous dye, then with xylol on the ears. After 15 min the 
ears were scored 0, 1, 2 and 3 according to the degree of 
blueness. Treated scores were compared with control 
scores by Student’s ¢ test. 

We also assessed the anti-infammatory potency of the 
drugs by their effect on the increase in weight due to 
cedema of mouse ears when xylol is applied. Groups of 
10 mice are treated orally with the drugs to be tested. 
A control group is also used. One hour later the right ears 
are treated with xylol as in the blueing test and after 30 
min the mice are killed with chloroform and the ears cut 
off and weighed. The mean excess, weight of the right ear 
is compared in control and treated groups, the effect of the 
drug being expressed as a percentage reduction of edema 
formation, which is plotted against dose on log probit 
paper and the ED; estimated. In the case of hydrocorti- 
sone, xylol was applied 4 h after treatment (this being 
the maximum time of effect). 

The results obtained are summarized in Table 1. Hydro- 
cortisone has little effect on the blueing reaction and is 
highly effective against the edema formation. On the 
other hand, phenylbutazone and polybrene (hexadime- 
thrine bromide) are relatively ineffective against edema 
but active in preventing blueing. Aspirin and chlor- 
promazine have a dual action. 

Armstrong and Stewart® have suggested that polybrene 


. acts as an inhibitor of kinin formation in vitro, and since 


polybrene effectively inhibits the blueing reaction it . 
would appear to have a similar action in vivo. Our experi- 
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Table 1. ANTI-INFLAMMATORY EDs. VALUES OF DRUGS BY VARIOUS TESTS 


(mg/kg orally 
Xylol 

Drug Blueing Weighing 

Aspirin 220 370 
orpromazine 25 54 

Phenylbutazone 64 >400 

Hexadimethrine bromide 

(polybrene (s.c.) 7 6-2 55 

Hydrocortisone ineffective 2-5 


ments therefore are compatible with the view that kinins 
are liberated in the inflammatory response, but also show 
that oedema formation and protein transfer are two 
separate aspects of this response, kinin formation being 
associated with the latter aspect. 
D. M. Brown 
R. D. Rosson 
Beecham Research Laboratories, Ltd., 
Brockham Park, 
Betchworth, Surrey. 
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Pharmacological Activity of 
Phenylisopropylhydroxylamine and its 
O-Methyl Ether 


THE well-known stimulatory action of 2-phenyliso- 
propylamine (amphetamine) and, more recently, the use of 
2-phenylisopropylhydrazine as a psychic energizer, promp- 
ted us to investigate the pharmacology of N-{2-phenyliso- 
propyl)hydroxylamine (PIH) and its O-methyl ether 
(PIELE). Little has been published concerning the pharma- 
cology of N-substituted hydroxylamines although Jones 
and Major? examined the action of a series of hydroxyl- 
amino analogues of certain biologically active amines and 
Lewin? commented on the toxicity of N-phenylhydroxyl- 
amine. 

. PIH was prepared from phenylacetone oxime by the 

procedure of Vavon and Crajeinovic and the correspond- 
ing O- methyl] ether was obtained similarly from phenyl-2- 
propanone oxime-O-methyl ether. Both bases were 
isolated, purified and stored as their stable neutral 
oxalates, but were injected as freshly prepared solutions of 
their hydrochlorides. 

PIH, at a dose-level of 25 mg/kg (intramuscular), 
evokes a lower level of rage in healthy adult cats than does 
amphetamine, but the effects lasted longer. Rage 
behaviour is judged by changes in pilomotor activity, 
salivation, pupil dilation, growling, hissing, withdrawal 
and aggressive behaviour as reported by Norton and 
deBeer®. Cats receiving this compound, in addition to 
rage, exhibit both a peculiar circular head motion and 
profuse salivation. Pretreatment of these animals with 
chloropromazine (intramuscularly at 10 mg/kg) causes 
blockade of the rage response but fails to inhibit the 
characteristic head motion. Atropine does not block the 
salivation. PTH does not significantly increase the rectal 
temperature of cats, while many amphetamine-like com- 
pounds are pyretogenic. PIHE fails to produce any 
observable changes in cat behaviour. 

Spontaneous motor activity in mice, measured by light 
beam interruptions‘, indicates that PIH has an ED, 
= 20 mg/kg (effective dose to double motor activity) 
where amphetamine has twice this activity, or HDi. = 
10 mg/kg. Interestingly, PIHE was inactive, at 100 


mg/kg, in this test during the usual observation time of 
0-5 h, but spontaneous motor activity began to increase 
2h later and finally reached levels seven times that of the 
control; clonic convulsions and death followed. 

PIH decreased hexobarbital sleeping time in mice by 
about 20 per cent while PIHE increased it by 44 per cent. 
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PIH has 1:3 times the relative pressor activity of 6- 
phenethylamine, while PIHE was almost without effect 
as measured in the «-chloralose anesthetized cat. 

We are now examining the pharmacology of a number 
of ring-substituted phenylisopropylhydroxylamines and 
their corresponding methoxyamines in order further to 
determine the role of the hydroxylamine group in central 
and autonomic activity. 

F. BENINGTON 
R. D. MORIN 
L. C. CLARK. JUN. 
Departments of Psychiatry and Surgery, 
University of Alabama, 
Medical College, 
Birmingham, Alabama. 
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Effect of Angiotensin on Intraocular Pressure 


In a previous report from this laboratory’, it was 
observed that injections of noradrenaline, made directly 
into the vitreous body of the rabbit eye, lowered the intra- 
ocular pressure, apparently by reducing tho resistance to 
outflow of aqueous humour from the angle of the anterior 
chamber of the eye. In order to determine whether such 
an effect could be related to the vasoconstrictor action of 
noradrenaline, it was decided to examine the ocular 
effects of angiotensin, a vasopressor compound which 
does not stimulate sympathetic alpha receptors. Some 
preliminary results obtained in this study are presented 
here. 

ln all these experiments, albino rabbits of the New 
Zealand white strain were used. Urethane 1-2 g/kg was 
used as the anesthetic. Intraocular pressures were record- 
ed manometrically and the facility of outflow of aqueous 
humour determined from analysis of pressure decay 
curves as described previously?*. In the first series of 
experiments, angiotensin was injected close-arterially to 
one eye via a polythene cannula inserted into a lingual 
artery. The mean arterial blood pressure was recorded 
throughout each experiment by means of a cannula 
inserted into a femoral artery. The anterior chambers of 
both eyes were cannulated prior to the injection. The 
results of such an experiment are shown in Fig. 1. Injec- 
tion of 5 ug angiotensin over a period of 1 min into a 
lingual artery resulted in a rise in the mean arterial blood 
pressure, the pressure returning to normal at the end of 
the injection. It is interesting to note that in contrast to 
the pressure in the control eye, which followed the gencral 
blood pressure changes, the intraocular pressure of the oye 
which received most of the angiotensin fell during the 
injection and then returned to normal]. The fall in intra- 
ocular pressure in the test eye was accompanied by visible 
blanching of the iris. The transient change in intra- 
ocular pressure seen in the test eye could be due to a 
constriction of blood vessels in the eye or it could be duc to 
a relaxation of the extraocular muscles. Thus, an indica- 
tion of a marked change in intraocular pressure under 
these conditions-is not sufficient to indicate that angioten- 
sin can alter aqueous humour dynamics. 

It is well known that any change in the steady-state 
intraocular pressure must be explained in terms of three 
factors which govern intraocular pressure at equilibrium, 
namely, rate of formation of aqueous humour, resistance 
to outflow and episcleral venous pressure. To determine 
the effect- of angiotensin on the steady-state intraocular 
pressure, injections were made directly into the vitreous 
body of the rabbit eye as described previously?. In each 
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Fig. 1. Injection of 6 vg angiotensin into a lingual artery of a rabbit 


(3 kg) over the period marked by the horizontal bar. Records, from 

above downward: mean arterial blood pressure recorded from a femoral 

artery; intraocular pressure of the test eye; intraocular pressure 
of the control eye 


experiment, one eye was injected, the remaining eye 
acting as a control. Six hours later, the animals were 
anesthetized and the steady-state intraocular pressure 
and facility of outflow of aqueous humour determined for 
each eye simultaneously. Doses of 15-20 ug angiotensin 
injected into the vitreous body were found to lower the 
intraocular pressure, but in contrast to noradrenaline the 
resistance to outflow of aqueous humour in these eyes was 
unchanged. In a series of 5 rabbits, the mean intraocular 
pressure and outflow facility of the untreated eyes was 
20-4 + 1-2 mm mercury (mean + S.E.) and 0-22 + 0-03 ul. 


min-! mm mercury! (mean + S.#.) respectively: corre-' 


sponding values for eyes treated with 20 yg angiotensin 
were 17-0 + 0-9 mm mercury and 0-23 + 0-03 pl. min“ 
mm mercury. 

Since the outflow resistance was unchanged in these 
experiments, it would appear that the lowered steady- 
state intraocular pressure observed in the eyes treated 
with angiotensin was due either to an effect of the drug 
on the rate of formation of aqueous humour or to an effect 
on the episcleral venous pressure. A decreased rate of 
formation. of aqueous humour could result from intense 
vasoconstriction in the region of the ciliary processes. 
Thus, in contrast to noradrenaline, angiotensin was with- 
out effect on the resistance to outflow of aqueous humour 
from the rabbit eye. These results support the suggestion? 
that the reduction in resistance to outflow of aqueous 
humour observed after noradrenaline is due to an action 
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of the amine on sympathetic « receptors closely associated 
with the drainage mechanism of the rabbit eye. 

This work was carried out during the tenure of a post- 
doctoral fellowship from the National Council to Combat 
Blindness, New York, N.Y. I would like to thank Mr. 
Campbell M. Kriel, of the Ciba Pharmaceutical Co., for the 
generous supplies of angiotensin (‘Hypertensin’). 


KENNETH E, EAKINS 


Ophthalmological Research Unit, 
Wilmer Institute, 
Johns Hopkins University Medical School, 
Baltimore, Maryland. 
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HÆMATOLOGY 


Haptoglobin Distribution in a Filipino 
Population 


DISTRIBUTION of haptoglobin types has been investi- 
gated in serum or plasma samples from 293 Filipino 
residents of the Manila area and surrounding provinces. 
Approximately half the samples were obtained from 
those submitted to the Manila Health Department 
Laboratory for serological investigations; the remaining 
samples, including 46 from cholera patients, came from 
patients at San Lazaro Hospital. The samples were treated 
with merthiolate and stored under refrigeration until 
transported to our laboratory for analysis by a modifica- 
tion of the Smithies vertical starch-gel electrophoresis 
procedure}. : 

Results from this preliminary examination are presented 
in Table 1, which also contains the information at present 
available for other Asian ethnic groups. As reported 
earlier’, there appears to be close similarity among Thai, 
Malayan, Japanese, and Chinese haptoglobin distributions 
although none of the groups has been investigated in 
sufficient detail. It is apparent from Table 1 that the 
present group of Filipinos differs distinctly from the 
remainder of the Asian groups tabulated; the estimated 
Hp! gene frequency of 0-38 is appreciably higher than the 
others. These results, although based on a small number 
of subjects taken at random from the general population 
and representing a mixture of Filipino ethnic groups, 
suggest that substantial differences will be found to exist 
between Filipino groups and some of the other south-east 
Asians. 

The haptoglobin distribution of the present Filipino 
group resembles Caucasian haptoglobin distribution more 
than any other. Although values reported from various 
countries for the Caucasian haptoglobin distributions vary 
somewhat, those of Fleischer and Lundevall: and Galatius- 
Jensen‘ appear representative. Among 1,000 Norwegians? 
the 1-1, 2-1, and 2-2 types were 15-3, 44-5, and 40-2 per 
cent respectively; in 2,046 Danes‘ the corresponding 
percentages were 16-0, 47-3, and 36:7. From those results 
the Hp! values are approximately 0-37 and 0-40. These 
figures are quite similar to the present results. 

Attempts by workers to relate haptoglobin phenotype 
to predisposition to diseases appear to have been unsuc- 
cessful. In the case reported here, for example, no 
significant difference in the haptoglobin distribution was 
found between the group of 46 cholera patients and the 
remaining 1,247 subjects. The respective distributions for 
0-0, 1-1, 2-1, and 2-2 types were 0, 15-2, 52-2 and 32-6 for 
the cholera patients and 0-8, 13:8, 47-4, and 38-0 for 
the non-cholera group. j 

We thank Dr. Vincente Reyes, Mrs. Natividad Sullano, 
and Mr. Delfin Santos, San Lazaro Hospital Clinical 
Laboratory; the personnel at Manila Health Department 
Laboratory and the Plasma Research Laboratory; Cdr. 
James W. Fresh, and John Rampsch, for providing blood 
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Table 1. HAPTOGLOBIN DISTRIBUTION IN ASIAN ETHNIC GROUPS = = 
pees = 
No. of Percentage distribution of haptoglobin types Gene frequency 
i Ethnic groups ! Subjects a0 | F | 2-1 2-2 | Hp: i Hy? 
i : l j S 
l Filipino (present work ' 293 07 | 140 : 484 372 ıı OBB 0-61 
| Thais took 2) } ' 682 23 | 57 371 548 ! O24 073 
Malays (ref. 5) 1 236 i 08 | 5-1 36-0* 581 | 024 0-76 
Japanese (ref. 6) t 349 1-4 6-0 35-0 | 57-6 0-24 0 To 
Chinese in Taiwan (ref. 7) 172 | 0 9-3 37:8 52-9 í 0:28 ore 
Chinese in Malaya and Australia (ref. 5) 167 1-2 10-8 | 34-1 53-9 0'28 O72 
Koreans (ref. 8) 489 0 10-0 41:5 ! 48:5 ! 031 i 0:69 
Indians in Malaya (ref. 5) | 219 18 18 | 14-6* 81-7 | 0-09 091 
| Indians in the United States (ref. 9) 74 0 : 4:0 28-4 | 67-6 0-18 Un? 


specimens for the présent work. The views expressed here 
are our own and are not to be construed as official or 
reflecting the views of the U.S. Navy Department or the 
Naval Service at large. This work is being supported in 
part by a fund provided under U.S. Public Law 480, 
Section 104 (c). 
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Frequency of the Atypical Pseudocholinesterase 
in Four Indian (Mexican) Tribes 


Lehmann and Ryan? have noted the familial incidence 
of the low levels of serum pseudocholinesterase seen in 
several patients who were examined because of prolonged 
apnoea following the administration of suxamethonium. 
Kalow? confirmed the hereditary nature of the hyper- 
sensibility to suxamethonium and studied the kinetics of 
the pseudocholinesterase of normal and drug sensitive 
individuals, discovering that they differed in their 
activity towards several substrates and their resistance to 
different inhibitors. The latter property was utilized to 
devise a technique? called dibucaine number (DN) which 
clearly differentiated‘ three types of persons that corre- 
sponded presumably to: (a) normal homozygotes charac- 
terized by having DN above 72; (b) abnormal homozygotes 
with DN below 35; (c) heterozygotes with DN between 45 
and 68. Family studies suggested that one pair of allelic 
genes now called E," E,4 (Motulsky‘) controlled the type 
of pseudocholinesterase present. 

Further investigations have proved the existence of 
another two ratherrare genes participating in this system. 
The ‘silent’ gene E! (ref. 6) characterized by the absence 
of enzyme activity in such a manner that, in the homozy- 
gote state Es E8, no pseudocholinesterase can be detected 
while the heterozygote E,4E,s produces only normal 
enzyme; the latter can only be differentiated from the 
homozygote EE," by family studies. The other gene 
is the fluoride resistant one E,f which produces an enzyme 
not detectable by the DN test alone’. , The heterozygotes 
EYE, have low normal values of DN and the hetero- 


` Respectively, 0-4 and 0-9 per cent of the 2-1 haptoglobins for Malays and Indians were reported to be 2~] modified. 


zygotes E,2 E,f have slightly higher DN values than the 
homozygote E,*E,®. The only present way to depict the 
Ef gene is by determining both the DN and the fluoride 
number (FN) in each case®. 

The existence of a polymorphic system described here 
immediately raises the possibility that the gene frequen- 
cies in different populations may vary as has been observed 
with the blood group antigens, the abnormal hemoglobins 
and many other genetically determined traits. So far the 
only available reports in this matter refer to Caucasians 
living in different countries and a small group of Australian 
Aborigines. This communication presents the results 
obtained in 377 Mexican Indians who belong to 4 different 
linguistic groups: 170 Nahuas, 96 Mixtecos, 64 Yaquis and 
47 Tarahumaras. The details of their habitats and general 
characteristics have been presented elsewhere’. The 
people examined were not closely related and were 
apparently pure Indians, although the blood group 
investigations indicate that a small degree of admixture 
with Caucasians exists’. 

Only the DN test was performed in these samples as the 
sera were no longer available when we became aware of 
the fluoride number technique. 

Three cases gave values between 68 and 72, and to 
classify them the suggestion of Kalow and Gunn‘ was 
followed, that is, those with DN of 69 and 70 were con- 
sidered as heterozygous, and those with DN of 71 and 72 
as normal homozygous. Thus, the 7 individuals with DN 
below 71 are heterozygous for the atypical gene (regard- 
less of whether it is in combination with the E, or Ef 
genes), and by simple gene count we get 7 1,9 genes 
among a total of 754. This gives a frequency for E,? of 
0-0092 which, although lower than observed in other 
populations, is not statistically different by the X? 
method from that found in Caucasians residing in Canada 
(0-0183); England (0-019), Greece (0-018) and Portugal 
(0-017); Germany (0:0169) and Czechoslovakia (0-0426)31; 
or Australian Aborigines (0-0051)1*. 

We thank Dr. D. R. Gunn, Toronto, for providing 
adequate control sera. 

This work was supported in part by U.S. Public Health 
Service grant AI 05471-01. 
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PATHOLOGY 


Dohle Bodies in Bufo temporaria afflicted 
with ‘Red Leg Disease’ 

Döms bodies, which occur as blue-staining inclusions 
in neutrophils on Romanowsky-stained preparations, have 
been described as an acquired anomaly in various condi- 
tions in man1-, They have also been reported as a familial 
anomaly associated with platelet abnormalities in 4 
families so farë and are then denoted by the eponym, 
May~Hegglin syndrome. They have not been reported in 
experimental animals. 

During an investigation of the pigmented leucocytes in 
Bufo temporaria it was observed that 50-60 per cent of the 
neutrophils exhibited Déhle bodies (Fig. 1). These 
animals were captured in the Kommetjie area near 
Chapman’s Peak in the Cape Peninsula and they developed 
‘red leg disease’, caused by B. hydrophilus fuscus, in 
captivity. This disease bears a mortality rate of 90 per 
cent and is not uncommon in Rana and Bufo kept in 
captivity’. The animals were treated with sulphonamide 
therapy and responded favourably to therapy. (Prof. 
H. D. Brede diagnosed and instituted therapy for these 
animals.) 

The ribonucleic acid nature of the inclusions could be 
confirmed by the red staining with methyl pyronin-green 
and the disappearance of these bodies when incubated 
with ribonuclease. They do not stain with sudan black, 
periodic acid-Schiff or Feulgen procedures. 

The mode of origin of these bodies is obscure but it 
is usually held to represent areas of cytoplasm which 
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failed to mature’, An alternative, or additional, mechan- 
ism appears to be possible in the case of Bufo.- It was 
found that many lymphocytes had conspicuous cyto- 
plasmic budding (Fig. 2), and occasionally globules 
apparently representing broken-off cytoplasmic buds were 
seen in the vicinity of such cells. Phagocytosis of such 
buds was occasionally observed (Fig. 3). 

A mean incidence of 15 per cent of lymphocytes with 
budding cytoplasm was found. There is no significant 
correlation between the number of cells with budding and 
the number of neutrophils with Déhle bodies. An average 
of 1-5 per cent of monocytes had similar inclusions. 

The relationship of giant thrombocytes in May—Hegglin 
syndrome to these inclusions is also obscure, but it is 
of interest that amphibians have large thrombocytes 
(‘spindle cells’). 

Although single inclusions per cell are the most frequent 
occurrence, up to six Déhle bodies in a single cell have been 
observed. 
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In vivo and in vitro Activity of Tolerant 
Anti-leukæmia Serum 


Iw previous work we have shown.that after the induction 
of artificial immunological tolerance in the rabbit to nor- 
mal mouse tissues, subsequent immunization with tumour 
produces tolerant anti-tumour sera. These show low 
murine toxicity and significantly greater toxicity for the 
tumour than do non-tolerant anti-tuwmour sera or anti-sera 
against normal tissues—tolerant or non-tolerant. So far 
we have prepared such tolerant specific antisera against 
the transplantable Ehrlich ascites tumour!? and the 
spontaneous AKR lymphatic leukemia?4, The assays of 
these anti-sera have been done in vivo. Other workers 
have also reported tolerant specific anti-tumour sera 
using both homologous®-* and isologous®»?° tumours. 

Published works have used either in vivol-+%10 or in 
vitro’-§ methods of analysis, with the exception of Trench 
et al.1° where an attempt to correlate the in vivo activity 
of tolerant and non-tolerant anti-tumour serum with in 
vitro precipitin lines in Ouchterlony plates was made. The 
anti-sera they used failed’ to give precipitin lines with 
normal or tumour antigens. This finding agrees with our 
unpublished data?! that in interfacial ring tests between 
tolerant anti-Ehrlich ascites tumour serum and super- 
natants from homogenates of this tumour, no precipitin 
lines were seen. 

Until now the in vivo tolerance and anti-tumour activity 
of anti-sera could be shown only in the intact animal. 
About a third of all presumptively tolerant anti-sera which 
we have prepared have failed to meet criteria for tolerance. 
Thus an in vitro assay which would accurately predict 
tolerance toward normal tissue as well as tumour toxicity 
has been lacking and is needed for further investigations 
of tolerant anti-sera. The present investigation outlines 
such an in vitro method utilizing cytotoxic indices of 
anti-sera against leukemic and normal cells and indicates 
the correlation of these findings with in vivo observations. 

Artificial immunological tolerance was induced in 
neonatal Dutch rabbits to normal AK RF mouse tissues by 
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the method outlined previously!-?, except that the first 
tolerance-inducing injection was given before the eighth 
post-natal hour and the amount of antigen used for the 
21 injections totalled 3-10 g. 

During the eighth post-natal week presumptively 
tolerant rabbits were skin-tested against normal antigen. 
These tests were negative and the rabbits were then given 
6 injections on alternate days (50, 100, 150, 200, 250, 
300 mg)-of a homogenate of organs (spleens, thymuses, 
lungs, livers and lymph nodes) from frankly leukemic 
AKR mice. These rabbits were bled 14 days after the last 
immunizing injection (tolerant anti-leukemia serum). 
Serum was obtained from two previously uninjected 
control groups of age mate Dutch rabbits, one of which 
was given the same amount of leukemic tissue (non- 
tolerant anti-leukemia serum) or the same amount of 
tissue from normal mice (non-tolerant anti-normal tissue 
serum). Completely untreated age mate Dutch rabbits 
were bled for normal rabbit serum. 

Cytotoxic indices were done in the following manner. 
Cell suspensions (5,000,000/ml.) consisting of cells teased 
from the lymph nodes and spleens of normal or leukemic 
AKR mice were prepared in Hanks’s solution containing 
20 per cent guinea pig serum. Four-fold serial dilutions 
of the various fresh, unheated, unfrozen anti-sera or 
normal rabbit serum were made using Hanks’s solution 
without guinea pig serum. At each dilution each anti- 
serum (or normal rabbit serum) was tested against both 
leukzemic cells and normal cells: 0'2 ml. of the anti-serum 
dilution, 0-1 ml. of Hanks’s solution, and 0-1 ml. of cells 
(500,000) in Hanks’s solution with 20 per cent guinea pig 
serum were mixed and incubated at 37° C for 30 min. An 
aliquot of this was then placed on a dried eosin drop on 
a microscope slide, mixed and 500 cells counted. The 
cytotoxic index for each anti-serum dilution was calcu- 
lated as follows: 


No. of cosin unstained cells No. of eosin unstained cells 
of normal rabbit serum dilution — of antiserum dilution 


No. of eosin unstained celis of normal rabbit serum dilution 





The cytotoxic index is reported for each anti-serum as 
that dilution giving a cytotoxic index calculated to be 


0-500. All titrations were done within a 3-h period during ` 


which the number of non-specifically stained cells counted 
at the beginning and the end of the experimental period 
did not vary more than 2 per cent. Table 1 gives the 
reciprocals of the dilutions at which the cytotoxic indices 
of the various anti-sera are 0-500 against normal cells and 
against leukemic cells. In addition, the ratio of the 
anti-serum activity against leukemic cells to that against 
normal cells is given in the third column. It can be seen 
that the tolerant anti-leukemia sera had respectively 5-4 
and 3:5 times the activity against leukemia cells as against 
normal cells. In addition, the anti-leukemia activity of 
these tolerant anti-leukemia sera compared with that of 
the highest anti-leukemia activity of any non-tolerant 
anti-serum (non-tolerant anti-leukemia serum 11) was 
three and two times as great. Finally, the ratios of 
leukemic to normal tissue activity of none of the non- 
tolerant anti-sera exceeded 1-7. - 


Table 1. CYTOTOXIC INDEX OF VARIOUS ANTISERA AGAINST NORMAL AKR 
AND LEUKÆMO AKR CELLS : 
Normal Leukemle Ratio : leukemic cells 


Antiserum cells* cells normal cells 


eat anti-A KR leukemia 35 190 5-4 
0. 
Tolerant, anti-A KR leukemia 34 118 3-5 
0. 
Non-tolerant anti-4 KR 
leukemia No. 10 160 35 0-2 
Non-tolerant anti-a XR 
leukwmia No. 11 34 58 1-7 
Non-tolerant anti-AKR 
normal tissue No. 10 16 18 1-1 
Non-tolerant anti-4 KR 
normal tissue No. 11 19 29 15 


* Figures given are reciprocals of the dilution of antiserum giving a cyto- 
toxic index of 0-500. spares 
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Fig. 1. The survival of mice inoculated with 5 x 10° leukemic cells and 
given various antisera or normal rabbit serum 


In order to see if these in vitro findings correlated with 
the activity of the various anti-sera in the intact animal. 
0-4 ml. of each of the anti-sera was injected intra- 
peritoneally into each of 3 normal AKR mice. Four addı- 
tional normal AKR mice each received the same amount. of 
normal rabbit serum. The mice which received the two 
tolerant anti-leukemia sera, the two non-tolerant anti- 
normal tissue sera, non-tolerant anti-leukemia serum 11 
and normal rabbit serum showed no adverse effect from 
the injections of these sera. However, the 3 mice which 
were given non-tolerant anti-leukemia serum 10 were 
immediately prostrated and 1 died within 20 min. 
Autopsy findings were compatible with death from 
anaphylaxis. The surviving 2 mice remained in poor 
condition for a period of 8 h. 

Five days later each surviving mouse of the afore- 
mentioned groups was injected intraperitoneally with 
500,000 eosin unstained cells from the spleens and lymph 
nodes of frankly leukemic mice. (1 mouse which had 
received tolerant anti-leukemia serum 10 accidentally 
received 750,000 cells and was killed.) 0-8 ml. (0-4 ml. on 
2 consecutive days) of the same antiserum (or normel 
rabbit serum) as administered 5 days previously was given 
to each mouse. The subcutaneous route was used in order 
to minimize as much as possible systemic reactions. The 
mice receiving non-tolerant anti-leukemia serum 10 were 
prostrated after each injection but recovered. Mice in 
other groups appeared unaffected by the anti-serum 
administration. Thus it would seem that only those mice 
which received anti-serum with a high cytotoxic index 
against normal cells in vitro showed untoward systemic 
reactions. Those mice which received the tolerant anti- 
leukemia sera which had low in vitro cytotoxic indices 
against normal tissue but high cytotoxic indices against 
leukemia cells showed no untoward systemic reactions. 

In order to see the in vivo anti-leukemia effect of the 
various anti-sera, the-survival of these mice up to the 
time of this communication is recorded in Fig. 1. In this 
figure, mice which received each type of anti-serum are 
grouped together. All 5 mice which received tolerant 
anti-leukemia sera are alive; 3 of the 5 mice given non- 
tolerant anti-leukszmia sera have died from leukemia, ss 
have 4 of 6 mice given non-tolerant anti-normal tissue soru, 
and 3 of 4 mice-given normal rabbit serum. From these 


„results it would seem that the in vitro cytotoxic indices of 


the antisera against leukemic cells closely parallels the 
anti-leukwmia effect of these anti-sera in the intact animal. 

It would thus appear that antibodies directed against. 
leukemia specific antigens can be disassociated from 
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antibodies against normal tissue antigens by the use of 
anti-sera obtained from heterologous animals made 
immunologically tolerant to normal antigens of the 
isogenic strain in which the leukæmia arose spontaneously. 
Furthermore, using fresh, unheated, unfrozen serum in 
in vitro cytotoxic indices, the activity of such anti-sera 
can be shown to parallel closely the murine toxicity and 
anti-leukemia activity of such anti-sera in the intact 
animal. 

Work of this nature may have major implications for 
the eventual treatment and understanding of other 
spontaneous malignancies occurring in both experimental 
animals and human beings. 

This work was supported by grants from the American 
Cancer Society——California Division, and the California 
Institute for Cancer Research. 
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IMMUNOLOGY 


Effect of Azo-coupied Antibody Immunization 
on Skin Homograft Survival 


In a recent pilot experiment, an attempt has beeh made 
to modify the development of the rejection pattern of 
skin homografts applied to rabbits’ ears. The method 
involved a system of immunization of the recipients with 
an azo-coupled extract of the first regional lymph nodes 
activated by grafts taken from the same donor animal. 
This animal also provided the definitive graft to the 
recipiént after immunization. 

It has been shown that the regional lymph nodes 
draining a skin homograft show accumulations of ‘large 
lymphoid cells’ in the cortex and, to a lesser extent, in the 
medulla’. Five days after the insertion of the skin 
homograft, Radici and Piredda? described how in the 
rabbit the reticular cells of the medullary cords of the 
first regional nodes were largely replaced by pyronino- 
philic cells. Scothorne? directed attention to the 
similarities between this large lymphoid cell of the primary 
regional lymph node response and the cells which are 
usually regarded as antibody producers. A fluorescent 
technique has shown that there is a high concentration of 
antibody in the large cells which develop in lymph nodes 
responding to soluble antigens‘. Burwell and Gowland’ 
suggest that with small tissue homografts the T-antigens 
rather than the H-antigens are responsible for the 
appearance in the regional lymph nodes of the antibody- 
forming large lymphoid cell. 

In this experiment, it was hoped that if an extract 
could be made by homogenization of these activated 
nodes the cell fraction containing the cell-bound antibody 
would be liberated. If this homogenate were then coupled 
with an azo dye, the resulting compound should, in itself, 
be antigenic’. If the coupled extract were then injected as 
an immunant into a series of recipients, they should be 
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immunized by it, so that when a graft from the origi: 
donor animal is made on to these animals the anti; 
being introduced would evoke the normal response in + 
regional nodes with the production of an antibody, b 
this latter would be inactivated by virtue of previc 
immunization with the same antibody—coupled to 
azo dye and introduced as an antigen. (A process sim 
to that visualized by Medawar in 19547.) 

Thus antigens produced from the graft from donor 
invoke an anti-A antibody in animals B. This is recover 
by killing the animals, and homogenizing the first region 
lymph nodes to produce the extract. The extract is th: 
coupled to an azo dye to produce an (anti-A) antigc 
which is given in immunizing doses to animal C. Fina. 
a graft is taken from animal A and placed on animal 
Anti-A antibody is produced in the regional nodes in t 
usual manner, but this is then inactivated by the ar 
(anti-A) antibody produced by immunization. Rejectic 
should therefore be inhibited. 

In practice the homogenized lymph node extract w 
coupled to diazo-p-amino-benzoate, after the method 
Nissonoff and Pressman’. After dialysis with bora 
buffer for 5 days, a series of immunizing injections w: 
performed. This consisted of a primary challenge of 2 n 
of immunant subcutaneously, plus 2 ml. intravenousl, 
three times a week for 3 weeks; a secondary challenge + 
a total of 10 ml. of immunant emulsified with 10 ml. + 
Freund’s adjuvant intramuscularly, in several sites. 
tertiary challenge was given one month after this, « 
2 ml. intravenously on three occasions in one week, wit 
a cover of ‘Phenergan’ 1-5 mg/kg to prevent an anaphy 
actic reaction. These animals then received the definitiv 
grafts 9 days after the last immunizing injection. Thi 
régime has been found by Gowland! to be the mos 
satisfactory method of inducing an immune response i 
the rabbit. 

Three separate, but essentially similar, experiments wer 
performed, each involving three final recipients. In th 
first group, the weight of activated lymph node per m 
ofimmunant was 1 mg/mL, in the second group 12 mg/ml. 
and in the final group 10 mg/ml. The recipients in th 
third group also received booster doses of immunant o» 
the day of grafting, and 5 days after grafting. By usin, 
the same operative method and the same criteria fo 
rejection as Smiddy, Burwell and Parsons’, who found tha: 
the mean rejection time for skin homografts applied ts 
rabbits’ ears was 5-1 + 1-9 days, it was possible to use thei» 
series of animals as a control. 

The mean rejection time for this present experimenta 
series was 11-5 days+6-9 days. This, however, include: 
one rabbit which was killed on the 28th post-operative 
day, when the graft was found histologically to be surviv 
ing. (This particular rabbit had become pregnant during 
the long immunizing period, and was grafted 9 days aften 
parturition. The prolonged survival of the graft in thi: 
rabbit may be a reflexion of the changed hormonal state 
of pregnancy and lactation.) If this one result is omitted 
from the series, the average survival time is 9-1+ 1-9 days 
that is, an extension of survival time by some 80 per cent 
has been produced. 

However, the series is too small for statistical signifi 
cance, and it is only possible to state that a prolongatiom 
of the survival time was produced, similar in length to tha? 
found by Smiddy et al.? in uremic rabbits. These worker: 
have suggested? that the principal factor which impairs 
the primary immune response to skin homografts in 
severe uremia is interference with the synthesis of 
proteins and nucleic acids in the antibody-forming cell 
of lymphoid tissue. The regional lymph nodes in thei 
series of uremic animals did not enlarge so much as those 
of the control group, but it would appear (purely from 
observation) that the nodal enlargement in this series o 

immunized animals was greater than that of the control 
group. This, if confirmed, may indicate a different mode 
of interference with the mechanism of homograft rejection. 
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The series described shows a small but definite altera- 
ion of the pattern of rejection of skin homografts applied 
© rabbits’ ears after immunization with an azo-coupled 
xtract of activated lymph nodes. A larger series with 
Hoser control of such variables as dose rates of immunant 
nd routes of injection, together with histological examina- 
Kon of the regional nodes at the time of rejection, would 
» desirable. 

I thank Prof. A. Durward for facilities to carry out this 
ork. I also thank Dr. R. G. Burwell for performing the 
rafting operations, for his criticism and encouragement, 
nd Dr. E. Clark for assistance with the chemical aspects 
f the experiments. 
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Complement Levels in Experimental Allergic 
Encephalomyelitis 


Dure the course of investigations designed primarily 
or the characterization of mammalian tissue antibodies, 
xperimental allergic encephalomyelitis was produced in 

inea pigs by subcutaneous inoculation with an emulsion 
f rabbit brain in complete Freund’s adjuvant. The 
rinciples of laboratory animal care as promulgated by 

e National Society for Medical Research were observed. 
n a representative experiment, encephalomyelitis was 
linically manifested by paralysis in 6 of 8 animals. 
irculating hemolytic complement (C’)! levels, however, 

ere unaltered after the injection of brain and during the 
ourse of illness, even though the paralysis usually term- 

ated in death. The failure to detect changes of U’-levels 
this condition lends support to Waksman’s generaliza- 
ion that changes in O’ have not proved to be very useful 
indices for characterizing the pathological mechanisms 
f certain human diseases?. In allergic encephalomyelitis, 
owever, the blood-brain barrier may interpose a par- 
icularly severe restriction as far as changes in C-levels 
ay be concerned. 

Although C’-levels were unaltered, C’-fixing antibodies? 
gainst homogenates of guinea pig brain regularly occurred 

high titre (27 or greater) in guinea pigs paralysed as a 

sult of the rabbit brain—Freund’s adjuvant injection. 
omparable anti-guinea pig brain antibody levels were 
lso produced in guinea pigs injected with a white fish 

oregonous sp.) brain—Freund’s adjuvant emulsion. In 
ddition, albino rats receiving the rabbit brain—Freund’s 
djuvant inoculum showed similar antibody levels in 

‘fixation tests with albino rat brain antigen. Neither 
f the two latter groups of animals, however, developed 
linical signs of disease (that is, paralysis) and on this 
asis ‘auto-antibodies’ per se apparently do not play a 
ausative part in experimental allergic encephalomyelitis. 
n the contrary, recent evidence’ indicates that serum 
ontaining high levels of anti-brain C’-fixing antibodies 

ay exert a protective effect and thus prevent develop- 

ent of disease in animals injected with such serum. It 
ould be of interest, therefore, to determine whether fish 
rain, lacking the capacity to induce encephalomyelitis in 
he guinea, pig, contains ‘protective’ antigen. Conceiv- 
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ably, antiserum to fish brain might neutralize the encephal- 
itogenic activity of mammalian brain in a manner similar 
to the inhibition of enzymes by antibody that does not 
combine with the site of enzyme action’. 
CARL J. TARRANT 
Earr H. FrEe, JUN. 
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Correlation between Virulence and Phagocytosis 
of Genetic Recombinant between Escherichia 
coli and Salmonella typhimurium 


Tue introduction of quantitative methods to measure 
the rate of phagocytosis of bacteria by the reticulo- 
endothelial system in vivo has revived interest in the 
examination of the relationship between bacterial viru- 
lence and phagocytosis'. Although recent investigations 
have shown no correlation between the rate of phagocytosis 
of different bacterial species and their virulence in mice*®, 
a rather different relationship has been noted for different 
bacteria of the same species. The rate of phagocytosis 
by reticulo-endothelial cells of an avirulent rough 
strain of Salmonella typhi is much greater than that of 
the virulent smooth form of the same micro-organism’. 
Jenkin and Rowley’ have reported that virulent strains 
of Salmonella are phagocytosed by reticulo-endothelial 
system slower than non-virulent ones. 

The findings of Baron et al. on the hybridization of 
Salmonella species by mating with Escherichia colt offer 
material of exceptional interest for investigations in 
bacterial virulence. 

The results presented here show that hybrids of the 
virulent S. typhimurium have lost their virulence as a 
consequence of recombination with the avirulent parental 
strain of E. coli. This loss of virulence is associated with 
a striking change in the rate of bacterial phagocytosis by 
the reticulo-endothelial system of mice. The strains of 
E. coli Hfr 3300, S. typhimurium mutator and S. typhimur- 
ium recombinant were provided by Dr. Changeux’. 

These micro-organisms were grown for 24 h on nutrient 
agar containing 30 ue. of *P/ml. (Na,#PO,). They were 
then collected in Tyrode solution (pH 7:4), washed twice 
and resuspended in Tyrode solution at a final concentration 
of 25 x 10° bacteria/ml. In other experiments, formalin- 
killed micro-organisms trace-labelled with iodine-131 
(ref. 2) were used instead of living bacteria tagged with 
phosphorus-32. The results were identical in both cases. 
The bacterial suspension was injected intravenously in 
heparinized mice in a dose of 5 x 10°/20 g. The rate of 
bacterial phagocytosis by reticulo-endothelial cells was 
determined from the kinetics of clearance of the blood 
radioactivity according to the method previously de- 
scribed for ™I-labelled bacteria? and for “P-labelled 
bacteria’®, The velocity of phagocytosis was expressed 
by the constant K calculated according to the equation: 

log C ~ log CO’ 
t-t 
C and C’ are the concentrations of radioactivity in the 
blood at times ż and ? respectively, time being expressed 
in minutes. 

The virulence of the different bacterial strains was 

determined in mice inoculated intraperitoneally with in- 
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creasing doses of bacteria and expressed as the number 
of living micro-organisms giving 50 per cent mortality 
(infective LD,,). In other experiments, the toxicity of 
the same bacterial strains was determined in mice by 
establishing the LD; of formalin-killed bacteria injected 
intravenously (toxic LD»). 

The results presented in Fig. 1 show that the virulent 
S. typhimurium mutator is phagocytosed very slowly 
(K = 0-009) while the non-virulent Æ. coli Hfr is cleared 
from the blood at an extremely rapid rate (K = 0-220). 
The rate of phagocytosis of the recombinant strain is close 
to that of Æ. colt Hfr (K = 0-160). 


2-0 (oo 
S.typhimurium mutator 
K= 0,009 







S.typhimurium recombinant 
K= 0.160 


Log of percentage of blood radioactivity 





05 
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Fig. 1. Rate of blood clearance of the different bacterial strains in mice 


Examination of distribution of radioactivity in the 
organs of mice (Table 1) shows that the majority of 
bacteria are fixed by the reticulo-endothelial cells 
of liver and spleen. Their partition between these two 
organs is related to the rate of bacterial phagocytosis as 
has been shown in preceding experiments". 


Table 1. 


ORGAN DISTRIBUTION OF RADIOACTIVE BACTERIA AFTER THEIR 
BLOOD CLEARANCE 





Bacterial strain Percentage of injected bacteria 











Spleen | Lungs | Kidneys| Total 
S. typhimurium mutator 31 55 4 62-6 
E. coli Hfr 17 0-2 0-7 98-6 
S, typhimurium 
recombinant 25 1-2 0-9 92-6 











The high rate of phagocytosis of S. typhimurium re- 
combinant is associated with a loss of virulence as shown 
in Table 2. The virulence of the different strains is not 
related to their toxic effect because killed bacteria of the 
three strains have a similar toxicity for mice (Table 2). 
The results so far presented indicate that the genetic 
material transmitted by E. coli Hfr to S. typhimurium 
mutator produces a recombinant strain which is at the 
same time non-virulent and easily phagocytosed by the 
reticulo-endothelial cells. It should be emphasized that 
the S. typhimurium recombinant retains the known 
somatic and flagellar antigens of the parental S. typhimur- 
tum mutator. 

To investigate the antigenic relationship between these 
three bacterial strains, the opsonizing activity of rabbit 


Table 2, VIRULENCE AND TOXICITY oF THE DIFFERENT BACTERIAL STRAINS 
IN 


‘CE 











Bacterial strain Infective DD,y> Toxic LDso 
S. typhimurium mutator 20 7x10° 
E. coli Hfr non-virulent 8x10° 
S. typhimurium recombinant >10 7x10° 
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immune sera was measured on the phagọcytosis of S 

typhimurium mutator by the reticulo-endothelial system ir 
mice. Immune sera were prepared in rabbits by repeata 

intravenous injections of formalin-killed bacteria. Thei 

opsonic activity was determined by the methods previously 

described? and expressed in opsonizing units per ml. o 

serum (Op. u/ml). The results given in Table 3 show tha: 
the anti-#. coli serum is devoid of opsonizing activity or 
S. typhimurium mutator, while the anti-homologous am 

anti-recombinant immune sera were endowed with stron 
opsonizing effect on this micro-organism. 


Table 8. OPSONIN AND AGGLUTININ TITRE OF DivFERENT RABBIT IMMUN) 
SERA ON S. typhimurium mutator 





Opsonizing activity 
Immune serum against (Op. U/ml.) Agglutinin titre 








S. tuphimurium mutator 100,000 1/1,280 
E. coli Hfr 0 <1/20 
1/2,560 


| S. typhimurium recombinant 200,000 
i 


The rapid blood clearance of Æ. coli Hfr and S. typhimur 
ium recombinant (Fig. 1) precludes the use of our methot 
of opsonin determination for these bacterial strains. Con 





“sequently 0-1 ml. of immune serum was injected intra 


venously prior to bacteria. No modification in the rate 
of phagocytosis of E. coli and S: typhimurium recombinan 
was produced by the injection of either anti-H. colt om 
anti-S. typhimurium recombinant immune sera. It i 
possible that natural serum opsonins of mice produce » 
full opsonization of these two bacteria. This will explai 
both the rapidity of their phagocytosis in normal mic» 
and the impossibility of speeding up their phagocytosis by 
immune opsonins. This point deserves further investiga 
tion. Preliminary experiments have shown that the rate 
of phagocytosis of S. typhimurium recombinant in mic» 
decomplemented with antigen-antibody complexes® or i» 
BoD, mice genetically deficient in complement}® is the 
same as in normal mice. 

The results presented here show that the genetic analyse 
of bacteria, provides a useful tool for the investigation o» 
the problem of their virulence. The correlation betwee: 
the genetic modifications of micro-organisms with change 
in their rate of reticulo-endothelial system phagocytosis 
will help to clarify the nature of the phagocyte—parasit 
relationship in the mechanism of natural immunity. 


G. Brozzr 

L. Le Minor 
C. STIEFEL 
D. Movron 
F. DAOULAS 


Centre de Recherches Allergiques et Immunologiques 
de l'Institut National d’Hygiéne et de l’Association 
Claude Bernard, Hépital Broussais, Paris, 14°, 

et Institut Pasteur. 
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Irreversible Cellular Changes in Old Mice 


CELLULAR changes accompanying ageing are known to 
occur in a number of organs, for example, liver’, bile 
xducts*, pancreas®, thyroid? and prostate®, and may be due 
sO an intrinsic change in the tissue cells or to humoral 
changes in the host. Most of this work, however, is based 
on histological investigations of fixed material and little is 
known, about the biological potential of these tissues. In 
a preliminary investigation® the response to hormones of 
prostatic tissue from young (1-5 months), adult (4-5 
months) and old (24 months) mice was investigated in 
organ. cultures and differences in reaction were described. 
The prostates of the old mice also showed a general 
epithelial atrophy, but with areas of giant cells and pre- 
sumed. hyperdiploid cells with large irregular nuclei. When 
these tissues were maintained in vitro on a medium 
containing normal adult human serum some of these 
changes regressed, but the cultures wero maintained for a 
relatively short time (21 days). To investigate the effects 
of the humoral environment on tissues of different ages 
for longer periods, a series of experiments were carried out 
by grafting old and young prostatic tissue into hosts of 
different ages. These animals can be described as age 
chimeras®, 

C57 black mice were used in all experiments. The 
ventral prostates were removed from the donor animals 
and oach lobe of the paired gland dissected to free the 
tubules and divided into two parts. These were trans- 
planted subcutaneously into the flank of the host mice 
with a modified Bashford-type needle. Animals from each 
group were killed at intervals from 4-539 days, and the 
grafts and the hosts’ ventral prostates examined. The 
number of transplants and the ages of donors and hosts 
are given in Table 1. 

















Table 1. AGE oF DONORS AND Hosts 
Age of donors No. of transplants Age of hosts 


(months) (months) 
15 2 3-5 
5 60 5 
8 6 8 
24 43 3-5 


All the grafts retained their normal structure, although 
some acini became distended with secretion. As in the 
intact prostate, the epithelium in the distended acini was 
lower than that in the smaller glands. Grafts from the 
young and adult animals did not differ as a rule from the 
prostates in the host animals. In the early stages of the 
experiment tho prostatic epithelium in both was normal 
(Fig. 1). After 500 days, however, ‘hyperdiploid’ cells 
were present. Those were moro frequent in the grafts 





Graft (62 days) from 1-5 months old donor showing normal 


Fig. 1. 
epithelium (hematoxylin and eosin. x e. 430) 
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Fig. 2. Graft (104 days) from 24 months old donor showing tail foamy 
epithelium, ‘hyperdiploid’ cells in papilla and cell in mitosis (ha n! 
atoxylin and eosin. x c. 430) 


from the 8 months old mice than in hosts of the samo age, 
but only 2 of these animals survived for this period. The 
transplants from the 24 months old animals also contained 
cystic acini with low epithelium, ,but in the sinaller glands 
the epithelium was very tall and foamy and resembled 
that seen in testosterone-treated animals; mitoses wero 
seen in these cells. The giant cells and presumed hyper- 
diploid cells remained unchanged (Fig. 2). Theso findings 
in the old grafts were present at 31 days, when the first 
animals were killed. The host prostates from animel: 
bearing the old grafts were all normal. 

These experiments confirm the in vitro finding that ihe 
epithelial atrophy is reversible and is presumably due to 
humoral changes, perhaps an androgen deficiency in the 
old mice. There are also differences in the cells themselves 
in the old tissues. First, mitoses are found in the opithohal 
cells in the old grafts although they are uncommon in 
young tissue either in grafts or in the intact prostute. 
Secondly, the ‘hyperdiploid’ cells with giant nuclei persist. 
Last, as in the organ cultures, the secretory response of 
the old tissue differs from that of the young tissue, but 
in vivo the old epithelium reacts more strongly whorens 
in vitro it appears to be less responsive. This may be due 
to deficiencies in the tissue culture medium. These celluler 
changes seem to be irreversible. L. M. FRANKS 


F. ©. CHESTERMAN 
Tissue and Organ Culture Unit and 
Division of Experimental Biology and Virology, 
Imperial Cancer Research Fund, 
London, W.C.2 and N.W.7. 
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Ultra-structure of Carotid Body Tissue as 
seen in Serial Sections 


Tux ultra-structure and hence the mode of functioning 
of the alleged chemoreceptors of the carotid body aro still 
the least understood of all known sensory tissues. In oa 
previous investigation it was pointed out that further 
knowledge would depend on three-dimensional pictures. 
such as can be obtained by the use of serial sections. 

The present observations are based on six series of 
electron microscope sections of cat carotid body, fixed 
with Palade’s fixative, embedded in ‘Epon’ or methacryl- 
ate and stained with uranyl acetate. A survey of tha 
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Fig. 1. 


. essential findings is given here; further details and illus- 
trations will be published later. 

Previous light and electron microscope work showed 
the existence of two distinct cell types’*-*, The work 
recorded here confirms their presence and throws new 
light on the intimate relationship between them. 

The more conspicuous type I cell (‘epithelioid cell’, 
‘chief cell’, etc.) which frequently clusters into typical 
glomeruli, receiving an intense blood and nervous supply, 
is thought by many to be the chemoreceptive element of 
the carotid bodyt. A special examination was therefore 
made of its boundaries and spatial relationship to the 
nerve and blood supply. 

It was noted that the roundish or oval cell body may 
have up to five massive finger-like processes, the length of 
which may exceed the cell diameter. These cellular exten- 
sions are not orientated towards blood vessels or nerve 
fibres, but towards the cell bodies and extensions of other 
noighbouring type I cells. In this way interlocking cell 
groups are formed. These are, in addition, surrounded by 
a well developed collagen tissue, the fibres of which may 
surround the cell groups in alternating longitudinal and 
transverse layers. Up to six such layers could on occasion 
be observed. 

However, wedged between the collagen envelope and 
groups of type I cells lies the thin layer of cytoplasm of 
type II cell (‘sustenticular cell’, ‘dark cell’, etc.). Closer 
examination showed that the cytoplasm of type IT cell 
extends into a widespread sheath-like system which 
envelops the cell body and the extensions of one or several 
type I cells, forming an envelope which lies between and 
around type I cells, separating these from the surrounding 
collagen. No instances were discovered where the cyto- 
plasmic membrane of a type I cell is free of the type IT 
cell sheath (Fig. 1). ` 

The finer structure and the cytoplasmic inclusions of 
both cells, which will be dealt with in detail elsewhere, 
have been described previously? and could, with a few 
exceptions, be confirmed. One feature of type II colls 
which was hitherto unobserved is the expansion of the 
cell body, at a situation remote from the nearest type I 
cell, into a thin sheath studded with large, irregular 
vacuoles, in appearance similar to those observed in 
nearby Schwann cells. 
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Diagram showing in the carotid body of the cat the relationship between type I 
unstippled) and type II cells (stippled) and their processes (P+ and aa NF, nerve fibres; 
c, Schwann cell; C, collagen; BC, ees with red blood cells; E, endothelial 
cells 
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Nerve fibres supplying groups of type 
cells are of widely different diameter and ar 
carried towards them in a Schwann ce) 
sheath. Immediately after they leave th 
sheath the fibres are surrounded by the mem 
branes of type IT cells (Fig. 1). Thus onc 
more ensheathed, some of the fibres meande 
towards the cell surface of one or severa 
type I cells. At points close to the surfac. 
of such a cell the sheath of type IT cel 
recedes to allow close apposition betwee 
type 1 cell surface and the fibre. Ofte» 
such. a fibre comes to lie in a groove along th: 
surface of a typeI cell. However, no instanc 
was discovered where the fibre appeared t 
terminate in such a position or exhibitec 
signs of synaptic contact, nor was an? 
structural change observed in the adjacen 
membrane or cytoplasmic area of the type . 
cell. Other fibres increased in diamete 
for a short distance while carried by type I 
cells, and proceeded with diminished dia 
meter. Often the fibres ended withou 
structural modifications within the sheat) 
of a type IT cell. Some exceedingly thir 
fibres, with a diameter of mitochondria 
dimensions, even failed to make any contac 
with type I cell. 
Direct access to the blood-stream b 
a type I cell has been nowhere detected 
As mentioned here, these cells are sur 
rounded by the cytoplasm of type II cells as well 
as usually by several layers of collagen bundles. The 
nearest blood supply runs in sinusoidal vessels lined by 
distinctive endothelial cells. Tho latter abut on a base 
ment membrane and are interlocked by processes; thei 
free surfaces are enlarged by villus-like extensions (Fig. 1) 
Beneath the latter lies a zone rich in pinocytotic vesicles 
often of considerable size, which seem to diminish in siz 
and frequency towards the basement membrane. 
A. lack of direct or easy access by type I cells to th 
chemical information carried by the blood-stream ha 
already been casually mentioned by previous worker 
using single electron microscope sections’. 
In conclusion, this investigation casts serious doubt 
on æ concept which considers cells to act as chemica 
receptors of the circulating blood stream which ar. 
surrounded, not only by the cytoplasm of a second cell 
but are, in addition, isolated from the nearest blood vessel, 
by bundles of collagen. a basement membrane and th: 
interlocking processes of endothelial cells. , 
L. L. pz Koox 
A. E. Q. DUNN 
Department of Natural History, 
Marischal College, 
University of Aberdeen. 
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Effect of Alkaline Media on the Growth of 
Embryonic Chick Tibiotarsi in Organ Culture 


Sıxce blood has a pH of about 7-4, media used for orgar 
and tissue culture are usually adjusted to this hydroge» 
ion concentration. However, when the chemically define: 
medium BGJb! was first formulated, sodium bicarbonatr 
was added in excess (3-5 g/l.), with the result that tho 
medium had a pH of 7-68 when equilibrated with 5 pe: 
cent carbon dioxide in air. Mouse fallopian tubes con 
tinued to function? and embryonic long bones developed 
under these alkaline conditions. Paff? studied the effect o 
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Medieval Technology 
and Social Change 
Lynn White, Fr 


‘Only the practised and learned historian can 
realize the significance of the change in a 
technical term of a charter, or of some 
seemingly meaningless elements in an 
illumination. Only a shrewd guide can thread 
a plausible path through the multitude of 
mistranslations, repeated errors, and foolish 
guesses that bedevils this still infant subject. 
Prof. White is both.” NATURE JIlustrated 
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(Oxford Paperbacks) 


An Introduction to 
Numerical Linear 
Algebra 

L. Fox 


Problems involving linear algebra arise in 
many contexts of scientific computation, 
either directly or through the replacement 
of continuous systems by discrete approxi- 
mations. This introduction covers the 
practice of matrix algebra and manipulation 
and related subjects. 50s net 


(Monographs on Numerical Analysis) 


Elementary 
Vector Algebra 
A. M. MacBeath 


Three-dimensional vector algebra is useful 
not only in mechanics where it originated, 
but also in geometry. This book, written 
with geometrical applications in view, 
includes an introduction to co-ordinate 
geometry of planes and lines and to spherical 
trigonometry. It should be suitable for sixth 
formers or first-year university students. 
Text-figures 10s 6d net 


+ 


The Friction and 


Lubrication of Solids 
PART II 
F. P. Bowden and D. Tabor 


This monograph is a sequel to the first part 
published in 1950. It discusses in some 
detail the friction of non-metals and deals 
with recent experimental studies of surface 
structure and topography, friction and 
adhesion in high vacuum, and related 
subjects. The emphasis throughout is on the 
experimental approach. Illustrated 84s net 


(The International Series of Monographs on 
Physics) 


Foundations of 
Thermodynamics 
Peter Fong 


Professor Fong expounds here a new formu- 
lation that gives a physical insight to thermo- 
dynamics without the use of elaborate 
mathematics. Basic concepts are carefully 
defined, especially those which are pivotal 
in the theory, such as the concept of a 
reversible process. Paper covers 20s net 


An Introduction to 
Electronics 
B. V. Rollin 


This book is intended for undergraduates 
and first year graduate students reading 
physics and engineering. The subject of 
electronics has been advancing very rapidly 
in recent years, and an attempt has been 
made to cover the most important advances 
in semiconductors, microwaves and quantum 
electronics. Text-figures 30s net 
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hydrogen ion concentration on embryonic chick femora 
cultivated on plasma clots in the presence of both air and 
5 per cent carbon dioxide in air. The pH of the media 
under these conditions was 7-8~8-0 and 7-0-7-3 respectively. 
After cultivation for 14 days, the femora grown at the 
lower pH contained, more bone and had a higher calcium 
content. However, the conditions required for mineraliza- 
tion may be quite different from those needed for cell 
division and cellular hypertrophy in the cartilaginous rudi- 
ment. We have, therefore, investigated the influence of 
hydrogen ion concentration on the growth of cartilaginous 
tibiotarsi of the embryonic chick. This was done by vary- 
ing the bicarbonate concentration of the medium while 
maintaining a constant atmosphere of 5 per.cent carbon’ 
dioxide in air. 

The concentration of sodium bicarbonate in medium 
BGJb was varied so as to give six treatment media ranging 
in pH from 7:0 to 8-0 in steps of 0-2 when the media were 
equilibrated with 5 per cent carbon dioxide in air at 37° C. 
The actual pH values, determined with a pH meter while 
5 per cent carbon dioxide in air flowed through the medium, 
agreed, with the calculated values. Fifteen 7-day-old 
White Leghorn chick embryos were allotted at random in a 
balanced incomplete block experimental design for study- 
ing six treatments in blocks of two. Each block consisted 
of the two tibiotarsi from each embryo, one member 
being assigned at random to a treatment medium. The 
bones were cultivated in separate dishes for five days. 
When the medium was renewed on the second and fourth 
days of cultivation, the pH of the spent medium was 
measured in an atmosphere of 5 per cent carbon dioxide 
in air with a pH meter. No change in the original pH of the 
medium was found. 

At the end of the 5-day culture period, the length, wet 
weights and dry weights of the tibiotarsi were obtained 
by the methods described by Biggers'. 
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Fig. 1. Log length, log wet weight and log dry weight of embryonic chick 

tibiotarsi cultivated for 6 days on medium BGJb containing varying 

amounts of sodium bicarbonate. These concentrations of sodium 

bicarbonate in BGJb gave the pH values shown above when equil- 

ibrated with 5 per cent carbon dioxide in air at 37°C. The responses 

are the means of five observations. ——-, Length; —-~—, wet weight; 
—~-, dry weight 
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ANALYSES OF VARIANCE OF THE DATA SHOWN IN Fic. 1 


Mean squares 
Source of variation D. F. log Length log Wet weight log Dry weight log Top 


Table 1. 


Between embryos 14 0-00192* 0-0104} 0:0109} Q 00007 
Between treat- 
ments (corrected) (5) 000108} 0:0105} 0-O179F 000150 
Linear 0-00220$ 005499 Tt 0:0846 f 0:00317 
Quadratic 1 8-00270* 0-00234 000117 0-00020 
Cubic 1 0-00014 0-00015 000198 000327 
Quartic 1 0-00032 0-00009 000141 0-00077 
Quintic 1 0-00001 0-00009 0-000389 0-00003 
Intrablock error 10 0:00025 0-00049 0-00112 0-00083 
* 001 A di > 0-001. 
tP <0 


$005 > PS 001. 


The responses of the explanted tibiotarsi are shown in 
Fig. 1 together with the concentrations of sodium bicar- 
bonate and the pH in the six treatment media. The analy- 
ses of variance of the results appear in Table 1. Tho effect 
of sodium bicarbonate concentration on the weights of the 
cultivated tibiotarsi was very highly significant. The dry 
weights and wet weights of tibiotarsi cultivated in the 
presence of high concentrations of sodium bicarbonate, 
and a consequent high pH, were greater than the weights 
of tibiotarsi cultured in BGJ6 containing low concentra- 
tions of sodium bicarbonate. Sodium bicarbonate con- 
centration had little effect on the dry weight/wet weight 
ratio (T%) of the rudiments. There was a small but 
significant effect on the elongation of the explanted 
tibiotarsi. Tibiotarsi grown in BGJb containing 31 or 47 
mM sodium bicarbonate were slightly longer than those 
cultivated in the presence of low concentrations. The 
analysis of variance shows that the data for length are best 
fitted by a curve of the second degree. A similar difference 
in the length and weight responses of embryonic chick 
tibiotarsi has been seen in other situations. 

No attempt was made to equalize the salt concentration 
of the six treatment media, therefore the effect of the 
bicarbonate concentration may have been due, in part. to 
changes in osmolarity. However, significant osmolar 
effects should have been reflected in the dry weight/wet 
weight ratio of the explants. This index of the water 
content of the tibiotarsi was not affected by varying 
the bicarbonate concentration. It may be assumed, 
therefore, that the effects observed in the explants were 
the result of changes in pH. Two factors acting singly or 
together may account for the enhanced growth of these 
long bone rudiments cultivated under alkaline conditions. 
One is that explants in organ culture function without a 
vascular system and as a result lactic acid and carbon 
dioxide may accumulate in the interior of the rudiment. 
This accumulation may be offset by a high external pH 
in the medium. The second factor is that the lytic enzymes 
of the cell lysosomes have acid optima®. An alkaline culture 
medium would inhibit these enzymes and therefore 
suppress their lytic effect on the rudiment. 

This work suggests that the optimum pH for organ 
cultures may differ from that customarily used and that 
the optimum may depend on the response that is measured. 
The pH optimum for the elongation of embryonic chick 
tibiotarsi appears to be lower than the optimum for gain 
in wet and dry weight. ` 

This work was supported by the National Cancer 
Institute U.S. Public Health Service (grant CA- 06638) 
and the Damon Runyon Memorial Fund for Cancer 
Research, Inc. (grant 589). One of us (H. F. S.) received 
the support of a Pennsylvania Plan Scholarship. 
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Control of Verticillium Wilt of Tomato 
Plants with ‘Cycocel’ — 
( (2-Chloroethyl)trimethylammonium Chloride) 


Ir is known that the severity of the wilt disease of 
tomato plants caused by Fusarium oxysporum £. lycopersici 
can be reduced by treating plants with one of a variety of 
growth regulating substances, such as indoly]-8-acetic acid, 
2,4-dichlorophenoxyacetiec acid, a-naphthaleneacetic acid 
and 2,3,5-triiodobenzoic acid!. We have found that, 
when applied to tomato plants in suitable concentrations, 
these substances also reduce the severity of the wilt 
disease caused by Verticillium albo-atrum, Rke. and 
Berth. Concentrations that were effective in this way 
also considerably altered the growth-form of the plant. 

We have also established that spraying plants with a 
solution containing 100 p.p.m. gibberellic acid greatly 
increases their susceptibility to V. albo-atrum. It was, 
therefore, of some interest to examine the effect on the 
development of this disease of (2-chloroethyl)trimethyl- 
ammonium chloride (‘Cycocel’), a substance known to 
induce responses in tomato plants which in some ways can 
be considered to be the reverse of those caused by 
gibberellins?. ‘Cycocel’ nullifies the growth-promoting 
effects of gibberellins when applied to plants at the same 
time. When used alone, one of its main effects is to reduce 
the growth of the internodes. These facts suggested to us 
that ‘Cycocel’ might affect the course of disease develop- 
ment in plants infected with V. albo-atrum. 

Fifty ml. of a 200 p.p.m. solution of ‘Cycocel’ was 
applied to the soil around the base of 7-week-old tomato 
plants, susceptible variety ‘Gem’, growing in 5-in. pots. 
This was done 4 days before and 4 days after plants had 
been inoculated by dipping their roots in a suspension of 
spores and hyphæ of the parasite. Four weeks after 
inoculation, the mean disease index for the leaves of 
plants treated with ‘Cycocel’ was 0-10, compared with 
0-95 for untreated plants (on the disease index scale, 0 = 
healthy leaf to 4-0 = completely wilted or desiccated 
leaf). Sections in the region of the cotyledonary node 
showed that 18-8 per cent of the vessels of untreated 
plants contained hyphæ, compared with 1-5 per cent for 
treated plants. ‘Cycocel’ induced the formation of large 
numbers of tyloses in vessels of both uninoculated and 
inoculated plants. This result may be significant in view 
of the fact that formation of a relatively largo number of 
tyloses is a characteristic response of plants resistant 
to this disease. Uninoculated plants treated with 
‘Cycocel’ had shorter internodes and darker green leaves 
than untreated plants. 

In another experiment, solutions containing 30, 100 or 
300 p.p.m. ‘Cycocel’ were applied once only, 4 days 
before inoculation. The mean disease index for leaves at 
different periods after inoculation is given in Table 1. 


Table 1. EFFECT OF (2-CHLOROETHYL)TRIMETHYLAMMONIUM CHLORIDE 


ON Verticillium WILT or TOMATO 


Concentration Mean disease index per leaf 


(p.p.m.) Weeks after inoculation 
2 3 4 5 6 
0 0-9 Ld 17 138 20 
380 0-3 0-3 0-5 0-8 1-1 
100 0 - 0 03 0-6 0-9 
300 0 0 0-2 05 0-7 


With 30 p.p.m. there was a striking reduction of disease 
which lasted for about 3-4 weeks. Thereafter, more or 
less prominent disease symptoms appeared in these 
plants, but the symptoms continued to be less pronounced 
than those in the controls. The main effect of higher con- 
centrations was to suppress completely the development 
of externally visible symptoms during the first 3 weeks 
and to permit the development of only mild symptoms 
after 4 weeks, by which time the controls were severely 
diseased. Afterwards, disease symptoms did appear in 
the treated plants and this was associated with a corre- 
sponding reduction of the effects of the treatment on the 
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growth of the plants. A second application of ‘Cycocel’, 
3—4 weeks after the first, would probably have suppressed 
disease development almost completely. In this experi- 
ment, too, treatment of plants with ‘Cycocel’ greatly 
reduced the proportion of vessels that became infected, 
and inereased the proportion of vessels blocked with 
tyloses. 

‘Cycocel’ does not reduce growth of the parasite at con- 
centrations of 1, 10, 100 and 500 p.p.m. in a sucrose/ 
sodium nitrate/salts liquid medium. In fact, the addition 
of ‘Cycocel’ always stimulated growth and at 500 p.p.m. 
a considerable increase in mycelial dry weight was 
recorded. ‘Cycocel’ would, therefore, seem to reduce 
disease development through its effect on the metabolism 
of the host. 

Further experiments are in progress to see if ‘Cycocel’ 
can be used to control this disease effectively without, at 
the same time, significantly altering the growth-form of 
the plant. 


A. K. SINHA 
R. K. S. Woop 


Department of Botany, 
Imperial College of Science and Technology, 
London, 8.W.7. 
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Dihydrochalcones; their Occurrence and 
Use as Indicators in Chemical Plant 
Taxonomy 


DinYDROCHALCONES, which may be regarded as open- 
chain members of the extensive class of flavonoid 
compounds with a 15-carbon skeleton, are of limited 
occurrence in plants. Until recently, the glucosides 
phloridzin and asebotin were the only well-authenticated 
examples. Phloridzin was one of the earliest phenolic 
glucosides to be isolated in a pure state; de Koninck? 
reported its presence in apple, pear, plum and cherry trees 
in 1835, and described its isolation from apple root bark. 
Its presence in the other fruit trees does not seem to have 
been confirmed by any other workers; its absence from 
the pear tree was observed by Riviére and Bailhache in 
1904?, Bourquelot and Fichtenholz in 1911° and Lincoln 
in 19264. A survey of a large number of pear species and 
varieties in the course of the present work has failed to 
show the presence of even traces of phloridzin in any part 
of the tree. In fact the work has shown that phloridzin 
is absent from the leaf of all genera of the sub-family 
Pomoideae of the Rosaceae other than Malus; and its 
supposed occurrence in plum’ and cherry has not been 
confirmed by the examination of many species and 
varieties of Prunus. It is unfortunate that these erroneous 
reports of the presence of phloridzin, apparently deriving 


- from de Koninck’s original paper of 1835, still persist in 


many books including some published within the past 
yoar. 

Phloridzin is the main phenolic compound in the leaf of 
most of the 25 species of Malus listed by Rehder‘®, but in 
certain species it is wholly or partly replaced by two 
related dihydrochalcone glucosides’. One of these, the 
4’-glucoside of phloretin, occurs only in M. trilobata from 
the leaf of which normal phloridzin (the 2’-glucoside of 
phloretin) is absent. The other compound, the 4’-glucoside 
of 3-hydroxy-phloretin, occurs in four species (and most 
of their known hybrids) comprising series 3, Sieboldianae 
(Rehd.). The species concerned are from East Asia and 
Japan. 

Asebotin, the 4’-methyl ether of phloridzin, was first 
recognized in the leaf of Pieris japonica® and Kalmia 
latifolia’. Later reports’ claimed the presence of phlorid- 
zin in other specimens of both plants. In the present work 
this anomaly has been resolved by an examination of the 
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leaf of many samples of the various species of Pieris and 
Kalmia, which were found to show distinctive patterns. 
Kalmia latifolia contains phloridzin, K. angustifolia 
asebotin and K. polifolia neither. Most samples of Pieris 
japonica contain only phloridzin, and of P. taiwanensis 
only asebotin; some garden varieties, possibly hybrids, 
have both and P. floribunda neither. 

A report in Heilbron’s Dictionary of Organic Compounds 
{the source of which it has been impossible to check) of 
the oecurrence of phloridzin in Micromelum tephrocarpum 
was not supported by an examination of the plant. The 
checking of the report by Rennie of the occurrence of a 
dihydrochaleone rhamnoside in Smilax glycyphylla leaf 
has disclosed a very odd situation. The first sample 
examined (from Queensland, Australia) contained no 
dihydrochalcone and in fact very little phenolic material 
of any kind. An examination of other Smilax species 
available at Kew gave similar results. A sample of S. 
glycyphylla from New South Wales collected from the 
area of Rennie’s original sample was, however, found to 
contain phloretin 2’-rhamnoside; the substance was 
isolated and Rennie’s conclusions as fo its nature fully 
confirmed. Further samples from Queensland and New 
South Wales confirmed the respective absence and 
presence of dihydrochalcones, but another Queensland 
sample was found to contain another distinctive phenolic 
substance which has been shown to be mangiferin, a 
hydroxyxanthone derivative first isolated from the 
mango, and recently shown by Bate-Smith and 
Harborne” to occur in certain Iris species. The separate 
occurrence of two such unusual phenolics in different 
samples of what is thought to be a single species is very 
odd, especially as the substances do not even share the 
same basic carbon skeleton. A number of species from 
other genera of the Liliaceae, such as Rhipogonum, 
Eustrephus and Geitonoplesium, that occur in the same area 
as S. glyeyphylla were examined, but neither dihydrochal- 
cone nor xanthone derivatives were found in any of them. 
The occurrence of these compounds in the Liliaceae thus 
appears to be limited. If the variation observed in S. 
glycyphylla had involved only the presence or absence of 
one of these unusual compounds it might be explained as 
seasonal or environmental (for example, differences in 
illumination or nutrition); but the appearance of a com- 
pletely unrelated compound can scarcely be due to such 
causes. Possibly it might be due to mutations the spread 
of which is as yət of limited geographical range, giving a 
chemical distinction within the species without obvious 
morphological differentiation. A. closer botanical investi- 
gation of the chemical forms might be rewarding. 

Two natural occurrences of dihydrochalcone aglycones 
have been reported; in the buds of the balsam poplar" 
which contain a methylated deoxyphloretin, and in the 
fronds of a silver fern!’ which contain both the poplar 
compound and a methylated phoretin. Once again there 
seems to be no taxonomic link between the plants con- 
cerned. 

This survey of the occurrence of dihydrochalcones helps 
to illustrate both the scope and limitations of chemical 
plant taxonomy at present. Compounds that are of 
common occurrence, such as quercetin and chlorogenic 
acid among the phenolics, are of little value because of 
their widespread distribution; rare compounds such as the 
dihydrochalcones can act as markers within limited fields 
but again are of little help in broader aspects of classifica- 
tion. Phloridzin defines clearly the genus Malus within 
the Pomoideae, and its chemical variants provide some 
detailed specific distinctions even within the genus; 
otherwise only the inter-generic apple—pear hybrids‘¢ 
contain phloridzin, apart from one doubtful garden hybrid, 
Sorbopyrus malifolia, previously thought to derive from 
the parents implied by its name but now clearly shown by 
the presence of phloridzin in its leaf to be more probably 
a Malus offspring. The other occurrences of dihydro- 
chalcones seem to be quite unrelated: in the Ericaceae 
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(two genera, again showing specific distinctions), Liliaceae 
(some samples of one species), Salicaceae (one poplar 
species) and Polypodiaceae (one fern species). Other 
occurrences may, of course, be as yet unrecorded, but it 
seems clear that the distribution is both limited and 
erratic. In this feature dihydrochaleones are not alone: 
the very simple phenolic substance arbutin (quinol 
monoglucoside) shows a similarly erratic though rather 
wider distribution. Oddly enough it too occurs in the 
Pomoideae (Pyrus, its hybrids and Docynia but not 
elsewhere), while other occurrences include some genera of 
the Ericaceae and at least one species of the Liliaceae 
(Smilacina stellata), Saxifragaceae (Bergenia), Proteaceac 
(Grevillea) and Pyrolaceae. 
A. H. WILLIams 
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Antimicrobial Activity of Desert Plants 


Tue desert is an area in which less than 20 per cent of 
the ground surface is covered with vegetation. Although 
there are approximately 5,000 species of plants. less than 
1 per cent of these have been investigated for anti- 
microbial activity!-!°. This communication is concerned 
with the extracts prepared from the leafy portions of 
25 plant specimens collected at the Brooklyn Botanic 
Gardens. 

The specimens were cut and collected and placed into 
the refrigerator at 4°C and were tested within 4 weeks 
for anti-microbial activity. All specimens were washed 
thoroughly with tap water and distilled water before the 
extracts were prepared. In the preparation of the extracts 
10 g of the plant material were added to 100 ml. of 
distilled water and macerated in a Waring blender for 
3 min and filtered 30 min later. Filter paper disks (6-35 
mm diam.) were saturated with the aqueous extract and 
allowed to dry for 24 h. The residue was then extracted. 
in a similar manner with acetone followed by ethyl ether 
and chloroform. Filter paper disks were prepared from 
each extract. The saturated filter paper disks were placed 
on to the surface of nutrient agar dishes which had been 
previously seeded with 0-2 ml. of a 24-h bacterial broth 
culture and Sabouraud maltose agar dishes seeded with 
0-2 ml. of a 4-day-old fungal culture. After incubation of 
the bacterial dishes for 24 h at 37°C and the fungal 
dishes for 5 days at 23°C the zones of inhibition were 
measured from disk edge to zone edge and recorded in 
mm. All tests were quadruplicated and replicated and 
controls were included. 

The results are given in Table 1. It may bo observed 
that 8 of the 25 plants tested produced a zone of inhibition 
with one of the solvents. The chloroform-soluble fractions 
were completely inactive while the water-soluble fractions 
appeared more active than the acetone- and ethor-soluble 
fractions. It was further observed that when the saturated 
disks were allowed to stand at room temperature for a 
few weeks all anti-microbial activity was lost. Extracts 
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Table 1, ANTIMIOROBIAL ACTIVITY 
Cones coe 
Aree 10281 N.R.R.L. aust 


Bacillus 
subtilis 
var. 
ener 
T.C.0, 6461* 
Aizoceae 


Carnobrotus edulis - - - 
Cees adscendens 


+ 
Glottiphylium linguiforme 


i 
t 


Amaryllidaceae 
Agave americana (AQ) + 
Agave americana (AC) + 
Agave attenuata (AQ + 
Agave tmperialis (AQ) a 
Haemanthus olbiflas AQ) - 


Cactaceae 
dAcsniocereus maculatus 


prada 


H 
t 
l 


Acanthocereus tortuosa - — 
carr ha pentalophus 


a 
l 


Eriocereus tortuosa 
Lamaireocereus pruinosus 
(ET) 


{ 
l 
l 


Lamaircocereus stellatus 
Mammillaria elongata 
Myrtillocactus geometrizens 
Nyctocereus serpentinus 
Opuntia elata 

Opuntia leucotricha 
Pereskia aculeata 
Pereskiosis velutina 


preparers 


EURE PILI 
CEFEETEFI 


Crassulaceae 
Cotyledon decussata 
Kalanchoe longiflora 


Euphorbiaceae 
Euphorbia royleana — _ os. 
Euphorbia tirucallit _ ~ ee 


Liliaceae - 
Aloe vera . _ - a 


* No zones of inhibition producea against Escherichia colt A.T.C. A glee 
Staphylococcus aureus A,T.C.C. 6538—P, and Phoma betae A.T.C.O. 9 

TAC, acetone-soluble fraction ; ‘AQ,’ aqueous-soluble fraction ; rn ethyl 
ether-soluble fraction. 

+, zone of inhibition 1-3 mm; 


il 
ti 
14 


—, zone of inhibition absent, 


stored at 4°C for several weeks retained their anti- 
microbial activity. 
JASPER C. MARUZZELLA 
HERBERT MARX 
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MICROBIOLOGY 


Nicotinic Acid-excreting Mutants in 
‘ Chlamydomonas. 


ADELBERG! has developed a valuable method for obtain- 
ing mutants of Escherichia coli, which synthesize substan- 
tial amounts of amino-acids, based on the selection for re- 
sistance to substances antagonistic to the desired meta- 
bolite. The investigation of such mutants promises to 
provide information about the mechanisms of control of 
biosynthesis and of drug resistance. This communication 
reports the extension of this method to a vitamin, and to 
an organism (the unicellular green alga Chlamydomonas 
eugametos) which has a sexual life-cycle allowing detailed 
genetic investigations by means of tetrad analysis’. - 
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A heavy inoculum of Chlamydomonas eugametos strain. 
#10 (supplied by Algal Stock Center, University of 
Indiana) was plated on the surface of gradient agar plates 
in which the upper layer contained minimal medium? 
plus 0-005 M 3-acetyl pyridine. (The growth inhibitory 
effect of 3-acetyl pyridine had previously been determined 
to be reversed with an excess of nicotinamide.) After 
incubation at 25°C for 10 days under fluorescent lights 
(about 350 ft.-candles), colonies were isolated at the point 
at which there was an inhibitory concentration of the 
antimetabolite. Each colony was inoculated on to a slant 
containing minimal ager medium. Hach presumptive 
mutant culture was streaked, re-isolated and confirmed 
by further tests to be resistant. 

The production of nicotinic acid by the resistant mutants 
and by the wild-type strain from which the former were 
selected was determined by the microbial assay procedure 
described by Barton-Wright’ with Lactobacillus plantarum 
(A.T.C.C. 8014), which responds to nicotinic acid, nico- 
tinamide, or nicotinuric acid. The amount of nicotinic 
acid found within the cells of the mutants was essentially 
the same as in the wild-type, whereas the amount of the 
vitamin excreted into the medium was 6-8 times as much~ 
as that of the wild-type. The resulis for two examples 
among the mutants are given in Table 1. 

Table 1. PRODUCTION OF NICOTINIO ACID BY WILD-TYPE AND BY MUTANTS 
RESISTANT TO 8-AOETYL Pynipiny* 
Nicotinig acid ylelds in 


Yield of Cells Supernatant 
Strain Medium t dry cells (myg/mg (myg/mg dry cells 

F (mg/ml) dry cells) in centrifugate) 
Wild-type 

#10-R4 Min. 0-285 119-0 89-6 

E10-R6 Min. 0:278 129-3 117-7 
3-AP selected 3 

mutants > 

Mo 14-R5 Min. 0-285 77 BIT 

Mo 14-R5 Min. + 3-AP 0115 95 

Mo 15-R5 Min. 0-270 96-9 801-5 

Mo 15-R5 Min. + 3-AP 0-110 80-6 - ł 


* Cultured in a 260-ml. flask containing 50 ml. liquid mediam on a 
reciprocal shaker under fluorescent lights (about 350-ft. candles) for 120 h. 
ww beat stands for minimal medium (ref. 2); 3-AP for 3- -acetyl pyridine 


™). 
P Taterfored with by the unexpected utilization of 8-AP by the assay 
bacterium. 


Genetic analysis from the crosses of the resistant mutants 
to wild-type of opposite mating type (strain F9) revealed 


_that resistance and over-excretion of the vitamin are under 


the control of a single gene in each resistant strain. 
Parallelism between resistance and over-excretion of the 
vitamin was manifested by all the resistant mutants 
isolated, and was confirmed by tetrad analysis. 

Resistance to 3-acetyl pyridine resulting in over- 
production of nicotinic acid might occur through 
mutation of @ repressor gene to a de-repressed state, or as 
a mutation changing an early enzyme so that it is 
insensitive to end-product inhibition. Preliminary experi- 
ments carried out with one of the resistant mutants and 
nicotinamide auxotrophs at four distinct locit have shown 
that the resistance gene is not allelic to any one of these 
auxotrophic genes. This could be considered as evidence 
(negative evidence) supporting the hypothesis that de- 
repression is the mechanism of resistance in these mutants, 
since enzyme de-sensitization would presumably be allelic 
to a gene controlling an early step in the terminal 
biosynthetic pathway. 

Double mutant strains carrying the resistance gene and 
any one of the four nicotinamide auxotrophic genes have 
not, so far, been successfully cultured. All the 30 
presumptive double mutants from tetratype and non- 
parental di-type tetrads died within several cell divisions 
after meiosis on the vitamin-supplemented germination 
plates. It is likely that the accumulation and excretion of 
excessive intermediates into the medium are inhibitory to 
the growth of the double mutants. 

Mutants resistant to 3-pyridine sulphonic acid have also 
been obtained by selection on gradient plates. The growth- 
inhibitory effect of this analogue, however, is not reversed 
with an excess of nicotinamide. The slope of the curve, in 
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the critical range, on a plot of growth versus concentration 
of 3-pyridine sulphonic acid is very steep. With these 
mutants, it has not been possible to demonstrate a signifi- 
cant increase in. vitamin production in either the presence 
or absence of the analogue. In contrast to the 3-acetyl 
pyridine-selected mutants, 3-pyridine sulphonic acid 
resistance is not manifested phenotypically in a simple 
Mendelian fashion. Apparently 3-pyridine sulphonic acid 
resistance in the algal cell is different from that in 
Escherichia coli, in which Scherr and Rafelson® reported a 
substantial increase in the yield of nicotinic acid within 
the cells of 3-pyridine sulphonic acid-resistant mutants. 
The cause of the resistance to this analogue remains 
unknown in Chlamydomonas. 

This work was supported by U.S. National Science 
Foundation research grant G20015. 
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GENETICS 


Inheritance of a White-eye Mutation in the 
Onion Maggot Fly, Hylemya antiqua (Meig.) 


Dourine investigations of insecticidal resistance of the 
onion maggot, Hylemya antiqua (Meig.), a strain of flies 
resistant to cyclodiene insecticides was cultured in the 
laboratory. In one generation of about 8,000 flies, 4 males 
and 4 females were discovered which had white eyes in 
contrast to the typical red eyes. These 8 flies, which were 
less than 12 h old when discovered, were isolated from the 
others and later produced progeny which also had white 
eyes. Thus far this white-eyed strain has bred true through 
five generations. A number of experiments were after- 
wards conducted to determine the mode of inheritance 
of this white-eye characteristic by making appropriate 
crosses of white-eyed and red-eyed flies. 

Adults were maintained at 23°-24°C, 6043 per cent 
relative humidity in screened cages with dimensions of 
approximately 30 em x 30 em x 30 cm and provided with 
honey, powdered brewer’s yeast and water in separate 
dishes. Females commenced laying eggs 2-3 weeks after 
emerging. An oviposition site was provided in each cage 
by a clay pot 10 cm in diameter filled with well-watered 
organic muck soil containing two sprouting onion halves. 
Pots were removed from the cages and fresh ones added 
every 2-4 days depending on the number of eggs present. 
Additional halved onions were then added to the pots as 
food for the maggots. Maggots were reared at 24°-27° C, 
at which temperature they pupated after 16-19 days. 
Pupæ were removed from the pots, placed on moist soil 
in paper cups and covered with additional soil. Flies 
emerged after 6-9 days at 23°-24° C. 

Six crosses were made: two crosses of parental red-eyed 
and white-eyed strains, two crosses of F, hybrids, and 
two back-crosses of F, hybrids with the white-eyed 
parental stock. Results are shown in Tables 1-3. 

The first cross of red-eyed males with white-eyed 
females yielded mostly red-eyed progeny and the second 
cross of white-oyed males with red-eyed females produced 
all red-eyed flies (Table 1). The usual red-eyed condition 
appears, therefore, to be dominant over white eyes. Also, 
the gene for white eyes is not sex-linked. The few white- 
eyed, flies produced from cross No. 1 suggest that one or 
more of the red-eyed males used in this cross carried reces- 
sive genes for white eyes. These males were obtained from 
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Table 1. No. AND EYE COLOUR OF PROGENY OF CROSSES OF RED-EYED 
AND WHITE-EYED Hylemya antiqua FLIES 


No. of progeny observed 
a se 


Cross Tota: 

1 380 red go x 25 white 99 red 175 164 339 
white 5 3 8 

2 18 white dg x 18 red 99 red 261 259 520 
white 0 0 0 


the same parental stock in which the mutant white-eyed 
flies were discovered. It is therefore possible that a few 
of them were heterozygous. This explanation is cor- 
roborated by cross No. 2 and subsequent matings for 
which homozygous red-eyed flies were obtained from a 
different parental culture of flies bred for several genera- 
tions without the appearance of white-eyed individuals. 


Table 2. No. AND EYE COLOUR OF Fs PROGENY FROM CROSSES OF F, 
HYBRID RED-EYED Hylemya antiqua FI1ES 


No. of #’s progeny Devia- 
Pı F, cross observed Ex-  tion* 
ő 99 Total pected N.E., 
Red gg 3 40 red gd red 229 177 406 411 
x x 0-19 
White 99 40 red 99 white 73 69 142 137 
White g¢ + 30 red gg red 255 155 410 405 
x x t50 
Red 99 30 red $ white 86 44 130 135 Ai 


* Deviation from the expected ratio is generally regarded as significant 
only if it is more than ce as large as the standard error of this ratio, 


Table 2 shows the results of matings of red-eyed F, 
hybrid flies from crosses 1 and 2. In both cases, approxi- 
mately three times as many red-eyed as white-eyed F, 
flies were produced, indicating further that red and whito 
eye colour are due to allelic genes of which red acts as the 
dominant. Deviations from the expected 3 : 1 ratios are 
not significant. 

As a further test, F, hybrid flies were back-crossed. to 
the white-eyed parental stock. The results of two such 
matings are shown in Table 3. The numbers of red- and 
white-eyed progeny observed from these matings were 
close to the expected 1:1 ratio. 


Table 3. No. AND EYE COLOUR OF PROGENY FROM CROSSES OF F, HYBRID 


RED-HYED AND WHITE-EYED Hylemya antique FLIES 


No. of progeny Dex ia- 
P, Cross observed Ex- tion 
99 Total pected SLE. 
Red gg 5 80 whitedd red 188 119 252 265-5 i 
x x “iF 
White 99 30 hybrid red 92 white 186 148 279 2655 
Whiteds 6 30hybridredgg red 109 107 216 207-5 y 
x x Uz: 
Red 92 30 white 99 white 108 91 199 207-5 


It is apparent from these crosses that the occurrence of 
white eyes in H. antiqua adults is due to an autosomal 
recessive gene which is allelic to the gene or genes ro- 
sponsible for the typical red eye colour of the flies. The 
white-eyed condition may be symbolized by ww and the 
characteristic red-eyed type as WW or Ww. It is hoped 
that this white eye character will prove useful as a natural 
marker in future investigations of dispersal and mating 
behaviour of the species. 

C. A. BARLOW 
H. D. Nreuczyxk 
Entomology Laboratory, 
Canada Department of Agriculture, 
Chatham, Ontario. 


Distribution of Serum Group-specific 
Components (Gc) in Afghanistan, Korean, 
Nigerian and Israeli Populations 


Sruyce the discovery of the serum Ge polymorphism by 
Hirschfeld! genetic investigations have confirmed that the 
three common Ge phenotypes, designated Ge 1-1, Ge 2-1, 
and Ge 2-2, are controlled by two autosomal co-dominant 
alleles Gc! and Ge? Two genetic variants, one in a 
Chippewa Indian population, the other in a population of 
Australian Aborigines, have been recognized and called 
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Table 1 
Population Go 1-1 Ge 2-1 Gc 2-2 Total Go Gc? £ P 
Israeli pe 
Observed 54 49 6 
North African 109 0-720 0-280 1:0272 > 030 
Expected 56-53 43:93 852 
Observed 87 28 6 
Indians 71 0-718 0-282 00049 > 0-90 
Expected 36-62 28°71 5-83 
Observed 32 19 2 
Cochin 53 0-788 0-217 001451 > 0-90 
Expected 32-49 17-99 2-49 
Observed 91 43 15 
Persian 149 0-755 0-245 7:2052 < 001 
Expected 84:93 55-09 8:93 
Observed 64 42 16 
Koreans 122 0:697 0'803 3°7135 > 0:05 
Expected 59-21 51-54 11:21 
Observed 72 5 0 
Nigerians 77 0-367 0:0325 290222 > 0-05 
Expected 72-06 4°86 0:0853 
Observed 72 54 15 
Afghanistan 141 0-702 0-298 07134 > 030 
Expected 69-49 58-98 12-51 





























Ge Chippewa and Ge Aborigine, respectively*. In addition, 
abnormal patterns have been seen rarely in certain 
samples of serum from Caucasians (Ge X), and from 
Negroes (Ge Y)*-*. In spite of considerable progress in 
the isolation and chemical characterization of the Gc com- 
ponents’, no biological activity has been found thus far and 
nothing is known of the nature of the selective pressures 
operating on this polymorphic system. Nevertheless, 
striking differences have been found in the gene frequency 
of the Ge protein in a large number of different population 
and ethnic groups. Low Ge? frequencies are found in the 
Navajo Indians (0-023), the Nigerian Fulani (0-050), the 
Nigerian Habe (0-073) and the Negroes of Bandei (0-096), 
Congo (0-095), Baganda (0-093) and New York City 
(0-108). In contrast Ge? frequencies are high in a group 
of Ashkenazi Jews living in Israel (0-338), in Bombay 
Indians (0-306) and in Xavante Indians of the Brazilian 
Mato Grosso (0-670) (refs. 7 and 8). All other population 
groups, including European, Japanese and Arabs, 
have levels which fall within the intermediate range of 
0-12-0-29, apart from an isolated and probably inbred 
community living on Kokar, an island in the archipelago 
of Aland between Finland and Sweden (0-385) (ref. 9). 

The present investigation is concerned with the Ge 
frequencies in three new population groups, Afghanistans, 
Koreans and Nigerians, and additions to Jewish popula- 
tions in Israel previously reported’*, The material from 
Israel consisted of sera from 133 unrelated individuals 
collected at the Tel-Hashomer Government Hospital from 
blood donors and patients without serious illness. They 
represent various Jewish populations (North African, 
Indian, Cochin and Persian), and the findings are combined 
with those obtained previously. 

77 sora from Nigerians were collected from the area of 
Ibadan; 44 from Ilora, a village of 16,000 inhabitants 
32 miles north of Ibadan; and the remainder from patients 
or relatives of patients attending the University College 
Hospital, Ibadan. The Habe tribe and the Fulani tribe 
(reported previously) are not represented in this group. 

125 sera from Korea were collected in Seoul from 
healthy unrelated university students and blood donors 
and 141 sera from Afghanistan came from Kabul 
representing primarily the Timuri, Hazara and Tarjek 
tribes. 

Ge typing was performed by immunoolectrophoresis on 
glass slides by the method of Hirschfeld™ as modified by 
Scheidegger. Horse anti-human sera No. 306 from the 
Institut-Pasteur, Paris, and rabbit antisera prepared in 
this laboratory were used. . 

The distribution of the group-specific component in 
the populations investigated is illustrated in Table 1. The 


sera showed the patterns of the usual Ge phenotypes and 
no veriants were found. The gene frequency for the 
Nigerian population was calculated by the exact formula 
for small samples proposed by Levene”, 

The Gc? frequencies in the various Israeli populations 
do not differ significantly from those previously reported, 
and fall within a range of 0-217-0-282. The low Gc? 
frequency in the Nigerian samples corresponds to the level 
found in two other tribes in the area, the Fulani, and the 
Habe, and is similar to that in Navajo Indians of North 
America. The Korean frequency of Ge? 0-303 corre- 
sponds to the levels found generally in this region of 
South-east Asia, while the Afghanistan sera, Gc? 0-298. 
fall into the upper part of the intermediate zone of gene 
frequency. 

The distribution of the Ge phenotypes in the populations 
investigated was in agreement with the expected distri- 
bution based on the Hardy-Weinberg equilibrium, with 
the exception of the Persian Jewish sample. In this 
instance no clear explanation of the findings is apparent. 

We thank Dr. Bracha Ramot, Hebrew University, Tel 
Hashomer, Israel, who sent the sera from Israel; Dr. 
Harry M. Smith, Department of Clinical Pathology, 
American University, Beirut, Lebanon, who supplied the 
sera from Afghanistan; Dr. H. M. Gilles, Department of. 
Preventive and Social Medicine, University College 
Hospital, Ibadan, Nigeria, for the sera and information 
concerning the Nigerian group; and Dr. Bong-Sop Shim, 
who arranged the collection of the samples from Seoul. 

This work was aided by a grant from the National 
Foundation and the U.S. National Institutes of Health. 


F. Davin KITOHIN 
ALEXANDER G. BEARN 
Rockefeller Institute, 
New York, 21. 
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Multiple Congenital Anomalies associated 
with a Partially Ring-shaped Chromosome 
probably derived from Chromosome 
No. I8 in Man 
Wane cases of autosomal trisomy of the D (Nos. 13-15) 
and the Æ (Nos. 16-18) group of human chromosomes 
apparently are not too uncommon, structural anomalies 
of these chromosomes, including cases of translocation, are, 
to our knowledge, still very infrequent!. During the past 
two years some cases of multiple congenital malformations 
showing an abnormal ring-shaped autosome have been 
published, in which one autosome of the chromosome 
group Nos. 13-15 (refs. 2 and 3) or of the group Nos. 16-18 
(refs. 2, 4 and 5) is missing. Self-perpetuating ring 
chromosomes have also been described somewhat earlier 
as probably derived from the X chromosome and from 
an autosome (?) of the O group’. We wish to report the 
findings in a male child with multiple malformations, in 
whom a chromosomal study revealed an abnormal auto- 
some combined with the lack of one of the group E chromo- 

somes, probably a chromosome No. 18. 

The child was first seen after birth and has been 
followed up to his present age of 17 months. The weight 
ut birth was 3,230 g. The following anomalies were 
present: marked dolichocephalic skull without synostoses 
of sutures (no hypertelorism); low-set ears, but no mal- 
formed auricles; high-arched palate; microguathia; 
short, blunt hands (no klinodaktylia, 
no kamptodaktylia, no grossly abnor- 
mal palmar pattern); ‘rocker-bottom’ 
feet ; combined systolic-diastolic heart 
murmur suggesting a ventricular 
septal defect; hydronephrosis on the 
left side and megaureter on both 
sides. The outer genitalia were of 
male type and well developed; the 
testicles were partially descended, 
the right gonad being movable in the 
inguinal canal. A deficiency of the 
static and mental development to- 
gether with a general growth retarda- 
tion was very prominent. Neuro- 
logical, visual, or hearing defects 
were absent. Both parents were 
apparently normal, the mother being 
26, the father 27 years old at the time 
of birth of the child. It was the first 
pregnancy ; no previous abortions. No 
other congenital abnormalities are 
known in the parent’s families. 

A buccal smear for sex chromatin 
evaluation proved to be nogative. 
Chromosomes were examined in culti- 
vated lymphocytes of peripheral 
blood using a slightly modified 
technique of Edwards and Young. 

Sixty-five cells were counted and 
analysed, the modal chromosome 
number being 46. All mitoses con- 
tained one abnormal, often very 
small and nearly or even perfectly 
mediocentric chromosome, which in 
most instances was smaller than 
chromosomes 21 and 22; only in 
some mitoses it was larger, occasion- 
ally as large as chromosome No. 19. 
The pathological chromosome was 
always of higher density than all 


Fig. 1. 


the other chromosomes and, there- 13 7 
fore, more intensely stained. This x3 aš 
made the identification of its struc- ` 

tural details more difficult. In some 19 = 20 


mitoses this chromosome showed Fig. 2, Karyotype 
two separate chromatids with Po 
a a_i = eee 


NATURE 


a and b, 


829 


thick, contracted, club-shaped arms of apparently equal 
length (Fig. la); in other mitoses it looked like a very small 
monocentric double ring-chromosome. However, in those 
mitoses in which this chromosome was larger and also 
better suited for a detailed study of its structure, a dis- 
tinctive ring formation restricted to one arm was & very 
characteristic finding, thus corresponding to a partial 
ring-chromosome (Figs. 1b and 2). The abnormal chromo- 
some replaced a missing autosome of the Æ (Nos. 16-18) 
group, most probably chromosome No. 18 (Fig. 2). 

The chromosomal investigation of the mother showed 
an apparently normal karyotype. In the case of the father 
a heteromorphy of chromosome No. 16 was more promi- 
nent than usually seen in other cases. Above all, there 
wore slight differences in size and shape of chromosomes 
No. 18, one homologue showing a knobby, rather largo, 
short arm. 

The abnormal autosome described here differs from the 
ring-chromosome of the two cases published by Wang 
et al.2 and by Genest et al.4, in which similarly an autosome 
of the Nos. 16-18 group was missing: apart from a certain 
variability in size it appears in varying shapes, among 
which an only partial ring formation of one arm is the 
most prominent; furthermore, its density seems to be a 
noticeable finding differing from those other cases. In 
many respects, except for the fact of the only partial ring 
formation, the abnormal chromosome of the present case 
bears a closer resemblance to the small ring-chromosome 





Abnormal chromosome (circled) in spread metaphases. Compare size 
with chromosomes of @ group (arrows) 
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oh a8 WA 
15 16 - 18 
&& bf A 3 
“21 ~ 22 Y ? 


demonstrating the abnormal partially ring-shaped chromosome and one 
missing chromosome No. 18 
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reported by Lucas et al. in a girl with chromosomal 
mosaicism. Also in that case the abnormal chromosome 
appears to be derived from chromosome No. 18. In some 
mitoses the abnormal autosome in our case has a certain 
resemblance also to the abnormal extra chromosome 
described as a possible isochromosome of the short arm of 
No. 18 chromosome by Frøland et al.* in a caso of multiple 
congenital malformations. 

The exact interpretation of the result of the karyo- 
graphic analysis of the present case and of the peculiar 
phenotypical features seems to be difficult. On the 
assumption that the abnormal partially ring-shaped 
chromosome derived from a chromosome No. 18, it could 
have originated by a process leading not only to a loss of 
chromosomal material, but also to a concomitant trans- 
location of minor fragments, which cannot clearly be 
identified. Although the aforementioned similarity of 
the abnormal chromosome in some of the mitoses (see 
Fig. la) to the abnormal extra chromosome described by 
Frøland et al. would perhaps be consistent with the 
hypothesis of an isochromosome 18 of the short arm, this 
possibility should be ruled out in the present case. The 
phenotypical characteristics of our case bear no closer 
resemblance to the malformation syndrome described in 
the cases of a ring-chromosome and absence of chromo- 
somes Nos. 16-18 (refs. 2, 4 and 5). The association of a 
congenital heart anomaly, anomalies of the urinary tract, 
together with skull deformation and low-set ears, favour 
the idea of some relation of this case to the syndrome 
known in cases of H-trisomy (trisomy Nos. 17/18) (refs. 1, 
9 and 10), even in the absence of & prominent anomaly 
such as the overlapping of the third digit. 

This work was supported by the Deutsche Forschungs- 
gemeinschaft. } 
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Breeding System and Chromosome Number 
in Lotononis bainesii Baker 


Lotononis bainesii Baker is a pasture legume introduced 
into Australia from South Africa. It has grown well on 
the sandy soils of the high rainfall areas of south-east 
Queensland! and it has a highly specific Rhizobium 
requirement®. As an initial step in a genetic investiga- 
tion of this plant, the breeding system and tho 
chromosome complement have been investigated. 

During the succession of flower development, pollen 
grains appeared on the surface of the stigma between the 
time at which the calyx first commenced to open and that 
when the corolla, in the course of projecting from the 
calyx, was half the length of the calyx. Pollen tubes were 
first observed in the stigma after the latter stage. Anthesis 
clearly occurs at an early stage of flower development, 
and this cleistogamous habit would explain the apparent 
lack of variation in field populations of L. bainesii. 

Chromosome counts made from root tip squashes in 
acetic-orcein showed a diploid complement of 2n=36 
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for L. bainesii. Meiosis was normal in microsporocyte 
mother cell divisions, with eighteen bivalents formed 
consistently. Two pairs of satellited chromosomes were 
found in mitotic divisions. 

Taxonomically, L. bainesii is placed in the tribe 
Gonisteae, sub-family Papilionaceae of the Leguminoseas. 
Darlington and Wylie’ report basic chromosome numbers 
of X=7, 8, 11, 12, 13 for the Genisteae, but no count was 
recorded for the genus Lotononis. Evolutionary investi- 
gations in the Leguminoseae* suggest that the higher 
basic numbers of X=11, 12, 13 in this tribe may have 
been derived by a process involving reduction in chromo- 
some number from X =7 to X= 6, chromosome doubling, 
and aneuploidy. 

Lotononis angolensis (Welw.) and Listia heterophylla 
(E. Mey) (a closely related monospecific genus) both have 
a somatic chromosome number of 2n=18 (Cameron, 
personal communication). It appears, therefore, that L. 
bainesii is a tetraploid member and that L. angolensis and 
L. heterophylla are diploid members of the Genisteae, and 
that their basic chromosome number is X = 9. 

A basic number of X =9 is a new one for the Genisteae 
and may have arisen either by an increase from X =8 to 
XX =9 or by reduction to X =5 with subsequent doubling 
and aneuploidy. The former hypothesis is more tenable 
especially since no possible ancestors with X =5 have been 
discovered. If X=8 is accepted as the primitive basic 
number of this tribet, it appears that in the Genisteae 
there may have been an evolutionary trend involving 
increase as well as reduction in basic chromosome number. 
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VIROLOGY 


Differential Sensitivity of Tobacco Mosaic 
Virus and its Infectious Nucleic Acid to 
Fast Electrons 


HIGH-SPEED electrons have been used in a variety of 
investigations dealing with the action of ionizing radiation 
on viruses! but only whole virus was studied in these 
instances. The relatively recent finding that the nucleic 
acid portion of viruses represents the infectious unit has 
led to comparative investigations of the relative 
sensitivities of infectious nucleic acid and whole virus to 
ultra-violet irradiation? and X-rays’. The availability 
locally of a linear accelerator has made a comparable 
investigation with fast electrons possible. 

The common, or U-1, strain of tobacco mosaic virus‘, 
highly purified, at 7-2 x 104 mg/ml., and its infectious 
nucleic acid prepared by the Schramm phenol method, 
at 9 x 10-2 mg/ml., were used in this work. Inocula were 
placed in clear test-tubes of 16-mm inner diameter. The 
test-tubes were placed. close to an aluminium plate in the 
Montana State University Physics Department linear 
accelerator so that the inocula were bombarded with 
scattered 5-MeV electrons. Time of exposure was varied 
to produce doses from 0 to 10° roentgens. Inocula con- 
taining 15 mg/ml. of ‘Celite’ were rubbed with ground 
glass paddles on leaves of N. glutinosa using a Latin 
square method to minimize differences between plants and 
between various leaf positions on individual plants. 
Nucleic acid inocula were kept chilled throughout; 
exposures to radiation were too brief to alter significantly 
inoculum temperature. Local lesions were counted when 
they appeared and until their number did not change, 
normally between 3 and 5 days. 
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Vig. 1. Effect of various doses of fast electrons on survival of intact 
tobacco mosaic virus (O) and its infections nucleic acid (@). Each 
point represents average number of lesions produced on N. glutinosa 
ag a percentage of the number of lesions produced by unirradiated controls 


The results for the seven experiments with whole virus, 
and two for nucleic acid, were separately averaged and are 
shown in Fig. 1. 526 leaves were rubbed with whole 
virus, and 75 with infectious nucleic acid. 
The findings with intact virus are generally in agree- 
ment with those previously obtained for the effects of 
ionizing radiation on tobacco mosaic virus and of fast 
electrons on other viruses. The straight-line relationship 
between infectivity and dose, with infectivity plotted 
logarithmically, represents the classical ‘one-hit’ curve, 
which implies that a single chemical change anywhere 
within the sensitive volume of a virus particle (presumably 
the nucleic acid) results in inactivation. 
The greater sensitivity of the infectious nucleic acid, as 
indicated by the steeper dose-response curve, agrees with 
the previous results of ultra-violet irradiations*, but is at 
variance with the results of X-ray inactivation, where 
whole virus and infectious nucleic acid were equally 
sensitive’. Since we used aqueous media, it is, therefore, 
highly likely that we were measuring indirect effects on 
virus and infectious nucleic acid mediated by irradiated 
solvent? and that some protection was afforded the 
nucleic acid by its protein coat. The difference between 
our results and those obtained. by Ginoza and Norman can, 
therefore, most probably be attributed to the fact that 
those authors irradiated virus in the frozen or dried state 
which would result in direct inactivation. 
We thank Mr. L. Goodrich for help with some of these 
experiments. Purified virus was obtained from the labora- 
tory of Dr. S. Wildman. This investigation was supported 
by a grant, E-596-C, from the National Institute of 
Allergy and Infectious Diseases, U.S. Public Health 
Service. 
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SOIL SCIENCE 


Carbonyl! Sulphide, a Volatile Fungitoxicant 
from Nabam in Soil 


Nasam (disodium ethylenebisdithiocarbamate) in both 
water and agar has been shown to produce fungitoxic 
vapours'-°, Hydrogen sulphide and carbon disulphide 
were identified in the vapour above aqueous naban 
solutions, but neither could account for its high fungi- 
toxicity**5. On the basis of its infra-red spectrum, 
ethylenediamine was also interpreted as being presenti. 
The high fungitoxicity of the vapour to spores of Stemphyl- 
ium sarcinaeforme and Sclerotinia fructicola suspended m 
water above nabam solutions! could then be accounted 
for by assuming that the amine and carbon disulphide 
recombined in the spore drop to form the toxic dithio- 
carbamate‘ ®, 

In recent studies, fungitoxic vapours also were produecd 
from nabam in soil. Treatment of a Las Flores clay loam 
soil, pH 2-3, exchange capacity 32 m.equiv./100 g, with 
nabam at 125 p.p.m., produced 90 per cent inhibition of 
the mycelial growth of Pythium irregulare on agar above 
the soil. In the same soil at higher pH values, the inhibi- 
tion was less’. 

To determine the nature of this volatile fungitoxicant 
the infra-red absorption spectrum of the atmosphere 
above the soil was examined. The soil (pH 2:3, 20 per 
cent moisture content) was treated with about 1,800 p.p.1n. 
recrystallized nabam, and after 72 h at 25° Casample of 
the atmosphere was taken with a 10-cm infra-red gas 
cell. The spectrum was run on a Perkin-Elmer model 
137B ‘Infracord’. The presence of carbon disulphide was 
indicated by a strong doublet band at 6-48-6-55p and a 
weak band at 4:55u and carbon dioxide by a band at 4-251. 
A weak doublet at 4-80-4-85 suggested a =C= linkage®. 
Both —N=C=S and O=C=S absorb at this wave- 
length. The former could be accounted for as being 
due to ethylene diisothiocyanate, a suggested breakdown 
product of nabam®, while the latter could be formed 
through the hydrolysis of nabam. The hypothesis thar 
COS was present was attractive in view of the relatively 
low vapour pressure of ethylene diisothiocyanate plus the 
fact that COS possesses a doublet 4-80-4-85y. 

To concentrate the toxicant, five 1-l. flasks containing 
200 g of the above soil with 4,000 p.p.m. nabam were 
incubated for 48 h at 25° C. The atmosphere from each 
flask was slowly passed successively through two traps. 
one immersed in dry ice-acetone, the other in liquid 
nitrogen. Evaporation of the gas collected in the liquid 
nitrogen trap through a 10 cm infra-red cell and closure 
of the cell when maximum absorption was obtained ai 
4-80u gave the spectrum shown in Fig. 1. This spectrum 
was identical to that of synthetic COS except for the 
bands at 4-25 due to carbon dioxide and 4-5 and 65u 
due to carbon disulphide. The presence of COS in the 
sample was further established by gas chromatography 
on a 15 ft. x 4 mm column filled with 20-80 mesh 
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Fig. 1. Infra-red spectrum of atmosphere above soil containing nabam 
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‘Fluoropak’ (10 per cent Dow Corning silicon fluid 710) 
at 25° C, using a thermal conductivity detector. 

The vapours of COS were quite toxic to the mycelial 
growth of P. irregulare on potato dextrose agar. In closed 
containers after 24 h in the dark at 25° C the ED; was 
6:7 x 10-5 moles/l. At 1-5 x 10-*moles/l. the inhibition was 
70 per cent. 

The formation of COS through the decomposition of 
nabam in soil may be formulated as follows: 
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(—CH,NH4). + 2 é + 2 ELS 


Carbonyl sulphide was also identified above aqueous 
solutions of nabam at 10 g/l., a concentration equivalent 
to that used by Rich and Horsfall! and Cox et al.t. This 
may explain the fungitoxicity of the atmosphere above 
nabam solutions. 

The decomposition of other substituted dithiocarb- 
amates to COS and the role of COS in the fungitoxicity of 
these compounds are at present under investigation. 

Wr114M Moye 
D. E. MUNNEOKE 
Department of Plant Pathology, 
University of California, 
Riverside. 
L. T. RICHARDSON 
Pesticide Research Institute, 
London, Ontario, Sa 
Canada. 
1 Rich, S., and Horsfall, J. G., Amer. J. Bot., 37, 643 (1950). 
2 Weed, R. M., McCallan, S, E. A., and Miller, L. P., Contrib. Boyce Thompson 
Inst., 17, 299 (1958). 
3 Kendrick, J. B., Phytopath., 50, 641 (1960). 
* Cox, C, E., Sisler, H. D., and Spurr, R. A., Science, 114, 843 (1951). 
$ Miller, L, P., and McCallan, S. E. A., Trans. N.Y. Acad. Sei., 14, 329 (1952). 
* Thorn, G. D., and Ludwig, R. A., The Dithiocarbamates and Related Com- 
pounds (Elsevier, Amsterdam, 1962). 
7 Richardson, L. T., and Munnecke, D. E. (in the press). 
3 Bellamy L. J., Infra-red Spectra of Complex Molecules (Methuen, London, 


® Klopping, E. L., and van der Kerk, G. J. M., Rec. trav. chim., 70, 949 
(1951). 


X-ray Radiography and Soil Mechanics: 
Localization of Shear Planes in Soil Samples 


Is 1962, Hamblin! and later Calvert and Veevers® took 
up the use of X-ray radiograpby in the investigation of 
structures in sediments. The method has been adopted by 
the Norwegian Geotechnical Institute, where it has been 
in use since August 1963. Merely consisting of sending 
X-rays through a sample and recording the differences in 
mass or absorption (or both) by means of a suitable film, 
the method is rapid, simple and non-destructive and is 
capable of rendering information which often could not 
otherwise be obtained. 

While Hamblin, and also Veevers and Calvert, used 
ordinary medical film, the Norwegian Geotechnical 
Institute prefers the use of industrial X-ray films or even 
graphical films, as these are extremely fine grained. 
Consequently the exposure time must be increased to 
several minutes instead of being a matter of a few seconds 
with the standard medical films. The inconvenience of the 
longer exposure is naturally of minor importance. 

The Norwegian Geotechnical Institute has used the 
method suggested by Hamblin in determining structures 
in sandstones. Structural and textural relationships in 
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diabase and Cambro-Silurian schists have also been | 
determined. Following Calvert and Veovers, the method 
has been used on unconsolidated marine sediments with 
excellent results. 

The determination of shear planes and shear angles in 
clay or other sediments is of great importance in geo- 
technical work. Considerable time is spent on this in 
geotechnical laboratories, for example in unconfined 
compression, triaxial, vane and shear box tests. One of 
the main objects of such tests is to investigate these 
features, and mostly this can only be done indirectly. 

X-ray radiography offers an easy way of determining 
the position of the shear plane after a shearing test has 
been performed. As an example is shown a Pleistocene 
marine clay (water content 35 per cent dry weight, 60 
per cent of grains less than 2 y equiv. diam.) which has 
been submitted to a shear box experiment. When the 
sheared clay was cut after the test it was not possible to 
locate the shear plane (Fig. 1A). The position of the plane 
was readily established by radiography of a 5-mm thick 
slice of the clay (Fig. 1B). Even prolonged drying at 
room temperature (six days) did not bring out the shear 
plane. 





cm 


A, Photograph of 5-mm slice of a Pleistocenefmarine clay 
after shear test; B, radiograph of slice, bringing out the shear plane. 


Fig. 1. 


Exposure 1 min., 10 m.amp., 40 kV at distance of 1 m on Gevaert D4 
‘Structurix’ industrial X-ray safety film 


I believe that the method can be developed into an 
excellent tool in soil and rock mechanics. Further results 
on the adaptation of the method to geotechnical invest- 
igations will be published shortly in the Norwegian 
Geotechnical Institute Publication series. 

I thank Dr. L. Bjerrum, director of this Institute, for 
kind permission to publish this communication. I also thank 
Dr. Adrian F. Richards, who suggested the method, and 
Johan Moum and P. J. Williams for criticisms. 

Orav IHLEN Sorr 

Norwegian Geotechnical Institute, 

Oslo-Blindern. 


? Hamblin, Wm. Kenneth, J. Sedimentary Petrology, 32, 2, 201 (1862). 
2 Calvert, S. E., and Veevers, I. J., Sedimentology, 1, 4, 298 (1962). 


PSYCHOLOGY 


Effect on Rat Progeny of Daily Administration 
of Meprobamate during Pregnancy and 
Lactation 


Tue work recorded here was undertaken to determine 
whether the daily administration of meprobamate to 
female rats from the onset of their pregnancies until the 
weaning of their young would affect physical growth, 
emotionality or learning ability of the offspring. Wistar 
female litter mates were assigned to each of four treatment 
groups: Group 1 received a placebo; Group 2, mepro- 
bamate 32 mg/kg/day; Group 3, meprobamate 64 mg/ 
kg/day;. and Group 4, meprobamate 128 mg/kg/day. 
The rats were mated and treatment commenced on the 
finding of spermatozoa or a vaginal plug and continued 
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through the 21-22 days of pregnancy and for 28 days 

` post partum, at which time the pups were weaned. A 5 
per cent aqueous solution of gum acacia was used as a 
placebo and as the meprobamate vehicle. Administration 
was by stomach tube twice a day and the volume was 
adjusted so that each rat received 1 ml. of fluid per 200 
g body-weight. 

Litter size, mortality and body-weight were recorded 
regularly throughout the experiment. After weaning, 
ane male and one female were selected from each surviving 
litter for the emotionality study. 24-32 h after weaning 
and at 67-82 days of age the rats spent 2 min in a carrying 
cage and 3 min on the Hall open field test composed of 
8 in. squares. The number of fecal boli excreted during 
the entire 5 min were counted. At 35 days of age, two 
additional pairs of rats from each litter were assigned to 
one of two maze-learning problems. Animals learning the 
single unit-7' water maze with a light cue received an 
orientation session of ten trials. In the test, ten trials a 
day ‘were given until the criterion of 16 ‘consecutive 
errorless trials was reached. The second set of 68 rats 
was assigned to learn a 14-unit multiple-7’ water maze 
and received a ten trial orientation session in a straight 
tank. On the next day two trials per day were given 
on the maze until the criterion of two consecutive error- 
less trials was reached. 

Analysis of variance revealed no significant differences 
between the treatment groups in terms of the number 
of young born or in postnatal mortality. Growth data 
for the offspring were evaluated by a general non-linear 
least squares programme developed for the IBM 709 
computer. There were no significant differences among the 
male body-weights as to starting points, growth rates or 
asymptotes. The females were also similar at starting 
points and growth rates but at the end of 16 weeks those 
from the highest dose group were significantly heavier 
(245-7 gm as compared with 220-8 gm, 227-4 gm, and 226-1 
gm for the other groups (Table 1)). Analysis of variance 
of emotionality at 24-32 h after weaning showed no 
significant differences as to the number of lines crossed in 
the open field, but there were significantly fewer fecal boli 
excreted by the offspring of the highest dose group. 
When tested at 67-82 days of age no significant differences 
appeared for either measure. 

The results of the maze results are presented in Table 2. 
Analysis of variance shows that at the 0-01 level of sig- 
nificance the females born to the drug-treated groups 
learned the single unit-T water maze more rapidly than 
those from the placebo group although there were no 
differences on the 14-unit multiple-T water maze. Males 
in the four groups did not differ in their learning rates on 
either maze. There is at present no explanation for the 
faster learning by the female offspring of meprobamate- 
treated mothers nor the increased body-weights of the 
females born to the highest dose mothers. 

- In an investigation of the postnatal effects of tran- 
quillizers, Werboff and Kesner! have implied that learning 
deficits appear in the young rats if their mothers had 
received, 60 mg/kg/day of meprobamate during any four 


Table 1. AVERAGE BODY-WEIGHTS AT 16 WEEKS OF AGE 


Maternal 

regimen, 0 mg/kg 32 mg/kg 64 mg/kg 128 mg/kg 
Males 358-4 364-0 361-6 863-8 
Females 220-8 2274 226-1 245:7 


Table 2. MEANS OF TRIALS TO CRITERION ON WATER MAZES OF PROGENY 


Maternal 
regimen* 0 mg/kg 32 mg/kg 64 mg/kg 128 mg/kg 
Single-7 maze 
Males (n) 75-40 (10) 61-00 (9) 51:44 (9) 76-56 (9) 
Females (n) 79-10(10) 44-00 ¢(9) 47-67 t(9) 45°29 (9) 
Multiple-7 maze 

Males m 43-80 (10) 35-14 (7) 36-11 (9) 49-33 34 
Females (n) 44-60 (10) 57-29 (7) 29-33 (9) 33-00 (9 


* Daily meprobamate dosage beginning on the first day of pregnancy and 
ending with weaning. 


t Significant at the 0-01 level. 
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successive days of pregnancy’. However, in our experi- 
ments (which were carried out more than a year before we 
learned of Werboff and Kesner’s work) meprobamate was 
given in doses of 64 and 128 mg/kg/day not for only 4 days 
of pregnancy but for the entire 22 days of gestation, 
and additional 28 days of lactation as well, without 
any signs of learning impairment in the young. We, 
therefore, are of the opinion that Werboff’s findings could 
not have been drug-related, and some other explanation 
for their results must be sought. 

Evaluation of our results leads us to conclude that the 
administration of meprobamate to female rats from the 
onset of their pregnancies until the weaning of their 
young had no detrimental effects on the physical growth, 
emotionality or the learning ability of their progeny. 

M. B. CALDWELL 
D. F. SPILLE 
Department of Psychology, 
Florida State University, Tallahassee. 


1 Werboff, J., and Kesner, B., Nature, 197, 106 (1963). 


After-effect of Movement in the Stimulated 
and Opposite Eyes during and after 
Pressure Blinding 


IN a recent communication, Barlow and Brindley! have 
suggested that the after-effect of seen movement in man 
is not caused. by the suppression of the maintained dis- 
charge of directionally selective ganglion cells in the retina. 
Their argument is based on the observation that after 
pressure blinding the stimulated eye the after-effect can 
be seon in the opposite (unstimulated) eye. 

However, the force of this observation rests on the 
supposition that during pressure blindness all activity of 
the ganglion cells ceases. Bornschein®, whose results are 
cited as evidence for this, in fact shows that even with a 
constant pressure of 200 mm mercury there is consider- 
able variability in individual fibres, and some fibres in the 
cat’s optic nerve continue to fire for up to 60 sec after the 
beginning of ischemia, although with reduced. frequency. 
There is similar variability in the recovery latencies. 
which vary between 5 and 45 sec, the smaller values 
predominating. 

A human subject inducing blindness by pressing with 
the finger undoubtedly allows variations in pressure and is 
unlikely to apply pressure much greater than that needed 
for initial loss of vision. This degree of pressure was shown 
by Craik and Vernon’ to be about 80 mm mercury, con- 
siderably less than that estimated as necessary by Duke- 
Elder‘ to produce complete obliteration of the retinal 
arteries (115 mm mercury). 

Ophthalmoscopic examination of the fundi of a fow 
subjects-during pressure blindness supports the view that 
vascular occlusion is only partial. Constriction and 
blanching of the retinal vessels, followed by dilation and 
marked pulsation of the retinal artery, areseen. This con- 
tinues for at least 40 sec, and complete collapse of the 
circulation did not occur in any of the subjects examined. 

It therefore seems possible that an after-effect seen in 
the opposite eye immediately after the point where 
pressure blindness just abolishes vision may yet be due to 
continuing activity in the stimulated retina. 

This is supported by the results found using a larger 
number of subjects than did Barlow and Brindley, and in 
whom a greater variety of response was, therefore, likely 
to appear. . The following observations were made: 

(1) After monocular stimulation for 30 sec by move- 
ment the stimulated eye was pressure blinded and then 
released. Six out of eleven subjects saw no after-effect on 
the first trial. The five who did so saw an after-effect 
which was fainter and harder to discriminate. However, 
the mean time before it ended, 28-2 sec after stimulation, 
was considerably later than the mean length of the 
normal after-effect in these subjects, 18-8 sec. 
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All these subjects had been selected because they had 
long normal after-effects (at least 15 sec), and there 
should have been time in all subjects for an after-effect to 
appear after termination of pressure blindness, if pressure 
blindness were not influencing the duration of the effect 
in some of them. The mean duration of pressure was 10-7 
sec. 

(2) After stimulating one eye for 30 sec, the subject 
pressure blinded that eye while observing with the 
opposite eye. All 14 subjects saw an after-effect, the mean 
length of which on the first trial was 9-9 sec. Control 
observations on the duration of pressure needed for loss 
of vision in each subject indicated that 11 of 14 subjects 
should have produced pressure blindness in a time shorter 
than the length of their after-effect on the first trial. 

After observing the after-effect in the opposite eye, 
subjects covered that eye and released the pressure blind 
eye. Eleven of the subjects saw a further after-effect in 
the stimulated eye, which lasted for 13-9 sec mean dura- 
tion. Even without pressure blindness the after-effect 
may be observed for a longer period with the stimulated 
eye; it was seen by all 14 subjects and said to be more 
marked than when observing with the opposite eye. 

These observations might be explained by supposing 
that the effect of pressure is to terminate observation of 
the adaptation caused by movement and in some cases to 
cancel it, depending perhaps on the degree of pressure 
applied. Release of pressure should then permit further 
observation of the after-effect in the unstimulated eye 
also. 

(3) This trial resembled the preceding one up to the 
point where the after-effect came to an end in the opposite 
eye. The subject then released the pressure on the 
stimulated eye and covered it. In 7 of the 12 subjects 
tested, the after-effect reappeared in the opposite eye when 
pressure had been released, for a further mean length of 
10-9 sec. 

This would seem to indicate that the after-effect is 
dependent on the state of the stimulated retina. It also 
requires the supposition that in certain conditions the 
subject must be willing to ascribe to either eye an after- 
effect originating in one eye. There is independent 
evidence which supports this assumption‘. 

Mary J. PIOKERSGUL 

Department of Psychology, 

Bedford College, 

Regent’s Park, N.W.1. 
1 Barlow, H. B., and Brindley, G. S., Nature, 200, 1347 (1963). 
* Bornschein, H., Z. Biol., 110, 210 (1958). 
3 Craik, K, J., and Vernon, M. D., Brit. J. Peyehol., 32, 62 (1941-2). 
‘ Duke-Elder, W. S., J. Physiol., 61, 409 (1926). 
* Pickersgill, Mary J., thesis, Univ. Leeds (1959)., 
*Pickersgill, Mary J., Quart. J. exp. Psychol., 18, 168 (1961). 


Future Open Scholars 


Eacu year since 1958, a variety of mental tests has been 
given to samples of fifth- and lower-sixth-form boys at 
English public and grammar schools. The oldest of these 
boys have now left school, and the majority—147 out of 
195—has proceeded to a university. Thus it is possible to 
compare those who have achieved academic distinction in 
reaching university with those who have not. For this 
purpose, the sample of 195 is divided into four groups: 
(a) boys gaining open scholarships and exhibitions at 
Oxford or Cambridge; (b) those gaining places at Oxford 
or Cambridge; (c) those gaining places at other univer- 
sities; (d) those who have not gone to a university. 

Table 1 sets out the scores of the four groups on a test 
of high-grade intelligence (A.H.5). The scores are graded 
from A to #, in the proportions 1 : 2 : 4 : 2 : 1, A represent- 
ing the top 10 per cent of the sample in question and E the 
bottom 10 per cent. Table 1 shows that there is scarcely 
any relation between scores on the intelligence test and 


winning an open scholarship or exhibition. This holds 
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true for arts and science subjects alike. Admittedly 6 of 
the 9 scholars and exhibitioners with low grades are arts 
specialists (history, English literature, modern languages), 
one is a classicist, and only two are scientists. However, 
this preponderance of arts scholars with low scores 
merely reflects a general arts/science difference on this type 
of intelligence test. Moreover, the two scientists with 
poor grades are not isolated exceptions: of 16 scholars and 
exhibitioners in mathematics and physical science, 6 had 
grades of C or lower. 


Table 1. INTELLIGENCE TEST SCORES OF FUTURE OPEN SCHOLARS AND 
EXHIBITIONERS AT OXFORD AND CAMBRIDGE COMPARED WITH THOSE OF 
THEIR LESS SUCCESSFUL FoORM-MATES 


(Age when tested, 15-17; n = 195) 
Intelligence, test soret 


E A n 

Scholars and exhibitioners 3 6 12 18 3 37 
Commoners at Oxford and 

Cambridge 1 11 15 7 6 40 

Other universities 7 13 26 15 9 70 

No university 10 10 19 6 3 48 


The pattern of scores shown in Table 1 holds good for a 
number of other tests and measures: verbal intelligence, 
numerical intelligence, diagrammatic intelligence, vocabu- 
lary, general knowledge, and various indices of accuracy. 
The vocabulary test differentiated the most clearly among 
these, but even here the superiority of future scholars and 
exhibitioners was far from marked (P < 0-005; x? test 
with Yates’s correction). Easily the best predictor of 
success in scholarship examinations was a measure of 
candidates’ interests outside the curriculum. Boys who 
later gained scholarships and exhibitions, especially in 
arts subjects, tended to be much more widely read than 
those who did not. They were interested both in literature 
(P < 0-001), and in current affairs (P < 0-01). Seventeen 
of the 37 scholars and exhibitioners were interested in 
literature, compared with only 24 out of 158 in the rest of 
the sample. Also, as one might expect, most future 
scholars and exhibitioners were judged by their form- 
mates to be more than usually hard working (P < 0-001). 

Thus, although intelligence tests can be used to predict 
which subjects a boy will choose to study in the sixth 
form?*, they give relatively little indication of how he will 
prosper. So far as intelligence test scores are concerned, 
the future open scholar is virtually indistinguishable at the 
age of 15-17 from the rest of his form-mates. He seems to 
differ, in other words, not in terms of his intellectual gifts, . 
but rather in terms of the use he makes of them. 

This result agrees with the recent American discovery 
that surprisingly large numbers of eminent mathemati- 
cians, scientists, architects and writers possess relatively 
low intelligence quotients‘. Both findings cast doubt on the 
use of intelligence tests in educational selection. The range 
of intelligence test scores in Table 1 corresponds quite 
closely, for example, to the range of scores among grammar 
school boys as a whole. Not all the boys in the present 
sample took intelligence tests at the age of 11. The range 
of intelligence quotients among those that did extends 
from 110 to 139, the maximum score on the Moray House 
test in question being 140, and the cut-off score for 
grammar school selection usually being placed in the 
region of 110-115. It may be that a correlation exists 
between intelligence test scores and academic ability up as 
far as this cut-off point, but not above it—and that 11-plus 
selection is not, therefore, so wasteful of talent as the 
present results make it seem. On the other hand, such 
discontinuities are not often met with in psychology, 
least of all at points where they are administratively 
convenient. 

L. Hopson 

Psychological Laboratory, 

University of Cambridge. 

1 Hudson, L., Brit, J. Educ. Psychol., 38, 120 (1963), 
2 Hudson, L., Nature, 196, 601 (1962). 
2? Hudson, L., Nature, 198, 913 (1963). 


‘MacKinnon, D. W., in Proc. Fourteenth Intern, Cong. App. Psychology, 2 
(Munksgaard, 1962). 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Monday, May 25 


BrRiiish SOCIETY FOR THE PHILOSOPHY OF SCIENOR (in the Joint Staff 
Common Room, University College, Gower Street, London, W.C.1), at 
5.80 p.m.—~Mr. J, V. Narlikar: “The Direction of Time”. 


UNIVERSITY OF LONDON (at the School of Pharmacy, 29-39 Brunswick 
Square, London, W.C.1), at 5.30 p.m.—Prof. E. Lederer (Institut de Chimie 
des Substances Naturelles, Gif-sur-Yvette): ‘Chemical Structure and 
Biological Activity of Mycobacterial Lipids”. * 


ROYAL SOCIETY OF MEDICINE (at 1 Wimpole Street, London, W.1), at 
8 p.m.—Sir Charles Dodds: “Michael Williams’s Contribution to Industrial 
Hygiene with reference to Cancer” (First Michael Williams Lecture). 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, S,W.7), 
at 8.15 p.m,—Dr. W. W. Bishop: “Exploring the Lake Albert Basin”, 


Tuesday, May 26 


SOCIETY OF INSTRUMENT TECHNOLOGY (at Manson House, 26 Portland 
Place, London, W.1), at 6 p.m.—Annual General Meeting. 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 5.30 p.m.— 
Sir Lawrence Bragg, O.B.E., F.R.S.: “Atoms and Molecules”. (Lecture 
for Fourth Form Boys and Girls from Schools in London and the Home 
Counties, Further lectures on May 27, June 2 and 3.) 


INSTITUTION OF ELECTRONIO AND RADIO ENGINRERS (at the London 
School of Hygiene and Tropical Medicine, Keppel Street, Gower Street, 
London, W.C.1), at 6 p.m.—Sir W. Gordon Radley, K.C.B., C.B.E.: Fifth 
Clerk Maxwell Memorial Lecture. 


Wednesday, May 27 


BRITISH INSTITUTE OF RADIOLOGY (ab 32 Welbeck Street, London, W.1), 
u 10 a.m.—All day Symposium on “The Present Status of Oxygen in Radio- 
erapy”. 


GEOLOGICAL SOOMTY (at Burlington House, Piccadilly, London, W.1), 
at 5 pm.—Dr. K. C. Dunham, Dr. A. C. Dunham, Mr. B. L. Hodge and 
Dr. G. A. L. Johnson: “Granite Beneath Viséan Sediments with Mineral- 
ization at Rookhope, Northern Pennines”; Dr. O. T. Jones: “The Glacial 
and Post-Glacial History of the Lower Teifi Valley”. 


ROYAL METEOROLOGICAL Society (at 49 Cromwell Road, London, 8.W.7), 
at 5 p.m.—Prof. S. K. Runcorn: ‘“‘Geophysics and Palmoclimatology” 
(Symons Memorial Lecture). 


UNIVERSITY OF LONDON (at the School of Pharmacy, 29-39 Brunswick 
Square, London, W.C.1), at 5.30 p.m.—Prof. E. Lederer (Institut de Chimie 
des Substances Naturelles, Gif-sur-Yvette): “Recent Chemical and Bio- 
chemica) Research on Natural Quinones’. * 


Thursday, May 28 


ROYAL Secrery (at Burlington House, Piccadilly, London, W.1), at 
10.30 a,m.—Diseuasion Meeting on “Damage and Failure Mechanisms of 
Heavy Section Steel Structures” organized by Dr. L. Rotherham, F.R.S. 


Friday, May 29 


ASSOCIATION OF APPLIED BioLogists—Spring Excursion to the Plant 
Breeding Institute, Cambridge. 


Friday, May 29—Saturday, May 30 


BRITISH SMALL ANIMAL VETERINARY ASSOCIATION (at the Zoological 
Society of London, Regent’s Park, London, N.W.1}—Symposium on ‘‘Canine 
and Feline Nutritional Requirements”. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before 
the dates mentioned: 

LECTURERS (2) IN THE DEPARTMENT OF GLASS TECHNOLOGY—The 
Registrar, The University, Sheffleld (May 28). 

IBRARY ASSISTANT (preferably with qualifications and experience)— 
The Secretary, Bedford College (University of London), Regent’s Park, 
London, N.W.1 (May 28). 

TEMPORARY ASSISTANT LECTURER (man or woman graduate preferably 
with an interest in climatology and in economic geography) IN GEOGRAPHY 
—The Secretary, Bedford College (University of London), Regent’s Park 
London, N.W.1 (May 29). 

TUTORIAL RESHARCH FELLOW or STUDENT IN GEOGRAPHY—The Secre- 
te aoe College (University of London), Regent’s Park, London, N.W.1 
y 


ASSISTANT LEOTURER IN PamosopHy—The Registrar, The University, 
Nottingham (May 30). 

ASSISTANT LECTURER or LECTURER IN THE DEPARTMENT OF APPLIED 
Meo Eho Registrar, University College of Wales, Aberystwyth 

ay 30). 

LECTURER and an ASSISTANT IN GENERAL AND EXPERIMENTAL PSYCHO- 
Loay—Secretary of the University Court, The University, Glasgow (May 30). 

LECTURER or ASSISTANT IN SOCIAL PsyonoLoay—Secretary of the 
University Court, The University, Glasgow (May 30). 

LECTURER (preferably with a Ph.D. or equivalent experience in metal- 
lurgy) IN METALLURGY —The Registrar, The University, Sheffield (June 1). 

EOTURER Or ASSISTANT LEOTURER IN BOTANY (any aspect of morpho- 
genesis)-The Secretary, The University, Aberdeen (June 2). 

ASSISTANT LECTURER (with special interests in anatomy, experimental 
morphology or ecology) IN BoTany—The Registrar, The University, Man- 
chester 18 (June 5). 

LEOTUBER or ASSISTANT LECTURER (with an honours degree in botany 
or biochemistry and research experience in some field of plant physiology 
or plant bioehemistry) IN THE DEPARTMENT OF BoT4sNy—The Assistant 
Registrar (Science), The University, Birmingham 15 (June 5). 
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ASSISTANT LECTURER or LECTURER IN MIOROBIOLOGY, with special 
reference to Bacteriology or Virology—The Registrar, University College 
of Wales, Aberystwyth (June 6). 

LECTURER or ASSISTANT LECTURER (with an honours degree in zoology 
and a higher degree or at least some research experience) IN ZOOLOGY— 
The Secretary and Registrar, The University, Southampton (June 6). 

ASSISTANT LECTURER (graduate with training in animal physiology) in 
ANIMAL PHYSIOLOGY IN THE DEPARTMENT OF AGRICULTURE—The Regis- 
trar, The University, Leeds 2 (June 8). 

ASSISTANT LEOTURER or LEOTURER IN HORTICULTURAL FEconomlos~- 
The Seoretary, Wye College (University of London), near Ashford, Keat 

une 10). 

LECTURER IN INORGANIO AND ANALYTICAL CHEMISTRY; & LEOTURER 
IN MICROBIOLOGY; a LECTURER IN PHYSIOAL CHEMISTRY; an ASSISTANT 
LECTURER (Grade B) IX MECHANICAL ENGINEERING; and an ASSISTANT 
LECTURER (Grade B) IN PRODUCTION ENGINEERING—The Principal, Notting- 
ham and District Technical College, Burton Street, Nottingham (June 13). 

SENIOR LECTURER IN ELECTRONIC PHYSICS and a LECTURER IN ELEC- 
TRIOAL ENGINEERING IN THE DEPARTMENT OF ELECTRIGAL ENGINEERING, 
Queen’s College—The Secretary, University of St. Andrews, Queen’s College, 
Dundee (June 18). j 

SENIOR LECTURER and a LECTURER (with special interests in gco- 
morphology and regional geography of North America) IN GEOGRAPHY at the 
University of Ibadan, Nigeria—The Secretary, Inter-University Council 
for Higher Education Overseas, 33 Bedford Place, London, W.C.1 (June 14). 

UNIVERSITY LEOTURER (with experience in plant physiology) IN BOTANY 
—Dr. H. L. K. Whitehouse, Botany School, The University, Downing 
Street, .Cambridge (June 14). 

ASSISTANT LECTURER and a LECTURER (with a special interest in one of the 
following fields: cartography, human geography, industrial geography, 

lant geography) IN THE DEPARTMENT OF GEOGRAPHY—The Secretary. 

niveraity College, Gower Street, London, W.C.1 (June 15). 

LECTURER IN CHEMIOAL ENGINEERING—Prof. Renbigh, Department of 
Chemical Engineering and Chemica) Technology, {mperial College, Prince 
Consort Road, London, 8.W.7 (June 15). 

SENIOR LECTURER (with general experience in pathology and special 
experience and training in hematology) IN CLINIOAL PATHOLOGY at the 
University of Hong Kong—The Secretary, Association of Commonwealth 
Universities (Branch Office), Marlborough House, Pall Mall, London, 8.W.1 
(Hong Kong and London, June 15). 

LECTURER or ASSISTANT LECTURER IN MATHEMATICAL STATISTICS, to 
work with an existing group of five members of staff—The Registrar, The 
University, Manchester 18 (June 17). oon 

LECTURER IN BIOPHYSICS IN THE DEPARTMENT OF PHYSIOLOGY, Univer- 
sity of Sydney, Australia—The Secretary, Association of Commonwealth 
Universities (Branch Office), Marlborough House, Pall Mali, London, 8.W.1 
(Australia and London, June 19). 

READER IN APPLIED MATHEMATICS at Imperial College of Science and 
Technology—The Academic Registrar, University of London, Senate House, 
London, W.C.1 (June 22). : 

EADER IN MATHEMATICS at Royal Holloway College—The Academic 

Registrar, University of London, Senate House, London, W.C.1 (June 22). 

URER OT ASSISTANT LECTURER (with a special interest in biochem- 

istry) IN BroLogy—The Registrar, University of East Anglia, Earlham 
Hall, Norwich, Nor. 05G (June 26). 

RESEARCH ASSISTANT (with an honours degree in botany, preferably 
with subsidiary geology), for investigation of paleobotany and geology 
of British pleistocene deposits—Dr. K. G. West, Botany School, The Uni- 
versity, Cambridge (June 30). 

FELLOW IN CARBOHYDRATE CHEMISTRY—-The Professor of Chemistry, 
Royal Holloway College (University of London), Englefield Green, Surrey. 

onours graduate with a record of successful teaching) OF THE 
PHYSICS DEPARTMENT—The Rector, Dollar Academy, 2 Academy Place, 
Dollar, Clackmannanshire. 

LECTURER IN SOolAL PSYCHOLOGY IN THE DEPARTMENT OF SOCIAL AND 
GENERAL STUDIES—The Secretary and Registrar, Bristol College of Science 
and Technology, Ashley Down, Bristol 7, quoting Ref. CST.64/49. 

MASTER TO TEACH PHYSICS at least to Ordinary, and preferably to Ad- 
vanced level—The Headmaster, School House, Tonbridge, Kent. 

MASTER (well qualified) TO ASSIST WITH THE TEACHING OF CHEMISTRY 
to Scholarship level—The Head Master, King Henry VIII School, Coventry. 

PHYSICIST or MATHEMATICIAN (preferably with experience in large-scale 
scientific data processing) IN THE DEPARTMENT OF Puysics, to undertake 
research and development on computer programmes for the automatic 
analysis of bubble chamber photographs which contain the interactions 
of elementary particles—The Secretary, University College, Gower Street, 
London, W.C.1. i 

REGIONAL TRIALS OFFICER (graduate in horticulture or equivalent 
qualifications), for variety trials of vegetable crops—The Secretary, National 
Institute of Agricultural Botany, Huntingdon Road, Cambridge. 

RESEARCH STUDENTS IN PHYSICAL CHEMISTRY, for work on (@) the 
chemical methods of depositing nickel/cobalt films; and (b) gaseous oxidation 
reactions involving free radicals—The Registrar, The University, Hull. 

SENIOR PHARMACIST OT PHARMACIST IN THE GROUP PHARMACY at 
Kettering General Hospital—Group Secretary, Kettering and District 
Hospital Management Committee, General Hospital, Rothwell Road, 

ettering. 

SENIOR PROGRAMMER (preferably with experience of I.B.M. codes) for 
data analysis in a high energy nuclear physics research group-~The 
A dminstratiye Officer, Department of Physics, The University, Birming- 

am 15. 

TUTORIAL RESEARCH STUDENT IN ZooLocy—The Principal, Royal 

Holloway College (University of London), Englefield Green, Surrey. 
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BASIS FOR A NATIONAL SCIENCE POLICY 


HE report, Federal Support of Basic Research in 

Institutions of Higher Learning*, prepared by the 
Committee on Seience and Public Policy of the National 
Academy of Sciences, under the chairmanship of Prof. G. B. 
Kistiakowsky, originated in the request of members at the 
annual meeting of the Academy in April 1963. Earlier 
the American Society of Biological Chemists had urgently 
requested the Academy to enunciate the principles and 
philosophy which could serve as a basic policy in the 
future conduct and administration of Federal programmes 
in support of fundamental research. Several other 
scientific societies, passed similar resolutions, urging the 
Academy to consider the condition of mutual dependence 
between the Federal Government and institutions of 
higher learning, which they all regarded as one of the 
profoundest and most significant developments of our 
time. It was accepted that the fate of the United States 
is now inextricably interwoven with the vigour and 
vitality of these institutions, and that, in turn, the fate 
of these institutions depends on the wisdom and enlighten- 
ment with which Federal funds are made available in 
support of their activities. 

The Committee considered three main elements in the 
situation—the Federal Government, the institutions of 
higher learning, and the community of professional scient- 
ists in these institutions (most of whom are also members 
of teaching faculties). These three elements were also 
considered in a Statement from the President’s Science 
Advisory Committee, Scientific Progress, the Universities 
and the Federal Government, issued in November 1960. 
The present report accepts the major assertions of that 
Statement and then corisiders how the donors and recipi- 
ents of Government support should manage their inter- 
relations. 

That the total research and development effort of the 
United States is vastly greater than corresponding expen- 
diture in Britain in no way affects the interest of the 
present report in Britain (it should be noted, however, 
that the effort includes many military and space develop- 
ment programmes totalling 14,900 million dollars, of 
which in 1964 some 1,500 million dollars is for basic 
research, almost half of which goes to institutions of 
higher learning). Dominating all else in the report is 
the principle that the Government and the universities 
must work within two traditions characteristic of all free 
societies: the’ political freedom of a democratic people 
and the freedom of scientific enquiry. The scientific 
community, the Corigress and the Executive in the 
United States have long since agreed that a strong and 
free development of science is a national necessity. They 
believe that accountability for the use of Government 
funds is a fundamental part of the exchange by which the 
people in a democracy entrusts power to its leaders, who 
are, in fact and theory, public servants. Prof. Kistiakow- 
sky and his Committee believe that freedom of scientific 
enquiry and accountability can and must be reconciled. 
They ask in their report the vital questions: What are 


* National Academy of Sciences—National Research Council. Publication” 


No. 1185: Federal Support of Basic Research in Institutions of Higher Learning. 
Pp. xili+98 (Washington D.C.: National Academy of Sciences—National 
Research Council, 1964.) 


the policies by which accountable support can effectively 
advance scientific enquiry in the common interest ? How 
can Inaccurate conceptions of both the necessary freedom 
for scientific research and the accountability of funds be 
prevented from stifling the fruits of research ? These are 
the questions to which answers should be sought before 
the shape of Government organization for civil science is 
finally determined, the scale and character of expansion 
in higher education decided, or the relations between the 
universities, the University Grants Committee and the 
Research Councils approved. The fundamental issues 
must be resolved before matters of detail, and even of 
organization, are settled. 

While much of the report comprises an admirably 
lucid survey of the way in which relations between the 
Federal Government and the universities have developed 
during the past thirty years, the section which outlines 
the principles recommended for the project system is of 
special interest at a time when so much attention is being 
directed to the use of the research or development contract 
in Britain. Moreover, the report includes a most useful 
profile of the Federal Government’s present role in science 
which both summarizes present trends in expenditure in 
the United States, as well as administrative practices, 
and states concisely the main areas in which problems 
arise, most of which are reflected, in Britain, in reports 
from the University Grants Committee or the Advisory 
Council for Scientific Policy. 

It is at the point where the universities, the Government 
and the scientific community come together that the 
report is especially concerned with this central issue of 
reconciling scientific freedom with fiscal responsibility. 
Here,-in Britain, as in the United States, there is the 
greatest need for the wise formulation of policy and for 


-means of implementation that are mutually satisfactory. 


This is not to deny that existing means have often been 
wisely used, or that enlightened policies have been pur- 
sued by some Government agencies or departments as 
well as by independent institutions. In fact, the Academy’s 
Committee believes that research project grants and 
contracts should remain the backbone of Federal policy 
in support of basic research in science in universities: its 
concern is rather that the emphasis on large programmes 
should not be at the expense of individual scientists. 

The criterion of selection for grant or contract support 
of basic research has been primarily the scientific quality 
of the work proposed, and the Committee believes that 
this judgment on merit should be retained as a prime basis 
for Federel support. The methods of reaching this 
judgment vary, and the report makes several suggestions 
for strengthening this process and making it more effective. 
Some Federal agencies are not using study sections or 
advisory panels for rating research proposals by merit— 
adoption of these or similar devices would improve the 
quality of their research programmes. Membership of 
these panels or sections should be.on a relatively short- 
term rotating basis, and should draw on wide circles of 
the scientific community. Great importance is attached 
to the regular introduction of new members, and the 
argument of this report is in line with that which John 
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Maddox sets out in greater detail in an article entitled, 
“Choice and the Scientific Community”, which was 
recently contributed to Minerva (2, No. 2; Winter, 1964). 

When a panel or section has arranged proposals by 
scientific merit the order suggested should be seriously 
considered by the Federal agencies and modified only 
in special circumstances which should be explained to the 
members of the panel or section. The panels and sections 
should not be involved in detailed evaluation of proposed 
budgets, which should be the responsibility of the agencies, 
and in this connexion the report comments on the value 
of satisfactory careers in the agencies. The argument is 
in line with that put forward in the Plowden and Zucker- 
man reports in Britain. The Academy’s report is 
decidedly against postal reference as likely to be less 
satisfactory than reference to a panel calling for personal 
attendance and discussion; the objection is undoubtedly 
sound. The sense of responsibility is much more likely to 
be encouraged under the conditions of service on a panel 
or section. 
`~ Generally, the advantages of grants outweigh those of 
fixed-price contracts for basic research, but the report 
expresses concern over the present trend of introducing 
into grant and contract negotiations and regulations 
administrative restrictions that are inimical to effective 
basic research. The Committee believes that this trend 
should be reversed and, while the wider interchange of staff 
and improvement of careers in Government service 
generally should promote a fuller understanding that could 
help in this respect, it is suggested that the universities 
should take increased responsibilities for the proper 
administration of grants and contracts. The Committee 
also notes a trend towards unnecessary restriction of 
scientific freedom in the form of increased book-keeping 
for scientists in both grants and contracts. This also is 
likely to diminish returns in the investment of public 
funds in science. ` 

While the Committee fully recognizes that diversion 
of funds to other purposes cannot be tolerated, it equally 
recognizes that rigidity can be carried too far. It points 
out that Federal agencies could do something to prevent 
misunderstanding by explaining clearly the relation 
between the contents of & proposal and the purpose of a 
grant. It suggests that a project proposal should state the 
broad objectives of the proposed research in terms of areas 
of scientific knowledge to be advanced, the specific early 
research objectives visualized as illustrating the broader 
aims, and the scientific tactics to be used. The grants or 
contract instrument should explicitly recognize the 
broad objectives as its legal purpose, and only a deviation 
from these objectives should be considered as constituting 
a change in the purpose of a grant and calling for special 
approval from the Federal agency. Similarly, while the 
Committee regards the present regulations concerning 
the expenditure of grants as proper so far as they deal 
with the compensation of senior staff, with travel and 
with improvements in the facilities of the institution 
receiving the grant, it believes that the principal investiga- 
tor should be given the maximum latitude in spending 
other grant money for the stated purposes of the, grant 
as he sees fit. In particular, the present limit on the pur- 
chase of initially unspecified equipment is too low and 
should be increased in some proportion to the total value 
of the grant. 

Common. sense and some sense of proportion could do 
much to frame regulations which would afford effective 
control without involving wasteful effort on the part of 
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scientific staff. For the same reason, the Committee 
recommends that accounting for the effort of professional 
personnel on a grant or contract should be expressed in 
terms of some fraction of the total effort applied by the 
individual to his university duties. It does not discuss 
overhead costs but urges that provision for these should 
be included in grants as well as in contracts. Besides the 
main project grant/contract system it considers that these 
auxiliary types of support are necessary. The first of these 
is the institutional or general research grant now being 
made on a modest scale by the National Science Founda- 
tion and the National Institutes of Health. These could 
be used to correct any serious distortion created in the 
universities by the growth of existing support for projects 
and to-meet the need for initial support of new projects—a 
problem discussed by the University Grants Committee in 
its latest report on University Development 1957-62 (Nature, 
202, 523; 1964). The second is a system of small research’ 
grants on a modest scale for junior scientists who have 
difficulty in obtaining support for independent research. 
The third is a distinct and selective programme of research 
grants to be made available to some weaker institutions 
on the basis of demonstrated will to utilize new funds 
to raise the level of research and graduate education. 

Behind these proposals to increase the flexibility, and 
range .of support which the Federal Government gives 
to basic research lies the conviction, expressed in the 
earlier report, Scientific Progress, the Universities and the 
Federal Government, that research and the graduate 
education of young scientists are intimately related. 
Considerable progress has been made in modifying the 
policies of Federal agencies to adapt them to this principle 
since that report was issued: the Committee urges that 
this process of continuing review be maintained. It 
reiterates, however, the warning that present practices 
tend to force investigators to give too much time to de- 
tailed accounting and other non-productive administra- 
tive matters, and suggests that there is room for a good 
deal of simplification in this field—an observation which 
is equally valid in respect of British practices. 

Thus far the Committee’s findings are addressed 
primarily to the Federal agencies. Comments addressed 
to the universities follow. First, as already implied, the 
report suggests that a clearer recognition by university 
administrators of the purpose of Federal project grants 
and contracts for basic research is essential. It is also 
important that in dealing with Federal agencies, university 
administrators should assert more clearly and emphatically 
the central purpose of the university. This is not incon- 
sistent with the purpose of the Federal Government in 
providing grants and contracts for basic research, but it 
needs to be stated and re-stated lest either the Govern- 
ment’s purpose or that of the universities be obscured by 
the administrative practices of the agencies. Nor indeed 
are university administrations free from liability to defeat 
the basic purpose of research grants or contracts by their 
policies, if unnecessary bureaucratic controls or procedures 
are imposed or the investigator's problems neglected in 
dealing with Federal agencies. 

These dangers should be kept in mind especially, when, 
as in Britain to-day, the structure of civil research 
organization and the relations between the universities 
and the Research Councils and Government departments 
generally are being reconsidered. However strong our 
confidence may be in the University Grants Committee 
system—and there is much in this report to justify that 
confidence in principle—unceasing vigilance is always 
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necessary to avoid -ossification or frustration, and the 
specific suggestions of the Academy’s Committee as to 
responsibilities which should be assumed by university 
administrations merit consideration of the administrators 
of British universities also. Clear definition of the mutual 
responsibilities and authority of university administrators 
and principal investigators under grants and contracts is 
sound and sensible, as is the review of research pro- 
posals by faculty members ‘to ensure that they are 
not inconsistent with the concept of the university as 
a community of scholars engaged in both the education of 
youth and the advancement of knowledge. Assistance to 
faculty members in the preparation of research proposals 
is recommended to ensure that the wording of the pro- 
posals places no undue restrictions on the scientific 
freedom of principal investigators, and those investigators 
should be educated in the responsibilities they assume 
when using Federal funds in support of research. 

Beyond this, it is suggested that the purposes for which 
overhead funds and institutional grants are being spent 
should be explained to members of faculties, and, as 
already indicated, principal investigators should be 
relieved of as much budgetary work as possible, 
and kept fully informed of the status of, and commitments 
under, grants and contracts. These and like measures, 
which may seem comparatively trivial, could do much to 
prevent misunderstandings and to facilitate more har- 
monious relations between faculties and university 
administrations. Their importance may well increase 
with the size of the university. 

Finally, the Committee addresses itself to the scientific 
community in which it believes the purpose of Federal 
sapport of basic research is not sufficiently widely under- 
stood. If the project grant/contract system is to be 

_ consistent with the essential freedoms of scientific research, 
the substance of project proposals must be properly 
formulated. The general form of proposal recommended 
by the Committee as likely to be acceptable to Federal 
agencies and to minimize restrictive interpretation of the 
purpose of a grant has already been noted, and the 
Committee urges the scientific community to present its 
proposals in accordance with these recommendations. 
Here we touch on the sense of responsibility present in the 
scientific community, and the Committee points out that 
the quality and effectiveness of a project grant or contract 
system depend on the support which it receives from the 
scientific community, whether in the way of conscientious 
and enlightened service on panels and advisory bodies or 
in the formulation and selection of research proposals. 
Without such co-operation and without responsible 
service, no administrative structure can be really effective, 
and it is in this connexion that Mr. Maddox’s comments on 
the importance of choice to the scientific community are 
important. 

Mr. Maddox is concerned with the problem of securing 
wise decisions in scientific policy, including the selection 
of research projects that are worth while. He argues 
cogently that the process of making choices in policy in 
scientific ‘and in technological research is akin to the 
process by which the individual scientist makes his 
choices regarding the scope and conduct of his experi- 
ments. Without this process there is no guarantee that 
largesse alone will ensure that wise decisions are always 
made. On the contrary, Mr. Maddox rightly points out 
that there is at least some danger that uncritical spending 
will impede rather than stimulate the advance of science, 

` and his warning is well supported by some recent incidents. 
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The vital problem is that of securing informed discussion 
at a stage and at a level where it can effectively influence 
the choices or decisions that are made. This was clearly 
in the minds of the Zuckerman and the Plowden Com- 
mittees, and becomes the more important if the decisions 
are not to be determined rather by public expectations of 
science than by the intrinsic scientific and technical merits 
of a proposal or programme. This danger is well brought 
out by Mr. Maddox in his article, and its existence is one 
reason why not merely discussion in scientific circles but 
public discussion is important. Public understanding 
should be as wide and full as is reasonably possible and, if 
necessary, some security risk should be freely accepted as 
a price worth paying. 

Mr. Maddox argues convincingly that the process of 
intellectual confrontation is likely to produce decisions 
that in the long run are sounder than those reached by 
any other method. He believes, too, that free and open 
discussions are likely to lead to sound decisions in matters 
of technology also. His paper is indeed essentially a plea 
for the scientific community to make it a much commoner 
practice than hitherto to argue out in public the reasons 
which may exist for the choice of some particular course of 
action or some particular deployment of scientific effort. 
The recent White Paper outlining the Second Nuclear 
Power Programme provides an excellent example of tho 
kind of lacuna that exists at present. Only a lively and 
full public discussion on the scientific and technological 
details over which the White Paper passes so briefly can 
provide the basis for either public understanding of the 
issues or sound decisions. 

It should not be thought that even public discussion 
will always ensure sound decisions or that mistakes will 
not sometimes be made. What matters is that, as the 
report of the National Academy of Sciences’ Committee 
and Mr. Maddox both imply, the scientific community 
should encourage the growth of many more institutions 
capable of arranging -for the confrontation of plans and 
programmes for research. It is from their capacity to 
foster this process that the changes now being considered 
in Britain’s organization for civil science should primarily 
be judged by the scientific and technical community. 
Changes in structure should be such as to encourage and 
facilitate informed comment on the direction and content 
of research programmes from that community. 

It is, of course, true that in the first instance recom- 
mendations regarding major shifts in the balance of 
research should come from bodies of men who are intim- 
ately engaged in the fields concerned and who are prepared 
to base their judgment exclusively on an analysis of the 
scientific opportunities which novel circumstances may 
present, just as the content of the actual research pro- 
grammes will come from the minds of those working in the 
field concerned. To a considerable extent, this is ulready 
successfully achieved in Britain through the Advisory 
Council for Scientific Policy and through the work of the 
private foundations, such as the Nuffield Foundation or 
the Rockefeller Foundation or again the Carnegie Institu- 
tion of Washington. Recommendations of the Trend 
Committee should at least strengthen the Advisory 
Council for Scientific Policy in this respect, if adopted. 

Beyond this, however, it is increasingly importunt, as 
Mr. Maddox points out, that major decisions about the 
commitment of large sums of public money to the develop- 
ment of particular scientific ends should be regarded as 
the responsibility of the scientific community as a whole, 
so that decisions are not made without the most searching 
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technical enquiry by people intimately engaged on the 
work concerned. There should also, however, be room for 
consideration of the effect on scientific work as a whole 
since the resources involved may well affect the amount 
available for work in other fields. Only as we perfect the 
means for making this process effective and efficient can 
we hope to avoid falsification of promises that appear to 
be implied in the application of science, and the consequent 
frustration and misunderstandings both in the scientific 
community and in society as a whole. Mr. Maddox’s 
article could scarcely have been better timed to drive 
home the essential point for Britain in the report on 
Federal Support of Basic Research in Institutions of Higher 
Learning. at least so far as present discussions on the 
organization of her scientific effort are concerned; and the 
recommendations of the report are designed to draw a 
growing proportion of the scientific community into 
public discussion. A robust connexion between the 
making of choices between scientific alternatives and the 
vitality of the scientific community as a whole is an 
essential factor in the establishment of sound scientific 
policy and national economie development to-day. To 
create and maintain that connexion is at least as much the 
responsibility of the scientific community itself as of the 
Government. If, at the present time, political expediency 
or party prejudices are allowed to hinder the establish- 
ment of a sound organization for civil science the responsi- 
bility will rest as much on the scientific community as on 
the politician. 


A CLASSIC ON MALAYSIA AND 
INDONESIA 


The Malay Archipelago 

The Land of the Orang-Utan and the Bird of Paradise— 
a Narrative of Travel with Studies of Man and Nature. 
By Alfred Russel Wallace. Pp. xvii+515. (New York: 
Dover Publications, Inc.; London: Constable and Co., 
Ltd., 1962. Originally published 1869.) 2 dollars; 
16s. 


O many works on and by the ‘Castor of Evolution’, 
Darwin, have recently. been printed or reprinted, that 
it is a pleasure to welcome the re-publication of a book by 
‘Pollux’, Alfred Russel Wallace, and it is one of his best, 
The Malay Archipelago. Its importance has always been 
great, as the first analysis in detail of the geographical 
distribution of animals and plants examined in the light 
of evolution and of the geological history and structure 
of the islands that compose that Archipelago. 

The sub-title of the book is The Land of the Orang-Utan 
and the Bird of Paradise, and it was, in part, the latter 
that led him to realize the existence and importance of a 
line that separates Lombok from Bali, and Celebes from 
Borneo, east of which are found paradise birds, cockatoos, 
honeysuckers and brush-turkeys, and the prehensile- 
tailed Cuscus, while on the west are found barbets, fruit- 
thrushes, woodpeckers, monkeys and, of course, the 
orang. Modern treatises on zoogeography, such as that 
by P. J. Darlington, point out that other important 
lines can be drawn on the map of the Malay Archipelago 
(for example, Weber’s line of faunal balance between 
Celebes and the Moluccas), but they do not detract from the 
importance or value of Wallace’s line as a boundary 
between the Oriental and the Australian faunas. Darwin 
himself was fascinated by it and, in the Origin of Species, 
he referred in glowing terms to ““Mr. Wallace’s admirable 
researches, in regard to the Great Malay Archipelago”, 
and to the significance of troughs of very deep sea, even 
when very narrow, separating islands. The establishment 
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of définite boundary-lines between faunas is difficult, 
especially where the ranges cover a multitude of islands, 
and the modern tendency is to recognize an intermediate 
region, east of the Oriental region (marked more or less 
by Wallace’s line) and west of the Australian region (west 
of New Guinea), and to this intermediate region has been 
given the name of Wallacea. 

Another reason why Wallace’s book is welcome has been 
pointed out by Mr. Tom Harrisson, curator of the Sarawak 
Museum, in his penetrating study on Wallace and Borneo. 
“Reading on the spot his [Wallace’s] excellent chapters on 
‘The Malay Archipelago’ it is strange to find how many 
things have. not changed in a century”. At the present 
time, when interest in Borneo is awakened, regrettably 
for reasons that are the reverse of scientific, when there is 
so much of scientific interest (for example, the Great 
Cave at Niah) worthy of attention, it is remarkable that 
the first general work on that fascinating and wide region 
should still retain such great value. There are, as R. W. C. 
Shelford remarked in his A Naturalist in Borneo (1916), 
some points on which Wallace’s work stands in need of 
correction, but nevertheless, it says much for the patience, 
endurance under difficult conditions, hardihood, and 
powers of observation of “a single, radical, rather quiet 
and ultimately cranky man who died at a great old age, 
and has not succeeded in leaving any vocative progeny 
even in the form of spirit media or messengers in the after- 
world—-with which he was in such close connection during 
his later life” (Harrisson). 

It is impossible to refer here to all the countless points 
of interest raised by Wallace in his great book, but atten- 
tion may be directed to two. One of these is his observa- 
tion. that of all the checks to increase in population among 
uncivilized nations mentioned by Malthus, starvation, 
disease, war, infanticide, vice and infertility, Wallace 
could find none that had been operative when he investi- 
gated the populations of the Sarawak Dyaks which 
appeared to be stationary in numbers. -Here is a subject 
for new research. 

The second is the orang, Wallace, unfortunately, was 
trigger-happy, and the only distasteful part of his book is 
that where he describes how he shot one orang after 
another. To quote Harrisson once more, “Practically all 
natural history was not done by observation but by 
assassination”’. But Wallace did observe, and his observa- 
tions on these apes are among the very few that have been 
made in the wild. Gavin DE BEER 


ELECTRONS AT WORK 


Advances in Electronics and Electron Physics 

Vol. 17. Edited by L. Marton, with the assistance of 
Claire Marton. Pp. x+451. (New York: Academic’ 
Press, Inc.; London: Academic Press, Ine. (London) 
Ltd., 1962.) 100s. 


HIS series of review articles, several to a volume, 

is now well established; the editorial board continues 
to exercise a broad interpretation of the main title, for 
two of the five articles in this volume are on “Thermo- 
electricity” and “Ultra-high Vacuum”. 

However, inclusion of the first and longest article is 
appropriate by any interpretation. It derives the small- 
signal equations expressing the interaction between a 
beam of electrons and the electromagnetic field of an 
adjacent space harmonic circuit. The analysis is detailed, 
with the mutual effects expressed in terms of field theory 
rather than equivalent circuit concepts; only experts can 
judge the practical value to the design of travelling wave 
tubes. 

By contrast, the second article, on thermionic energy 
conversion, is almost wholly descriptive. The subject 
attracts attention because it promises direct conversion 
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to electrical energy of solar radiation and of some, other- 
wise wasted, heat in power stations. Its science is gener- 
ally well presented, with emphasis on the work functions 
of the materials used, on space-charge effects in vacuum 
diodes and on the dual role of cæsium, when introduced, in 
neutralizing the electron space charge and in lowering the 
work functions. The authors view the prospects of over- 
coming practical difficulties with modest optimism. 

The next article, on thermoelectricity, is both descrip- 
tive and short and calls for little previous knowledge of the 
subject. It emphasizes the properties which make up the 
figure of merit of a material used to exploit the Seebeck- 
Peltier effects; of these properties, thermal conductivity 
receives most attention. It concludes with brief sections 
on the preparation of materials and on device design. 

The fourth article is on cathode sputtering in a glow- 
discharge environment. The process is divided into stages 
of which the most important are the effects of the impact 
of ions at the surface of the target, the transport of the 
liberated particles, and the deposition at the receiving 
substrate. The many-sided attacks being made on this 
complex process do seem to be yielding a much better 
understanding. 

The final article, on ultra-high vacuum, surveys a subject 
of interest in many branches of science. It opens with 
sections on the physical and chemical processes likely to 
affect a vacuum, doing justice to many recent investiga- 
tions. When it turns to technology, it covers methods of 
measurement fairly well, but falis short both on methods 
of producing 10-* torr or better and in the design of new 
components; readers wanting to learn more on the pro- 
duction of vacua will find the first article in the very recent 
book Physics of Thin Films from the same publishing 
house of some benefit. 

The presentation of both the fourth and fifth articles 
suffers from some poor lay-out and inadequate proof- 
reading, a criticism rarely applicable to this series. 

i J. R. TILLMAN 


PROBLEMS OF METALLIC 
CORROSION 


The Mechanism of Corrosion by Fuel Impurities 
(Proceedings of the International Conference held at the 
Marchwood Engineering Laboratories, Marchwood, near 
Southampton, Hampshire, England, 20th-24th May, 
1963.) General editors: H. R. Johnson and D. J. Littler. 
Pp. xiii+660. (London: Butterworth and Co. (Pub- 
lishers), Ltd., 1963.) 168s. 


if fica Mechanism of Corrosion by Fuel Impurities 
reports, in six hundred and fifty pages, the proceed- 
ings of a conference which was held to mark the opening 
of the Marchwood Engineering Laboratories of the Central 
Electricity Generating Board. More than æ hundred and 
forty delegates assembled in May 1963 to participate in 
the presentation and discussion of forty-six separate 
papers on the theme of the corrosion problems associated, 
with the generation of electricity by the combustion of 
fossil fuels. If it should occur to a reviewer to ask why 
it is the business of a national generating board to organize 
an international conference on metallic corrosion, he 
cannot read far and remain unanswered. The short reply 
is that this problem is the most serious single obstacle to 
the advance of its industry. 

C. F. Kearton in an introductory paper of considerable 
scope and pertinence referred to the ‘barrier’ which 
corrosion presents to further development. Limiting, as 
it does at one and the same time (although for different 
reasons), both the temperature at which steam may be 
raised and that to which waste gases may be cooled, 
corrosion effectively blocks any possibility of improving 
the thermodynamic efficiency of the conventional power- 
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station. Present views are that nuclear power may be 
competitive in the generation field by 1980, but the 
prospects for the intervening fifteen years will be directly 
linked with the progress that can be made with controlling 
the corrosion problem. It is also true that alternative use 
of coal and oil based on combined-cycle high-efficiency 
systems such as gasification or magnetohydrodynamics 
involves corrosion problems that are as yet unimagined 
in precise terms. Kearton set the hard facts of economics 
before the scientists and engineers by giving the annual 
fuel cost of his industry as £300 million with capital 
investment charges at present of the same order, but 
likely to rise to twice that sum in the next ten years. 

In a situation of this kind there are three broad lines 
of attack available to those whose concern it is to effect 
the conversion of fuel to electrical power. The fuel may 
be cleansed of corrosive constituents, the materials of 
construction may be rendered resistant to them, or the 
design of the equipment may be so modified as to prevent 
Not only was the 
pattern of the conference arranged by the organizers so 
as fo revolve around these precepts, but also the affiliation 
of the delegates was revealing in that context. Thus, 
broadly speaking, suppliers of fuels provided forty mem- 
bers, makers of materials and equipment twenty-two, 
university departments fifteen, and the Central Electricity 
Generating Board and similar organizations more than 
sixty. Clear evidence indeed of where the pressure is 
felt ! 

The contributions to this book are so numerous and 
valuable that it is impossible to credit every author 
properly in the length of a review. It is interesting, how- 
ever, to note the gist of each session. The first was 
devoted to the nature of fuel impurities and their behaviour 
during combustion. It was noted that although the modo 
of combination of many corrosive elements is known to 
affect their reactivity, there are still not enough mineralog!- 
cal data for British coal fields to allow their effects on 
fire-side corrosion to be predicted. There was general 
agreement that alkali-metals, chlorine and sulphur are 
the most important impurities in coal, among contributors 
who covered the analysis of boiler deposits, the degradation 
of refractories, and the reactions of impurities in flames. 
It was also very clear that the experience of operators 1s 
still in some respects at variance with the predictions of 
the more fundamental workers, even when they are 
experimenting with laboratory rigs. The problems of 
oil-firing are, of course, also substantial, and the old 
question of vanadium ash corrosion received attention. 
The importance of a fusible phase in a tube deposit was 
strongly brought out, as were the contributions of the 
vanadium/sodium ratio and the oxygen concentration. 

A very interesting group of papers dealt with the 
occurrence and reactions of sulphur oxides in combustion 
processes. In recent years attention has drifted from the 
old problem of low-temperature corrosion due to acid 
condensation. to the problem of high temperature. Most 
attention still seems to be directed towards the role of 
the trioxide; only one paper and one contribution to the 
discussion brought out the unusually savage action of the 
dioxide in fuel-rich flames. 

Session 2 was, by comparison, brief and was concerned 
with the purification of fuels, both solid and liquid. Dele- 
gates were assured, without much technical detail. that 
the latter could be desulphurized and dometallized 
although neither process was as yet economic. Solid fuel 
does not appear to have any better prospect, however. 
for the physical separation of impurities was said to be 
commercially impracticable. The third session was 
devoted to papers on the mechanism of deposit formation 
by particle collision and vapour condensation. The 
aerodynamics of a boiler combustion-chamber are very 
complicated, and most contributors considered that 
deposit formation probably involved processes of diffusion. 
condensation and impingement. Despite the importance 
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of this topic as holding ont hope of controlling corrosion by 
separating the impurities and heat-transfer surfaces by 
physical means, it is clear that much confusion and lack of 
definition exist. 

When treatment and separation fail, the results of inter- 
action between deposit and boiler tube must be accepted, 
and the fourth and final session was devoted to this 
subject. The importance of complex sulphates was dis- 
cussed, although there was some dispute as to whether 
acidic sulphates or pyro-sulphates were more active in 
destroying protective oxide films on alloys. The recognized 
action of chloride was further established, and its peculiar 
reactivity towards heat-resistant alloys was attributed 
by one author to the loss of volatile chromium chloride 
from the surface. Once more the discussion brought 
out the differences between plant experience and inferences 
drawn from fundamental work. 

Some overall impressions remain after reviewing this 
volume. After thirty years work on the subject, the past 
ten of which have witnessed a marked acceleration of 
effort, the fundamental processes involved in fire-side 
boiler corrosion are still not sufficiently understood to 
permit of a realistic degree of control. Indeed, there 
appears to be a recurrent and clear division of opinion 
between those who seek a fundamental approach and 
those who urge that progress can only be made by testing 
in actual boilers. In fact, this is only one aspect of the 
wider problem concerning the way in which vital corrosion 
research is at present handled in Great Britain. In this 
particular case, as well as in the more general one of an 
annual national charge of £600 million due to the depreda- 
tion of corrosion, it seems impossible to achieve a real 
degree of co-ordination of effort in research. 

In conclusion, it must be said that this book is a credit 
to the editors and publishers; the amount of new material 
provided by the authors is very substantial and consti- 
tutes a noted addition to the literature. T. K. Ross 


LIFE OF THE TSETSE 


The Distribution and Abundance of Tsetse 
By J. P. Glasgow. Pp. xi+241. (Oxford, London, New 
York and Paris: Pergamon Press, 1963.) 60s. 


R. GLASGOW sets out the general purpose of The 
Distribution and Abundance of Tsetse in his intro- 
ductory chapter. It is to examine the general theory of 
animal numbers put forward by Andrewartha and Birch 
in their book The Distribution and Abundance of Animals 
in the light of information available on a single genus of 
insect, Glossina. This purpose is reflected in the plan of 
the book, which is modelled as closely as possible on that 
of its prototype. Following a general account of the 
biology of tsetse are chapters on the innate capacity for 
increase and on the effect of different aspects of weather, 
of other organisms and of phenotypic variation on fecund- 
ity; the numbers and distribution of tsetse are then dis- 
cussed and, on this basis, specific criticisms are made of 
Andrewartha and Birch’s views. 

The author provides an absorbing and lucid account of 
most aspects of tsetse biology, incorporating the results of 
work carried out since the publication of Buxton’s mono- 
‘graph in 1955, and thus giving an authoritative summary 
of present-day knowledge. Chapters on the effects of 
weather are particularly valuable in emphasizing the- 
complexity of seasonal interrelationships and warning 
against spurious simplification of the problems involved. 
The chapter entitled “Other Organisms of Different 
Kinds” includes an excellent account of predation, and 
suggests the need for further investigation of what is 
probably an important agent of mortality. i 

Objection may be raised to the precision estimates of 
the innate capacity for increase set out in Chapter 2. The 
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assumptions on which these estimates are based are 
questionable, and the physiological abnormalities which 
characterize tsetse under laboratory maintenance throw 
doubt on their validity. The values obtained are probably 
no more than broadly indicative of reproductive capacity 
in natural populations. 

The chapter which describes the relation between tsetse 
and vegetation is rather less than satisfactory. This is 
scarcely surprising if a statement made on p. 170 is a true 
reflexion of the author’s attitude: “Within the limits of 
altitude, wherever there is a covering of woody vegetation 
15 ft. or more in height, one or more species of Glossina 
usually occur”. Fortunately the situation is not quite so 
bad as that. In this chapter, the ‘relation between the 
resting tsetse and vegetation could usefully have been 
discussed; results obtained in recent years suggest that 
the tsetse is less indifferent to vegetation than Dr. Glasgow. 

The relation between the tsetse and its food supply also 
receives somewhat idiosyncratic treatment. The problem 
of host encounter is largeiy ignored, despite its obvious 
importance in relation to population dynamics. Instead, a 
detailed account is given of the ‘host preference’ of different 
species of Glossina, and prominence is accorded to the 
results of two experiments designed to provide a quantita- 
tive assessment of the burden of attack sustained by host 
animals in a tsetse habitat. Granted the validity of the 
population estimates on which such assessment is based, 
the experiments suggest that ‘preferred’ host animals may 
suffer very substantial loss of blood, perhaps sufficient to 
cause deleterious physiological effects. Furthermore, the 
intensity of attack may be such as to elicit vigorous 
defensive action on the part of the host animal, and thus 
lead to interference with the feeding of the tsetse if not 
to its actual death. These considerations are. important 
in so far as they suggest the existence of a ‘density- 
dependent’ element in the population dynamics of this 
insect, a suggestion which runs counter to traditional 
beliefs. But it should be remembered that, since the newly 
fed flies required for blood meal analysis are not easily 
found, the experiments described would have had little 
chance of success had they not been carried out in areas 
of high tsetse density. The results indicate that ‘density- 
dependent’ factors may come into play where populations 
are heavy, but they scarcely warrant the view that 
“sometimes, if not always, tsetse use up all their food 
resources” (p. 182). 

Dr. Glasgow’s book concludes with a series of criticisms 
of Andrewartha and Birch’s theory of animal numbers, 
which is rejected on somewhat slender grounds. A detailed 
discussion of the points raised would serve no purpose 
except to state a difference of opinion between author 
and reviewer; it is better that the reader be left to cast his 
own vote. Since the data are inadequate to support an 
unequivocal conclusion, the decision must remain, at the 
level of opinion. The fault lies not so much with the 
author as with the tsetse. Two things are required for 
evaluation of the effect of environment on animal numbers 
—accurate estimates of the effect of physical factors on 
fecundity, and accurate estimates of the numbers of tsetse 
in the natural habitat. From one we are debarred by the 
difficulty of rearing tsetse in the laboratory; from the 
other, by the fact that we are unable to collect an unbiased 
sample of a tsetse population, and population estimates 
have therefore to be based on the difficult, laborious and 
often error-ridden technique of marking, release and 
recapture. Thus it is not surprising that Dr. Glasgow has 
failed to provide a rigorous test of a particular theory of 
animal numbers; but in the attempt he has produced a 
stimulating account of the tsetse which will repay the 
careful consideration of animal ecologists. 

The book contains one or two errors (for example, 
‘indigenous African mammals appear to take no harm 
from trypanosomes”’, p. 102) and a few misprints, of which 
perhaps the most unfortunate is “Wrigglesworth’. 

E. BURSELL 
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SCIENCE IN A STATE OF SIEGE* 


By Pror. RITCHIE CALDER, C.B.E. 


Sir Montague Burton Professor of International Relations, 
University of Edinburgh 


HE ‘‘State of Siege” is Israel and its science goes on 

within the ramparts of Middle Eastern hostility. When 
yet another impressive laboratory was opened at the 
Weizmann Institute, a visiting celebrity asked the usually 
unspoken question: “How far is this from the nearest 
hostile bomber base ?” “Six minutes,” said an Israeli 
scientist, “but the nearest laboratory which is comparable 
with this is 2,000 miles away.” 

At Jerusalem the defiance is even more obvious. The 
blocks of modern architecture which house the labora- 
tories of the Hebrew University at Givath Ram are 
within gun-shot range, and the sky-scraper which houses 
the Hospital and Medical School of Hadassah, at Ein 
Karem, casts its shadows over the redoubts of Jordan. 
Technion City, at Haifa, with'its terraces of laboratories 
climbing up the heights of Mount Carmel looks out across 
the sea to Acre and beyond to the shores of Lebanon, 
20 miles away. 

But in the “State of Siege” Israeli science is far from 
being beleaguered. The scientists have no sense of manning 
an outpost. They belong in the world-commonwealth of 
science. While, of course, a great deal of the applied 
science and technology is ‘parochial’ because it is directed 
towards the urgency and needs of the country, much of 
the science of Israel has acquired world eminence. Even 
the applied science and technology has a relevance far 
beyond the boundaries of this miniature State—a State, 
incidentally, which was founded as much on science as 
on faith. Everything which is done to enhance the limited 
resources of the country—industrially, agriculturally and 
in desert recovery-—could be applied just as effectively to 
the problems of its Middle Eastern neighbours. The 
scientists, of course, are cut off from their colleagues in 
the Arab States. But their research-findings are disclosed 
in the scientific journals of the world and in the scientific 
conferences in which Israeli scientists play their dis- 
proportionate part, and there are many who, like myself, 
act as post-box for enquiries from colleagues who, 
politically, cannot make direct contact. To-day, when 
scientists are air-borne, the number of Israeli scientists 
who are in transit at any given moment is, I should say, 
proportionately higher than any other country—propor- 
tionate, that is, to a population of 2,000,000. The scientific 
institutions of Israel have accepted Francis Bacon’s 
concept in New Atlantis of tho “Merchants of Light”... 
“that sail into foreign country and bring the books and 
abstracts and patterns of experiment of all other parts”. 
But it is a two-way traffic. Israeli scientists take their 
experiments with them, and visiting scientists, from all 
parts of the world, go to work in Israel. This is not a 
drain of brains, but a circulation of brains. For example, 
a Weizmann Fellow who is financed to go abroad as a 
“merchant of light? remains identified with the Weiz- 
mann Institute, wherever he is. Rehovoth is his home- 
baso. 

As one who spends a considerable part of his time in 
international conferences, I can testify to the stature and 
the impact of the Israeli scientists. Indeed, they are a 
great embarrassment to the organizers of conferences 
which, however objective they claim to be, cannot entirely 


* Substance of a lecture delivered before the Anglo-Israel Association at 
the House of Commons on March 23. 
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ignore political considerations. The number of papors 
from Israel, however important or distinguished they 
may be, has to be drastically rationed. That was cer- 
tainly true at the United Nations Conference on the 
“Applications of Science and Technology for the Bencfit 
of the Less Developed Areas” at Geneva, but the dis- 
crimination was redressed by the appointment of Mr. 
Abba Eban, who is President of the Weizmann Institute, 
as well as Deputy Prime Minister of Israel. He was made 
a Vice-President of the Conference, and has since been 
appointed by the Secretary General of the United Nations 
as one of the ‘Wise Men’ to implement the results of the 
Conference. This is as it should be, because the Geneva 
Conference had as its prototype the Rehovoth Conference 
on “Science and the New Nations” of 1960. This took to 
Israel, from forty countries, eminent scientists to instruct. 
and to learn from, the men-of-affairs from the developing 
countries. 

In 1934 when the Daniel Sieff Institute was established 
in the sandy wastes of Rehovoth, then the “Gateway to 
the Negev’, Chaim Weizmann conceived it as a research 
centre which would serve the needs of Palestine but also 
as a refuge for Jewish scientists then being harried by 
Hitler; and, indeed, the Sieff Institute, the Weizmann 
Institute whieh grew around it, the Hebrew University 
and the Technion benefited from the abilities of refuges 
scientists. They also benefited by the intellectual zeal of 
the scientists who went there with a sense of Ziorist 
dedication, and as the research institutes, with thoir 
advanced research facilities, have grown, they have 
attracted brilliant scientists who are not refugees, Zionists, 
or Jews. But anyone familiar with science in Israel will 
recognize the immense contribution which has been made 
by the native-born ‘sabras’, especially that remarkable 
group of Hebrew University students who fought their 
way out of beleaguered Jerusalem, during the War of 
Independence, to Rehovoth, to form the army’s scientific 
corps and the cadre of the Weizmann Institute later on. 
It had the repetition of the story of Rabbi Yohanan, at 
the time of the destruction of the Temple in A.D. 70, 
when, with his sages, he withdrew through the Roman lines 
to Yavne. One of the reasons why Chaim Weizmann 
chose Rehovoth as the site for the Daniel Sieff Institute 
was its proximity to Yavne. 

It is also worth recalling that over the portals of the 
Sieff Institute was inscribed: “Work for this country. 
Work for Science. Work for Humanity”. 

Appropriately, the first research station to be estab- 
lished in Palestine was for agriculture—before the First 
World War. One of the objects, apart from improving 
normal agriculture, was to find ways of settling Jewish 
immigrants on land which, until then, had been regarded 
as uncultivable. All those years ago, long before desert 
research became, as it is to-day, a matter for concerted 
international concern, the Agricultural Research Station 
was doing pioneer research into problems which are now 
commonplace. Its researches have literally borne fruit. 
In combination with the -essential work of the wator 
engineers, it has turned inhospitable lands into fertile 
farms. Its work has included the mapping of the soils of 
Israel, examination of the sub-soil, the seeking out and 
adapting of plants and the recovery of tracts which were 
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once dunes and moving sands. The scientists found, as 
the now-existing settlements confirm, that tho forsaken 
lands of the northern Negev were basically fertile and 
needed only water, additional nutrients and careful hus- 
bandry to make them productive. This is not ‘text-book 
stuff’. When, on a Unesco mission, I first went to Israel 
in 1950, I drove, in a jolting jeep, from Rehovoth, then 
the Gateway to the Negev, to Beersheba, then deep in the 
desert—a camel market. Beersheba is now a thriving 
city with industries based on the products of the erst- 
while desert. It is no longer a desert outpost, the settle- 
ments extending far south of it. To the embarrassment, 
somewhat, of the Desert Research Station established 
there under sponsorship of Unesco, the microclimate has 
been modified, and conditions are no longer characteristic 
of the desert. But to-day, if you drive back to Rehovoth 
from Beersheba by night, on the broad, well-surfaced 
arterial road, you would imagine that. you were driving 
through Holland or Denmark, the lighted settlements are 
so close together. By day, you would see the citrus 
groves, the cotton plantations, the broad fields of peanut 
and of tobacco, the olive groves, the pastures for feeding 
dairy cattle, the grain fields and intensive market 
gardening. 

Another important contribution of the scientists has 
been the anchoring of the wayward sand-dunes. Some 
-years ago, I was advising on a television programme. It 
was to illustrate the ‘before and after” of desert reclama- 
tion, and I assured the producer that there would be no 
difficulty in finding contrast pictures of plausibly similar 
terrain. I suggested locations which I knew well, but 
when we went to find them we found that they had all 
been ‘fixed’ and, instead of moving dunes there was 
vegetation cover and even tree plantations. In. addition 
to using trees like the water-seeking eucalyptus, acacia 

-and tamarisk, the agricultural scientists have helped to 
combine the fixing of dunes with the growing of useful 
crops, such-as hay, pulses and vegetables. They have 
shown how, with adequate irrigation and a small addition 
of fertilizers, dunes can be made productive in three or 
four years. 


They have also shown, in the case of coastal dunes, ` 


that sea-water can be used to irrigate the coastal dunes, 
at least stifficiently to establish the vegetation cover, to 
anchor them. Sea-water, though heavily salted itself, 
may be used to flush out the salts which have aggregated 
in the dunes without the sea-salts being deposited in 
soil-poisoning ‘quantities. 

Saline waters and.sdils are not confined to the coastal 
areas—after all, the Dead ‘Sea basin. is about the saltiest 
_ place on Earth. Under desert conditions, where there is 
` not enough ) water to leach, or: sluice, the salts from- the 
soil, it is necessary to..come to terms with salinity. The 
. scientists have sought plants which can , accommodate 
themselves to salts, like Juncus, a reed which, cultivated 
and gathered, can provide, a useful source of paper, , It 
was also found that certain crops could be effectively 
irrigated by.moderatély brackish water if proper fertilizers 
were added to offset the salinity. 

The Far Negev, that arrow- -head-of land which thrusts 
south from Beersheba; to the tip of the Gulf of Aqaba, is 
more truculent. When Ben-Gurion first took me into the 
grey desolation of Sde. Boker and talked of reviving it as 
“The Fields of the Cattlemen”, which is what the name 
implies, I-said “Impossible”; but, to the Israeli scien- 
tists, as to the pioneers, the impossible only takes a, Tiele 
longer. 

Abeut 25 miles south of’ Sde Boker, even deoper into 
the wilderness, is the ancient hill-city of Avdat. There 
one finds the cave-dwellings and other remains, of desert 
sottlers.dating back to, the Kings of Israel, to’ the Nabat- 
aeans and to the Byzantines. Now, to me, tho fascinating 
lesson which one learns in Israel, and which I impress 
on everyone concerned with technical assistance .to 
developing countries, is that the archeologists are as 
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important as the laboratory scientists; more so, perhaps, 
because the ancients had thousands of years in which to 
make and redeem (or not redeem) their mistakes, and 
modern science, if it is too cocksure, can make its mis- 
takes, and write them disastrously large, in six months. 
The proper deference which the Israelis pay to archxo- 
logists is not surprising in a country where you stub your 
toe on history a hundred times in a day’s walk and where 
a chief of staff can retire from being a military V.I.P. to 
become a lecturer in archzology. In Israel, progress and 
tradition belong together. Everything is so new, so 
experimental, so urgent that there is no one who dare 
say: ‘We tried it once and it did not work”. But, 
mindful of Chaim Weizmann’ s definition of tradition as 
“telescoped memory”, they also remember the lessons 
of the past and say: “It worked once; let us try it 
again”. 

That is the story of Avdat and what, in romantic 
science, it has to offer to the modern world. When I 
first went there it was to see the cave-dwellings and the 
ruined city.on the top of the hill; but, from that hill-top, _ 
I looked across a desolate landscape and, coaxed by an 
archzologist, saw evidence more exciting than the ruins. 
Out of the blur of the dusty desert emerged the dim out- 
lines of Nabataéan fields, and water-courses, the pattern 
of cultivation of 2,000 years ago. Then, an extraordinary 
desert people, creators of the cave city of Petra, now 
across the Wadi Araba in Jordan, maintained a string of 
garrison towns across the Negev to the Mediterranean 
ports. They policed the caravan rovtes. The caravans, 
laden with the riches of the Orient, used to come up the 
eastern edge of the Red Sea, and up the Araba to Petra, 
which was a great inland entrepét where.the traders of 
the Occident exchanged goods with the traders of the 
Orient—with the Nabataeans exacting a substantial com- 
mission for the transaction and for providing protection 
on the desert crossing. Their garrison towns in the Negev, 
the now inhospitable desert, were fed from the farms 
around them. Speculations about populations aré always 
rash, but one might estimate that about 100,000 people 
were fed, at any one time, in those garrison towns. They 
were maintained by the Romans and declined after the 
Byzantines. 

Prof. Michael Evenari, then professor of botany and 
viee-principal of the Hebrew University, went into the 
desert to examine desert plants, fell in love with the 
desert, as so many of us do, found himself fascinated 
by the ingenuity of the ancients and decided that in 
those fields might be found a contemporary answer to the 
problem of opening up the Far Negev. 

Briefly, the ancient system was as follows. The desert 
‘agronomists deliberately encouraged erosion by breaking 
the ‘desert pavement’ on the hillsides. ` This pavement, a 
naturel crust—a sort of thin concrete compounded, by the, 
alchemy of ‘the sun, sand, pebbles and moisture—pro- 
tected the shallow loess, the elements of a soil too sparso, 
on the hillsides to be productive. ` “The rainfall ‘then, as’ 
now, was loss than 4 in. a year; but it’fell, then, as now. 
in, sudden bursts and flash-floods, which scoured tho 
hillsides. Down: the hillsides they contrived channels 
which carried, the water and silt into the waddhi beds, 
where they were trapped by dams. The bare hillsides 
then acted as rooftops shedding thé water into gutters. 
Some of the water, was channelled into -cisterns to supply 
the garvison needs (there is even a bath- house at Avdat, 
showing how successfully this water-economy worked), 
but most of the run-off was spread over terraced fields; 
and, in their wisdom, tho ancients never ‘anticipated 
more water than they got. They contrived their ‘terraces 
so that the surplus water from one drained into another 
and into another and into another, according to the 
extent of the floods, but they only sowed according to 
the water which saturated the soil with each flood. In 
other words, they did not expect any more but were 
prepared to use it if they got it. At first look-over, it 
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was assumed that this run-off farming was possible only 
in the tributary waddhis—that the fiash-floods pouring 
through the Valley of Zin would sweep into the ravaged 
landscape around the Dead Sea, but subsequent investi- 
gations showed how wrong this assumption was. In the 
Valley of Zin there are massive stone-breastworks which 
trapped the flood-water and distributed it by diversionary 
dams into terraced fields in the Valley. This is interesting 
because it shows that there must have been a public 
utility authority even then, serving the individual 
farmers. 

Prof. Evenari reconstructed a stone Nabataean house 
at Avde, where he and his wife, Liesele, now spend most 
of their time and where they are joined -by engineers, 
agronomists and other experts who are making a thorough 
investigation of every detail of the system. Here, and at 
Shivta, the ancient city of Subetta, they have restored 
farms. They have opened up the old channels and 
facilitated the run-off system which had fallen into 
decay. Nowadays, they are improving on the ancient 
methods, as` their exact measurements and modern 
facilities, like concrete and pipes, help them to do. But 
at first they were content to learn from the Nabataeans. 
In 1961, when Israel had the worst drought in all the 
recorded meteorological history of Palestine—probably 
since Joseph’s brethren had to go begging into Egypt— 
the astuteness of the Nabataeans was proved. The 
channels had been cleared and the fields restored when 
the rains came unexpectedly. The total precipitation was 
only 1:5 in. There was no time to bring modern farm 
equipment from the north. The local Bedouins with their 
camels and shallow wooden ploughs were called in to 
prepare the ground. The Nabataeans had not left any 
barley, and so modern seed had to be used, but—on 
1-5 in. of rain, which any farmer will agree is ridiculous— 
the fields produced grain waist-high and a yield per acre 
as high as that of the Dakotas, the grain-growing prairie 
States of the United States. 

To-day at Avdat and Shivta there are fruit orchards 
‘growing almonds, peaches, apricots, cherries, apples and 
pistachios. There are grapes, artichokes and asparagus 
as well. 

How is this possible in an area with an annual rainfall 
of 100 mm (about 4 in.)? The answer is that 120 acres 
of run-off hills are needed to soak 1 acre of farm-land. 

This account is superficial. It does not do justice to 
the intensive and meticulous scientific work which has 
been done at Avdat and Shivta by experts in many 
disciplines in translating archeological evidence into the 
precisions of modern measurements. , 

For years, scientific conferences, all over the world, 
have been intrigued by Dr. Harry Tabor’s “‘solar pool’’. 
It had “star billing” at the Science and New States 
conference in Rehovoth, at the United Nations’ “New 
Sources of Energy Conference” in Rome, and at the 
Unesco “Arid Zone Conference” in Paris. 

Briefly, the solar pool is a means of trapping the rays 
of the Sun and putting them to work. But the concept 
is ingenious, deriving from a suggestion by Dr. Rudolph 
Bloch, of the Dead Sea Works, in 1948. At the moment, 
- it is the only large-scale solar collector which shows signs 
of both practicability and economic viability. 

There is in Hungary a curious lake where the bottom 
waters are warmer than the surface waters. This is 
because the lower water accumulates and holds heat 
while the surface water loses heat by convection—by 
escaping into the atmosphere. Bloch explained this by 
showing that if the lower water is more dense than the 
upper, the two will not mix. The top layer will act as a 
translucent lid, admitting the heat of the Sun while` 
preventing heat-escape by convection. In other words, 
it is the reverse of a hot-water cistern where the bottom 
water is cold because hot water, being less dense, rises to 
the top. If, however, you make the bottom water dense— 
use brine—then the surface layers, which could be fresh 
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water or merely less-brackish water, will not mix unless, 
of course, they are stirred together. 

So, if you have a shallow pool with brine at the bottom 
and not so brackish water at the top, you can build up a 
rising temperature. If you put your hand in the surface 
layers, the water can be just tepid, but if you thrust 
down the length of your arm, the heat might take the 
skin off. If, then, you could extract that heat you could 
use it, for example, to generate electricity or put it to 
work in other ways. Earlier calculations indicated that 
a solar pool, a square kilometre in extent, could generate 
electricity for less than it would cost from the atom. 
Revised estimates recently are not so sanguine. For 
nuclear energy to provide electricity competitively—as 
against conventional fuel sources—it ought to cost about 
half a cent per kilowatt hour, which in the language of 
the power economists is 5 mils. The conservative 
estimate for the solar-pond electricity is about 9 mils; 
and to make it really economic it would have to be fed 
into a grid system. Because of its heat-storage capacity, 
the pool would supply energy at night—provide a base- 
load—but would have to be topped up by stop-go gener- 
ating plant for peak-load times. 

But a solar pool could produce the energy for the 
desalination of sea-water. One estimate puts it at 53 
cents per 1,000 gallons—still too expensive for irrigation 
water but better than any desalination figure so far. 
Even if it were twice as high it would still be as cheap as 
the Bahrein process in which the cost of oil as a fuel is 
written off, in that oil-abundant State. The cost of 
removing salt from sea-water, however, depends not so 
much on the power available as on the distillation pro- 
cess. One such process, the flash—freeze method, is of 
Israeli origin. It depends on a vacuum process, which 
converts the water into ice and, as in the caso of sea-ice, 
sheds the salts so that when the ice is melted the wator 
is fresh. Linked to a solar pool, this would mean that 
the Sun was freezing water, but the apparatus is neces- 
sarily costly, for one obvious reason that sea-water is 
highly corrosive so that the parts exposed to it would 
have to be made of expensive non-corrosive metals or 
expensively replaced. Perhaps titanium, the obvious 
metal for a desalination plant, may become cheap enough 
to make even irrigation water economic. Meanwhile, the 
cheapest desalination process is economic only if you can 
add the price on to an industrial commodity or if you 
pay the price of a bottle of beer for your drinking-water. 
We are not yet in sight of fulfilling Ben-Gurion’s injunc- 
tion to the scientists: ‘‘Sweeten the seas and harvest the 
deserts”. 

One thing is abundantly plain; the solar pool can 
produce salt cheaply. It can produce high-grade salt 
cheaper than any present system and will produce twice 
as much from, say, 1 km? than in normal salt-works., 
This is important, because, in Asia, for example, the 
demand for salt will be doubled within a decade or less. 
So the process has a significance far beyond Israel. 

Scientifically, what is impressive is that the scientists 
of the National Physical Laboratory of Israel and of 
Haifa have unsnarled the difficulties which their world 
colleagues have head-wagged over at one international 
conference after another. For example, the solar-pool 
heating is operative only if the two layers, the dense and 
not so dense, do not mix. Any disturbance of the surface 
would, it is argued, cause the stir which would destroy 
the effect. Very thorough scientific measurements have 
shown that even the effects of wind can be mitigated 
comparatively simply to preserve the effect. Another 
was: ‘How was the heat to be extracted ?’ It has been 
found that decanting, from the bottom layer, of water to 
a heat transfer-system can be satisfactorily achieved. 
Apart from any benefits which may accrue to Israel, the 
solar pool is a significant—indeed, dramatic—contribu- 
tion to the solving of problems of many developing 
countries. There are many countries, power-impoverished, 
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with unlimited sunshine and the saline waters needed to 
generate electricity, or produce the salt-of-life, by this 
method. - : 

It is easy to give oxample after example of how science 
properly applied can benefit a country by producing 
practical results. One of the classical remarks, of many 
attributable to Chaim Weizmann, is his answer to Lord 
Peel’s question about a test-tube experiment he was 
carrying out at the Sieff Institute: “I am increasing the 
absorptive capscity of Palestine”. Think of the numbers 
of people Israel has absorbed into the fraction of Palestine 
which is the State. Apart from that—and the feeding of 
that population—lIsrael’s total industrial output has risen 
since 1949 from T£500,000,000 to I£5,000,000,000 and 
industrial employment from 75,000 to 200,000 workers— 
a ten-fold increase in output and nearly a three-fold 
increase in employment. Koor, Ltd., a subsidiary of 
Histradut, with 33 plants in 17 settlements manufacturing 
electrical appliances, increased its production and sales 
from I£240,000,000 in 1962 to I£290,000,000 in 1963. 
Scientifically based industries—the industries of the 
modern world—are advancing rapidly in Israel, and the 
country can, still manage to lend its scientists and tech- 
nologists to other developing countries. I meet them in 
far-flung places. : . 

It is, however, more difficult, even in Israel, to show 
why a country of 2,000,000, beset by defence problems 
and the urgencies of practical needs, should indulge in 
pure research—“‘knowledge for its own sake”, as Chaim 
Weizmann said. It is certainly true that the Weizmann 

Institute, preponderantly concerned with pure research, 
is one of the world’s largest and best-equipped research 
complexes. The birthday gift to the first president of 
Israel, and the embodiment of his own scientific spirit, 
has spread over the flowering, tree-shaded campus within 
Yad Chaim Weizmann, the national memorial park. When 
I wrote The Hand of Life, the story of the first ten years 
of the Weizmann Institute, I thought that the masonry 
had stopped with the opening of the Institute of Nuclear 
Physics, but existing institutes are being extended and 
new buildings are going up. The culmination is the 
Institute of the Life Sciences, bringing together the 
biological activities of a remarkable group which is riding 
the bow wave of the most advanced science—the quest 
for no less than the secret of life itself. I remember going 
round the various Jaboratories to find out what the 
various groups were doing with regard to immunology, 
protein chemistry, molecular biology, genetics and DNA 
—deoxyribonucleic acid, which contains in the atomic 
structure of its molecule the chemical code, the informa- 
tion, or prescription, which determines the characteristics 
of the living cells but also the characteristics of the 
next generation: Why you are you. The work was 
impressive. For example, the Weizmann scientists had 
been able to synthesize amino-acids, the chemical ‘bricks’ 
from which proteins, and hence the tissues of the body, 
are built up, and were supplying those synthetics to their 
colleagues in the advanced countries. The reason why 
those synthetics are important is that, like starting from 
pure chemicals in a laboratory experiment, the physio- 
logical chemists have in those synthetic amino-acids of 
which they know the exact composition and properties so 
that they can relate them to the complex natural pro- 
cesses or, starting from scratch, start building up 
proteins. 

One of the buildings which is being extended is that 
from which Prof. Berenblum has given leadership to 
thinking about cancer processes—leadership, that is, to 
the rest of the world—and this work has been done in 
conjunction with the Hebrew University. 

From the basic researches started by Prof. Shelesnyak 
on the processes of reproduction, and the fundamental 
discoveries which he made, may well come the answer 
to the problem of multiplying population, the population 
explosion which Vogt has called “The Mushroom Crowd”, 
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which is just as menacing as the mushroom cloud of the 
nuclear bomb. What is important is that this did not 
originate as a birth-control project but from a biological 
research with no ordained purpose. 

Berenblum put the difference of attitude between pure 
and applied science very well when a journalist asked him ` 
whether he had ‘any news about a cure for cancer’ His 
answer was : ““The news is that we are not looking for a 
cure for cancer. We are studying the living processes of 
cancer, the only sure basis on which we shall ever arrive 
at the clinical answers”. d 

Tt is not always easy to convince people of this: that 
applied science derives from pure science. I once tried to 
tell an Israeli audience that in my desert travels I had 
seen dry oases, oases which had died because trees had 
been cut down and the vegetation destroyed so that the 
rains were shed as waddhi floods instead of filtering into 
the water-table. Pure science is like the rain and the 
trees and the vegetation; it raises the water-table to 
provide the springs on which applied science and tech- 
nology can draw. So introducing pure science into the 
Middle East was like desert-recovery. 4 

At that same meeting, I was trying to explain the work 
on polyelectrolytes which had started in the Weizmann 
Institute. I was interrupted by a woman who asked, 
“Polly who ?” Isaid, “Polly nobody” and wenton toexplain 
the polyelectrolytic phenomenon. “Oh,” she said, “I 
thought it must be another of the Israelis who had 
Hebraicized her name.” Briefly and over-simply poly- 
electrolytes are long-chain macromolecules—if you can 
call that brief or over-simple. Their cousins are the plastics, 
the nylons, the macs, the baby’s toys and so on, but 
polyelectrolytes are long chains which have become 
coiled up and can uncoil. This coil is due to the atoms in 
the molecule attracting or repelling each other. Just as 
a positive pole of a magnet will attract a negative pole 
but reject a positive pole, so in the molecule the charges 
act with, or against, each other, and, since the charges 
can be chemically altered, the coiling and uncoiling can 
occur. The homeliest example I can think of is a table 
jelly; you put crystals, or a gelatinous slab, in water and 
the polyelectrolyte molecules uncoil and expand to fill 
the jelly-mould. So housewives have been experimenting 
with polyelectrolytes for a very long time. These molecular 
coils also help to turn dust and sand into water-retaining 
root-breathing soils. They take minerals out of water 
when they are made into ionized membranes, and 
explain how blood clots form in the arteries. What the 
Weizmann scientists were looking at was the natural 
phenomenon of polyelectrolytes—the ‘imow-why’ so that 
pete might obtain the know-how of practical applica- 

ions. 

I do not suppose that many have lost any sleep worryi 
about the Bolzmann equation; but its Dalen batted 
mathematicians for a hundred years. It is the basis of all 
‘transport’? phenomena—not_ Prof. Colin Buchanan’s 
transport nor Marples’s traffic problems, but viscosity and 
the diffusion of one substance into another and the 
transfer of heat. Bolzmann posed it, but never solved it. 
That was left to Prof. Chaim Pekaris at the Weizmann 
Institute using a computer devised and constructed in ` 
Israel. That was just one thing. Pekaris, who became 
president of the International Union of Applied Mathe- 
matics, has a brilliant team, working now with 1964 


‘ computers, calculating the tides of every sea of the world 


or predicting the behaviour of rockets in space and, just 
for good measure, working out the mathematics of earth- 
quakes on the basis of which it may eventually be possible 
to anticipate those natural catastrophes. ; 

Those are just random samples of the kind of funda- 
mental research, contributions to world knowledge, made 
by scientists in Israel. Rehovoth, Givath Riam and Mount 
Carmel are not just place-names on the tourist-circuit 
of Israel, they are flags on the map of the commonwealth 
of science. . ; 


No. 4935 May 30, 1964 


Chaim Woizmann, scientist-statesman, saw research 
as the answers to Palestine’s living problems, but he also 
saw it as Israel’s contribution to the inventory of human 
knowledge—not parochial but global. 

When we consider science going on in a state of siege, 
seo the magnificent laboratories which are certainly not the 
dug-outs of the beleaguered, and ask, as so many must 
when they see them: “How can they build so confidently ?” 
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the answer is simple: they are not building for the 
future; they are living in the Future. They are not wait- 
ing for miracles to deliver them from their predicamont. 
As Weizmann said: “Of-course miracles happen, but it 
needs hard work to make them’. Or in his phrase on 
another occasion: ‘“The walls of Jericho fell to the sound 
of shouts and trumpets. I have never heard of walls 
being raised that way.” 


THE EUROPEAN SPACE RESEARCH ORGANIZATION (ESRO) 


By Dr. A. W. LINES 
Technical Director of ESRO and Director of ESTEC 


AND 


Dr. R. LUST 


Director of the Max Planck Institute for Extra-terrestrial Physics 
and Chairman of the Launching Programmes Sub-Committee of COPERS 
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HE European Space Research Organization (ESRO) 

formally came into existence with final ratification 
of the Convention on March 20. Plans for the Organiza- 
tion have been developing since February 1961 when the 
Commission Préparatoire Européenne de Recherches 
Spatiales (COPERS) was established, as a result of the 
Meyrin agreement signed by twelve European States. 
The terms of the Meyrin agreement enabled the establish- 
ment of a secretariat to the Commission and all types of 
work, short of actual development and construction, to 
be undertaken. The secretariat in Paris is now the 
headquarters of ESRO. Thus it has been possible to 
recruit a nucleus of staff, to plan the scientific and technical 
programme, to carry out certain design studies and to 
plan the establishments of ESRO. 

These plans will be executed within an agreed ex- 
penditure of about £110 million over a period of eight 
years, and have become part of the Commission’s 
recommendations to the Council of ESRO for the estab- 
lishment and operation of the Organization. Delays have 
occurred in ratification of the Convention; but, to some 
extent, these have been ameliorated by arrangements 
between the Commission and individual Member States to 
provide certain facilities for practical work to begin. 
The first direct result of these arrangements will be the 
beginning of a sounding rocket launching programme in 
the summer of this year. The scientific payloads for these 
sounding rockets, Centaure and Skylarks, are being 
prepared by scientific groups in the Member States, the 
integration of these payloads and their assembly being 
carried out by the Organization at its establishment in 
Holland. A similar policy is being followed for the space- 
craft programme, the scientific payloads being the 
responsibility of scientific groups in the Member States 
and the Organization being responsible for their inte- 
gration and for the development, construction and arrange- 
ments for launching the spacecraft. 

The plans proposed for the Organization are a direct 
result of its scientific programme since, as stated in the 
Convention: “The purpose of the Organization shall be 
to provide for, and to promote, collaboration among 
European States in space research and technology, 
exclusively for peaceful purposes”. 

The scientific aims have emerged as a result of the 
analysis of proposals from scientific groups in the member 
States both for experiments with sounding rockets and 
with spacecraft. The limitation to the scientific work is 
set by the financial ceiling over the eight-year period. It 
has been one of the main purposes of the planning to 
prepare, so far as possible, conditions for maximum 


scientific value and output within the agreed financial 
limit. 

Scientific aims of ESRO. It is clear that it would not be 
possible to set up a detailed sciontific programme for a 
period as long as eight years. On the other hand, it is 
necessary to envisage a possible programme in order to 
plan the facilities required and to satisfy Member States 
that a useful scientific programme can be obtained within 
the agreed financial limit. In addition, certain projects 
come to fruition in 24-5 years time and, therefore. 
some parts of the scientific programme, at least in broad 
outline, must be decided early. Since the Commission 
recommends to the ESRO Council the start of certain 
projects in the first year of ESRO, these recommendations 
have implications for part of the scientific programme up 
to at least the fifth year and probably beyond that time. 
The time-seale involved in a complex spacecraft project 
makes the initial scientific assessments of considerable 
importance and can affect the scientific aims of the 
Organization for many years. 

In outlining the scientific aims of ESRO, it must bo 
made clear that most of the scientific work (planning of 
experiments, design and construction of scientific measur- 
ing instruments, interpretation and publishing of the 
scientific results) will be carried out by research groups in 
the Member States. The cost of these activities will be 
borne by national funds. Only major programmes, such 
as that associated with a large astronomical satellite. will 
have their main scientific instruments developed, con- 
structed and financed under the control of ESRO. The 
possibility of incorporating secondary experiments from 
national research groups is not, of course, excluded from 
such programmes. 

The scientific groups of Member States have expressed 
their interest in almost all scientific fields related to space 
research. However, as might be expected, the main 
interest occurred in those fields where Europe has, in the 
past, made major contributions. The investigation of 
ionospheric and auroral phenomena, observations of the 
Sun, stars and interplanetary medium, and studies of 
cosmic rays and trapped radiation, gave rise to the greatest 
number of proposals for experiments. In particular, em- 
phasis was placed on space research in the auroral zone 
due to its importance for a better understanding of the 
interaction of solar activity with the Earth’s atmosphero, 
as well as the traditional and continuing interest of 
European scientists in auroral research. As a result of 
this interest, ESRO’s own launching range for sounding 
rockets is being established near Kiruna, northern Sweden, 
in the auroral zone. 
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Up to the present time, scientific groups in Member 
States have made proposals for about 70 experiments 
with sounding rockets and the same number for satellites 
and space probes. In reviewing the proposals further, it 
is convenient to divide the scientific programme into an 
initial phase and future plans. 

Initial programme. For the initial phase of ESRO, a 
detailed scientific programme has been agreed comprising 
a number of sounding rocket and satellite payloads and 
one large project, as follows: 

(a) Sounding rocket programme. Eight payloads have 
been acceptod, and their development has begun. For 
these eight payloads, 22 experiments have been solected 
grouped in the following manner: release of vapour clouds 
and grenades, 2 payloads; ionospheric measuremonts, 3 
payloads; night airglow study, 1 payload; stellar photo- 
metry and spectrometry, 1 payload ; study of solar X-rays, 
1 payload. 

A further nine payloads have been recommonded and 
technical studies of these are being mado as follows: 
atmospheric studies, 2 payloads; ionospheric moasure- 
ments, 2 payloads; auroral evonts, 2 payloads; stellar 
measurements, 1 payload; solar measurements, 1 payload; 
cosmic-ray measurements, 1 payload. 

In addition, four payloads requiring some form of 
stabilization of payload axes in space have been recom- 
mended as follows: solar measuremonts, 3 payloads; 
lunar measurements, 1 payload. 

It is proposed to launch about 12 sounding rockets in the 
first year of ESRO and about 40 in the second, correspond- 
ing to 26 different payloads, each type of payload being 
allocated two rocket launchings. 

(b) Small satellites. The payloads for two small satel- 
lites, HSRO I and ESRO H, have been agreed. It is 
proposed that these should be Jaunched by Scout vehicles 
in @ co-operative programme with the U.S. National 
Aeronautics and Space Administration. ESRO I contains 
six experiments for the investigation of the ionosphere 
and auroral phenomena and ESRO II also six experiments 
for measurements of solar radiation, cosmic rays and 
trapped radiation. Tho first launching should occur at 
the beginning of 1967. 

(c) Medium stabilized satellites. Scientific proposals 
have indicated a strong desire for satellites with some 
form of stable orientation, in particular for astrophysical 
studies. The medium satellites proposed aro of a size 
and weight suitable for such stabilization and for launch- 
ing by the Thor-Delia vehicle. For astrophysical work 
the weight of the satellite would be about 200 kg launched 
into an orbit at about 600-km altitude. Experiments 
proposed for such a satellite include: moasurement of 
the composition and temporature of the upper atmo- 
sphere; solar X-ray measurements; infra-red and ultra- 
violet sky scanning and stellar investigations; spoctro- 
scopic investigation of stellar ultra-violet; investigation of 
zodiacal light and ‘Gegenschein’; y-ray astronomy; 
measurement of cosmic-ray particles. 

(d) Large astronomical satellite. Tho main scientific 
objective of this satellite is to obtain spectra of stars in 
the range 900-3000 A with a resolution of 1 A or botter. 
In addition, a broad-band X-ray recording instrument and 
a y-ray telescope are proposed for the payload. The 
launching of such a satellite would not occur until about 
the sixth year of ESRO. At present the detailed require- 
ments for such a satellite are still boing examined. 
However, it appoars likely that such satollites would form 
part of an integrated scientific programme in astronomy, 
including exporiments for sounding rockets and medium 
stabilized satellites. Such a programme, involving a 
progressive scientific and technological development, is 
being investigated in detail. 

Future plans. Tho sciontific programme outlined here 
gives an indication of the immediate scientific aims of 
ESRO. For purposes of planning, it has been assumed 
that there would be a sciontific requirement for further 
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small satellites and for medium satellites. In addition, 
space probes for the investigation of cosmic rays, inter- 
planetary plasma and interplanetary magnotic fields are 
necessary. These spaco probes would require launching 
by vehicles such as Thor-Deilta, the ELDO satellite launcher 
or more powerful vehicles. 

In addition, it is proposod that ESRO engages in a 
second large project, development beginning in the third 
year. Proposals for the second largo project are being 
assessed. These include a lunar mission, soft landing of - 
instrumonts or & lunar satellite, and a ‘fly-by’ mission to 
a comet or planot. The socond large project is onvisaged 
at present in terms of a space probe with considerable 
payload and complexity, requiring a powerful launching 
vehicle. Scientific opinion appears to indicato that 
larger and more complex spacecraft will bo required in 
the future rather than considerablo numbors of small 
satellites. It is expected that about four spacecraft will 
be launched per year from about the fourth or fifth yoar. 

Scientific research associated with the ESRO spacecraft 
programme. Scientific research will mainly bo carried out 
in tho research groups of Membor Statos. Howover, it has 
boon agreed that a scientific laboratory should be set up in 
ESRO to carry out scientific research, by means of labora- 
tory experiments, as a counterpart to spacecraft and 
sounding rocket experiments. The activity of this 
laboratory will be predominantly in tho fields of particle 
reactions, electromagnetic radiation and low-density 
plasma physics. The laboratory will have about 25 
scientists with a total staff of about 80. It will be located 
in Italy and is named the European Space Research 
Institute (ESRIN). 

The European Space Data Contre (ESDAC), located in 
Germany, will be mainly concerned with the processing 
of data obtained from sounding rockots and spacecraft. 
However, it will carry out a limited programme of 
research associated with its computer facilities, for 
examplo, in celestial mechanics and more detailed analysis 
and correlation of scientific results. The staff numbers 
of this laboratory will be similar to that of ESRIN. 

In addition, a small scientific laboratory, the European 
Space Research Laboratory (ESLAB), is foreseen to enable 
scientists from national research laboratories to work as 
ESRO Fellows for a limited time on scientific space pro- 
jects, particularly when adequate facilities are not 
available in their own countrios. It is proposed that this 
laboratory should be located near to the European Space 
Technology Centre (ESTEC) in Holland which can then 
provide ESLAB with technological information and 
facilities. 

Plans for the implementation of the scientific programme. 
ESRO will provido essentially the technological and 
administrative facilitios for carrying out this programme. 
In particular the technological work will be carried out in 
the European Space Technology Centre (ESTEC) in Hol- 
land and by contract with European industry. ESTEC 
will have a total staff of about 800 and, in addition to the 
technological work, will control the ESRO network of 
telemetry and tracking stations from its control centre. 
For the sounding rocket work a rango is being established 
at Kiruna in northern Sweden with a total staff of about 
100. It will have two launching pads, with tho necessary 
tracking, tolemetry, rocket preparation and safety 
facilities. Operations will begin from Kiruna about the 
end of 1965 or the beginning of 1966. In the meantime 
arrangements have been made for launching rockets from 
national ranges. 

ESTEC is already established with a staff of about 100, 
to be increased to about 300 at the end of this year and 
to 800 at the ond of the third year. By this time the 
staff will occupy laboratories which are being planned at 
present, both for spacecraft project work and for applied 
research. Tho telemetry and tracking network is planned 
to come into operation in about two years time in readiness 
for the first satellite launching early in 1967. 
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NON-LINNEAN TAXONOMY 


By Pror. E. J. DuPRAW 


Department of Zoology, University of California, Davis 


N contemporary taxonomy, two major schools pre- 

dominate: (1) orthodox or ‘phyletic’ taxonomy, which 
seeks to establish hierarchical taxa based on known or 
presumed phylogenetic relationships; (2) numerical tax- 
onomy, a reform movement, which seeks to establish 
hierarchical taxa based on quantitative estimates 
of phenotypic similarity. Both these systems are 
fundamentally Linnean in character, inasmuch as they 
proceed by defining hierarchies of mutually exclusive 
categories. 

The purpose of this article is to report a practical, 
non-Linnean system of classification, in which the defini- 
tion of categories or taxa is unnecessary and undesirable. 
The primary goal of non-Linnean taxonomy is the recogni- 
tion of individual organisms (as opposed to defined cate- 
gories of organisms); its justification is the unrestricted 
transfer of biological information, from the known speci- 
mens which yield the information, to the populations of 
unknown specimens which they represent. This recogni- 
tion function is carried out by the quantitative measure- 
ment and multivariate analysis of the properties of 
specimens; definition of qualitative present-and-absent 
‘characters’ and use of character ‘codes’ is minimized. 
Nomenclature of both specimens and observed specimen 
clusters is quantitative (by graph co-ordinates), and 
designations are calculated directly from measurable 
specimen, properties. These principles have been applied 
in computing three non-Linnean classifications of honey- 
bees. 

The classifications were computed from a sample of 246 
worker honey-bees, selected to represent the broad vari- 
ability of the group. One-third of the specimens was 
collected by me in Europe and North Africa, and the 
remainder were contributed by colleagues in 12 countries, 
including Japan, India, Egypt, south and central Africa, 
and scattered parts of Europe. Overall, the 246 specimens 
represented 96 different locales or sources, which were 
provisionally grouped for computation into 17 sets of 
20 > n > 10 (primarily according to geographical popula- 
tion). An additional 105 specimens were added later in 
testing the classifications. 

Fifteen variables were measured for each specimen— 
all based on the pattern of venation in the forewing. These 
variables were selected in a preliminary study, in which 
correlation coefficients for pairs of variables across 
214 specimens were calculated; of 105 correlation 
coefficients between all possible pairs of the 15 variables 
selected, two wero above 0-5, but the majority were 
below 0-25. 

Wings were flattened between two microscope slides 
and projected at an (actual) magnification of times 83 
(using a Bausch and Lomb ‘Trisimplex’ microprojector). 
Positions of the 18 vein intersections were marked by 
pin-pricks, and these points were connected by a standard 
system of straight lines (Fig. 1). The variables in this 
work consisted of 13 angles, each defined by three vein 
intersections and measured with a protractor to the nearest 
degree (Fig. 1 and Table 1); in addition, two distances 
were measured. The distance 4-O was determined as 
A-K + K-O, and was measured to the nearest millimetre 
at times 83; the distance [-G was measured directly 
to the nearest millimetre at an actual magnification 
of times 85 (the deviation caused by peripheral lens 
error). 
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Fig. 1. Honey-bee forewing and standard wing diagram. 


‘Each classification is defined by two sets of discriminant 
coefficients (Table 1), and these were computed for any 
given classification in a multiple-group discriminatory 
analysis by matrix operations, according to the procedures 
introduced by Rao1?; these procedures have previously 
been applied to problems in Linnean taxonomy by several 
authors*-?, Computations were carried out on the IBM 
1410, using a programme written by Mr. Walt Davis and 
kindly provided by Dr. D. L. Jameson of San Diego 
State College. 

Each non-Linnean classification consists of a two- 
dimensional distribution of specimen points (Figs. 2, 3 
and 4), the axes of the distribution being defined in each 
case by two sets of discriminant coefficients (Table 1) 
derived from the matrix operations. The coefficients, in 
effect, ‘weight’ the specimen variables on a criterion of 
low variability within groups together with high variability 
between groups. The co-ordinate of any specimen on a 
given axis is obtained by multiplying each variable (as 
measured for that specimen) by its corresponding cooffici- 
ent (positive or negative) and summing the products. 
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Fig. 2. Classification 1 (n=351). Solid dots are specimens used in com- 
puting the coefficients; hollow dots are ‘unknown’ specimens 























850 NATURE May 30, 1964 vo.. 202 
Table 1. DISCRIAMNANT COEFFICIENTS 
Classification 1 | Classification 2 Classification 3 

Function 1 . Function 2 | Function 3 Function 4 Function 15 Function 16 
Al — 0000921802 0-306568 -— 0-217898 — 000371192 0 0 
A4 0 0 0-150675 — 0-0260361 0-601507 — 0-137420 
B4 — 00313211 ~0-0577291 — 0:0527352 0-0222806 0-110628 0-109214 
E9 0 0 00851203 0-306352 0 0 
Gi 0 0 — 0161555 0-398386 1-541104 0°153534 
Gi8 — 00384006 0-0537994 00901555 — 00709504 0 0 
H12 0 0 — 0°154286 0-0288592 0 0 
J10 — 0:0248901 — 0-0425951 00144456 0-00825750 0-193707 — 0-200633 
J16 — 0181930 0-227760 ~ 0-272197 — 0-0185471 0 0 
M17 0 0 0-00692899 0-0555699 0 0 
N23 0-0732499 — 0-247132 0141279 0-144283 — 0-212001 00703694 
026 00606981 0-000487939 0-0356704 — 000625475 — 0-168262 0-131889 
Q21 0 0 0-196608 — 0-169199 0 0 
L-G 0 0 ~ 0152191 0-0907925 — 0-179395 0-138940 
A-0 0-102813 0-0351519 0:0991833 0-0229379 0-0821419 0:0515618 
































Variables 4-0 and L-G, if measured in absolute units, 
must be multiplied by the ‘magnification factors’ used in 
this work (times 83 and 85, respectively). 

Classification 1 (Fig. 2). This classification is based on 
eight variables (Table 1) and 189 specimens, provisionally 
arranged as 12 groups. The axes represent the first two- 
(orthogonal) discriminant functions, and account for 
91 per cent of the variation in the data. 

Despite the 12 provisional groups, only three separate 
specimen clusters appear in this classification. Two of 
these are congruent with Linnean categories, the cluster 
at 4,24 with Apis florea and the cluster at 39,30 with A. 
dorsata. The remaining points, which form one continuous 
cluster (18,17), include specimens of two Linnean cate- 
gories, A. mellifera and A. indica; specimens of A. indica 
form a sub-cluster centred around 15,20 while specimens 
of A. mellifera cluster about a centre at 22,15. 

Classification 2 (Fig. 3). This classification is based on 
all 15 variables, and 225 specimens, all of which fell in 
cluster 18,17 of the first classification; the specimens were 
provisionally grouped in 15 sets. As before, the axes 
represent the first two (orthogonal) discriminant functions, 
and in this case account for 65 per cent of the variation 
in the data. 

It is apparent that the ‘resolving power’ of classification 
2 is higher than that of classification 1; in effect, this 
classification, views a selected region of classification 1 at 
a much higher ‘magnification’, The same specimens, 
which in classification 1 form a continuous cluster at 18,17, 
are resolved into two separate clusters in classification 2. 
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Fig. 3. Classification 2 (n=330). Solid dots are specimens used in 
computing the coefficients; hollow dots are ‘unknewn’ specimens 


These clusters are congruent with the Linnean categories, 
A. indica (— 4,41) and A. mellifera (5,43). Jn addition, a 
distinct sub-group, or dense region, is centred at about 
5,45; this sub-group is homogeneous for specimens from 
Europe south-east of the Alps, but does not correspond 
to any single Linnean category (although it includes 
several ‘races’, for example, carnica, ligustica, acervorum). 

The general agreemont between this classification and 
classification 1 is notable, since classification 2 is based on 
57 specimens (5 geographical regions) and 7 variables 
which were not used in classification 1. 

Classification 3 (Fig. 4). This classification is based on 
eight variables (Table 1) and 50 specimens, all of which fell 
in the sub-cluster at 5,45 in classification 2. The two axes, 
however, are non-orthogonal, that is, they were derived 
from two separate discriminatory analyses, in which the 
same specimens were provisionally placed in three groups 
for the first analysis, and in two groups for the second. 

Once again, the ‘resolving power’ of the classification 
is increased as compared with the previous one; three 
constellations can be distinguished among the same 
specimens which, in classification 2, formed one cluster of 
no distinguishable sub-structure. These constellations 
appear as three ‘arms’ radiating from a centre at 50,55, 
and they are approximately homogeneous for specimens 
from south-east Austria (49,58), Italy (52,55), and Jugo- 
slavia (49,54). However, no completely separate groups 
are resolved, and it is likely that the ‘limit of resolution’ 
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Fig. 4. Classification 3 (n= 83). Solid dots are specimens used in com- 


puting the coefficients; hollow dots are ‘unknown’ specimens 
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has been reached. At this level, taxonomic classification 
merges with the analysis of morphogenetic growth 
patterns, as carried out by Blackith’. 

Recognition Function of the Classification. In non- 
Linnean classification, recognition of specimens (that is, the 
associating together of specimens which are the same in 
many or all of their attributes) is carried out directly and 
on multivariate criteria, by the associating of specimen 
points in the discriminant scatter diagram. As a test of 
the ‘naturalness’ of the foregoing classifications (and other 
classifications to be reported elsewhore), unknown samples 
of disarticulated wings, provided by Prof. F. Ruttner of 
Lunz am See, Austria, were plotted in the graphs; twenty 
samples, each containing 3~5 wings, are included in Figs. 
2, 3 and 4, 

In general, a clear association was found between 
unknown specimens and previously discovered specimon 
groupings. In order to demonstrate that the associated 
specimens were similar in properties not used in tho 
classifications (‘naturalness’ of the classifications), an 
attempt was made to recognize the specific geographical 
population (for example, ‘south-east Austria’, ‘N. Europe’, 
‘India and vicinity’) for 18 of the unknown samples (no 
identification was attempted for two of the original 
samples, because of non-typical intra-sample variability) ; 
of the 18 identifications attempted, 16 proved to be cor- 
rect. This order of accuracy in recognizing geographical 
variants of the honey-bee far exceeds any attained in the 
context of Linnean taxonomy, even after careful analyses 
of whole specimens. 

Discussion. Individual specimens may be conceived 
as points, plotted on a multi-dimensional graph the axes 
of which are the scales of the specimen variables®§. 
Specimen points in this ‘character hyperspace’ are ex- 
pected to exhibit clustering, which may be in the form of 
discrete groups of points, or of high-density constellations 
linked by low-density intermediates to other high-density 
regions. In either case, the distribution of points is 
expected to tend to a continuum, as a consequence of the 
gradual evolution of organisms. 

The act of defining taxa, as practised by the Linnean 
taxonomist, is equivalent to circumscribing the areas of 
high point density in character hyperspace with semi- 
arbitrary and multi-dimensional boundaries. Once 
defined, the conceptual categories are taken to represent 
the actual specimens, an operation which introduces 
serious informational artefacts. For example, the observed 
groupings of specimens are frequently poorly defined and 
overlapping (for example, see classifications 2 and 3), 
whereas the imaginary categories are sharply defined and 
mutually exclusive. Sokal and Sneath state*: “In devising 
our method in such a way as to avoid overlapping clusters, 
we are in fact biasing the data to yield discrete definable 
clusters”. Ehrlich® and Michener!® have cited many 
specific examples, from the species-level to the kingdom- 
level, in which distortions are introduced by forcing real 
specimens into imaginary catogories. 

This article has demonstrated that it is feasible to 
achieve practical classifications without categorizing 
specimens; this is achieved by a direct, two-dimensional 
representation of the specimen distribution in character 
hyperspace. As suggested by Rao? and emphasized by 
Jolicoeur®, the distribution of specimen values for any 
given discriminant function is, in effect, an optimum one- 
dimensional view of the multi-dimensional taxonomic 
graph; two-dimensional views are achieved by plotting 
one discriminant function against another, which may be 
orthogonal to the first (classifications 1 and 2) or not 
(classification 3). In such direct projections of individual 
specimens in character hyperspace, the objectivity and 
repeatability of the classification, as well as its recognition 
function, attain a maximum. 

An important aspect of non-Linnean taxonomy is that 
both the individual specimens and the groupings of 
specimens can be uniquely located within a classification 
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by the values of their discriminant functions. Thus, these 
numerical values constitute the nomenclature in the given 
classification, for both the individuals and the groups to 
which they belong; a notable advantage of this type of 
nomenclature is that the designation of any specimen in a 
given classification can be determined directly ‘and 
precisely from that specimen’s measurable properties. 
Furthermore, such a system of discriminant nomenclature 
satisfies the criteria for an ideal nomenclature as postul- 
ated by Sokal and Sneath®: that is, it contains ‘‘informa- 
tion serving to distinguish its lowest units’’ (individual 
specimens), it contains information linking these units 
to related units, giving some idea of the affinity ; it locates 
the unit correctly within the ‘hierarchical’ specimen 
groupings in Nature; and it can serve as a “ready and 
internationally accepted handle for recognizing and 
dealing with” any specimen or cluster of specimens 
(species). 

In adopting or employing a previously published non- 
Linnean classification, it is sufficient to identify the 
classification by the author and publication reference, 
the specimen cluster by the co-ordinates of its (approxim- 
ate) centre of distribution, and the specimen by the exact 
values of its corresponding discriminant functions. If two 
or more classifications appear in the same publication (as 
in the present article), these should be numbered by the 
original author, and reference made accordingly by 
subsequent authors. Common names can be givon in 
order to orient non-specialists; also, when an obvious 
congruence exists between a non-Linnean specimen 
grouping and a previously described Linnean category’, this 
should be noted in the literature. Linnean and non- 
Linnean classifications should supplement one another: 
however, a non-Linnean classification need not bo pre- 
ceded by a Linnean one, and precision will be groatest if 
they are regarded as essentially independent systems. 

It is worth noting that non-Linnean classification and 
nomenclature are ideally suited for use in computer data 
storage and retrieval. It is not necessary to obtain inter- 
national agreement on code numbers for species, as sug- 
gested by Jahn" and Michener!®; provided that the 
classification itself is given a code number, both specimens 
and specimen groups within the classification can be 
designated by their discriminant function values. This 
system makes it practicable immediately (in groups for 
which a non-Linnean classification is available) to retrieve 
data relative to a given specimen, by stating the classifica- 
tion number and the raw measurements of the specimen 
(a possibility predicted by Jahn"). The data output could 
easily be made to include the nearest corresponding 
Linnean and common names, if so desired, as well as the 
overall point distribution of the classification. 

In non-Linnean taxonomy, improvement of classifica- 
tions by revision should be a relatively wncomplicatod 
procedure because: (1) each classification is completely 
defined by a small number of coefficients; (2) specimon 
designations are numerical; (3) the designations may be 
determined directly from the specimen measurements. 
If it is desired to locate the same specimen in two or more 
rival classifications, this can be done by very simple 
calculations and without confusion. These properties 
of non-Linnean taxonomy make the problom of priority 
in nomenclature’? non-applicable, and it seems possible 
that the need for international taxonomic commissions 
might ultimately be eliminated. 

Attention has been directed away from the foregoing 
applications of discriminatory analysis because it was 
supposed that the initial grouping of specimens into 
sets for computational purposes was equivalont to defining 
Linnean categories (Sokal, quoted in McGuire and 
Wirth). In fact, existing Linnean categories may fro- 
quently be the best first-approximations in grouping the 
data, but, as has been demonstrated in the present article, 
such groupings are no more than provisional. Tho 
discriminant function values vary primarily according to 
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the actual specinien measurements (that is, they are true 
specimen characters) and, if any of the original data 
groupings are not real, they cannot appear later in the 
discriminant scatter diagram. Discrimmatory analysis is 
thus a taxonomic ‘screening’ procedure, in which many 
provisional groups may be put in, and only those which 
are ‘recognizable’ (depending on the variables used) will 
come out. Unrecognizable data groupings, furthermore, 
should introduce little distortion in the final discriminant 
coefficient values, since the coefficients are influenced more 
heavily in proportion to the deviation of each group from 
the others. As demonstrated here, successive removal 
of ‘extreme’ groups leads to increased ‘resolving power’ of 
new discriminant axes for the remaining groups. The 
same data may also be grouped in different ways (as was 
done in arriving at classification 3). 

One may question the ‘naturalness’ of a taxonomy which 
aims primarily at specimen recognition, and which bases 
its classifications on variables which, although of low 
inter-correlation, are all determined from one part of the 
body (the forewing). However, Gilmour has pointed 
out? that, in terms of the theory of classification, a classi- 
fication is more ‘natural’, the more generalizations can 
be made about its classes. In this sense, the most natural 
biological classification would be one which most closely 
reflects the specimen distribution in a high-dimension 
character hyperspace (since the nearer two specimen points 
lie, the more statements can be made about them in 
common, and vice varsa). 

It would follow that Linnean taxonomy, in the very 
act of defining categories, departs from ‘naturalness’. At 
least, information is sacrificed with respect to: (1) the 
high similarity of specimens just to either side of the 
category boundaries; (2) the dissimilarity of extreme 
specimens encompassed within the same category boun- 
dary; (3) the actual number of specimens on which the 
category is based; (4) the degree of similarity between 
the specimens encompassed by one category relative 
to the specimens encompassed by several other mutually 
exclusive categories at the same level (since real specimen 
groupings do not occur in ‘levels’). Furthermore, identi- 
fication as a primary function of classification appears 
artificial only in the context of Linnean taxonomy, where 
it is the defined category, rather than the specimen 
group, that is being identified. “Identification of speci- 
mens”, in the Linnean sense, means the assigning of 
specimens to one of a predetermined set of mutually 
exclusive categories, whereas “recognition of specimens’, 
in the non-Linnean sense, means the power of a classi- 
fication to associate specimens which are the same in 
many or all of their attributes. Assigning a specimen to 
its ‘proper’ Linnean category may or may not lead to 
associating together the most similar specimens. 

Gilmour’s criterion for ‘naturalness’, in fact. implies 
the logical corollary that the most natural classification 
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is that which provides best for the recognition of 
specimens. This follows, since the more attributes 
which. a class has in common the greater the number 
of ways which are available for associating the mem- 
bers of the class, and the greater will be the accuracy in 
bringing together highly similar specimens; at the same 
time, the more natural will the class be in Gilmour’s 
sense. The principle of specimen recognition is therefore 
logically inseparable from the principle of natural classifica- 
tion, and it is proposed here that the recognition power of 
a classification is the most objective criterion for its 
‘naturalness’. 

This recognition power can be tested empirically, 
as reported in the present article, by adducing evidence 
that specimens associated together in the classifica- 
tion (including specimens not used in the initial calcula- 
tions) are highly similar in properties which were not 
used in constructing the classification. The origin 
of associated known and unknown specimens from a 
uniform panmictic population constitutes such evidence. 
Since the classifications reported in this article have been 
demonstrated to exhibit an extremely accurate recogni- 
tion power, they are therefore considered ‘natural’, 
despite the fact that they are based entirely on the pattern 
of the forewing. 

The goal in non-Linnean taxonomy is not to transmit 
any one kind of information (such as phylogeny in ortho- 
dox taxonomy, or genotypic information in numerical 
taxonomy). Rather, the primary goal is to provide for 
the transfer of all kinds of information by associating 
samples of known specimens (which have yielded the 
information) to the population of unknown specimens 
from which the samples were drawn. The intention is 
to provide for confident transfer of general biological 
information, including not only present but also future 
information, not only taxonomic data but also, in the 
case of laboratory organisms, all the types of information 
derived from specimens by experimental means. Non- 
Linnean taxonomy therefore promises to be a powerful 
tool for the purposes of the non-taxonomist. 


* Rao, C. R., Nature, 160, 835 (1947). 


? Rao, C. R., Advanced Statistical Methods in Biometric Research, 370 (John 
Wiley and Sons, Inc., New York, 1952). 


` Rao, C. R., J. Roy. Stat. Soc., B, 10, 159 (1948). 


‘ Ashton, E, H., Healy, M. J. R., and Lipton, S., Proc. Roy. Soc. B, 146, 
552 (1957). $ Pe ON So 


5 McGuire, J. U., and Wirth, W. W., Proc. Tenth Intern. Cong. Entom., 
1, 387 (1958). 

$ Jolicoeur, P., Evolution, 18, 283 (1959). 

7 Blackith, R. E., Biometrics, 16, 28 (1960). 


8 Sokal, R. R., and Sneath, P. H. A., Principles of Numerical Taxonomy 
(W. H. Freeman Co., San Francisco, 1963). 


? Ehrlich, P. R., Syst. Zool., 10, 167 (1961). 
10 Michener, C. D., Syst. Zool., 12, 151 (1963). 
u Jahn, T. L., Syst. Zool., 10, 179 (1961). 

32 Jahn, T. L., J. Parasit., 48, 656 (1962). 
13 Gilmour, J, S. L., Nature, 168, 400 (1951). 


x 


GROWTH OF CRYSTALS FROM RANDOM CLOSE PACKING 


By Pror. J. D. BERNAL, F.R.S., K. R. KNIGHT and !. CHERRY 
Birkbeck College (University of London), W.C.! 


R. G. D. SCOTT" has directed attention to the growth 
of regular regions from random packing when 
randomly loose packed equal spheres are subjected to 
shearing. We have made a detailed investigation of the 
type and size of these crystals. 
A hinged parallelogram 4 in. deep with 8-in.-long sides 
was arranged to swing over a base, one end moving in 
a track parallel to the opposite fixed end, the box so 


formed maintaining constant volume. The walls of the 
box were lined with dimpled copper sheets and the base 
covered with randomly placed indentations to prevent 
spontaneous crystallization of the sample. The box was 
partially filled by pouring to a depth of 3-4 in. with about 
16,000 0-25-in. steel balls which initially took up a volume 
corresponding to random loose packing (occupied volume, 
60 per cent). 
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Fig. 1. A typical cubic close-packed crystal formed after 10 cycles 

of 25° either side of the square position. This shows the basal 111 

plane and 100 planes to the right and left in the upper part and at the 
otom 


_ In accordance with our hypothesis of the liquid state? it 
is appropriate to consider the irregular packing as a 
liquid. The aggregate in its ‘liquid’ state presents no 
significant resistance to shear, flowing evenly from side 
to side with the motion of the walls. This motion, how- 
over, causes the balls to align themselves into small 
regular regions or ‘crystals’ which grow as the motion 
continues. The behaviour of the box when filled with such 
regularly arranged ‘solid’ aggregates is quite different. 
Although there is no bonding agent at all, 
the force required to shear the ‘crystal’ is 
substantial, parts of the regular regions. 
dislocating and moving in coherent blocks. 
The demonstration of the effect of shearing 
on solids and liquids is quite vivid. The 
rate of formation of the ‘crystals’ has been 
examined. The parallelogram was deformed 
5° either side of the square position for a 
noted number of complete cycles at the 
constant rate of 15 c/min. At the end of 
each experiment as many as possible of the 
balls that were not regularly arranged were 
removed, very carefully, from the box. 
Those removed were weighed and the 
proportion that had formed into crystal 
arrangements was estimated. The method 
appeared quite reliable and the estimated 
proportion should be accurate to within 
+5 per cent. The experiments were re- 
peated at angles of 10° and 25°. 

The ‘crystals’ formed are invariably 
cubic close packed. The crystal regions are 
normally orientated with the 111 plane 
parallel to the base of the box. The edges 
of the intersection of the 11T with the 111 
plane aro normally aligned to within 15° of 
the plane of shearing. In this normal 
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-arrangement dislocations take place in the 11T planes 


at an angle of 19° 28’ to the vertical shear planes, 
the 11T planes being closer to the vertical than the 001 
planes (Fig. 1). (Figs. 1, 2, 4 and 5 show ‘crystals’ with 
as much as possible of the remaining irregular regions 
removed. The hinges of the box are towards the bottom 
of each plate.) In odd cases crystals were found at 30° 
to this orientation with the edges of the intersection of the 
111 plane with the 1T1 plane perpendicular to the planes 
of shearing. The motion of the walls causes crystals in 
this orientation to dislocate in the 1T1 plane, perpendicu- 
lar to the shearing. Often in the early stages of growth two 
or even three quite separate and differently orientated 
crystals are formed (Fig. 2). At the larger angles subse- 
quent shearing inevitably resulted in one large erystal. 
It appears that the growth of one predominates and 
eventually destroys the other. At the smaller angle 
grain boundaries of random packing, 4 or 5 balls 
across, persisted to the limit of our experiments. 
Many examples were found with stacking faults, and 
even sections of hexagonal close packing occurred 
sporadically. 

The rate of growth of the crystals (Fig. 3) is in broad 
agreement with Scott’s results although the ultimate 
amount of crystal for any given shear is, to some extent, 
a function of the box used. Scott, using a tall box 
with the planes of shearing horizontal and parallel to a 
fixed base, suggests that the aggregate reaches maximum 
density after as few as 100 cycles. The greatest density 
he measured corresponds to approximately 50 per cent 
crystal. This is achieved at 23° half-angle of shear which 
he cites as the optimum angle for maximum donsity. 
Experiments with our box suggest a more linear relation 
between shear angle and the ultimate maximum of crystal. 
It is important, however, to distinguish between crystal 
growth due to shear alone and growth by ‘washing’. 
This occurs when large volumes of ‘erystal’ almost fill 
the box. The remaining ‘liquid’ is washed over the ‘crystal’ 
by the motion of the walls. With each oscillation a pro- 
portion of the wash falls into lattice positions on the 
surface of the crystal, causing it to grow upwards out of 
the box. Experiments with large volumes of crystal at 
shear angles of 10° and 25° where the movement of the 
sides is sufficient to make washing a significant factor are 
excluded from our results. The crystals are reasonably 
evonly distributed along the length of the box, although 
the ‘arrowhead’ formation (Fig. 1) is common at largo 





Fig. 2. A cubic close-packed twin ‘crystal’ and a separate mis-aligned ‘crystal’ formed 
after 10 cycles of 10° either side of the square position — 





Proportion of erystal by weight (%) 
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Fig. 3.. Rate of growth of ‘crystals’ at half-angles of shear of 5°, 10° and 25° 





Fig. 4. A cubic close-packed ‘crystal’ grown using a 100 plane close-packed nucleus in 
the base of the box. Note twin on the upper 111 face of the main crysta 





Fig. 5. A body-centred cubic ‘crystal’ grown using a 100 plane body-centred cubic 
nucleus in the base of the box. The pyramid planes are the 110 planes 
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angles of shear. Not unexpectedly the 
crystals grow from the bottom of the box 
up, but never directly on the dimpled 
base. i 

The initial growth of regular crystal 
regions requires some kind of nucleating 


. body. Although care was taken in the 


construction of the box to avoid plane 
surfaces which might initiate crystalliza- 
tion, small areas had to be left flat. 
Subsequent experiments on a vibrating 
table have shown that it is possible to 
grow crystals in this box without shearing, 
but the rate of growth is some 100 times 
slower than can be obtained by shearing. 
It would appear that the shearing tends 
to align the balls in the plane of the motion 
causing the 11T plane to grow in this 
plane. The fact that the 111 plane 
develops parallel to the base suggests 
that the base performs the same function. 
Some experiments were conducted using 
a sample in a polythene bag, floating in 
the random aggregate, the sample being 
therefore isolated from the base of the 
box. The action of the shearing nucleated 
the sample in the bag, although the 
absence of the influence of the base 
allowed the growth of crystals with the 
001 plane horizontal, or nearly so, to be 
a common occurrence. 

Further experiments with a nucleating 
body in the base of the box showed that 
it is possible to grow crystals of pre- 
determined orientation. The nuclei used 
were disks 6-5 in. in diameter with regular 
arrangements of 0-25-in. spheres glued 
on to them. Three arrangements were 
tried, the 100 plane of cubic close packing 
and the 100 and 110 planes of body- 
centred cubic packing. The close-packed 
nucleus initiated almost perfect cubic 
crystals with the 100 plane on the surface 
of the sample (Fig. 4). In addition there 
wore always present other regular arrange- 
ments which were twins on {111} faces. 
Such twins also occurred in arrangements 
where twin faces were parallel to the base. 
It was not possible to grow body-centred 
cubic packing from the 110 nucleus. The 
nucleus initiated some 5 or 6 layers 
of orthorhombic packing, the rest of the 
sample assuming the normal close-packed 
arrangement. The 100 plane of the body- 
centred cubic did initiate regions of this 
packing which extended to the surface of 
the box. 

This modified version of Scott’s original 
method may prove to be a very interest- 
ing teaching tool for demonstrating the 
behaviour of regular crystals as well as 
being useful in the investigation of dislo- 
cation movements and twinning. The 
possibility of predetermining the orienta- 
tion of two separate crystals suggests 
that this type of experiment may also 
be useful in the examination of grain- 
boundary problems. With the simple 
apparatus used it has not been possible 
to determine the exact influence of the 
box on the nucleation of the sample. 
We intend to investigate these aspects 
with improved apparatus. 


1 Scott, D. G., J. Chem. Phys., 40, No. 2, 611 (1964). . 
2? Bernal, J. D., Nature, 188, 141 (1959). 
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NEWS and VIEWS 


Director of Guided Weapons Research in the Ministry 
of Aviation : Mr. R. Aspinall 


Mr. R. ASPINALL has been promoted to deputy chief 
scientific officer and appointed director of guided weapons 
research and development (common services) in the 
Ministry of Aviation. Mr. Aspinall was born in 1917 
and educated at Bournemouth Secondary School and 
the University of Oxford, where he gained honour 
moderations in mathematics in 1938 and honours in 
physics in 1940. He joined the Scientific Civil Service 
in 1940 as an assistant (third-class) and worked on 
aerials research at the Air Ministry Research Establish- 
ment, Swanage (later the Telecommunications Research 
Establishment). He was promoted to scientific officer 
in 1943 and posted to the British Air Commission in 
the United States of America. He returned to the 
Telecommunications Research Establishment, Malvern 
(later the Royal Radar Establishment), in 1945 and con- 
tinued work on aerials research. Later he worked on 
guided missile research and was group leader responsible 
for development of guidance, control and telemetering for 
beam riding and other guided weapons. Mr. Aspinall was 
promoted to senior scientific officer in 1946, principal 
scientific officer in 1949, and in 1954 he was promoted to 
senior principal scientific officer and appointed super- 
intendent, Long-Range Guided Weapons Division, Royal 
Radar Establishment. He became superintendent, 
Defensive Radar Division, Royal Radar Establishment, 
in 1956, and was transferred to Headquarters of the 
Ministry of Aviation and appointed assistant director 
guided weapons (guidance and control) in 1963. 


Theoretical Physics in the ai stab of Reading: 
Dr. C. W. McCombie 


Dr. C. W. McComsts, who has been appointed to a 
second chair of theoretical physies in the University of 
Reading, graduated from the University of Aberdeen after 
a distinguished undergraduate career. He received from 
the same University the degree of Ph.D. for work, with 
Prof. R. V. Jones, on fluctuations in galvanometers and 
galvanometer amplifiers. Fluctuations and solid-state 
physics have remained his main interests. Having worked 
during the summer of 1951 in Prof. von Hippel’s Labor- 
atory in the Massachusetts Institute of Technology on 
the theory of F-centres, he worked on diffusion problems 
and statistical physics in the University of Illinois as a 
Commonwealth Fund Fellow and with Prof. Kittel at 
Berkeley, California, during 1955-57. During all these 
and similar visits to the United States: he has held 
appointments in the Department of Natural Phil- 
osophy, University of Aberdeen, becoming, eventually, 
senior lecturer. He and his research students have made 
considerable published contributions during these years. 
Dr. McCombie has so involved himself in the teaching of 
the Department and in its personal life that all its mem- 
bers will feel that only pleasure in his new appointment 
will temper their regret at his departure from Aberdeen. 


Biology in the University of Sussex : 
Prof. J. Maynard Smith 


Mr. J. MAYNARD Smira has been appointed dean of 
the School of Biological Sciences and professor of biology 
at the University of Sussex. He will, however, remain in 
his present post as reader in zoology, University College, 
London, until 1965. Mr. Maynard Smith was born in 
1920 and educated as an engineer at Trinity College, 
Cambridge. He spent six years in aeronautical industry, 
working on aircraft design before, in 1947, he became an 


undergraduate once more, this time at University College, 
London. He gained first-class honours in zoology in 1951, 
started research with Prof. J. B. S. Haldane, was almost 
immediately appointed to the teaching staff, and became 
reader in 1961. Mr. Maynard Smith’s earlier research 
was concerned with the genetics of hybrid vigour in 
Drosophila, which led him on to several physiological 
investigations and to an analysis of a case of classical 
sexual selection. More recently his interest in research. 
has turned to developmental problems, to the formation 
of structural patterns and particularly to agoing. He 
made the important discovery that two distinct processes. 
one of them substantially independent of temperature, 
are concerned in death from ageing in Drosophila. Mr. 
Maynard Smith has made a great impression as a 
teacher and has written a notably successful popular 
exposition of the theory of evolution. The University of 
Sussex can look forward to a lively School of Biological 
Sciences. 


Psychological Medicine in the University of Liverpool : 
Dr. F. J. Fish 


Dr. F. J. FIs, at present senior lecturer in the Depart- 
ment of Psychological Medicine in the University of 
Edinburgh, has been appointed to the newly established 
chair of psychological medicine in the University of 
Liverpool. Dr. Fish is forty-six and was educated at the 
London Hospital Medical College, qualifying M.R.C.S. 
and L.R.C.P. in 1939, M.B., B.S.(London) in 1946 and 
D.P.M.(London) in 1952. After a period of service in 
hospitals as a house surgeon and house physician, he served 
with H.M. Forces in the Royal Army Medical Corps from 
1940 until 1946, undertaking service in the Middle East. 
He was a prisoner of war in Italian hands from June 1942 
until September 1943, and was repatriated to England in 
December 1943, following his escape from prison camp. 
From 1946 until 1954 he served as assistant medical 
officer, registrar and senior registrar at a number of 
hospitals, including the General Hospital and the Royal 
Infirmary, Sunderland, Co. Durham, and the Bethlem 
Royal and Maudsley Hospitals. In 1954 he was appointed 
assistant psychiatrist at the Carlton Hayes Hospital, 
Narborough, and in 1955 was appointed consultant 
psychiatrist at the St. Nicholas Hospital, Gosforth. 


Education in Britain 


EDUCATION was the subject of two recent debates in 
the House of Commons. The first, on the adjournment on 
April 24, was limited to adult education, challenging the 
Government’s standstill in grants to the Workers’ Educa- 
tional Association and to the Universities’ Extra-Mural 
Departments. Quoting the Robbins Report as to the 
existence of a demand for adult education on a large 
scale, Mr. J. Boyden argued that the Government’s decision 
involved a reduction in facilities and sharply attacked 
Government policy, but he was not widely supported. 
Mrs. Eirene White pointed out that, while expansion was 
undoubtedly needed, the Government was already assist- 
ing the residential colleges, and Mr. C. Curran suggested. 
that it should be recognized that in the increasingly 
affluent England of to-day, the beneficiaries of adult 
education might reasonably be expected to make a larger 
contribution. In replying on the debate, Mr. C. Chataway. 
the Joint Under-Secretary of State for Education and 
Science, while noting Mr. Curran’s point as valid. added 
that one result of a better formal education would be 
an increasing demand for adult education, part of which 
would be through a formal system. Total grants to the 
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responsible bodies, residential colleges and national 
associations in 1963-64 amounted to £879,000, and in 
1964-65 would be £934,250; for the universitios and 
responsible bodies alone the figures for 1963-64 and 
1964-65 were £791,000 and £839,000, respectively, and 
the latter figure did not include the £70,000 or more 
‘which would be required to meet the recent university 
salary award. 

The longer debate on May 1 was concerned essentially 
with the finance of education. The motion adopted 
expressed the opinion that the costs of educational services 
should be more widely spread so that an unfair burden 
showld not fall on ratepayers in areas where there are 
few industries or industrial premises and an undue pro- 
portion of retired people. The resolution also referred to 
the encouragement of cadet corps and the need for a 
modern approach to various aspects of education, but the 
debate centred largely on whether an increased proportion 
of the costs of education should be provided from the 
Exchequer instead of from rates. More than half the 
total spending of local authorities is already on education, 
and three-fifths of this goes on teachers’ salaries, repre- 
senting about 30 per cent of all present-day spending by 
local authorities. Apart from some suggestions that 
greater freedom might be allowed to headmasters and 
headmistresses in spending block grants, no constructive 
proposals regarding the financing of education were made 
in the debate. Mr. Chataway, in replying for the Govern- 
ment, said that the Committee under Prof. Allen, which 
was collecting information on hardship through the 
incidence of rates, would report in the summer. However, 
he declined to commit the Government to any readjust- 
ment pending consideration of that report. He also 
referred to the internal review which was being made of 
the balance between central and local government 
expenditure. 


Institute of Mathematics and Its Applications 


Tue newly established Council of the Institute of 
Mathematics and its Applications held its first meeting on 
April 27. Dr. M. J. Lighthill (director, Royal Aircraft 
Establishment, Farnborough) was elected president; 
other elections included: Vice-Presidents, Mr. A. Geary 
(Northampton College of Advanced Technology) and 
Prof. K. Stewartson (University of Durham); Honorary 
Treasurer, Prof. D. C. Pack (Royal College of Science and 
Technology, Glasgow); Honorary Secretaries, Mr. F. W. 
Kellaway (College of Technology, Letchworth) and Mr. 
W. G. Sherman (Associated Electrical Industries (Rugby), 
Ltd.); Mr. Kellaway was appointed general secretary. 

The Institute is intended to promote the advancement 
of mathematics and its applications, by lectures, dis- 
cussions and conferences, etc. It will also give professional 
recognition to suitably qualified mathematicians, in- 
cluding non-graduates. It will publish a research journal, 
and a ‘house journal’ containing articles of interest to 
mathematicians (graduate and non-graduate) in industry, 
teaching and research, and generally establish channels 
of communication within and without the profession. 
This brings to fruition twelve months activity by a pro- 
visional council set up by the Joint Mathematical Council 
of the United Kingdom, after proposals from two sources 
for such an institute had been combined. One source 
included mainly heads of mathematics departments in 
colleges of technology, research establishments and indus- 
trial firms, under the chairmanship of Mr. Geary; the 
other was the British Theoretical Mechanics Colloquium, 
of which Dr. Lighthill was the first chairman. The 
Institute has been granted a certificate of incorporation 
as a limited company. There are seven classes of member- 
ship: Honorary Fellow, Fellow, Associate Fellow, Com- 
panion Member, Graduate Members, Student Member 
and Institutional Member; of these, Fellows and Associate 
Fellows will be Corporate Members of the Institute. It is 
hoped to make the Institute as fully representative as 
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possible of all categories of mathematicians in Britain. 
Mr. J. T. Combridge, who has been convener of the 
provisional council on behalf of the Joint Mathematical 
Council, has been appointed registrar of the Institute; 
enquiries for particulars and forms of application should 
be addressed to him, c/o the Mathematical Association, 
29 Gordon Square, London, W.C.1. 


Appointments in Science 


ACCORDING to its report for 1962-63, the Committee 
for Appointments at the University of Oxford had par- 
ticulars of 9,590 vacancies on its books during the year, 
of which 5,446 called for scientific qualificaticns (Supple- 
ment No. 6 to the University Gazette, March 1964. Oxford: 
The University, 1964. 1s.). The demand for chemists 
was slightly less than in previous years, but enquiries for 
mathematicians remained high, particularly for university 
and school teaching, and for Government, professional 
and industrial posts. The off-take for physicists was also 
strong, although for work in some sectors of industry, men 
trained in electrical and electronic engineering would 
have been preferred. It is suggested that more sixth-form 
science specialists might be ercouraged to read engineering 
instead of physics when they enter on university work. 
The demand for first-class scientists for employment in 
Government service continued at a high level, and it is 
feared that as the Robbins Report is implemented, so 
many able scientists will take up appointments at univer- 
sities that the supply to meet other requirements may dry 
up. Of the 611 men finding places for the first time under 
the ægis of the Committee, 168 entered into employment 
of a technical nature, including 44 going in for scientific 
research, 7 taking up technical field work, 5 technical 
service, and 6 accepting posts concerned with patents. 
Of the 182 appointments found for women, about half had 
to do with teaching work of various kinds; 8 were for 
scientific research in industry. The report also touches 
on some points of a sociological nature which deserve 
consideration. Of these, the most significant is that 10-20 
per cent of the graduates in physics had lost their zest for 
the subject. Another is that a number of chemists give 
up their posts in industry and turn to teaching: there is 
no mention of any movement in the opposite direction. 
A tbird point is that several large industrial firms are 
prepared to recruit women graduates for management 
training, but very few take up the offers; they are far 
more interested in seeking employment in literary, 
artistic and cultural fields. 


Surface Science 


Many scientists will greet the appearance of yet another 
scientific journal with some misgivings, but, when one 
considers the large and increasing effort that is at present 
being spent on research, the general case for the foundation 
of more journals is a strong one. However, one might 
reasonably ask whether there is a need for the recently 
launched Surface Science (1, No. 1; January 1964. A 
Journal devoted to the Physics and Chemistry of Inter- 
faces. Edited by Prof. Harry C. Gatos. Pp. 1-124. Pub- 
lished quarterly. Amsterdam: North-Holland Publishing 
Company, 1964. Subscription price per volume of 500 
pages: 58 guilders; 1163.; 16 dollars; 64 D.M.; 80 
francs). The answer to this question may perhaps be 
found in the editorial introduction to the first issue, where 
the declared objective is to found an international journal 
devoted to the fundamental physics and chemistry of 
surfaces. Such a journal will conveniently bring together 
articles which hitherto would probably have appeared in 
a range of publications, and will thus be of help to those 
working in these fields. The editor has been fortunate in 
obtaining such a distinguished editorial advisory com- 
mittee and. if he is able to maintain the high standard of 
this first issue, we can look forward to a series of well- 
presented and interesting papers. 
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The Philosophical Journal 


Pror. R. V. Jonzs’s third Kelvin Lecture, ‘Some 
Limits of Measurement”, delivered on January 23, 1963, 
is contained in the January issue of The Philosophical 
Journal, the Transactions of the Royal Philosophical Society 
of Glasgow (1, No.1; January 1964. Pp. 46. Edinburgh 
and London: Oliver and Boyd, Ltd., 1964. Annual sub- 
scription to non-members, 20s.; U.S.A. and Canada, 
3.50 dollars. Single copies, 12s. 6d.; U.S.A. and Canada, 
2 dollars). The Journal also includes the stimulating 
inaugural lecture on politics by Prof. A. M. Potter, pro- 
fessor of political theory and institutions at the Royal 
College of Science and Technology, Glasgow, delivered on 
April 26, 1963, and a lecture, ‘““The Metaphysics of the Atom 
Bomb”, delivered to the Society by J. Schorstein in 
December 1962. The Journal will in the first place appear 
twice a year in January and July. 


Quality Control in Industry 
Tre latest in the series Automation at Low Cost, issued 
by the Department of Scientific and Industrial Research, 
deals with the way in which quality control and inspection 
can be used to improve industrial products without 
unduly disturbing manufacturing output (Pp. 16. London: 
Information Division, Department of Scientific and In- 
dustrial Research, 1963). Originally, quality control 
meant the statistical study of variations in the quality 
of products. Now the art and science of quality control 
lie in the application of methods that will enable the 
manufacturer to reduce, as much as possible, the number 
of sub-standard products. Quality control has two 
aspects: (a) the consumer’s aspect, which ensures that 
the finished product comes up to specification and gives 
the consumer reliable and consistent service; and (b) the 
manufacturer’s aspect, which controls, first, the quality 
of raw materials, and secondly, the manufacturing pro- 
eess, with the result that the number of rejects is reduced 
to a minimum and wastage of time and materials is kept 
“as low as possible. All manufacturers test the finished 
product, but only some check their raw materials. It 
could well be disastrous for the small-batch manufacturer 
if he relied only on checking his product. The raw 
materials, the intermediate stages and the finished pro- 
ducts must all be inspected, and to do this manually 
would be expensive. There is now available relatively 
- Inexpensive equipment which inspects eutomatically; 
this is described in the booklet. 


Scottish Wildlife Trust 


Tue Scottish Wildlife Trust has been formed to take 
practical steps to safeguard all forms of wild-life in 
Scotland which are in increasing danger from the con- 
stant expansion of housing and industrial buildings, of 
new roads, water and electricity works, and in endless 
other ways. The Trust will be concerned with all kinds 
of wild-life and will have power to acquire areas of 
importance to natural history and to manage these as 
reserves or sanctuaries. It is planned that the Trust will 
work in close co-operation with existing societies and 
with bodies such as the Nature Conservancy and the 
National Trust for Scotland. The establishment is 
envisaged of small nature reserves throughout the country 
managed by local committees or trusts. The office of the 
Trust will be at 21 Regent Terrace, Edinburgh 7. Mem- 
bers of the Formation Council are: Mrs. J. C. Balfour, 
Prof. J. N. Black, Prof. H. G. Callan, Sir A. E. Philip 
Christison, Sir Charles G. Connell, Sir Arthur B. Duncan, 
Sir Robert Erskine-Hill, Lt. Col. J. P. Grant of Rothie- 
murchus, Mr. Erie J. Ivory, Mr. C. E. Palmar, Dr. I. D. 
Pennie, Mr. D. Stephen, Mr. G. Waterston, Mr. T, Weir, 
Prof. V. C. Wynne-Edwards, and Prof. C. M. Yonge. 


The Countryside in 1970 


Tae Proceedings of the study conference, “The Country- 
side in 1970”, held in London during November 4-5, 
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1963, have now been published by the Nature Conservancy 
Pp. xxii+286+30 plates. 
London: H.M.S.O., 1964. 25s. net). Besides the con- 
ference papers, there are included a chat of human 
impacts on the countryside, a description of the par- 
ticipating organizations, a selection of ministerial dis- 
cussions and proposals for development in the countryside 
and an abstract of legislation. All these make the report 
an invaluable work of reference in the whole field. How- 
ever, it also includes the text of speeches delivered at the 
first plenary session and full accounts of those describing 
the work of the three working parties. These deal with 
conservation, organization and research, respectively. 
Two sessions were devoted to each working party, and 
the reports and the discussions on them are summarized. 
Finally, the addresses at the second plenary session are 
given, including the reports of the chairman of the 
working parties, the closing speech of the Duke of Edin- 
burgh and Lord Hurcomb’s speech at the conference 
dinner. The value of this comprehensive cover of the 
whole subject is enhanced by several bibliographies. 


The International Commission on Zoological Nomen- 

clature 

Notice is hereby given of the possible use by the 
International Commission on Zoological Nomenclature of 
its plenary powers in connexion with the following cases, 
full details of which will be found in the Bulletin of Zoo- 
logical Nomenclature (21, Part 2; April 23, 1964). (1) Sup- 
pression of six specific names of mites (Acarina). Z.N.(S.) 
1564. (2) Suppression of the generic name Holidinu 
Quatrefages, 1843 (Gastropoda). Z.N.(S.) 1098. (3) 
Validation of the generic name Hmbletonia Alder and 
Hancock, 1851 (Gastropoda). Z.N.(S.) 1100. (4) Designa- 
tion of type-species for Portlandia Mérch, and Yoldia 
Méller, 1842 (Pelecypoda). Z.N.(S.) 1522. (5) Suppression 
of the generic name Cardinalis Jarocki, 1821 (Aves). 
Z.N.(S.) 1608. (6) Suppression of the generic name 
Smerdis Leach, 1817; designation of type-species for 
Pseudosquilla Dana, 1852, and Gonodactylus Berthold. 
1827 (Crustacea, Stomatopoda). 2.N.(S.) 1609. (7) Vali- 
dation of the specific name Griselda radicana Heinrich, 
1923 (Insecta, Lepidoptera). Z.N.(S.) 1612. (8) Designa- 
tion of a type-species for Baetis (Leach, 1815) (Insecta. 
Ephemeroptera). Z.N.(S.) 1620. (9) Designation of a 
type-species for Megalopia Smith, 1853 (Insecta, Hy- 
menoptera). Z.N.(S.) 1624. (10) Suppression of Amauro- 
bius C. L. Koch, 1836, and Cavator Blackwall, 1840 
(Araneae). Z.N.(S.) 1625. (11) Validation of the family- 
group name Platypleurinae Schmidt, 1918 (Insecta. 
Hemiptera). Z.N.(S.) 1626. Any zoologist who wishes to 
comment on any of the above cases should do so in writing 
to the Secretary, International Commission on Zoological 
Nomenclature, c/o British Museum (Natural History). 
Cromwell Road, London, 8.W.7, before October 23. 


A Serious Disease of Black Pepper 

Tue infinitesimal if widespread use of pepper as a 
condiment scarcely seems to provoke the need for 
much research, but its production is concentrated in small 
equatorial areas in the Far East that have had rather 
large economic vicissitudes. Indonesia was the largest 
pre-war producer, but after the collapse of that industry 
a considerable increase in pepper cultivation took place 
in Sarawak. This unfortunately met a disastrous epidemic 
of disease during the years 1953-56, an outbreak which 
has now been investigated and clarified by Paul Holliday 
and W. P. Mowat (Phytopathological Paper No. 5: Foot 
Rot of Piper nigrum L. (Phytophthora palmivora) By 
Paul Holliday and W. P. Mowat. Pp. iv+62+7 plates. 
Kew: Commonwealth Mycological Institute, 1963. 15s. 
net). The disease is foot rot, and there were many un- 
checked opinions as to its cause. The authors have now 
established the parasitic organism as the fungus, Phyto- 
phthora palmivora; their careful and numerous isolations 
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and re-inoculations put the matter beyond doubt. Though 
the fungus can attack the leaves, really serious damage 
occurs only when the fungus invades the root and pene- 
trates to the stem. The whole plant then wilts, the leaves 
turn yellow and drop rapidly. The disease is carried 
through soil and water, for no evidence of aerial dis- 
semination was found; leaf lesions appear to be initiated 
only by water-splashes from the soil. The monograph 
gives all necessary information on literature, symptoms, 
colonization of the host, the pathogen, epidemiology, 
climatic factors, alternative hosts, distribution and con- 
trol. Practical measures against foot-rot are mainly items 
of hygiene designed to prevent spread of the organism to 
a holding and from plant to plant. Pepper plants are 
grown on mounds and most of the plantations were clean 
weeded. Perhaps, rather surprisingly, one of the main 
items of control is to allow grass cover to grow between 
the plants. In an area where rainfall can be 4 in. in a 
day, this prevents the washing of soil away from infected 
mounds to infect neighbouring healthy plants. This is an 
index of the thoroughness of the investigation, for only 
very painstaking work could lead to such a simple but 
effective measure. Whereas about 50 per cent pepper 
holdings were destroyed during the 1953-56 epidemic, 
the prevalence is now about 5 per cent. It could probably 
be reduced further if the conservatism of the growers 
could be overcome and full hygiene applied. The work is 
also welcome as a piece of collaboration, for Paul Holliday 
was a member of the pool of plant pathologists maintained 
by the Commonwealth Mycological Institute and W. P. 
Mowat worked under the egis of the Colonial Office, 
while a further application lies in the hands of the young 
Department of Agriculture for Sarawak. 


Russian Texts of Western Petrology 

Two main advantages of an organized science, as is 
now in the process of creation in the U.S.S.R., are: 
(1) the provision of extensive and comprehensive ab- 
stracting journals; (2) Russian translations of all really 
important works published outside the U.S.S.R. Taking 
as an example works on petrology published in the English 
language, excellent Russian translations are available of 
the works by Tyrrell (1927), Bowen (1934), Harker (1937), 
Fairbairh (1949), Barth (1956), Williams, Turner and 
Gilbert (1957) and Turner and Verhoogen (1961). The 
last-mentioned book, dealing with the petrology and 
petrogenesis of igneous and metamorphic rocks, was pub- 
lished in a Russian translation and edited by V. P. 
Petrov, by Publication of Foreign Literature in Moscow, 
at the price of 3r. 854. Much attention in the U.S.S.R. is 
directed to the petrology and petrogenesis of sedimentary 
rocks, which the Russian specialists in this field call 
‘lithology’ and ‘lithogenesis’ respectively. The principal 
Russian translations of publications in this line of in- 
vestigation include: Brindley et al., X-ray Identification 
and Crystal Structure of Clay Minerals (1951), and Grim, 
Clay Minerals (1956). Lately, two important volumes 
have been published, namely, Problems of Mineralogy of 
Clays, edited by V. P. Petrov, which contains nineteen 
articles by various British and American authors, pub- 
lished during 1958-60 (Pp. 463. Moscow: Publication of 
Foreign Literature, 1962. 1r. 83k.) and Geochemisiry of 
Idthogenesis, edited by A. B. Ronov (Pp. 459. Moscow: 
Publication of Foreign Literature, 1963. 2r. 21k.), which 
contains Russian translations of ten recent articles by 
British and American authors dealing with hydrogen ion 
concentration; redox index; chemical weathering; be- 
haviour of silica in water and in sediments during the 
process of diagenesis; separation of iron and manganese 
during sedimentation; factors influencing the concentra- 
tion of rare metals in sea-water; petrochemical provinces 
and petrochemical tendencies; geochemistry of the sea; 
and, finally, the recently revisod geochronological scale 
by Prof. A. Holmes (1960). Al these translations natur- 
ally help to bridge the linguistic barriers in the field of 
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petrology, but, strange to tell, they also prove to be 
useful in an unexpected way, namely, in providing 
Russian texts for those English-speaking petrologists who 
are trying to learn ‘scientific’? Russian. 


Solid-state’ Physics 

No. 37 (Series IT) of the French Bibliographical Digest, 
entitled Solid State Physics, deals with investigations 
carried out in France prior to 1961 and mainly during 
the years 1955-60 inclusive (Pp. 182. New York, N.Y.: 
The Cultural Center of the French Embassy, 1963). The 
bibliography was compiled by Prof. J. Friedel, and in his 
brief introduction he refers to the period since 1956 as 
the ‘third cycle’ in the history of solid-state physics 
in France. The first cycle was the period between the 
First and Second World Wars, when the fundamental 
work on wave propagation in crystals by Brillouin and 
the classical experimental work on magnetism by Weiss, 
Néel, Foex and others was carried out. X-ray investigations 
by Laval, Guinier and Cauchois, and work on Raman 
spectra and on luminescence by M. Curie and Destriau, 
were also made at this time. The post-war period was 
marked by Neéel’s investigation of antiferro- and ferri- 
magnetism, Laval’s investigation of phonon scattering of 
X-rays, Crussard and Lacombe’s metallurgical work and 
Castaing’s development of X-ray microbeam analysis. 
This was followed, in 1950, by the commencement of 
industrial activity in the semiconductor and nuclear 
energy fields. The contents of the Digest consist of a 
list of French laboratories connected with solid-state 
physics in 1960; books, including lectures or papers at 
summer schools, congresses or colloquia published before 
or during 1960; and the main bibliography, divided into 
sections according to subject-matter, of 964 research papers 
published between 1955 and 1960. The English trans- 
lation of the French title is given together with, in most 
cases, a short abstract of the contents of the paper. 


Soil and Plant Nutrition Aspects of the Sulphur Cycle 


THERE has probaly been more concern in industrial 
areas over damage to crops from excess sulphur in the 
atmosphere than over possible deficiency in the soil. But 
sulphur deficiency has been established in many regions 
and considerable research has been carried out on factors 
affecting the supply of sulphur to the plant. The present 
position is reviewed by D. C. Whitehead in a recent issue 
of Soils and Fertilizers (27, No. 1. Commonwealth Bureau 
of Soils, Rothamsted, 1964). The sulphur content of 
plant tissues amounts to an absorption of 10-40 Ib. per 
acre; the loss of sulphur in drainage water is of the order 
30 lb. per acre per annum. The total sulphur in normal 
soils ranges from about 20 to 2,000 p.p.m. and has come 
originally from sulphides in the parent rock, but a large 
fraction is now associated with the organic matter so that 
there is frequently a correlation of sulphur, carbon and 
nitrogen. Several groups of bacteria can oxidize sulphur 
and its compounds, but little is known of the chemical 
nature of the sulphur-organic compounds and of their 
transformations. There is some retention of sulphate by 
sesquioxides and kaolinitic clays in lower layers of the 
soil profile; there is also anion absorption under acid 
conditions and possibly antagonism between sulphate and 
phosphate. Sources of sulphur for the plant, apart from 
the soil, are atmospheric hydrogen sulphide and sulphur 
dioxide, and sulphate from sea spray. Changes in the 
composition of fertilizers and fungicides have reduced the 
amount of sulphur being added to soils and hence delib- 
erate additions—and gypsum appears to be the obvious 
choice—may become necessary in many situations. 


Permanent Scottish Field Centre 

Tux Scottish Field Studies Association has announced 
the opening of a permanent Centre at Kindrogan, Perth- 
shire. A permanent resident warden, Bruce Ing, will be 
in residence during 1964, and it is expected that the Centre 
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will be used, not only by parties from secondary schools 
but also by other parties from England. Details of the 
courses at the Centre and other courses arranged by the 
Scottish Field Studies Association can be obtained from 
141 Bath Street, Glasgow, C.2. 


The Acoustical Society of America 


Pror. Cyrn M. Harris, of Columbia University, has 
been elected president of the Acoustical Society of 
America. As such, he succeeds Dr. C. Paul Boner, of the 
University of Texas. The following elections have also been 
made: Dr. Robert W. Morse, professor of physics at 
Brown University, president-elect; Dr. Vincent Salmon, 
Stanford Research Institute in Menlo Park, California, 
vice-president; Wallace Waterfall, of New York City, 
re-elected secretary; Herbert A. Erf, of Cleveland, Ohio, 
re-elected treasurer; and two Council members, Dr. 
Thomas D. Northwood, of the National Research Council 
of Canada, and Dr. Ernest Yeager, of Western Reserve 
University in Cleveland, Ohio. 


American Academy of Arts and Sciences : 
Honorary Members 


Tue American Academy of Arts and Sciences at its 
one hundred and eighty-fourth annual meeting on May 13, 
in Boston, elected 115 new Fellows from the United 
States, and 17 new Foreign Honorary Members, including: 
Israel M. Gelfand, Moscow State University; L. van 
Hove, CERN, Geneva; Manfred Eigen, Max-Planck- 
Institut fir Physikalische Chemie, Goettingen; Fred 
Hoyle, University of Cambridge; P. V. Danckwerts, 
University of Cambridge; Aharon Katchalsky, Weiz- 
mann Institute of Science, Rehovoth; J. C. Kendrew, 
University of Cambridge; Francois Jacob, Pasteur 
Institute, Paris; Sir Howard Florey, University of 
Oxford; M. Fortes, University of Cambridge; J. V. M. 
Robinson, University of Cambridge. 


Foreign 


University News : i Aberdeen 


Tue following appointments to lectureships have been 
announced: Dr. J. R. Sargent and Dr. Alison M. Pum- 
phrey (biological chemistry); Dr. R. J. Ellis (botany); 
R. H. McGuigan (engineering); Dr. D. M. Guthrie (natural 
history); Dr. W. W. Bell, Dr. W. J. L. Buyers and A. M. 
Flett (natural philosophy); Dr. W. P. Brown (psycho- 
logy); C. P. Burnham (soil science). 


Bangor 


De. J. SHERIDAN, at present reader in chemistry in 
the University of Birmingham, has been appointed to the 
newly instituted chair of physical and inorganic chemistry 
in the University College of North Wales at Bangor. 
The following appointments have been announced: 
Senior lecturer, Dr. A. D. Bradshaw (agricultural botany); 
Mr. E. R. Huggard (forestry); Dr. J. M. Thomas (chem- 
istry); Dr. R. H. Tredgold (physics). Lecturer, Mr. H. G. 
Flegg, Mr. J. Y. Kassab and Miss I. R. P. Finlayson (pure 
mathematics); Dr. J. E. Bailey and Dr. P. R. Thornton 
(engineering science); Dr. J. Popplewell (physics). 


Nottingham 


Dr. W. B. HEGINBOTHAM, at present senior lecturer 
and head of the Department of Production Engineering, 
has been appointed Cripps professor of production 
engineering. The title of reader has been conferred on 
the following: Dr. C. W. J. Granger (econometrics), Dr. 
E. E. Jones (mathematics), Dr. W. F. Nash (physics), 
Dr. J. C. Roberts (chemistry), Dr. A. J. Rowell (geology). 


Newcastle upon Tyne 


Dr. J. R. Rryeross, senior lecturer in mathematics, 
has been appointed to the second chair of pure mathe- 
matics as from August 1. The following appointments to 
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lectureships have also been made: Dr. B. Clark (phar- 
macology); C. B. Ferry (pharmacology); Dr. D. M. 
Conning (pathology); R. A. Billett (mechanical and 
marine engineering); Dr. R. S. Hill (mechanical and 
marine engineering). 


Announcements 


Dr. J. M. Zman, of King’s College, lecturer in physics 
in the Cavendish Laboratory and professor-elect of 
theoretical physics, University of Bristol, has been 
awarded the Hopkins Prize of the Cambridge Philosophical 
Society. Dr. Ziman is well known for his work in 
theoretical solid-state physics, and the award is for his 
contributions to the electron properties of liquid metals. 
The Prize has been awarded every three years since 1867 
for work in mathematical-physical or related fields by a 
member of the University of Cambridge. The first four 
prize winners were Stokes, Maxwell, Rayleigh and Kelvin. 
The present award relates to the period 1960-63 and is 
of the value of £200. 


Miss Joan Bostock has been appointed general secre- 
tary of the Association of Agriculture in succession to 
Mr. Alexander Hay. Previously Miss Bostock was deputy 
secretary. 


A MEETING of the Bone and Tooth Society will be held 
in the Dunn Nutritional Laboratory, Cambridge, on 
June 4. Further information can be obtained from B. 
Cohen, Royal College of Surgeons, Lincoln’s Inn Fields. 
London, W.C.2. 


An international biophysics meeting, arranged by the 
International Organization for Pure and Applied Bio- 
physics, will be held in Paris during June 22-27. Further 
information can be obtained from Prof. J. Tonnelat, 
Laboratoire de Biologie Physico-Chemique, Orsay, Seine 
et Oise. 


A CONTERENCE on “Precision Electromagnetic Measure- 
ments” will be held at the National Bureau of Standards, 
Boulder, Colorado, during June 23-25. The conference 
will include sessions on: frequency and time standards and 
techniques; quantum electronics; d.c. and audio-frequency 
measurements; radio frequency and microwave measure- 
ments; measurements on materials. Further information 
can be obtained from Professional Associates, 6520 Clay 
Road, St. Louis, 17, Missouri. 


Tue third congress of the International Federation of 
Societies of Cosmetic Chemists, organized by the Society 
of Cosmetic Chemists, will be held in New York during 
June 21-28. The programme will include sessions on: 
safety aspects of cosmetic usage; role of instrumentation 
in cosmetic research and control; cosmetics versus skin 
ageing; cosmetics and micro-organisms. Further in- 
formation can be obtained from the General Secretary. 
Society of Cosmetic Chemists of Great Britain, 2 Lovers 
Walk, London, N.3. 


Tur fourteenth annual conference of the Institute of 
Rural Life at Home and Overseas on ‘International 
Co-operation in Development Programmes” will be held 
at the Department of Technical Co-operation, London. 
during June 8-9. The programme will include sessions 
on: food and agriculture; housing and health; the 
individual and the community; education and employ- 
ment. Further information can be obtained from the 
Secretary, Institute of Rural Life at Home and Overseas, 
59 Bryanston Street, London, W.1. 


Erratum. In the article entitled ‘Estimation of 
Ruby Laser Oscillation Loss” by Joseph I. Masters, which 
appeared on p. 442 of the August 3, 1963, issue of Nature, 
equation 1 should read : 


Pre = {A —Inr}/{[2.4/(1 + exp(— 42/2))] +Inr} 
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MASSACHUSETTS INSTITUTE OF TECHNOLOGY 


XHILARATING is the only way to describe the report 
of the President of the Massachusetts Institute of 
Technology for 1963. To read that, in 1960, M.L.T. 
launched a second century programme appeal with a 
minimum goal of 66 million dollars is challenging enough: 
to learn that in three years the appeal was closed with a 
total of 98 million dollars shows what a place M.I.T. 
holds in the life of the American peoples. The whole 
sum came from private philanthropy—alumni, friends of 
M.I.T., foundations, business and industry. 

The report describes recent trends in the life of the 
Institute and the uses to which the collected moneys 
are to be put. 

For the past eight years undergraduate enrolment has 
remained essentially level at about 3,600, reflecting the 
decision prior to 1955 to limit first-year admissions to a 
class of 900. This is still M.I.T. policy and is a decision 
based on a balance of quality and resources. M.I.T. can 
educate only a fraction ‘of the American undergraduate 
students in science and engineering and it can, at the most, 
contribute a limited number of young men and women of 
exceptional ability brought to the highest level of profes- 
sional competence. To stretch resources to accommodate 
another one hundred or two hundred students would be to 
risk the quality of the whole effort. It is in the capability 
and versatility of its graduates that M.I.T. makes a con- 
tribution to the Nation. Its central purpose is to provide 
them with a programme that will set standards and serve 
as a model of excellence in its fields of education. 

The situation in the Graduate School is quite different. 
There has been an increase in graduate student enrolment 
of about 69 per cent. It relates to regular graduate 
students only, of whom there were some 2,600 last year, 
and does not include special part-time students who are 
not candidates for degrees. It is in the area of greduate 
study that the greatest demands—and the greatest short- 
ages—will develop in the years directly ahead. There 
is a clear case for a policy which balances increases 
of enrolment against the rate of increase in the finan- 
cial resources and the physical facilities of the institu- 
tion. 

To the undergraduate and graduate students should be 
added another category—the post-doctoral group. The 
rapid rise in the numbers in this category has been one of 
the notable phenomena of recent years at all major 
institutions. Until lately there was at M.I.T. only a 
handful: to-day, under various guises and classifications, 
there are several hundred. 

In their interests and backgrounds they reveal the 
utmost diversity. Some are experienced and senior 
people with the support of fellowships; others, also with 
fellowships, have just received their doctorates; still 
others are simply visitors and guests, and come, for vary- 
ing periods, to work with particular professors. There 
is no uniformity in the procedures and arrangements for 


their affiliation and no formal policy governing their 
admission. That they contribute greatly is manifest, 
for they are active at the forefront of many fields and are 
welcome and stimulating associates of the faculty. Yet 
their presence does represent a new and uncomputed cost, 
and only a few post-doctoral fellowships provide even @ 
small grant to the host institution. 

In the changing pattern of American university life, 
these post-doctoral members are a new constituent. 
They bring a greater maturity than the regular students 
and are motivated in part by different aims and a different 
outlook. It seems inevitable that they will begin to take 
the form of a cohesive division, comparable to the emerg- 
ence of the graduate school at an earlier period. 

In the faculties, a most significant feature is the shift 
from engineering to science, a national phenomenon that 
has been the subject of much discussion. Undergraduate 
enrolment in science at M.I.T. has more than doubled, 
whereas the number of undergraduate majors in engineer- 
ing, efter reaching a peak in 1955, has fallen off sharply. 
Graduate engineering enrolment, on the other hand, is 
steadily rising, and the Institute is by a wide margin 
the nation’s leading source of masters and doctors in 
engineering. There are signs that presage a strong renewal} 
of student interest in engineering. 

There has also been a marked shift from undergraduate 
to graduate emphasis in the School of Management. The 
increase in undergraduate majors in the School of Humani- 
ties and Social Science reflects the interest in Course XXI— 
humanities and engineering or humanities and science— 
while the rise of graduate errolment in this same School is 
evidence of the important new role of economics, political 
science, psychology, and languages at M.I.T. 

Expenditures for research at M.I.T. not only are con- 
tinuing to rise but also in fact are increasing more rapidly 
than educational expenses. These expenditures are now 
slightly more than half the total academic expense. 
Although the ratio of 50 per cent for research to the total 
does not seem alarming for an institution of the character 
of M.L.T., the trend is giving concern. The Visiting Com- 
mittee for Sponsored Research has directed particular 
attention to these mounting figures, and has urged a 
higher order of selectivity in accepting new programmes 
and continuing vigilance ‘‘to ensure that the further 
growth of campus research makes not only its well-recog- 
nized contributions to graduate education but also 
strengthens undergraduate instruction, providing the 
undergraduate with opportunities for participation which 
enrich his total educational experience”. 

The report contains a series of photographs indicating a 
few of the present activities at M.I.T. One of the 
most interesting is a diagram from a student thesis 
in management showing the interrelationships among 
groups in a large research and development organiza- 
tion. f 


BONDING METALS WITH EXPLOSIVES 


ORMALLY, methods for cladding metals require 

elaborate preparation, the use of intermediate 
chemicals and materials, electrolytic processes, heat, or 
other conventional procedures; at the least they are 
time-consuming and frequently costly factors to be 
reckoned with in the manufacture of metal protective 
coatings. A recent demonstration in the Explosives 
Department of E. I. du Pont de Nemours and Co., 
Wilmington, Delaware (Dupont Magazine, 58, No. 1; 
January /February 1964), suggests a new and somewhat 


remarkable technique with far-reaching consequences if 
universally developed. 

It is claimed that: “After covering a two-inch-thick 
sheet of carbon steel with a quarter-inch-thick sheet of 
stainless steel, a metals worker triggered a high explosives 
charge. The resulting explosion drove the stainless and 
carbon. steels together into a uniform, permanently clad 
plate that can be easily fabricated. The metals’ individual 
properties were unchanged by the impact; their bond 
... was as strong as one formed by conventional welding”. 
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It is pointed out that the force of the detonating explosive 
momentarily creates a thin zone of melted metal between 
the carbon steel base-plate and the stainless steel ‘skin’ 
in this case, resulting in the effective welding of the two 
metals together. A photomicrograph included in the 
article convincingly shows the bond between the two steels 
as joined by the explosives. 

The process has been extended by the Explosives 
Department to the production of developmental quan- 
tities of steel plate with claddings of nickel, nickel alloys, 
cupro-nickel, copper, brass, titanium and several special 
alloys. Stecl plates can be clad with metal skins from 
1/16-in. to l-in. thick, depending on the nature of the 
cladding material, and surface areas up to 140 sq. ft. 
have been. successfully realized. 

A most rigorous laboratory-testing programme was 
concurrently designed to prove the high quality of these 
explosive-bonded materials. This included ultrasonic 
inspection, bend and bond-strength tests, hardness 
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measurements, corrosion and thermal resistance investi- 
gations. “In thermal-resistance tests, the new materials 
have withstood repeated cycles of 1,000° F., followed by 
quenching. They also have been heated to peak tem- 
peratures of 1,750° to 2,000° F. and then quenched with- 
out failure.” It is further claimed that explosively bonded 
plates can be cut and trimmed “... by shearing, sawing. 
flame cutting, abrasive-wheel or plasma-are cutting. 
planing, milling or grinding. In addition, they can be 
formed by both hot and cold shop methods, including 
rolling, pressing and flanging, without bond separa- 
tion.” 

There would appear to be little doubt as to the com- 
mercial feasibility of this new explosives metal-bonding 
process in view of these results; incidentally, it opens up 
a new vista in the use of explosives as a versatile industrial 
tool, one which, subject to obvious safeguards, must 
inevitably command the interest of all concerned with 
metal cladding. 


FOLK-LORE AND FOLK-LIFE IN BRITAIN 


“HE formution in 1961 of the Society for Folk 
Life Studies met a long-felt want among scholars 
engaged on research into the traditional ways of life in 
Great Britain and Ireland. Publication of a journal was 
planned to be one of the Society’s chief functions, and the 
first volume, containing eight articles ranging over a 
diversity of subjects, sets an initial high standard of 
research and authorship *. 

Miss Anne Buck, keeper of the Gallory of English Cos- 
tume in Manchester, contributes an excellent study of 
the countryman’s smock which does much to dispel the 
many fanciful theories so often held about these interesting 
traditional garments. 

The craft of bowl-turning and spoon-making is described 
by Mr. F. Geraint Jenkins of the Welsh Folk Museum, and 
that of hand wool-combing by Mr. H. Lemon of the Wool 
Industries Research Association. Both these articles are 
well illustrated by photographs which show in detail the 
various processes of the crafts described. 

Mr. F. Atkinson, director of the Bowes Museum, Barnard 
Castle, writes fully on “Knur and Spell and Allied Games” 


NUTRITION IN 


ETWEEN 1940 and 1949 the National Food Survey 
of the Ministry of Agriculture, Fisheries and Food 
published two reports on Domestic Food Consumption 
Expenditure in the United Kingdom, and since 1950 has 
issued reports annually. These are based on surveys of 
households of different family composition ard income in 
different parts of the country; they not only show 
average domestic focd consumption ard expenditure, but 
also make comparisons for regions, family size and 
income. The nutritional value of the food consumed is 
calculated and compared with a standard of requirements 
(the British Medical Association standard) considered 
necessary for satisfactory health and physical develop- 
ment. The reports are the only easily accessible source of 
information on food consumption and its trends in the 
United .Kingdom. No other country undertakes annual 
national surveys of this nature. 
Mr. R. Lambert has made a critical study of the reports 
from 1950 to 1960*. While admitting that they are of 
great value in showing national trends in consumption, 


* Nutrition in Britain 1950-60: a Critical Discussion of the Standards and 
Findings of the National Food Survey. (Occasional Papers on Social Adminis- 
tration, No. 6.) By Royston Lambert. Pp. 46. (Welwyn: The Codicote 
Press, 1964.) 78. 8d. 


in an article which helps to clear up a great deal of con- 
fused thinking about the methods of play and the locale 
of such games. 

It is a criticism often levelled at folk-life and folk-lore 
scholars that their interests are mainly rural. This is 
confounded in an excellont article by Mr. D. McKelvie, 
English lecturer at Swinton Teachers’ Training College, 
on “Aspects of Oral Tradition and Belief in an Industrial 
Region”. Mr. McKelvie has carried out a detailed investi- 
gation of working-class life in modern Bradford, and the 
result is a fascinating survey of the homes, the minutiæ 
of daily life, even of the folk-lore of an urban community 
to-day. Mr. McKelvie is to be congratulated on his piece 
of research which goes far deeper than the usual economic 
or sociological survey so often made. His work will, we 
hope, be followed in other areas—in new towns, for 
example, or in the vast housing estates growing up as 
adjuncts to our more ancient cities. 


* Polk Life, 1. (Journal of the Society for Folk Life Studies.) Pp. 
Meg 24 plates. (Cardif: Folk Life Society, c/o St. Fagan’s Castle, 


BRITAIN 1950-60 


he considers that they do not direct sufficiont attention 
to findings which suggest that the nutrition of large 
families is unsatisfactory. He implies that facts are being 
collected for facts’ sake and do not lead to action on the 
part of the Government. He also criticizes methods of 
presentation and discusses the difficulties of using dictary 
standards to assess nutritional levels. He believes that 
the survey should have broader terms of reference, that 
is, it should be extended by investigations of the state of 
nutrition of vulnerable groups, involving anthropometric. 
clinical and biochemical studies. By extrapolating the 
survey data to Britain as a whole, he estimates that a 
third of the population is living in households obtaining 
less than requirements for two major nutrients—or only 
just obtaining requirements——-while 25 and 12-5 per cent 
are in the same position for three and four nutrients 
respectively. This relates, of course, only to requirements 
in terms of the British Medical Association standard, and 
does not mean that clinically evident malnutrition exists 
in the sections of the population concerned. He considers 
that certain figures for height from large families provide 
some indication of unsatisfactory nutrition. 

Mr. Lambert’s implication that the survey minimizes 
disquieting facts is somewhat unfair. The findings are 
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presented in separate chapters dealing with average 
household diets and expenditure, diet in differont social 
classes, geographical differences, and special investiga- 
tions concerned with matters such as the effect of the 
housewife’s age and employment on the family’s diet. 
There is no overall summary. The early chapters give an 
encouraging picture of general improvement, while some 
of the later ones deal with less-satisfactory aspects of the 
situation. But the facts are there, even though they may 
be overlooked by the casual reader. 
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Nutrition in Britain 1950-60 is of value in emphasizing 
that a complacent attitude towards national food con- 
sumption should be avoided, and also in analysing some 
of the technical difficulties in applying any dietary 
standard, as well as the defects of the British Medical 
Association standard itself. The future of Britain lies 
with its children, and we must be certain that they are 
properly fed. Any evidence that their diets are not fully 
satisfactory should be taken seriously and calls for further 
investigation. Joyce Doveuty 


NOCTULE BATS FEEDING ON COCKCHAFERS 


OCTULE bats usually hunt their prey at tree-top 

height, with a rapid, powerful flight, though they 
have been recorded as flying low to take cockchafers. 
Cockchafers only fly over a short period, and the com- 
bination of the flight of cockchafers, noctule bats and 
observer occurs too seldom. 

In 1960 the Earl of Cranbrook found noctules and 
serotines (Eptesicus serotinus) hunting summer chafers 
(Amphimallus solstitialis) and watched them on three 
successive evenings *. For most of the time the bats flew 
up and down, parallel to and a few yards from the hedge 
in which the chafers were crawling, seizing them as they 
flew from the twigs into the open. At fairly frequent 
intervals a chafer would make a loud buzzing noise from 
inside the hedge, as if it were caught up in some obstruc- 
tion. If this noise lasted more than five seconds or so it 
almost invariably brought a bat so close to the hedge 
that it seemed to be picking up its prey from among the 
twigs. On no occasion was a bat actually seen to pick a 
chafer from the hedge, but they were obviously attracted 
by the ‘loud buzzing’ ones. 

H. Q. Barnett and the Earl of Cranbrook were able to 
watch noctules catching June bugs flying in and about 
some oak trees standing in the park and garden of Great 


io Transactions of the Suffolk Naturalists’ Society, 12, Part 5 (January, 
4). 


Glemham House for ten days in 1963. Usually, on any 
fine night in summer, they can be seen hawking their 
prey in tho normal way at tree-top height, when they are 
easily seen against the sky. An exact count is impossible: 
the bats are not concentrated but diffused as individuals 
over a wide area. On a normal night, about six to a 
dozen noctules can be seen hunting over an area of about 
ten acres. 

When hunting cockchafers they were much more con- 
centrated, presumably because their prey, too, was 
concentrated. Over a small area of about a couple of 
acres & score or more noctules hunted each night, 
showing remarkable control and manceuvrability at low 
speeds. In general, the bats circled around among the 
trees, picking up the cockchafers as they flew out, but 
frequently a bat would be seen to fly right into the open 
spaces among the branches. At times the bats would 
slow down to pick up a cockchafer as it flew from the 
twigs, sometimes hovering with rapidly beating wings, 
sometimes stopping abruptly, the wings rigid and out- 
stretched with the body held almost vertical. The bats 
took cockchafers at all heights, not infrequently flying 
below lower branches to pick up insects as they fell from 
above. 

The report also describes observations with noctules 
and house-crickets. 


CURVATURE IN THE SPECTRA OF NON-THERMAL RADIO SOURCES 


By Dr. WILLIAM E. HOWARD, Ill, TOM R. DENNIS, STEPHEN P. MARAN 
and HUGH D. ALLER i 


Department of Astronomy, University of Michigan, Ann Arbor 


CATALOGUE of the available. observational data 
on about 1,260 discrete radio sources has been pre- 
pared at this Observatory and will be submitted for 
publication shortly. A well-known difficulty in analysing 
flux density data is that systematic differences may exist 
between the measurements made by various workers, due 
to the different techniques of calibration and to the 
variety of equipments and observational procedures that 
have been employed. We report here some preliminary 
results on the spectra of extragalactic radio sources, 
primarily in the frequency range 38-3,200 Mc/s, which 
have been made possible by the determination of the 
necessary systematic corrections to various radio astronomy 
surveys, with respect to a uniform scale of flux density 
based on 148 small-diameter sources. For all but two of 
these sources, nine or more measurements of flux density 
at different frequencies were used. On Cygnus A, the 
best-observed source, 63 observations were included in the 
solution. 
The flux density system, the systematic errors of the 
surveys and the parameters of each radio source were 
determined by the following procedure, using the IBM 


7090 in the University of Michigan Computing Center. 
First, two unweighted least-squares solutions were made 
for each of the 148 sources to find the parameters in the 
following equations: 
log S, = ao + bo logy (1) 
log S, = a + blogy + c (log v)? (2) 
where S, is the flux density in units of 10-28 W m-*(c/s)-? 
and v is the frequency in Mc/s. Next, Gauss’s criterion was 
used to determine which equation gave statistically the 
best fit to the data, allowing for the fact that (2) has an 
additional degree of freedom to be considered. Then 
the systematic errors of each of the surveys were determ- 
ined from the deviations of the points from the optimum 
equations and the standard deviation of a single observa- 
tion (o) was found for each survey. Each of the input 
observations was weighted by l/o? and a weighted set of 
coefficients and systematic survey errors were computed. 
The input observations were corrected by the appropriate 
systematic errors, and the general iterative procedure was 
repeated four times. The procedure was tested for con- 
vergence and was found to be stable. Between the third 
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Table 1. SYSTEMATIC ERRORS IS SOME MAJOR SURVEYS OF RADIO SOURCES 
Average 
Survey Frequency n Sol Ss m.e. random Ref. 
Ales) error(%) 
MSH 85-5 10 1-063 0-013 4-1 2 
CEL 1,420 122 1-020 0-004 4'2 3 
CKL 960 123 1-020 0-005 5-0 3 
Kellermann 710 102 1-031 0-005 5:0 4 
CKL 710 84 1-007 0-006 5-8 3 
3CR 178 120 0-898 9-005 5-8 5 
CKL 178 130 0-960 0-007 8-0 3 
CKL 3,200 33 0-933 0-014 8-1 3 
CKL 412 68 1-018 0-011 9-0 3 
Goldstein 1,423 48 1:082 0-013 9-3 6 
CKL 240 7: 0:975 0-012 9-9 3 
Westerhout 1,390 10 1-296 0-032 102 7 
Kuzmin et al. 3,123 12 1-029 0-040 13-9 8 
Joshi 169 89 1-099 0-019 18-1 9 
2c* 81-5 60 1:232 0:025 19-4 10 
CEL 38 0:995 0-022 20-0 3 
3C 159 126 0-903 0-018 20-6 11 
MSH 85-5 44 1-320 0-036 24-1 12 


* Sources with S, > 50 x 10-* Wm-*(c/s)*t 


and the fourth iterations the systematic survey errors 
change by less than 1 per cent on the average, and the 
revised flux densities change by less than 0-3 per cent. 
This method is different from that recently used by 
Kellermann?, who approximated curved spectra by 
determining spectral indices separately in different regions 
of the spectrum. His derived flux densities at 400 Mc/s 
are in good agreement with our system, being too high by 
only 1-0 + 0-7 (m.e.) per cent, with a random error of less 
than 6 per cent. 

In the process of determining the spectral coefficients 
Go, bo, Q, b and c, the mean errors of the parameters for 
each source, and the systematic and random errors of all 
the input catalogues, the 2,615 input observations define 
a flux density system that is weighted according to the 
relative precision of these observations. Using this 
system, we obtain an average standard deviation of the 
spectral index, bs, of 0-037, determined from all sources 
for which the programme chose the first degree equation. 
Table 1 gives the systematic errors, relative to this system, 
of a sample of the major source surveys. These system- 
atic errors are presented in order of increasing random 
errors in the survey. Table 1 gives in columns 1 and 2 
the survey designation and the frequency of observation. 
For each survey, the number of sources that were included 
in this work is tabulated in column 3. Column 4 contains 
the derived systematic error presented as the ratio of the 
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observed-to-system flux density and column 5 gives the 
mean error (m.e.) of this ratio. Column 6 gives the average 
random error of the survey and column 7 contains tho 
reference. Thus, for example, data in the CKL 178-Mc/s 
survey are 4:0 + 0-7 (m.e.) per cent low, relative to the 
present system, and the flux density of the average 
source in CKL at that frequency has a standard deviation 
of 8 per cent. 

When the b-coefficient is plotted against the c-coofficient, 
the points for which the programme yields a significant 
value of c define with little scatter a straight line that has 
the following form: 


b = — 0:75-55 e (3) 


The intercept, — 0-75, is the familiar slope of the averago 
spectrum of a radio source that is not significantly curved, 
and the small scatter is attributable both to the relatively 
narrow interval-of frequencies over which the sources 
have been observed, and to the fact that within this 
interval most sources have nearly the same slope when 
represented by an equation of form (1). However, 
equation (3) does indicate in a particularly clear way that 
present data in the shapes of radio source spectra can be 
represented reasonably well by a one-parameter family of 
parabole. An analysis of the quality of fit of the data to 
sources of increasing curvature shows that the use of ao 
second degree equation does not result in a poorer fit 
when the spectra are found to be significantly curved, 
but we have not attempted to fit higher order equations 
to these data. 

From consideration of the c-coefficients and their mean. 
errors, we may determine which sources have significant 
curvature, The list of these sources, Table 2, is arranged 
both in intervals of 0-1 in ¢ and in confidence intervals, 
based on the ratio |cl/oc. Further, sources with negative 
and positive curvature are listed separately. Note that, 
if c < 0, the spectrum is concave downward on the 
log S, versus log v plane, and conversely. 

Comparison of the data in Table 2 with the results of 
several interferometric surveys of radio source brightness 
distributions'*-5 shows that sources with well-defined 
positive curvature tend to be double, core-halo or complex 
sources, and they tend to be of greater angular extent 
than do the sources with well-defined negative curvature. 


Table 2. DISCRETE RADIO SOURCE CURVATURE ANALYSIS 
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Since more than two-thirds of the sources with positive 
curvature are known to be double or complex, it appears 
quite possible that, in general, each extragalactic source 
with positive spectral curvature may consist of two or 
more discrete components, which individually have 
straight or negatively curved spectra (c < 0). It is 
interesting to note that among these sources found to 
have positive curvature, Perseus A and 3C 273 are both 
complex optical objects. 

Sources of small angular diameter have a marked 
tendency toward negative curvature, in agreement with 
the result of Kellermann, Long, Allen and Moran}*. 
Moreover, examination of the available data on identified 
double sources!?-!® reveals a distinct tendency for sources 
with large negative c-coefficients to have both small 
linear component size and small component separation. 
If the component linear size and separation increase with 
time, this result implies a decrease of spectral curvature 
with the age of the radio source in accord with theory 
discussed by van der Laan and other workers. 

Discrete sources which have been optically identified as 
galaxies have little curvature, with c-coefficients that fall 
mainly in the region — 0:15 < c < + 0:1. Five of the 
nine quasi-stellar sources known at the present time 
(identified by the symbol Q in Table 2) fall in the region 
c < Oand |c[/oc > 2; that is, they have significant negative 
curvature, as one might expect from their high surface 
brightnesses and the result of Kellermann et al.'*. The 
remaining four quasi-stellar sources, including 3C 216 
and 245, have c > 0, but since they lie in the confidence 
interval 0 < |c|/o, < 2, further observations are needed 
in order better to determine the magnitude of their curva- 
ture terms. 

Four galactic supernova remnants were included in the 
programme. Cassiopeia A and Kepler’s SN are found to 
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have significant positive curvature, Taurus A has signifi- 
cant negative curvature, and Tycho’s SN has a straight 
spectrum. It should be emphasized that the curvature 
terms of these SN remnants are all small, with |c| < 0-1. 
We thank Dr. David S. Heeschen and Mr. George L. 
Withbroe for helpful discussions concerning this material, 
and we thank the University of Michigan Computing 
Center for providing us with computing time. This 
work was partially supported by the U.S. National Science 
Foundation under grants G-17900 and GP-1460. 
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PROPOSED DISTRIBUTION OF ELECTRON ENERGY IN p-n JUNCTIONS 
AND THE THEORY OF INJECTION 


By Pror. M. A. MELEHY 


University of Connecticut, Storrs, Conn. 


INCE the advent of the theory of p-n junctions in 
semiconductors and p-n junction transistors!, exten- 
sive investigations have been made. In some cases it was 
found that deviations between theory and experiment 
were quite significant. For example, it was reported*? 
that in various silicon diodes the current dependence on 
the diode forward voltage v was proportional to exp(qv/ 
mkT) with m varying from 1 to 2, and even more in some 
cases. Specifically, for long lifetime diffused silicon 
diodes according to Sah‘ at v = 0-83 V, m = 2. Since 
the theoretical dependence of current has m = 1, the 
ratio of the theoretical and experimental values of current 
is about 10-3 million at 300° K, and even considerably 
more in other situations. There is no attempt here to 
review the various theories for this particular case or other 
cases. We shall, however, proceed with proposing a new 
foundation for the theory of p-n junctions along lines 
fundamentally different from what has been done in the 
literature. We shall then discuss some interesting conse- 
quences of what is proposed concerning injection of 
minority carriers, and junction thermoelectric properties. 
The fundamental approach to be followed in this article 
consists of deriving and interpreting a new energy distribu- 
tion for non-degenerate p-n junctions. In order to justify 
the need for such a drastically different approach, we shall 
first examine the conventional energy distribution from 
the point of view of the concepts of electrostatic and 
diffusion -forces and potentials’. These concepts will be 
reviewed in Sections ] and 3. 


(1) The particle diffusion force and the Einstein diffusion- 
mobility relationship. In order to clarify the concept of 
(average) particle diffusion force, we shall first derive it 
from fundamental principles and discuss some of its useful 
consequences. 

Consider Fig. 1, which represents a small volume 
(dz dy dz) containing an ideal gas of neutral classical 
particles of concentration n. The gas is not necessarily 
isothermal. Let n(x) and n(x + dæ) be different so that 
also the pressures p(x) and p(x + dæ) would be different. 
The difference between pressures along æ sets up in that 
direction a net force [p(z) — p(w + dw)] dy dz, which will 
be shared by (n dx dy dz) particles. The average force 
acting on each particle due to the pressure gradient will 
be defined here to be the particle diffusion force fe. Thus, 


the x component of fa, after some simple manipulations, 
will be: 


Sez i SS ee a (1) 


According to the ideal gas laws, p = knT, where k is 
Boltzmann’s constant, and T is the absolute temperature. 
Therefore, in terms of n and T, the particle diffusion force 
in three dimensions will be: 


fa = — (kim y(n) (2) 
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Fig. 1. A small volume containing an ideal non-isothermal gas having 
a pressure gradient 


It should be emphasized here that fa is ontirely due to 
the spatial variation of (nT). Therefore, it can exist in 
the complete absence of electrostatic charges. 

It is perhaps helpful to cite some examples to illustrate 
the meaning and usefulness of the concept of particle 
diffusion force. Consider an ideal isothermal atmosphere 
of one gas in which the oquilibrium is established only 
between gravity and diffusion. On a particle basis, 
the equilibrium at any height z implies that the sum 
of the weight (—mg) and the particle diffusion force 
(—kTjn){dn/dz) must vanish. Here, upwards has been 
considered positive. Solution of this equation constitutes 
the well-known atmospheric law: n = no exp(—mgz/kT), 
where n, is the value of n at z = 0. 

Another useful example involves the derivation of the 
prossure on a wall from the quantity fa. This can be done 
by considering that tho gas concentration docreases con- 
tinuously from its valuo n, outside the wall to zero just 
inside the wall. Now imagino that the space near the wall 
is divided into thin roctangular parallelepipeds. Each 
has two sides of area A parallel to the wall and each has a 
thickness dx. The total diffusion force acting on all the 
particles in any of these elementary parallelepipeds will 
be (—nAda)(kT/n)yn. On integrating this quantity 
between proper limits, the resulting net force acting on 
the wall per unit area will be (kn T), which from the 
kinetic theory of gases is merely the pressure p, on the 
wall. 

From the last example and the derivation of equation 
(2), one may reach the important conclusion that the 
concepts of pressure and diffusion describe essentially the 
same process and one may really rogard diffusion as 
caused by a pressure gradient or pressure on a wall as 
eaused by the collective diffusion of particles towards the 
wall. 

We shall next derive the Einstein diffusion—mobility 
relationship by using equation (2). Consider now a point 
P in whose neighbourhood there is an isothermal ideal 
gas of positive charges and concentration n. Suppose 
that the only not force acting on the gas at P is due to an 
electric field W. Therefore, the current density J at P 


may be expressed by: 
J = qww = q unk (3) 


where q is the magnitude of the particle charge, v is its 
velocity and u is defined here to be the mobility. Equa- 
tion (3) may be rewritten as: 


J=pnfe (4) 


where fs is the electrostatic force (gf) acting on each 
particle. Equation (4) has the interosting implication that 
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J is equal to (un) times the force acting on each particle. 
The nature of this force is not really important. For 
example, if the electrostatic force acting on each particle 
is replaced at P by another equal force of different 
nature, such as a diffusion force, then J will remain un- 
changed, provided that (un) is kept constant. Therefore, 
in view of equations (2) and (4) wo have: 
J = — pkT yn (5) 
4 
According to Fick’s law’, however: 


J= ~q D yn (6) 


where D is known as tho diffusion constant for tho particlos. 
Comparison of equations (5) and (6) leads to: 


Dip = kT /q = vr (7) 


which is the well-known Ejinstein’s diffusion-mobility 
relationship and vy may be definod as tho thormal energy 
in electron volis. 

(2) Critique of the conventional energy diagrams for p-n 
junctions. In this section we shall be concerned with the 
conditions of thermal equilibrium and the assumptions 
which lead to the conventional energy diagram shown in 
Fig. 2. Tho consistency of tho diagram will be further 
examined. 

At thermal equilibrium, it is generally assumed that at 
every point in the transition region the diffusion current 
is equal and opposite to the drift curront for oach type of 
carrier. Thus for electrons’: 


Jn =q Dn ga +g pn ni = 0 (8) 


Horo n is the electron concentration, Æ is the eloctrice field 
intensity, and all other variables are as defined carlicr. 

The electrostatic potential is usually calculatod from 
equation (8) by integrating Æ along a path s perpendicular 
to tho transition region from one end to the other. In 
view of equations (7) and (8), tho resulting so-called 
olectrostatic ‘built-in’ potential will be: 


w 
Wy Sf E . ds = vg In(mn/rp) 
0 


(9) 


Hore w is the width of tho transition region, and mp and 
na are the concentrations at thermal oquilibrium of clec- 
trons in the p- and n-regions, respectively. 

Equation (9) describes precisely the so-called cloctro- 
static built-in junction potential at least for » non- 
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degenerate semiconductor. In Fig. 2, this electrostatic 
potential is represented by the difference between the 
bottoms of the conduction bands, or the intrinsic Fermi- 
levels, or the tops of the valence bands in both sides of the 
junction. 

Let us now consider the junction equilibrium once more. 
Tt will be recalled that the diffusion and drift electron 
currents were assumed to be in equilibrium anywhere in 
the transition region so that the total junction current 
Jn = 0, as in equation (8). If this were the case, the sum 
of the particle diffusion and electrostatic forces also would 
have to be zero. This may be seen by dividing equation 
(8) by (unn) and then, from equations (7) and (2), it 
follows that fa + fe = 0, anywhere in the transition 
region. Thus, on the average, an electron crossing this 
region will be acted on at every point by two equal and 
opposite forces. Consequently, the electron will gain no 
energy, which is in fundamental conflict with (9) and the 
conventional energy diagram itself shown in Fig. 2, unless 
one assumes that the particle diffusion force does not exist 
and diffusion would only consist of a flow rather than a 
force. The last conclusion can scarcely be satisfactory in 
view of the concepts of the particle diffusion force pre- 
sented in the last section. Thus the energy diagram shown 
in Fig. 2 could not describe the true energy of electrons 
in a p-n junction. A similar statement can be made for 
the conventional diagram used to account for an applied 
voltage. 

(3) Electrostatic and diffusion potentials. In order to 
appreciate the argument to follow in this section, one 
must rigorously define what diffusion and electrostatic 
potentials really are. Then one would be in a position to 
determine the conditions to be maintained at thermal 
equilibrium and forward biasing. 

First let us define the electrostatic potential drop Vas 
for an electron moving between two points a and b. In 
electron volts, this will simply be the line integral of the 
electrostatic force f, acting on the electron from a to b, 
divided by q, or: 

l 
q a 


Here Æ is the electric field intensity at any point and in 
the transition region would be strictly defined by: 


. ds 


ty 


b 
Fa = Ja. ds = oe (10) 


Y.E = pfe =q (Na — Na +p- nj (11) 


where ¢ is the volume charge density and s is the dielectric 
constant and Na, Na, p and n are respectively the con- 
centration of donor and acceptor atoms and mobile holes 
and electrons. 

It should be noticed here that according to equation 
(10), if Yab turns out to be a positive quantity, then an 
electron would gain energy as it moves from a to b, while 
it would lose potential energy. 

Next we shall define the diffusion potential drop Da» 
between two points æ and b. This will be the line integral 
of the diffusion force fa acting on the electron from a to b. 
In electron volts, this will be: 


b 
l —> > 
Da = — | fa .ds (12) 
g a 
If now the electron gas is ideal and isothermal, in view 
of equations (2) and (7), an electron moving from a high 
concentration. na to a low concentration no will gain strictly 
due to diffusion an amount of energy in electron volts 
given by: 
Dap = vy In(na/nv) (13) 
Again Das may be considered as the diffusion potential 
drop from a to b. 
At this stage, it is clearly seen that if between a and b 
the electron is involved both in diffusion and drift, then the 
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amount of energy gained by the electron when moving 
from a to b will simply be (Dav + Fab). A clear under- 
standing of this statement will be of considerable impor- 
tance for investigating the equilibrium conditions in a 
closed loop comprising a p-n junction, which is to be 
discussed next. 

(4) Closed-loop conditions for a p-n junction and the 
injection theory. For simplicity, we shall consider the 
thermal and dynamic equilibrium for a p-n junction 
when it is part of a closed isothermal loop. It can be 
shown, however, that if the diode is isothermal but not 
at the battery temperature, the energy diagram to be 
determined will still hold. 

Now consider the non-degenerate forward-biased p-n 
junction of Fig. 3. Let ne, mn, and ny be as defined in this 
figure. All three concentrations are thermal equili- 
brium values and we shall assume that near the ohmic 
contacts, the three values will not change on forward 
biasing. This amounts to assuming that the ohmic 
contacts are perfect, so that no carrier injection takes place 
there. The preceding statement implies that on forward 
biasing the diffusion potentials ®a and ©» and the electro- 
static potentials Ya and F» would not change from their 
thermal equilibrium values. 


® ,@ 


Electron 


concentration 
mn in conductor 





Fig. 3. A forward biased p-n junction in an isothermal circuit 


The situation at junction J, however, is somewhat 
different. The injection of minority carriers will modify 
the distribution of charges in the transition region. Thus, 
one would expect that the electrostatic potential ¥ at 
the junction will deviate from its thermal equilibrium 
value Y, by an amount sf. 

The concentration of electrons ne injected into the p- 
region will be derived next. Consider again Fig. 3. From 
the principle of conservation of energy, an electron going 
through a closed loop must gain from the battery as 
much as it loses in the rest of the loop. If we neglect 
the resistance losses everywhere in the closed loop, then 
the algebraic sum of v and the diffusion and electrostatic 
potentials at the ohmic contacts and junction must be 
zero. In view of (13), we may write: 


V + ve [In(nefrn) + In(rp/rte) — In(nre/np) + r] + 
[= Fa + Fo — (F, + SP) = 0 (14) 


The signs preceding the electrostatic potentials have 
been chosen so that all the ¥’s would be positive quanti- 
ties and 8 would be positive for forward biasing. The 
quantity (rvr) in equation (14) represents the average 
energy an electron will gain in diffusing away from the 
junction after it has been injected in the p-region. We 
shall show next that (rur) is a negligibly small quantity, 
and specifically r varies from 0 at thermal equilibrium 
to a maximum value of 1, reached when the injection 
gets to be sufficiently high. 

To calculate r, consider the diffusion current density Jn 
carried by electrons near the junction. The energy gained 
from the diffusion process per second in displacing the 
electrons dz at a distance # (measured from the junction) 
will be (Jnfadæjqg). Assuming that n(x) = (ne — np) 
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exp(—2/Ln) + np, and Jal) = qDn (@n/dx), and in view 
of equation (2), the rate of energy gained in electron volts 
by all the J,(0)/¢ electrons injected every second 
will be ror Jn(0)/q, where ris {1 — [np/(ne — np)] In(n-/nz)}. 
Thus, the average energy in electron volts gained by each 
injected electron due to diffusion in the excess charge 
region will be rur. Notice that the coefficient of vr is zero 
at thermal equilibrium and its maximum value is 1 under 
forward biasing. 

If now the term (rvry is neglected in equation (14), then 
this equation will reduce to: 


We + Yo — F) — S¥ (15) 


At thermal equilibrium, however, ne = np v = ÒF = 0. 
Therefore, equation (15) leads to: 


or In(nejrp) = v + (— 


-Fa +t Yo- ¥, = 0 (16) 
Hence, from equations (15) and (16) we have: 
vy In(nej/np) = v — OF (17) 


Equation (16) is actually consistent with the laws of 
electrostatics which require that the sum ofthe electro- 
static potentials around any closed loop must be zero. 
Solving equation (17) for ne, we get: 


— ôF 





Ne = Np oxp 2 (18) 


In a similar way, it can be shown that- the density of 
holes pe injected in the n-region will be: 


v — YF 





Pe = Pr xp (19) 

Comparison of equations (18) and (19) with Shockley’ 8 
theory? shows that the only difference in the answers is 
the new quantity (F) which is space-charge dependent. 
Thus, the theory here predicts a diode terminal character- 


istic of the form: 
LAZEE [ exp( = =) — 1| (20) 


where ôF = 0 at thermal equilibrium, and I, is derbi 
with the classical theory. 

(5) Parameters affecting the injection of minority carriers. 
This section will be concerned with discussing briefly a 
few important parameters that may appreciably increase 
sy. Recalling that F is the deviation of the junction 
electrostatic potential from its thermal equilibrium value, 
we may conclude that èF will increase the more the 
electrostatic charges in the transition region modify their 
distribution when thermal equilibrium is disturbed by 
foward biasing. The charge distribution will change 
primarily because of the change in the injection and 
distribution of mobile electrons and holes in the transition 
region. In addition, the transition region must adjust 
itself transversally, so that the sum of all the positive 
charges in the part of the region nearer to the n-side must 
be equal to the sum of all the negative charges in the part 
of the transition region nearer to the p-side. This state- 
ment is a consequence of the laws of electrostatics 
under the assumption of charge neutrality in both the 
p- and n-regions. 

From the preceding discussion, we can conclude that 
òY will increase: (1) with forward biasing; (2) particularly 
at low temperature; (3) for wide-gap semiconductors. 
Cases (2) and (3) may be more clearly understood from 
the fact that in both cases n and p in the transition region 
are relatively small at thermal equilibrium. Thus, they 
may be modified appreciably on sufficient forward biasing. 

(6) Conventional and proposed energy diagrams and 
the junction thermal effects. From. the preceding discussions 
it is evident that for a non-degenerate p-n junction, if the 
electrostatic potentials Pa = Fr = PF, = 0, at thermal 
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Fig. 4. Distribution of the electron energy in a non-degenerate p-n 

junction: (a) at thermal equilibrium with only diffusion potentials 

accounted for; (b) at thermal equilibrium with both diffusion and 

electrostatic potentials accounted for; (e) under forward-biasing with 

both diffusion and electrostatic potentials accounted for. The quantity 

(-¥) is chosen arbitrarily positive and negative in cases (b) and (c), 
respectively 


equilibrium, the electron energy diagram will become as 
shown in Fig. 4a. The junction diffusion potential is 
given by: 


®, = vr ln(na/np) (21) 


It should be noticed that in this diagram the Formi- 
levels throughout the crystal must line up. Comparison 
of this diagram with that of Fig. 2 shows that they are 
actually identical except for the interpretation of the 
nature of the junction built-in potential. Classically it is 
considered to be electrostatic and in Fig. 4a it is regarded 
as a pure diffusion potential. 

Now if the electrostatic potential Y, is to be accounted 
for, at thermal equilibrium the energy diagram will be as 
shown in Fig. 4b. Notice now that the junction built-in 
potential is (®, — ¥,). The reason why F, would subtract 
from ®, is because electrostatically the junction is more 
negative on the p-side than it is on the n-side. Thus an 
electron moving towards the right would be retarded 
by the electrostatic field, whereas it would be aided by 
diffusion. 
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On forward biasing, as in Fig. 4c, the junction built-in 
potential will bo: 


D — F = vp In(nu/tre) — (Fo + SP) (22) 
and by virtue of (17), we have: 
®-¥=0, —- Fov (23) 


A direct consequence of equation (23) is that carriers 
injected at the junction would liberate hoat there if (®, — 
Y,—v) < 0; that is, if (w -+ Fy) > P, If F, > 0, as 
is usually the case, hoat liberation at the junction can 
take place for v < ®,= v9 In(ni/mp). This particular 
ease has boen observod experimentally®, and is rather 
difficult to oxplain on the basis of tho classical energy 
diagram. i 

It is interesting to note hore that if one writos the 
energy equation on tho basis of the conventional energy 
diagram for an olectron which goes through a closed loop 
comprising the p-n junction, the law of conservation of 
energy, as bas been shown?*-!?, will certainly be satisfied. 
The reason for this, at thermal equilibrium, is that the sum 
of tho electrostatic and diffusion terms in equation (14), 
each kind independently, would vanish around a closed 
loop. Hence, ignoring entirely one kind of potentials 
would still allow equation (14) to be satisfied. Comparison 
of the conventional and this theory also makes it possible 
to extend this statement to the case of forward biasing. 
Therefore, it may be stated that although the conven- 
tional energy diagram satisfies apparontly the conservation. 
of energy around a closed loop, the energy distributions at 
the junction and other points may be appreciably different 
from what they really are. Thus it would not necessarily 
predict satisfactorily the experimental observations. 

We shall next outline’the basis which I have followed?® 
to predict thermoelectric heating or cooling associated with 
the injection of minority carriers in p-n junction structures. 
If F, and ®, aro equal or nearly so, one would see that the 
built-in (diffusion and electrostatic) potential would be, 
according to Fig. 4c, equal to (— v). Equating F, to 
®, is actually in line with the conventional assumption 
(but not conventional onergy diagram) that at thermal 
equilibrium the diffusion process is in equilibrium with the 
drift process. With this simplification, the rate of heat 
liberated at the junction would be equal to the junction 
current times the forward applied voltage, v. The reader 
may now appreciate why the rate of heat liberated at a 
junction would not be equal to the junction current times 
the (classical) built-in potential as critically stated by 
Bullis in ref. 12. It is clearly no accident that the funda- 
mental assumptions used in ref. 13 have been confirmed® 
experimentally. For the situations where ®, and F, are 
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appreciably different, the more exact way of calculating 
the rate .of heat liberated or absorbed at the junction 
would be by using the ‘composite’ junction built-in 
potential (0 — F), illustrated in Fig. 4c. It is apparent 
that cooling would occur at the junction if v < (®, — Ye), 
and, heating would result if v > (®, — F»). 

(7) Summary and conclusion. It is well known that the 
concept of Fermi-level for semiconductors and conductors 
is based on quantum statistics and quantum. mechanics. 
I have shown here that, contrary to general belief, the 
Fermi-leveis do not necessarily line up, under thermal 
equilibrium conditions, in regions which are in contact 
and have different carrier concentrations. The difference 
between the Fermi-levels has been evaluated for regions 
forming a contact and are part of a closed isothermal 
loop. This made it possible to determine the distribution 
of electron energy in a non-degenerate p-n junction. 

The new energy distribution proved to be substantially 
different from the conventional one. A theory for non- 
degenerate p-n junctions based on the new distribution 
has been shown to lead to the. conventional current- 
voltage dependence and a significant correction factor. 
The proposed theory appears to explain the substantial 
deviation between the conventional theory and experi- 
mental observations. 

The new energy distribution furthermore explains the 
possibility of heat liberation at the junction of a forward- 
biased diode, as experimentally observed. Under the same 
conditions, the conventional energy distribution predicts 
heat absorption. 

It is. conceivable that the fundamental principles 
described in this article might be particularly useful, with 
proper interpretations, in a number of areas of physics 
such as thin films, thermoelectricity, degenerate semi- 
conductors, heterojunctions, and liquid-solid contacts. 

I thank E. A. Jarmoc and H. F. Jarvis for their 
valuable discussions. 
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THE INFLUENCE OF A UNIFORM 


ELECTRIC FIELD 
By D. R. BROWN 


British Iron and Steel Research Association, South Wales Laboratories, Swansea 


URING an investigation of the mechanism of electro- 
phoretic deposition!, attempts were made to observe 
visually the movement of susponded particles under the 
influence of an electric field. It is of particular interest to 
know how a particle moves just prior to deposition on an 
electrode, and how one behaves which does not deposit 
although possessing a charge of appropriate sign. To 
examine these effects, a very dilute suspension was placed 
in a small rectangular cell, with optical glass sides, con- 
taining electrodes which filled the ends. The cell was 
illuminated from above and the particles were viewed 
through a low-power binocular microscope. With sus- 
pensions in liquids commonly used for electrophoretic 


deposition baths, such as alcohols and ketones, it was 
observed that when the ficld was applied the particles in 
the bulk of the suspension began to swirl around in a 
random manner. Some materials showed an overall drift 
towards the positive or negative electrode, but the 
expected electrophoretic behaviour was swamped to a 
large extent by this swirling motion. As the particles of 
many different materials behaved so similarly it was 
concluded that the motion originated with the liquid. 
A short investigation was therefore made of the effects 
of a uniform d.c. field in various liquids. 

To detect movements of the liquid, a shadow Schlieren 
technique was used similar to that described by Wranglén?. 
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100 V/cm after 30 sec 


(b) Acetone 


Fig, 1. 


A narrow beam of light was passed through the liquid on 
to a screen or photographic plate, so that any changes in 
refractive index or density could be detected immediately. 
The liquid was contained in a l-em Spekker cell with 
palladium electrodes, 4 cm x 1 cm, completely filling the 
ends of the cell; by this means a uniform electric field in 
the liquid was produced when an E.M.F. was applied to 
the electrodes. Field strengths in the region of a few 
hundred V/em were used. 

The effects produced on applying the field to methanol 
and acetone are illustrated in Fig. 1. A disturbance, 
which is generated at one electrode, spreads rapidly 
across the cell and the liquid continues to swirl about 
while the field is applied. On switching off the field the 
motion dies away quickly. The degree of agitation of the 
liquid increases with increasing field intensity. and varies 
with different liquids. Some observations with a number 
of liquids are given in Table 1. 

The effect may also be observed by placing fine par- 
ticles of a material with small zeta-potential in the liquid; 
the particles act as markers to show the liquid move- 
ment. Similarly a drop of a suitable dye such as rhod- 
amine B, falling between the electrodes as the field is 


switched on, also provides a spectacular demonstration of 


the effect. 

With an a.c. field up to 250 V/em a disturbance of the 
liquid was sometimes observed as the field was switched 
on, but this died away even though the E M.¥. was still 
being applied. An exception was with water, where the 
large current involved caused a rise in temperature, and 
some gentle disturbance was observed, presumably due 
to convection. The swirling effect seems to be associated 
definitely with a d.c. field. 


Schlieren shadow photographs showing swirling produced in liquids by 4 uniform electric field 


From Table 1 it can be seen that there is a 
correlation between the swirling effect and the 
moment of the liquid. No swirling was detected 
liquids of dipole moment less than 1 when a field strength 
of 200 V/em was applied. On increasing the field str 
to 475 V/cm, however, some movement was detected 
with liquids having a dipole moment of only 0-5 

Although the correlation between the degree of agit 
and the current flowing is not quite so good as it is bet weer 





ngth 


tion 





that and the dipole moment of the liquid, yet generally 
the more violent swirling is accompanied by a higher 
current. This might indicate that the motion is associated 
with migration of ions in the solution. It has been shown 
that. with ions of only one sign present in the solution, 
the momentum transferred by friction to the carrier 
Table 1. CORRELATION BETWEEN DEGREE OF SWIRLING AND Dmr 
MOMENT 
Dipole 
Degree of swirling moment í for 
Liquid 200 Viem 475 Vjem (p)y* 200 \ amp 
1-Nitropropane Violent violent 16 un 
Nitromethane Violent y violent 3-2 
Cyclohexanone Violent y violent 2-8 
Acetone Violent y violent 2-7 2 
Water Violent ; violent 1-8 7,00 
1-Pentanol Gentle Violent L-8 
Butyl acetate Gentle Violent 1-8 4 
Ethyl acetate Gentle Violent 1-8 
Ethanol Gentle Violent 1-7 00 
Methanol Gentle Violent 1-7 400 
Ethyl ether Gentle Violent 1-1 i 
Trichloroethylene Nil Gentle 0-9 5 
Dioxane Nil Slight 0-5 <0-5 
Xylene Nil Nil 0-3 <05 
Hexane Nil Nil 0-1 <0-5 
Benzene Nil Nil 0 S , 
Carbon tetrachloride Nil Nil 0 3 





* Values taken from Weissherger, Technique of Organic Chemistry, seo, ed 
7 (Interscience, New York, 1955). 


medium can be sufficient to create a significant pressure. 


From an examination of the viscoelectric effect also, it 
has been deduced‘ that each electronic charge is accom- 
panied by about 10° molecules. -_ ae 

Spectacular movements of liquids can be achieved by 
the use of a non-uniform field, such as is produced between 
a thin wire electrode and a coaxial cylindrical electrode. 
This is due to the unequal force acting on all permanent 
or induced’ dipoles causing them to move towards the 
region of highest field intensity. Attempts to enrich one 
of a mixture of differently polarizable liquids in such a 
field’, however, resulted in a turbulent mixing of the two 
liquids. There is some similarity between this and the 
swirling effect, but apparently the former only occurs in 
a high-intensity non-uniform field. : 

The fact that the disturbance commences at the 
positive electrode in methanol and at the negative elec- 
trode in acetone might indicate that it is related to the 
possible formation electrolytically of oxidation or reduc- 
tion products at the electrodes. This is unlikely, however, 
as it occurs instantancously on applying the field, and the 

-@urrent involved is so small. The random character of 
. the swirling effect distinguishes. it from the uniform 
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hydrodynamic flow patterns set up in aqueous plating — 

bai o a 
The nature of the swirling motion has not been elucid- 


ated fully, but its effects need to be borne in mind, —__ 


particularly when attempting to understand the mech- 
anism of electrophoretic deposition. It could explain, for- 
example, why deposition will often take place from con: 
centrated slurries and not from dilute suspensions’. In 
the concentrated slurry the swirling motion may be 
dampened so as to prevent the particles from being carried 
away from- the electrode as can occur in a dilute sus- 
pension. It might also be related to the observation! ` 
that measurements of zeta-potential in the Smith and 
Lisse type of apparatus become difficult as the electrolyte 
concentration, and hence the current, is increased. 
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-EFFECT OF VARIATIONS IN LIFT COEFFICIENT, PHASE ANGLE AND 


— - _ WAVEFORM ON FLUTTERING 


LIFT IN THE DESERT LOCUST 


By Pror. G. HOUGHTON 
School of Engineering and Mines, University of Pittsburgh, Pennsylvania 


JECENTLY? a non-linear integro-differential equation 
“AX has-been formulated to describe the vertical lift 
behaviour of fluttering wing-body systems such as would 
be found in the natural flight mechanisms of insects and 
birds. The fluttering lift equation was programmed for 
numerical solution on a high-speed digital computer, the 
calculated flight trajectories (phugoids) for the desert. 
locust demonstrating that the oquation indeed describes 
a mechanism whereby appreciable forces opposing gravity 
-< ean be generated by wing flutter even with uniform sinus- 


~ oidal motion, the extent of the cancellation of gravitational 


- forces being a complicated function.of -wing frequency, 





stroke angle, duration factor, acceleration factor and 
_. lift coefficient. The calculations were based on a constant 


lift coefficient throughout the wing cycle, it being also 


_ presumed that the air acceleration forces were in phase 


> with the wing motion. 

«However, because of inertial and viscous effects, it is 
“possible that the air acceleration force could be out of 
phase with the wing, thereby introducing non-linear 
. effects: that. would further augment the antigravity 
forces and, be sensitive to the wing trajectory (waveform). 
In addition it has been postulated?-* that the lift coofficient 


may have different values on the upstroke and downstroke 


_-<“for example, the chords of a bird wing are convex 


upwards and concave downwards, a circumstance that 


~ gould lead to differences in flow pattern around the wing 
-on the two half-cycles. Photographical observations of 
“inseets*-* indicate that variations in lift. coefficient are 
produced by either wing twisting or wing folding—in the 
particular case of the swarming desert locust (Schistocerca 
gregaria) the wing chords tend to fold in a ‘Z-section’” on 
the upstroke and be concave downwards on the down- 
stroke’*. Thus the present article will be concerned 
with ‘the possible effects of variations in the lift co- 
“efficient Oz, phase angle e and waveform on the verticle 
flight behaviour of the desert locust. As described 
previously*, the phugoids were calculated by a digital 
computer (IBM 7070) using the equivalent two-wing 
geometry of Weis-Fogh and Jensen* in conjunction with 
equations (1) and (3) of the earlier article--the wing 


frequency f, stroke angle 9, duration factor k and body 
mass. M for the desert locust were fixed at the experi- 
mentally measured values of 20 c/s, 0:875 radian, 1-50 
and 2:0 g respectively. 

Effects of waveform and phase angle. The waveform is 
the angular path, «(t) = 9P(k, ù, t), followed by a point 
on the wing where P(k, œ, t) is periodic such that P(k, wt) = 
P(k, wt + 2r). In the previous article! the wing motion 
was simulated by two half-sinusoids of angular frequencies 
(1 + k)w/2 and (1 + k)w/2k joined at their bases to 
produce the ‘S-waveform’ shown in Fig. 1b; if two half- 
sinusoids of different frequencies were joined at their —. 
peaks then the ‘Z-waveform’ of Fig. lc would result. - 
Both the S- and the Z-waveforms can be characterized .- 
by an overall angular frequency œ = 2nf and a duration 
factor k, the latter representing the ratio of the higher 
to the lower frequency and being unity for a uniform — 
sinusoid as in Fig. la. The photographically measured? 
trajectories of the fore- and hind-wings of the desert 
locust, normalized to zero mean angle, are shown by the 
points on the insets of Fig. 1, it being clearly difficult to 
ascertain whether the S- or the Z-form would best 
simulate the actual waveform on an equivalent two-wing 
basis. 

If equations (1) and (3) of the earlier article’ are com- 
bined, then the air acceleration term becomes simply 
yoPt(k, wt) cos [pP(k, wt)], where Pu = AP; /dt = d?P/dt®. In 
order to introduce a phase angle between the wing motion, 
and the air acceleration force, it is only necessary to replace 
wt by œt + e in the function Pe, when the acceleration 
force becomes yoPu(k, wt + £) cos [(pP(k, wt)]; since the 
phase shift only affects the air acceleration Pu there will 
also be a phase angle s between this term and the wing 
velocity in the aerodynamic lift: term. the coefficient: of 
which is Cz. An estimate for the acceleration factor y 
was given earlier! as 1-74 g-cm based on the volume of 
air displaced by the wings including the virtual volume, 
although the actual factor will probably be higher. than. > 
1-74-g-em_ because of. viscous and frequency effects con- 
the coefficient of virtual mass, as in the analogous case of 
a ball pendulum oscillating in @ fluid’. KEE 
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Table 1. AGAR PRECIPITATION OF TEICHOIO ACIDS WITH Staphylococcus aureus AND S. epidermidis IMMUNE SERA 
Sera were prepared against S. aureus Wood 46 (polysaccharide A), S. epidermidis 1254 (polysaccharide B) and S. epidermis 3519 (polysaccharide AC) 


























* From optical rotation studies or enzymatic hydrolysis. 


been examined by ring test? and agar precipitation!’ 
against rabbit immune sera prepared by injections of 
formalin-killed Staphylococci}. In these sera the content 
of agglutinins against live staphylococci and of precipitins 
against polysaccharide antigens has earlier been investi- 
gated in detail. Purified group precipitinogens from 
S. aureus (polysaccharide A (ref. 12) and polysaccharide 
263 (ref. 13)) and from S. epidermidis (polysaccharide AC 
and polysaccharide B (ref. 14) ) were used as references. 
These polysaccharides produce characteristic lines of 
precipitation in agar when diffused against their homo- 
logous antibodies. Preparations of wall teichoic acids 
from S. aureus strains H (ref. 2) and Al (ref. 3), various 
strains of S. epidermidis, B. subtilis!, B. licheniformis and 
intracellular teichoic acid from S. aureus H (ref. 15) were 
examined. Teichoic acid preparations from walls of 
S. aureus strain Copenhagen‘ and 3528 (ref. 7) were kindly 
provided by Prof. J. L. Strominger, St. Louis. 

Table 1 gives the serological reactions characteristic 
of polysaccharide A (S. aureus) and polysaccharides B 
and C (S. epidermidis) shown by the teichoic acid prepara- 
tions. The ribitol teichoie acid from walls of strain H 
has the same serological specificity as polysaccharide A, 
as shown by a common precipitation line (polysaccharide 
A line) and identical titres in the ring test. The poly- 
saccharide A line was produced also by other teichoic acid 
preparations containing glucosamine, but not by prepara- 
tions in which glucosamine is absent. No polysaccharide 
A line was produced by teichoic acid from walls of B. 
subtilis, which is chemically very similar to that from 
S. aureus H but which has 8-glucosyl instead of B-N- 
acetylglucosaminyl residues. The serological specificity 
of S. aureus ribitol teichoie acid is therefore determined 
by the nature of the sugar; the presence of alanine has 
previously been shown to be unimportant. The weak 
polysaccharide A line observed with intracellular teichoic 
acid from S. aureus H is interesting, as here the small 
amount of glucosamine is attached to glycerol; this 
suggests that the nature of the polyol is serologically 
much less important than is the nature of the sugar. 

The strong polysaccharide A line produced by the sample 
of teichoic acid from walls of S. aureus H containing almost 
entirely §-linkages indicates that this serological specificity 
is determined by the §-N-acetylglucosamine residues. 
Consequently, the N-acetylglucosamine residues in teichoic 
acid from walls of S. saprophyticus 7292, and those in 
intracellular teichoic acid from S. aureus H, should be at 
least partly in ®-linkage to the polymer, as both these 
preparations reacted with the antiserum. 

A polysaccharide group precipitinogen (263) from a 
phage group I strain of S. aureus has recently been isolated 
by Hofstad*. This preparation contains glucosamine but 
differs serologically from polysaccharide A; it produced a 
strong specific line on agar against its homologous immune 
serum. The 263 mother strain and a phage variant (263- 
K8S6-6) both produced the polysaccharide 263 line, where- 
as the mother strain but not the variant also gave a weak 
polysaccharide A line (Table 2). Polysaccharide A from 








1 
Agar precipitation lines : 
corresponding to 
! polysaccharides 
Teichoic acid Polyol Sugar Linkage * A | B c 
S. aureus H (wall) l Ribitol Glucosamine Mainly £ + - - 
S. aureus H (wall) Ribitol Glucosamine B ‘ + - - 
S. saprophyticus NCIC 7292 (wall) Ribitol Glucosamine i + - + 
S, lactis NCIC 7944 (wall) Glycerol Galactosamine Mainly a ~ (+) - 
S. epidermidis NCTC 7291 (wall) Glycerol Glucose + glucosamine (tr. 8 _ (+) ~ 
S. saprophyticus C1 (wall) Glycerol Glucose + glucosamine (tr. B ~- i g - 
acillus subtilis (wall) Ribitol Glucose B - too. - 
B. licheniformis NCIB 6816 Glycerol Galactose (atypical polymer) - f - - 
S. aureus H (intracellular) Glycerol Glucose + glucosamine (tr.) B (+) (+) - 


+, (+) and — refer to strong, weak (atypical) or no precipitation lines. 


strain Wood 46 gave no 263 line and was not able to absorb 
263 antibodies from immune serum 263, whoreas poly- 
saccharide A from strain 1503 gave a weak 263 line. Theso 
observations could be explained if «-N-acetylglucosamine 
residues in the preparations were responsible for the 
polysaccharide 263 line. This was confirmed with teichoi¢ 
acid preparations examined by agar precipitation and 
compared with the reference systems, polysaccharide A 
and polysaccharide 263. Table 2 establishes complete 
correlation between the content of «a-N-acetylglucosamine 
linkages and the presence and strength of the polysac- 
charide 263 line, and between the §-linkages and the 
polysaccharide A line. Teichoic acid containing only 
«-linkages removed completely polysaccharide 263 anti- 
bodies from immune serum 263 by absorption. It follows 
that polysaccharide AC from S. epidermidis strain 3519 
should contain mainly ®-glucosamine linkages together 
with a small proportion of «-linkages; this polysaccharide 
thus contains three serologically specific components which 
ean be distinguished by their agar precipitation lines. 
Apart from teichoic acid preparations from walls of 8. 
aureus H, none of the preparations in Table 1 produced 
the polysaccharide 263 line. 

In a previous investigation a weak precipitation line 
common to polysaccharide A from strain 1503 and poly- 
saccharide AC from strain 3519 was tentatively called 
zone I (Fig. 3, in ref. 16); this line was also given by 
fractions I and IT of teichoic acid from strain Copenhagen 
(Table 2). It is now clear that zone I is identical to the 
polysaccharide 263 line and is due to «-N-acetylglucos- 
amine residues. 

The S. aureus H teichoic acid with the highest propor- 
tion of x-linkages gave the 263 precipitation line in a 
dilution four times higher than did the preparation 


Table 2. AGAR PRECIPITATION OF POLYSACCHARIDES AND TEICHOIC ACIDS 


IN S. aureus IMMUNE SERA 


Rabbit immune sera were prepared against S. aureus Wood 46 (poly. AJ» 
S. aureus 263 (poly. 263) 





hry We eee wee $ 
Agar precipitation lines 
corresponding to poly- 


Preparation ’ 
f saccharides 





Poly A, S. aureus 1503 ' 
Poly. 263, S. aureus 263 l ( 
Poly. 263-KS6§-6, S. aureus 263 phage 
variant cae =i 
Poly. AC, S. epidermidis 3519 + 
Poly. B, S. epidermidis 1254 t a i = 
Teichoic acid S. aureus H (wall) 
a- and -linkages 
Almost entirely f-linkages 
Teichoic acid S. aureus Al 
Animal type (wall) 8-linkages 
Teichoic acid S. aureus Copenhagen (wall) 
Fraction I* 
Fraction IE* 
Teichoic acid S. aureus 3528 * (wall) $ 
95-100 per cent a-linkages ~ + | 


A 

Poly. A, S. aureus Wood 46 + ~ 
+ 
+ 


ha 

w@ 

S 
l 





+, (+) and — indicate strong, weak or no precipitation lines. 

Titres indicate the highest dilution of a solution of the preparation 
(1 mg/ml.) giving a distinct precipitation line. 

* Preparation provided by Prof. J. L. Strominger. 
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containing almost entirely B-linkages; but it is noteworthy 
that there was still a distinct line with the latter prepara- 
tion. Thus the production of lines characteristic of 
polysaccharide A and polysaccharide 263 may serve as 
very sensitive tests for the presence of «- and B-N-acetyl- 
glucosamine linkages in teichoic acids. The results 
indicate that, within the limits of sensitivity of the 
method, teichoic acid from strain Al contains entirely 
B-linked glucosamine, whereas teichoic acid from strain 
3528 and polysaccharide from strain 263-KS6-6 contain 
entirely «-linked glucosamine. 

Serological and chemical investigations thus indicate 
that the majority of strains of S. aureus have a mixture of 
x- and P-N-acetylglucosamine residues. A few strains, 
possibly natural or artificial mutants, have only one type 
of linkage (« in strains 3528 and 263 variant, or B in strains 
Al and Wood 46). This is also in accordance with the 
experience? that the proportion of «-linkages in the 
teichoic acid from the H strain gradually decreases through 
laboratory culture over a prolonged period. Moreover, 
chemical investigations indicate that the glycerol teichoic 
acids in walls of strains of S. epidermidis are of two dis- 
tinct types?’; some coagulase-negative strains (3519 and 
7292) with ribitol teichoic acid in their walls contain a 
serologically distinct polysaccharide AC. These strains, 
encountered mostly in urinary infections!*, seem to be 
intermediate between S. aureus and S. epidermidis. 


A. L. Davison 
J. BaDDILEY 


Department of Organic Chemistry, 
University of Newcastle upon Tyne. 
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N. LOSNEGARD 
P. OEDING 
Department of Microbiology, 
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‘University of Bergen, Norway. 
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Glycerol Teichoic Acids in Walls of 
Staphylococcus epidermidis 


Ir has previously been shown that the cell-walls of 
coagulase-positive and -negative staphylococci contain 
distinct types of teichoic acid'. Whereas that from the 
walls of Staphylococcus aureus H is a ribitol phosphate 
polymer with @-N-acetylglucosaminyl] residues’, walls of 
S. epidermidis and S. saprophyticus contain a glycerol 
teichoic acid with glucosyl residues’. 

The glycerol teichoic acids from walls of several freshly 
isolated strains have been examined in further detail. 
Tl and T2, isolated from a dental abscess, are strains of 
S. epidermidis that do not ferment mannitol aerobically ; 
T2 differs from T1 in its inability to produce phos- 
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phatase, or acid from maltose and lactose under aerobic 
conditions. I2 is a strain of S. saprophyticus' that for- 
ments mannitol] aerobically. 

Teichoic acid was isolated from the cell-walls of each 
strain as previously described!, and the products of 
hydrolysis with acid and alkali were examined by paper 
chromatography. Glycerol, its mono- and di-phosphates, 
orthophosphate, alanine, glucose and a small amount of 
glucosamine were formed on hydrolysis of each prepara- 
tion with 2 N hydrochloric acid for 3h at 100°. Hydrolysis 
of the teichoic acids from T1 and T2 with 2 N sodium 
hydroxide for 3 h at 100° gave alanine, but no detectable 
degradation of the polyglycerophosphate chain occurred; 
the moderate stability of the alanine residues towards 
ammonia suggests that they are in ester linkage to the 
glucose residues and not to the glycerol phosphate units 
in the polymers. Alkali hydrolysates of teichoic acid from 
I2, however, contained alanine together with diphosphate 
and phosphodiester fragments of glycerol and glucose 
which could be degraded further with intestinal phos- 
phatase and with §-glucosidase. 

These properties are consistent with structures in which 
glucosyl residues are attached to many if not all the 
glycerol units in the phosphodiester chain of the teichoic 
acids. The molar ratios glucose : phosphorus (Table 1) 
confirm this and indicate that, whereas in the alkali- 
stable teichoic acid from strain £1 most of the glycerol 
units in the polyglycerophosphate chain bear single glucose 
residues, the glucose in teichoie acid from strain 7'2 is 
probably in the form of disaccharide residues. The 
partial degradation of that from strain I2 in alkali is 
accounted for by the lower ratio glucose : phosphorus. 
The small amount of glucosamine in all preparations 
indicates that a few glucosaminyl residues are present 
in the phosphodiester chain. Measurement of optical 
rotations shows the presence of «-glucosyl residues in the 
polymer from T1 and 8-glucosyl residues in that from 
T2 and I2. 


Table 1 
Teichoic acid from laip Glucose: Phosphorus 
strain 
T1 +755 0-84 
T2 ~1i 1-61 
I2 -11 0-74 


The glycerol teichoic acid from walls of strain T1 and 
polysaccharide B, the serologically specific but unidenti- 
fied phosphoric ester obtained from a strain of S. epiderm- 
idis by Wieghard and Julianelle*, are clearly very closely 
related and both contain «-glucosyl residues. Moreover, 
Morse? has recently shown that «-ghuicose-1-phosphate is a 
potent inhibitor of the precipitin reaction of glycerol 
teichoic acid from S. albus Prengel and homologous anti- 
serum. Nevertheless, the work described here shows that 
the walls of some strains of S. epidermidis contain a 
glycerol teichoic acid with ßB-glucosyl residues. The 
serology of the teichoic acids from different strains 
of S. epidermidis is being investigated in collaboration 
with Prof. P. Oeding (Bergen) et al.; but it seems likely 
that the above chemical differences between strains should 
provide the basis of serological differences. 

This work and a part of that described in the previous 
communication was supported by U.S. Public Health 
Service grant AI 05237-01 and by a grant from the 
Department of Scientific and Industriel Research. 
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SEASONAL DIFFERENCES IN SPERMATOGENESIS AND 
OOGENESIS IN Rana pipiens 


By Dr. SHERWIN MIZELL 


Department of Anatomy, Medical College of South Carolina, Charleston 


LTHOUGH Amphibia are normally restricted to a 
single breeding period, fertilized eggs of amphibians 
are available, almost at will, throughout the year’. To 
induce ovulation, the female is pre-treated by injecting 
pituitary glands. The eggs obtained in this fashion are 
then fertilized by sperm obtained from males which have 
not had prior treatment. In many animals the male of 
the species contains functionally mature spermatozoa 
before functionally mature ova are present in the 
female. The leopard frog, which normally has only one 
breeding period each year and exhibits other annual 
and seasonal phenomena as well’, seemed an excellent 
animal to test the hypothesis that other as yet un- 
known factors may regulate gamotogenesis. The first 
step in this problem was, therefore, to establish the 
pattern of functional maturation of the gonads of the 
male and female. 

The purpose of this article is to show that regardless of 
specific geographical location certain amphibians exhibit 
the same seasonal cycle of gametogenesis. There is, 
however, a temporal difference between male and female 
cycles. 

During the course of studies on seasonal changes 
in function in Rana pipiens, weight changes in the gonads 
of this common laboratory animal were followed. Animals 
were obtained from a dealer in Wisconsin and examined 
within two weeks of the time they were shipped. On the 
average, weights were obtained on 8 males and 8 females 
each month. During a 13-month period a total of 191 
frogs were examined. The mean weights are shown in 
Fig. 1 as mg/100 g body-weight. 

The most striking result is that the rhythms of gonadal 
weights for male and female are out of phase. The testes 
were at their minimal weight during April and May, 
while minimal ovarian weight did not occur until June 
and July. The maximal testis weight was observed in 
October, while maximum ovarian weight did not occur 
until March, five months later. 

After the minimum the testes slowly 
increased in weight during the sum- 
mer. In the early fall there was a 
rapid rise to a peak in October, a half- 
year before the breeding season. A 
sharp decrease in weight occurred in 
November and then a gradual decline 
in weight was observed until a low 
was reached once more at the end of 
the mating season. 

The weight curve for the ovary, after 
exhibiting a minimum later in the 
year than the testes, underwent 
a gradual rise during the summer. 
In contrast to the testis, a fairly 
constant level was maintained during 
the autumn. During the winter 
there was’ an increase in weight 0 
and the yearly maximum in ovary 
weight was observed in March, A 
sharp decline occurred during the 
breeding season and a minimal 
weight was obtained at the end of this- 
season. ` : 
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Organs obtained for weighing. were also examined 
histologically. - After the breeding season there were very 
few spermatozoa present in the seminiferous tubules. 
In June and July the most striking feature was the 
initiation of spermatogenesis. During August all the 
maturation stages were found plus a few spermatozoa. 
Testes examined in September exhibited spermatozoa 
along with late maturation stages. During October almost 
all seminiferous tubules contained mature spermatozoa. 
Further, at this time the spermatozoa are functionally 
mature, and, with no pre-treatment, can be used to 
fertilize eggs. However, amplexus can be achieved at this 
time only under the influence of additional pituitary 
gonadotrophins. The testes continue in this state with 
very little change until the following breeding season. 
These histological results confirm work reported earlier’. 

At the end of the mating season in late spring a few ova 
were still found in the ovary; however, the majority of 
follicles were atretie. During June and July many 
oogonia and growing oocytes were found in the ovaries. 
An increasing number of primary oocytes was observed in 
September, and by November the ovaries were almost 
completely filled with primary oocytes. These oocytes 
continued to increase in size, by the addition of yolk 
material, throughout the winter. The germinal vesicle 
was still present at this time. The first maturation 
division does not occur until the time of ovulation, under 
the influence of the pituitary gland. Further, an ovum 
is not functionally mature and is not capable of being 
fertilized until shortly after it enters the oviduct and 
begins to acquire a jelly coat. This occurs normally 
during the breeding season, but can be induced by pre- 
treatment with gonadotrophins. 

Out-of-phase changes in weight in the gonads of some 
other anurans seem to be similar to those observed in 
Rana pipiens. Using Rana temporaria, Smith‘ has reported 
changes in weight in the gonads which, taking geographical 
location into account, are similar to the observations in 


Gonad-weight 


Testis (ng/100 g body-weight) 


F M A M J J A S 18) N 
- . Month of year 


Fig. 1. Weights of gonad of Rana pipiens expressed as mg/100g body-weight. 
- Each point represents the average-of all animals of that sex measured in that 


month 
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Rana pipiens. The population of frogs studied by Smith 
underwent its breeding season in March, earlier than the 
frogs described in this report. Tostis weight was at its 
peak in August and ovary weight oxhibited a maximum 
in January. van Oordt® has reported that testis weight 
for Rana temporaria is at its minimum after the breeding 
season and reaches a maximum in August. The rhythm 
exhibited by Rana temporaria appears similar to that of 
Rana pipiens; however, it is a few months out of phase. 

Mazzocco® reported weight changes in the gonads of 
Bufo arenarum studied in the southern hemisphere. 
These toads follow similar seasonal patterns except that 
the patterns are reversed in tho southern hemisphere. 
Ovary and testis weights were at a minimum after 
the spring mating soason (September—October). Testis 
weight was at a maximum in the summer (January— 
February) and then decreased slowly during the autumn 
and winter (April~August), followed by a sharp decrease 
during the mating season. The ovary showed a gradual 
increase in weight in the summer and autumn (January— 
April) and reached its maximal weight in winter (July— 
August). Annual changes in weight in the ovaries of 
Xenopus laevis, and of testes and ovaries of the urodel, 
Triturus viridescens, exhibit the same general pattern’ 
as that seen in Rana pipiens, Rana temporaria and Bufo 
arenarum. 

In a specific locale, cithor free in Naturo or in captivity, 
both the male and the female members of the population 


are exposed to the same external environment. However, ` 


the data reported here indicate that, while sharing a 
common external environment, gonadal weight changes 
of the male and female undergo two completely difforent 
cycles. In Rana pipiens the breeding season coincides 
with the poak in ovarian weight. The two cycles are 
brought together in tho spring by some as yet unknown 
‘co-ordinating factor’. 

The control of amphibian gonads by pituitary gonado- 
trophins is generally accepted*. In addition; temperature 
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and rainfall are considered the factors in the external 
environment which most probably regulate the reproduc- 
tion cycle of the female amphibian’. However, van Oordt! 
has stated that in the male Rana temporaria, although 
temperature changes are important in regulating spermato- 
genesis, there is also an inherent biological rhythm which 
acts as a regulating mechanism. Temperature independ- 
ence, one of the criteria for establishing the existence of 
a biological rhythm, has already been demonstrated for 
one rhythm, gastric acid secretion, in Rana pipiens". 
Of interest also is the fact that other annual cycles 
observed in Rana pipiens (liyer glycogen, blood glucoso, 
fat body-weight) are at a minimum in May-June and a 
maximum at separate times during the autumn®. Liver 
glycogen content appears to be closely correlated to the 
change in gonad weight?®. 

The hypothesis of an inherent rhythm for each sex is 
attractive in that it could explain why these closely 
related phenomena are temporarily out of phase. 

This work was supported by U.S. Public Health Service 
grant H-4175 and U.S. National Science Foundation 
grant GB-671. 
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ALTERATIONS IN MORPHOLOGY OF POLYTENE CHROMOSOMES 
By Dr. TOBY C. RODMAN* and Pror. M. J. KOPAC 


Department of Biology, New York University, New York 4 


ADORN, Gehring and Staub havo recently doscribed 
H cortain structural alterations in the polytene 
chromosomes of Drosophila larval salivary glands im- 
planted in the abdomens of adult females!. What may bo 
similar alterations have been observod in tho salivary 
gland chromosomes of non-pupating larve of the tu-h 
(tumorous head) strain of D. melanogaster. 

The tu-h strain has been extensively examincd with 
respect to head and oye abnormalities in the adult flies*. 
Recent investigations have revealed that the larve, as 
well, exhibit various abnormalities: melanotic tumori- 
genosis, failure at the second moult and failure to pupate?. 
The chromosomal alterations have been observed in the 
salivary gland chromosomes of only those larve which 
have passed through the conventional third instar period 
and, in failing to initiate pupation, have entered into an 
extension of the larval period. 

When a 2-h egg deposition was collected from a group 
of Canton-S females (the wild-type strain used as control) 
prepupe -wore seen to form within 117-123 h at 25°C. A 
simultaneous collection of tu- eggs produced propupæ 
throughout the period of 120-170 h post-deposition, 
with more than 75 per cent of the prepupe forming 
throughout the 140-160 h period. The chromosomal 


* Present address: Department of Zoology, Columbia: University, New 
York. g 


alterations have been observed only in tu- larvæ of 7 
or more days post-deposition. The melanotic tumours 
also appear only in the extended larval period. However, 
thus far, no relationship other than a temporal one has 
been established between these two phenomena. 

The chromosomal alterations appear to consist of two 
phases: (1) an increase in diameter with maintenance of 
the general integrity of the chromosomes; (2) a variety 
of changes including those suggostive of the degradation of 
histolysis. Fig. 1 is a photograph of a field of a salivary- 
gland preparation of a Canton-§ larva 117-123 h post- 
deposition. The puffs at 74EF, 75B and 78D on the left 
arm of the third chromosome are characteristic of the third 
instar stage just prior to the formation of the white 
propupa**, Fig. 2 shows a portion of a 3L chromosome 
of a Canton-S prepupa with the charactoristic puff of 
that period at 71CE (refs. 3 and 4). Figs. 3 and 4 respec- 
tively show 3L chromosomes of a 141-146 h old tu-h larva 
and a tu-h prepupa. The lack of puffing (Fig. 3) in certain 
loci of tu-h larval salivary gland chromosomes has been 
discussed in another roport*; the characteristic prepupal 
puff at 710E is seen (Fig. 4). Figs. 1-4, representative, in 
each case, of the largest chromosomes of the preparation, 
serve to illustrate that in comparable stages of third 
larval instar and prepupal periods the polytene chromo- 
somes of the tu-h strain are similar in size to those of a 
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Figs. 1-9. Each figure is representative of the salivary glands of a single individual, prepared as a lacto-aceto-orcein squash using non-siliconed cover 
glasses and slides 


Figs. 1-6 are approximately x 530. Each puff locus is designated by the number of the division in which it occurs, The preclse loci are mentioned 


in the text. The centromeric region is designated by C. 1, Canton-S larva, 117-123 h: 2, Canton-S prepupa, 123-129 


> 3, fu-A larva, il-1 i8, 


4, tu-h prepupa, 147-152 h; 5, éu-h larva, 168-171 h; 6, fu-A larva, 3 days 


Figs. 7-9 are approximately x 210. Fig. 7, tu-h larva, 119-122 h; Fig. 8, fu-h larva, 9 days; Fig. 9, tu-h larva, 12 days 


wild-type strain. The progressive increase in thickness 
in'the chromosomes of the extended larval period is shown 
in! Fig. 5 (168-171 h) and Fig. 6 (8 days). 

In the report already referred to, Hadorn, Gehring and 
Staub? have suggested that at least part of the increase in 
size of the chromosomes of their investigation is due to 
polytenic replication exceeding that occurring normally. 
In the chromosomes of non-pupating tu-h larve it has been 
observed that even the initial increase in size is accompanied 
by distortion of the specific character of the bands. This 
is accentuated as the size increment continues (Fig. 6). 
It seems probable, therefore, that the apparent increase in 
size of the chromosomes of this report is due to swelling 
or accretion of material other than that brought about by 
chromonematal replication. 

Figs. 7-9 (loss than half the magnification of Figs. 1-6) 
show some of the types of chromosomal alterations 
occurring in tho latter phase of the extended larval period. 
Many of the chromosomes contract or telescope (Fig. 9), 
others assume bizarre dimensions, while still others re- 
semble the chromosomes of the histolysing salivary gland 
of the late propupa. It has also been observed that the 
alterations are not homogeneous throughout all chromo- 
some sets of a single pair of glands, or even in all chromo- 
somes of a singlo set (Fig. 8). 

Tho most consistent alteration is that of the initial 
increase in thickness. Of 43 tu-h larve between 7 and 8 
days of age, 37 had some salivary-gland chromosome sets 
comparable to those shown in Figs. 5 and 6. Still another 
characteristic chromosome alteration in the extended 
larval period is that of an apparent change in the stretch 
capacity of the chromoconiral mass. This region, in tho 
salivary gland nuclei of D. melanogaster, consists of a coales- 
cence of the centromeres, the heterochromatic arm of the 
X chromosome and all of the Y chromosome*. Schultz? 
has characterized this heterochromatic region as tending 
to break in squash preparations while the banded euchro- 
matic regions roadily stretch. In Figs. 1 and 5 it may be 
seen that, in each instance, the centromeric attachment 
between the two chromosome arms has persisted. The 
compact, vesicular nature of this region in the chromo- 
somes of a normal third instar larva (Fig. 1) is in contrast 


with the fibrous, stretched appearance of the comparable 
region in the extended larval period (Fig. 5). 

This change, as that of the initial surge of increases in 
volume, may represent alterations in the stato of the 
chromatin, accompanied, perhaps, by a shift in protein 
content. The factors responsible for these alterations may 
be oporative in the latter phase of the extended larval 
period at tho samo time that histolysis of the glad 
occurs. 

The fact that histolysis of a larval organ occurs in an 
individual still in the larval form suggests an asynchrony 
in genetic control. Beermann® has recently summarized 
present concepts of the role of insect hormones in the 
activation of puffs. These swellings at circumscribed 
loci of polytene chromosomes are believed to bo discern- 
ible manifestations of acts of transcription’:*. Tho doviate 
puff patterns in tu-h larve® may reflect, thorefore, a 
deviation from the normal hormonal complemont. There 
is good historical evidence? that the novel physiologicn| 
state of a larva destined not to pupuate is ono in which 
hormonal error exists. It is possible, therefore, that the 
chromosomal alterations of the extended larval period 
may be associated with an abnormal hormonal milion, 
If the chromosomal alterations reported by Hadorn. 
Gehring and Staub! are indeed similar to those oxhibited 
by non-pupating iu-h larvee, they, too, may be attributable 
to the hormonal state atypical for larval organs. 

Investigations at prosent in progress aro concerned with 
the nature of the chemical and physical changos obsorved 
in the chromosomes of the extended larval period. It is 
hoped that such investigations will contributo to an 
understanding of tho role of hormones in the control 
of the activity and state of the genetic material. 


1 Hadorn, E., Gehring, W., and Staub, M., Erperientia, 19, 530 (1963). 


2? For review of bibliography, see Berseth, W. D., and Gardner, E. J.. Gensties, 
46, 1611 (1961). 


3 Rodman, T. C., doctoral thesis, New York Univ. (1963). 
«Becker, H. J., Chromosoma, 13, 341 (1962). 

5 Rodman, T. C. (in preparation). 

€ Frolova, 8. L., Nature, 187, 319 (1936). 

7 Schultz, J., Cold Spring Harbor Symp. Quant. Biol., 12, 172 (1947). 
8 Beermann, M., Amer. Zool., 8, 23 (1963). 

? Karlson, P., Gen. Comp. Endocrinol., Suppl. 1, 1 (1962). 
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SELECTIVE PARA- OR META-O-METHYLATION WITH CATECHOL 
O-METHYL TRANSFERASE FROM RAT LIVER 


By Dr. M. S. MASRI, D. J. ROBBINS, Dr. O. H. EMERSON and F. DEEDS 


Western Regional Research Laboratory, U.S. Department of Agriculture, Albany, California 


E have shown that the course of O-methylation of 
phenolic compounds in the intact animal and with 
surviving liver slices is influenced by the side-chain and 
the pattern of hydroxylation on the aromatic ring??. Of 
particular interest was tho finding that 3.4,5-trihydroxy- 
benzoic (gallic) and 2,3,4-trihydroxybenzoic acids were 
exclusively methylated at the para and meta positions, 
respectively. With 3,4-dihydroxyphenolic acids, however, 
methylation occurred at either the para or meta position®. 
With catecholic phenols, as contrasted to catecholic acids, 
only a trace of methylation was detected in the intact 
animal, while none was detected with liver slices; in both 
cases, however, extensive conjugation was the evident 
major mechanism for abolishing the catecholic configura- 
tion. The trace of 2-O-methyl pyrogallol obtained when 
the intact animal was given pyrogallol indicated selective 
O-methylation of the middle hydroxy! group. 

The present report shows that these selective patterns 
of O-methylation are a reflexion of a unique relationship 
between the substrates and the isolated O-methyl trans- 
ferase enzyme and, thus, are due to a discriminating 
action of the enzyme or a directing influence of the 
substrates. 

The enzyme was prepared from rat supernatant liver 
fraction according to the method of Axelrod’, except that 
the final step of adsorption on calcium phosphate gel was 
omitted. The reaction mixture consisted of 2 ml. of the 
dialysed enzyme containing 15-6 mg protein/ml. (determ- 
ined according to Warburg and Christian‘), 0-4 ml. M 
MgCl,, 0-4 ml. M phosphate buffer pH 7-4, 2 mg (—)-S- 
adenosyl-L-methionine iodide (SAM), and 2 mg substrate. 
The final volume was made up to 6 ml. with water, and 
incubation was continued for about 3 h at 37° C. 

Ether extracts of the acidified incubation mixtures 
were examined chromatographically as previously de- 
scribed?, using the lowor phase of chloroform—acetic acid— 
water (2 : 1: 1) as the irrigating solvent in one direction 
and 20 per cent aqueous potassium chloride (or 2 per cent 
aqueous acetic acid in the case of the carbon-14 experi- 


ment) in the second direction. Using unlabelled SAM, five. 


substrates were. tested: gallic, 3-O-methyl gallic, 2,3,4- 
trihydroxybenzoic, and 3,4-dihydroxycinnamic (caffeic) 
acids, and pyrogallol. In a second experiment, SAM- 
methyl-“C (1-8 uc., 2 mg) was incubated with gallic acid 
(2 mg) and with pyrogallol (2 mg) in the presence of the 
enzyme (1 ml.). The chromatograms of the experiment 
with unlabelled SAM indicate that, with gallic acid, only 
p-O-methylation occurred (that is, 4-O-mothyl gallic 
formed), whereas with 2,3,4-trihydroxybenzoic acid, only 
m-O-methylation occurred (8-methoxy-2,4-dihydroxy- 
benzoic acid formed). On the other hand, with 3-O-methyl 
gallic acid and with caffeic acid, both p- and m-O-methyla- 
tion occurred. Thus, both ferulic and isoferulic acids were 
obtained from caffeic acid, and both syringic and 3,4-di- 
methoxy-5-hydroxybenzoic acid were obtained from 
` 3-O-methyl gallic. Pyrogallol was poorly methylated as 
compared with the other four substrates investigated. 
However, once again selective methylation of the middle 
hydroxyl group resulting in the formation of only 
2-O-methyl pyrogallol was evident. The results with 
pyrogallol are at variance with those reported by Archer 
et al., who obtained 1-O-methyl pyrogallol and 2,3-di- 


mothoxyphenol but no 2-O-mothyl pyrogallol after 
incubation of pyrogallol with the enzyme. 

Since 3-O-methy!] gallic acid and 1-O-methyl pyrogallol, 
which are possible methylated metabolites of gallic acid 
and pyrogallol, respectively, are catecholic in nature, and 
thus may be considered subject to oxidation readily, a 
special experiment was conducted using SAM-methyl-“C 
as the methyl donor and gallic acid and pyrogallol as sub- 
strates. Special precautions were taken here to enhance 
the detectability of de novo formed 3-O-methy] gallic acid 
or 1-O-methyl pyrogallol. Thus: (a) 1 mg ascorbic acid 
was added to each flask at the start; (b) 100-ug carrier 
3-O-methy] gallic acid (when gallic acid was the substrate) 
and 100-ug carrier 1-O-methyl pyrogallol (when pyrogallol 
was the substrate) were added to the respective flasks at 
the beginning of incubation; these carrier amounts were 
expected to provide a pool to trap de novo synthesized 
3-O-methyl gallice acid—methyl-“C or 1-O-methyl pyro- 
gallol-methyl-“C; further 100-ug portions of these 
carriers were also added directly to the ether extracts 
prior to chromatography; (c) nitrogen atmosphere was 
maintained inside the flasks during incubation; (d) the 
incubation was carried out without shaking. The results 
revealed in the chromatograms, the autoradiographs, and 
the measurements of the radioactivity of the metabolites 
confirmed those obtained with unlabelled SAM. With the 
flask containing gallic acid, only 0-24 per cent of the 
added radioactivity was recovered’ in 3-O-methyl gallic 
acid, while 28-9 per cent was recovered in 4-O-methyl 
gallic acid. Similarly, with pyrogallo] as substrate, only 
0-19 per cent of the radioactivity appeared in 1-O-methyl 
pyrogallol,-while 17-1 per cent appeared in 2-O-methyl 
pyrogallol. Since both 3-O-methyl gallic acid and 1-0- 
methyl pyrogallol were also added to the incubation 
mixtures (although in lower concentration than gallic acid 
and pyrogallol), and since they are also suitable sub- 
strates for the enzyme, relatively small amounts of radio- 
activity appeared in their respective (dimethoxy deriva- 
tive) metabolites. 

Identification of the de novo formed 4-O-methy] gallic 
acid and 2-O-methyl pyrogallol was confirmed by co- 
chromatography with authentic samples and by isolation 
from the chromatograms and crystallization to constant 
specific activities after addition of known carriers (150 mg 
each). These results are shown in Table 1. It is worthy 
of mention here that appreciable loss in weight was 
encountered during the first crystallization of 2-O-methyl 
pyrogallol. When the crystals and the dried mother liquor 


Table 1. CRYSTALLIZATION OF 4-O-METHYL GALLIC ACID AND 2-O-METHYL 
PYROGALLOL TO CONSTANT SPECIFIO ACTIVITIES 


C.p.m. per 3 mg* 


Metabolite isolated No. of crystallization 


First Second Third 
4-0-Methy] gallic 11,413 11,583 11,525 
2-0-Methyl pyrogallol 2,613 2,565 2,648 


* Radioactivity was measured on 3-mg samples (single determination on 
first crystallization and duplicates on second and third crystallization), 
using a Packard ‘Tri-carb’ liquid scintillation spectrometer with a counting 
efficiency of 38-7 per cent. The scintillator mixture contained 14 ml. 
naphthalene-1,4-dioxane and 0-5 ml. water, according to Loewus (ref. 9). 
Samples were cooled (equilibrated) for 48 h prior to counting. 

Reference to a company and/or product name by the Department is only 
for purposos ofinformation and does not imply approval or recommendation 
of the product to the exclusion of others which may also be suitable, 
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were weighed, the total did not add up to the 150 mg 
used. This appeared to be due to distillation of the 
compound during drying in the vacuum desiccator which 
was connected to a vacuum pump and which had in it a 
dish containing concentrated sulphuric acid. When 
another sample of the unlabelled compound was treated 
similarly in the desiccator and care was taken to avoid 
scattering during the evacuation, it continued to lose 
weight appreciably between three successive weighings. 
Furthermore, the sulphuric acid developed a dark brown 
colour. 

Our results suggest that phenolic substrates having 
three adjacent hydroxyl groups direct the onzyme to 
methylate the middle hydroxyl group, regardless of 
whether the hydroxyl group occupies a para or a meia 
position. With orthodihydroxyphenolic substrates, on the 
other hand, methylation of either hydroxyl group may 
take place. Here, the side-chain and pH may play a 
part in determining the extent of p- or m-O-methyla- 
tion*:®7, 
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These results with the animal O-methyl] transferase aro 
particularly interesting when compared with the recently 
discovered plant O-methyl transferase*. It will be shown 
elsewhere that the plant enzyme is much more specifically 
predisposed toward m-O-methylation even when gallic 
acid is used as a substrate. The possibility that the 
animal preparation contains two O-methyl transferases 
with varying specific affinities toward different substrates 
cannot be overlooked. 


1 Booth, A. N., Masri, M. S., Robbins, D. J., Emerson, O. H., Jones, F. T., 
and DeEds, F., J. Biol. Chem., 234, 8014 (1959). 

2 Masri, M. S., Booth, A. N., and DeEds, F., Biochim. Biophys. Acta, 65, 
495 (1962), 

3 Axelrod, J., and Tomchick, R., J. Biol. Chem., 283, 702 (1958). 
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5 Archer, S., Arnold, A., Kullnig, R. A., and Wylie, D. W., Arch. Biochem. 
Biophys., 87, 153 (1960). 

* Senoh, S., Daly, J., Axelrod, J., and Witkop, B., J. Amer. Chem. Soc., 81, 
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BACTERICIDAL ANTIBODY TO Escherichia coli IN GERM-FREE MICE 
By NORMAN S. IKARI 


Laboratory of Germ-free Animal Research, National Institute of Allergy and Infectious Diseases, 
National Institutes of Health, Bethesda, Md. 


NTIBODIES to various bacterial species have been 
detected in the sera of germ-free animals by several 
investigators!-3, Although the y-globulins in the sera of 
various germ-free species are significantly lower than 
in their conventional counterparts‘-’, the elucidation of 
the spectrum of antibody activity which may reside even 
in this reduced serum fraction seems limited only to 
methods sensitive enough to detect such activities. It 
was felt that the bactericidal method of Weidanz and 
Landy® would be particularly suitable for measuring the 
expected low levels of antibody in germ-free mouse sera. 
‘Natural’ bactericidal antibodies in normal mammalian 
sera have recently been investigated}? and no significant 
differences between germ-free and conventional mice as 
to levels of antibody to Escherichia coli were roported. 
This article deals with the development of bactericidal 
antibody to E. coli 0127 in normal, non-immunized germ- 
free, ex-germ-free and conventional mice of the NIH 
white Swiss-Webster strain and also in germ-free and 
conventional mice of the Lobund strain’. The assays 
reveal quite convincingly that the levels of bactericidal 
antibody in germ-free mice at practically all age-levels are 
lower than in conventional mice. 

The majority of the germ-free mice used in this work 
were those of the NIH strain of white Swiss (@F-NIH) 
originally derived via Caesarean section by Dr. ©. E. 
Miller of the Germfree Unit, Laboratory Aids Branch, 
National Institutes of Health. The ex-gorm-free mice 
(oxGF-NIH) were comprised of a group of GF-NIH 
new-born litters and their mothers removed from the 
isolator less than a week after birth of the young mice. 
All germ-free new-born mice and their mothers survived 
this transition with no obvious harmful effects. These 
animals were maintained in the conventional animal room 
in the usual manner with the exception that they were 
given the same sterile food and water as administered to 
the germ-free mice. Cultures of fecal samples from these 
exGl'-NIH mice revealed essentially the same intestinal 
flora as exhibited by conventional mice although bacterial 
counts of the former tended to remain somewhat reduced. 
The conventional mice of the NIH strain of white Swiss 
(CV-NIH) were maintained on commercial mouse diet 
pellets. The remainder of the mice used were germ-free 


Lobund strain (@F-—LOB) and their ‘clean’ counterparts 
(C VN-LOB) previously deseribed’. 

The bactericidal assay method of Weidanz and Landy® 
was used with only a few minor modifications: (1) the 
use of commercially purchased foetal bovine serum as the 
‘natural’ source of complement found to be free of antibody 
to E. colt 0127; (2) the use of trypticase soy broth over- 
night cultures standardized to the proper concentration 
for the bacterial inoculum and trypticase soy agar for the 
final platings; (3) reagents and glassware for the prepara- 
tion of serum dilutions and reactions mixtures were kept at 
room temperature (21°-24° C) instead of under ice bath 
conditions. 

During the course of this investigation, a breeding colony 
of 96 GF-LOB mice became contaminated with a coagu- 
lase-negative hemolytic Staphylococcus aureus. The 
duration of contamination was estimated to be about 10 
days before all animals, ranging in age from 2 to 35 weoks, 
were divided into 10 age-groups and bled for serum. Fig. 
1 shows the result‘ of bactericidal assays performed on the 
sera of these monocontaminated mice. It can be seen that 
bactericidal antibody to Æ. coli 0127 was present in all 
groups, with progressively increasing titres in the older 
animals. 

Preliminary titrations of numerous individual and 
pooled serum samples for the various mouse groups 
described earlier in this report demonstrated consistently 
lower levels of antibody in the germ-free groups as opposed 
to their conventional counterparts. The interpretation 
of the results of bactericidal assays was the same as that 
described by Weidanz and Landy® with the exception that 
the serum dilution (instead of the serum dose) which 
yielded 50 per cent survivors was used as the SD,,. The 
sight estimates of the SD,, obtained by graphic plots of the 
data, whether based on serum dose or serum dilution, 
were, of course, identical. The SD;,. for germ-free mouse 
sera ranged from 1:5 to 1:55; the SDs, for some 
CVN-LOB and exGF-NIH pools ranged from 1 : 10 to 
1: 130 and the SDs, values for various samples of C V- 
NIH mice ranged from 1 : 100 to 1 : 1,000. 

In order to follow the relative rise in bactericidal anti- 
body in various mouse groups, pooled sera from animals 
in several age categories of GF-NIH, exGF-NIH and 
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Table 1. COMPARISON OF RATIOS OF BACTERICIDAL ASSAY VALUES AT VARIOUS SERUM DILUTIONS IN COMPARABLE AGE GROUPS OF GERM-FREE (GF-NIH) 
` AND CONVENTIONAL (C V-NIH) MICE 

























r 
Germ-free sera (GF-NIH) - Conventional sera (C V-NIH) 
A Mean colony count, experimental Mean colony count, experimental 
Age of rum i 
Eo E Sorum. Mean colony count (control) + S.E. Sorin Mean colony count, control t S.E 

4 1:20 0-818 + 0-128 1: 20 0-005 + 0-003 
6 1:40 0-857 + 0-016 1: 40 0-002 + 0-002 
8 1: 80 0-930 + 0-086 1: 320 0-010 + 0-006 
10 1:20 0:942 + 0°033 1: 400 0-266 + 0-026 
12 1: 160 0-598 + 0-063 1: 200 0-032 7 
14 1: 160 0-614 + 0107 1: 0-023 












CV-NIH mice were examined. For each of the 3 groups, 
the number of donors ranged from 25 animals for the 
1-week-old pool to 5 for the 14-week-old pool. Fig. 2 shows 
that in 1-week-old mice of all 3 groups, serum dilutions at 
1:5 produced no bactericidal activity against the test 
strain. A progressive increase in bactericidal antibody 
concomitant with increase in age took place in all 3 groups 
but was most pronounced in conventional mice. C V- 
NIH mice from 8 weeks of age and beyond exhibited 
SD,,’s of 1 : 470 to 1 : 700, whereas values of no more 
than 1 : 125 were reached by germ-free animals of 12~ 
34 weeks of age. As in the study of Weidanz and Landy®, 
SDs, values showing differences greater than two-fold 
were considered significant. 

Table 1 shows the statistical comparison of the data 
represented in Fig. 2. Actual colony counts at various 
serum dilutions converted to ratios of survivors over the 
corresponding controls are listed for the germ-free and 
conventional groups. Equivalent serum dilutions were 
deliberately chosen wherever possible to facilitate com- 
parison, but the low antibody content in- germ-free sera 
rendered this approach impossible for certain age-groups. 
However, the smallest difference between ratios for the 
germ-free and conventional animals is found among the 
12-week-old mice (0-598—0-032 = 0-566) and is statistically 
significant (P < 0-01, Behrens—Fisher test; 3,3 D.F.) (ref. 
9). It is evident that the estimated.SD,, of the 12-week- 


7 old germ-free serum (1:125).represents somewhat greater - 


bactericidal activity than that indicated by the observed 
60 pér cent survival by the germ-free serum at 1:160 
‘dilution. However, these activities are significantly less 
than that indicated by the 3 per cent survival observed 
among the 12-week-old conventional serum dilution of 
1:200 and hence significantly less than the estimated 
SDs (1:600) of these conventional mice. A similar 
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Fig. 1. Bactericidal antibody to E. colt 0127 in Staphylococcus-mono- 
contaminated germ-free (GF-LOB) mice 












argument may be applied to the remaining differences in 
the table. 

Previous investigations?! have attempted to differ- 
entiate normal or ‘natural’ antibody from immune antibody 
on the basis of the relatively greater heat lability of the 
former.’ The inactivation of ‘natural’ bactericidal antibody 
in normal mouse serum was reported to have occurred 
when the serum was heated to 52°C for 30 min?. In 
Fig. 2, the cross-hatched columns represent the SDs, levels 
of bactericidal antibody remaining after such heating: 
Table 2 shows that the extent of this loss on heating is 
of greater magnitude in the germ-free sera than in 
conventional sera. 


Table 2. COMPARISON OF RATIOS OF THE SDs HEATED SERUM* AND SDso 
UNHEATED SERUM IN COMPARABLE AGE GROUPS OF GERM-FREE (GF-NIH) 
AND CONVENTIONAL (CV-NIH) Mick 


Age (wk.) 4 8 8 _ 10 12 14 


Germ-free (GF-NIH) 0-269 0-367 0-278 0-400 0:104 0-230} 
Conventional (CV-NIH) 0-682 0-789 0-971 0-741 0-667 0-750 
* 52° C, 30 min. . 


The presence of significantly larger amounts of bacteri- 
eidal antibody to E. coli 0127 in CV-NIH mice than in 
GF-NIH mice at practically all age-levels has been demon- 
strated. This is undoubtedly correlated with the larger 
amounts of y-globulin in the CV-NIH animals. Utilizing 
an isotopic immune inhibition test, Sell and Fahey™ have 
reported average serum -globulin-levels of 4-2 mg/ml. for 
CV-NIH mice in contrast to a value of 0-12 mg/ml. 
for germ-free mice. However, the provoking stimulus for 
such an antibody response, particularly in the germ-free 
animal, remains ill-defined and a matter of conjecture. 
The germ-free diot, as made in our laboratory, has been 
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Fig. 2. Bactericidal antibody to Æ. colè 0127 in germ-free (G@F-NIH) 
7 ex-germ-free (ex@F-NIH) and conventional (CV-NIH) mice 
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found to contain relatively small numbers of Gram- 
negative bacteria prior to sterilization’. None the less, 
these diets may readily contribute other antigenic material 
as previously indicated by Landy et al.!. 

The difference in the rate of antibody increase between 
GF-NIH and O V-NIH mico ean possibly be ascribed, at 
least in part, to the preponderance of viable Gram-negative 
bacteria, particularly Æ. coli, in the intestinal tracts of 
CV-NIH mice. This may be in addition to the indis- 
criminate exposure of this group of animals to other organ- 
isms in the environment which may contribute antigenic 
stimuli capable of cross-reacting with the Æ. coli 0127 
specificity. 

Michael and Rosen? have recently reported that the 
bulk of the ‘natural’ bactericidal activity in normal 
human plasma against representative strains of Entero- 
bacteriaceae resides in the 19Sy, macroglobulin. Landy 
and Weidanz™“ have also confirmed this finding in a 
variety of other mammalian sera. Their findings, in 
addition to this limited study, immediately suggést other 
lines of investigation such as the titration of these sera 
against other serum-sensitive Enterobacteria. In addition, 
closer examination of the correlation between increase in 
bactericidal antibody and quantitative changes of the 
19Sy, macroglobulin is needed. The greater heat lability 
of the germ-free sera suggests the necessity for further 
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investigations involving the physicochemical propertios 
of these serum proteins. The origin of these bactericidal 
antibodies in normal serum, particularly in the germ-free 
species, remains to be elucidated, and work in this labora- 
tory is continuing on this problem. 

I thank Dr. William P. Weidanz for his advice and Dr. 
David W. Alling for the statistical analyses. Part of this 
work was performed while I was a graduate student in 
the Department of Microbiology, Georgetown University 
School of Medicine, Washington, D.C. 
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A QUANTITATIVE CELL CULTURE ASSAY FOR YABA TUMOUR VIRUS 
By Pror. DAVID S. YOHN, Dr. JAMES T. GRACE, jun., and VICTORIA A. HAENDIGES 


Roswell Park Memorial Institute, New York State Department of Health and State University of New York at Buffalo, 
Buffalo 3, New York 


ABA virus, a pox-like virus!, induces benign histio- 
cytomas in various monkeys? and produces similar 
lesions in man*. Although first isolated in 1957 by Bear- 
croft and Jamieson’, comprehensive virological investi- 
gations have been hampered by the lack of an economical 
and reliable im vitro and in vivo infectivity assay. All 
common adult and new-born non-primate laboratory 
animals are insusceptible. Cell culture assay methods 
have not been developed. Although Andrewes et al. 
reported propagation and limited sorial passage of Yaba 
virus in primary rhesus monkey kidney cultures, others 
have not been able to propagate the virus in either 
similar or unrelated cells’. In order to resolve these 
divergent reports and attempt to perfect an in vitro 
infectivity assay system, the susceptibility of a variety of 
cell cultures to Yaba virus infection was examined. 
Ten-fold dilutions of virus obtained from either tumour 
extracts or from Yaba tumour grown in cell culture were 
prepared in sterile saline and 0-2 ml. of each dilution 
injected subcutaneously into each of two rhesus monkeys. 
An equal amount of each dilution was added to 3-6 
Leighton tubes, containing cover-slips. of tho cell culture 
under investigation. Cells were grown in various media, 
but at the time of inoculation all were placed in Medium 
199 at pH 7-4 containing 50 per cent bovine amniotic 
fluid. Monkeys were observed for tumour development. 
Cell cultures were maintained as Jong as possible and 
regularly observed for microscopic cytopathic effects 
indicative of virus infection. Cover-slips were removed 
at various intervals and stained with fluorescein con- 
jugated monkey anti-Yaba virus y-globulin according to 
the method of Metzgar et al.*. At similar intervals cell 
cultures were gathered, frozen and thawed twice and 
assayed for infectious virus by injecting 0-2 ml. sub- 
cutaneously into each of two rhesus monkeys. 
Table 1 summarizes the attempts to propagate Yaba 
virus in various cell-culture systems. The genetron 
tumour extract used in the initial investigation, No. 


3-1174, B, O, titred 10-5 per 0-2 ml. in rhesus monkeys. 
Infection of secondary rhesus monkey kidney cells 
required undiluted inoculum. No infection could be 
produced in primary bovine kidney or chick embryo 
cells. In the second investigation, No. 3-2174, B, a 
saline tumour extract with a monkey ID,, titre of 10%5 
per 0-2 ml. was infectious for two types of rhesus monkey 
cells at dilutions through 10-* as shown by immuno- 
fluorescence and by tumour production in the monkey. 
Definite cytopathic effect occurred only with high virus 
input, that is, 105-5 or more monkey ID,). 

The third set of experiments, Nos. 3-510, 3--522 and 
3-701, used a lot of virus, CC-18, which was obtained 
from Yaba tumour grown in cell culture and contained 
10-5 monkey ID; per 0-2 ml. This material was titrated 
on three different cell lines. In LECMK,, a continuous 
rhesus monkey kidney cell line, and in MA-10. a con- 
tinuous human embryonic kidney cell line, the titre as 
shown by immunofluorescence and by monkey tumour 
induction was 102-5 per 0-2 ml. Cytopathic effect developed 
in both cell lines with undiluted virus (10°) and also with 
the 10-1 dilution in MA-10. In contrast, infectivity end- 
points in the third cell line, BSC-1, a continuous cereo- 
pithecus monkey kidney cell line’, were ossontially 
identical and in virtual agreement with the monkey {D50 
titre. The correlation between in vivo and in vitro in- 
fectivity was further substantiated when two additional- 
Yaba virus preparations (Table 1) titrated simultaneously 
in BSC-1 and monkeys yielded essentially identical titros 
in the two systems. Thus, BSC-1 cells provided an 
infectivity assay system equally as sensitive as tuniour 
induction in the monkey. 

Cytopathic effects differed in the various cells. In all 
but BSC-1, cytopathic effect was characterized as marked 
granularity accompanied by enhanced acid production. 
Oceasionally, particularly with high virus input in the 
fibroblastic rhesus cells and MA-10 cells, heavily granu- 
lated cellular aggregates were noted. Eosinophilic cyto- 
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Table 1. TITRATION OF YABA VIRUS IN VARIOUS CELL CULTURES ‘ 
Log 10 IDs of inoculum/0-2 ml. 
In cell cultures as shown by 
xperi S Tumour | 
E Virus ‘ - 
Po en Cell type source l In vivo CPE F.A. in vivo 
8-117 A Secondary rhesus monkey kidney GX M-19 35 06 0-5 05 
3-117B Primary bovine kidney @XM-19 3-5 None N.T. . None 
3-1170 Primary chick embryo GX M-19 3-5 None N.T. None 
3-2174 Secondary rhesus monkey kidney SX M-38 65 15. 4-5 50 
3-217 B Primary rhesus fibroblasts SXM-38 65 15 4-5 45 
3-510 LLOMK, CC-18 45 0-5 -~ 25 25 
3-522 - MA-10 CC-18 45 15 2-5 25 
3-701 BSC-1 CcC-18 45 4-7 4-5 4:5 
3-724 BSC-1 12-180 3:5 3-7 37 N.T. 
3-1009 BSC-1 'X M-10 50 5:3 53 N.T. 











LLOMK 5 Continuous rhesus monkey kidney cell line; M4A-10, Continuous human embryonic kidney cell line; BSC-1, Continuous vervet monkey 
kidney cellline; CPE, Cytopathic effect; F.A., Fluorescent antibody; N.T., Not tested. $ i 


plasmic inclusions resembling those seen in tumours’ were 
prosent among all infected cells. These inclusions stained 
brilliantly with fluorescein labelled Yaba antibody, par- 
ticularly in the LLCMK, and ‘BSC-1 cells. A more diffuse 
cytoplasmic staining was noted in the MA-10 and rhesus 
fibroblast cells. In no instance was there evidence of 
intra-nuclear staining. = 

In BSC-1l the onset of cytopathic effect varied with 
dosage. With high dosages, where virus input per cell 
approximated 1-0, microscopic evidence of infection was 
noted by day 5. By 8 days virtually all cells contained 
the pathognomonic cytoplasmic eosinophilic inclusions. 
With lower virus concentrations, particularly when total 
virus input was 50 ID; or less, the first evidence of 
infection was discernible in 10-14 days. At this time 
discrete foci could be seen; these involved 3-5 or ocea- 
sionally more cells, many of which contained cytoplasmic 


inclusions. During the third week and thereafter, addi- 


tional cells contiguous to the foci developed inclusions. 
In areas of high cell density, ‘‘microtumours’, 3-4 cell 


Table 2. SERIAL PASSAGE OF YABA VIRUS IN BSC-1 CELL LINE 


> Log-10 Log-10 ZCIDs0 
: Passage 7'CIDso0 Daysin recovered at 
Passage line No. input culture collection* 


Undiluted cell-free fluids 84 3-4 


Terminal dilution cell-free 
fiuids ` 
Undiuted cell-fluid lysate 


in progress 
67 
31 

in progress 


* Cell-free passages made with fluids centrifuged 2,000 r.p.m. for 30 min. 
Coll-fluid lysate passages made with cells and fluids frozen and thawed twice. 


Terminal dilution cell-fluid 
lysate 
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Table 8, NUMBER OF YABA VIRUS FOOL DEVELOPING IN BSC-1 OVER A 
l 67-DAY PERIOD 5 
Tube Observation day 
No. 14 17 28 32 39. 57 67 
1 4* 11 11 13 14 86 >100 >100 
2 1 13 13 13° 16 64 >100 >100 
3 1 7 7 7 26 >100 >100 
4 3 10 10 11 14 27 >100 >100 
5 0 1 1 1 12 14 > 50 
6 + O 1 4 4 10 32 >100 >100 
7 3 3 4 4 11- 36 >100 >100 
8 2 3 8 10 14 31 >100 >100 
Total 14.49 58 63 91 _ 264 


* Actual number of foci visible microscopically. 


Table 4. Foci REDUCTION NEUTRALIZATION OF YABA VIRUS IN BSC-1 
Antiserum MK-12-G Antiserum MK-12-H Antiserum MK-12-I 


Average* Average* verage* 
` No. foci No. foci No. foci 
Antiserum on Percent on Per cent on Per cent 
. dilution day 21 reduction day 21 reduction day21 reduction 
“41:5 1-00 97 1-00 97 Q-25 99 
1:20 1-25 96 3-00 89 0-75 88 
1:80 4-00 - 86 6-75 77 1-00 97 
1:320 9:25 68 7°75 74 9-50 68 
eal 24:75 15 24-00 17 19-75 32 
control 29-25 Era 29-25 — 29-25 — 


7 * Average of 4 tubes. 


layers thick, formed, while in areas of low cell density 
the infected cells separated one from another, producing 
a lacy ‘microplaque’ of inclusion containing cells. With 
additional time, both types of lesions increased in size 
and eventually the infected cells sloughed. 

In BSC-1 virus infection appeared to spread from cell 
to cell. Preliminary immunofluorescent investigations 
have demonstrated viral antigen in cells contiguous to 
the initially infected cell 2-5 days prior to inclusion 
development. At 14 days, when a focus consisted of 3-5 
inclusion containing cells, 10-20 contiguous cells con- 
tained antigen. (Detailed immunofluorescent investiga- 
tions will be reported later.) Furthermore, virus release 
into fluids was minimal during early stages of primary 
foci development, particularly with inocula of 50 TCID,, 
or less. Cell-free fluids removed at 15-17 days from such 
cultures contained only occasional traces of virus, whereas 
fiuids containing cells lysed by freezing and thawing 
contained large amounts of virus (Table 2). 

_ Not all primary foei were discernible at 14 days 
(Table 3). The number of visible foci increased rapidly 
between the fourteenth and seventeenth day and at a 
lesser rate between the seventeenth and twenty-first day 
(Fig. 1). During the fourth week, relatively few new foci 
formed. During the fifth week and thereafter, secondary 
foci rapidly appeared. These secondary foci may have 
developed from virus released into the fluid or from 
infected cells which sloughed into the medium and, on 
settling, produced additional foci. In any event, secondary 
foci were not apparent until the fourth or fifth week 
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Average No. of foci (8 tubes) 
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Fig. 1. Appearance rate of Yaba virus fociin BSC-1 
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following infection. Thus, the fact that all foci which 
appeared by the twenty-first day were primary has per- 
mitted the development of a highly quantitative but 
simple and inexpensive in vitro infectivity assay. Titres 
of virus preparations can be expressed as the number of 
foci forming units (FFU) per ml. 

This assay system is at present being applied to the 
titration of Yaba virus noutralizing antibody. Repro- 
sentative preliminary results are shown in Table 4. It 
should be possible to express the titre of neutralizing 
antibody in terms of a 50 per cent foci reducing end-point. 
Hopefully this system can be utilized as a sero-epidemio- 
logical tool in the examination of the natural history of 
Yaba virus infection. 
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MOTILITY-PROMOTING EFFECT OF THE Brucella abortus AND Brucella 
melitensis ENDOTOXIN ON THE SMOOTH UTERINE MUSCLE 


By Dr. B. URBASCHEK 


Tierhygienisches Institut, Freiburg-i-Br. 


Lee on the isolated uterus of guinea pigs and. rats. 
For immunobiological research, several fractions from 
Brucella abortus! and Brucella melitensis had been prepared 
and their effects tested on the isolated uterus*~. 

This article describes experiments on the efficacy of 
Boivin’s trichloroacetic acid Brucella endotoxin on the 
isolated uterus from guinea pigs and rats by means of a 
kymograph. 

First of all, it could be demonstrated that Brucella 
abortus as well as Brucella melitensis endotoxin in a con- 
centration ranging from 10y to 1 mg present in 25 ml. of 
Tyrode’s solution, in a recipient container, could not exert 
any contraction response by direct action on the isolated 
uterus of guinca pig*. 

But each of the Brucella endotoxins could induce a 
remarkable sensitivity in the isolated uterus against oxy- 
tocin. For example when oxytocin was washed out from 
a uterus which previously had responded to 5 x 10-7 I.u. 
of oxytocin with only a weak contraction and then replaced 
by 50y endotoxin in the 25 ml. Tyrode’s solution bath, the 
uterus will likely become so sensitized that a following 
dose of the same amount of oxytocin (that is, 5 x 10-5 
1.U.) induces a contraction exceeding the former by nearly 
400 per cent. 

Guinea pig uteri, following a sufficient time of perfusion 
with normal Ringer’s solution so as to give up spontane- 
ously to contract, respond to 10-* 1.0. oxytocin concentra- 
tion in the Ringer’s solution with an increase in frequency, 
in amplitude and to a small extent in tonus. When after 
this inducting stimulus the same uterus is exposed 
to 5,000y oxytocin in 100 ml. Ringer’s solution, a further 
increase in motility will follow with very marked rise in 
tonus and amplitude but with a lesser rise in frequency. 

In order to test the motility-increasing effect of Brucella 
endotexin also with non-oxytocin preparations, experi- 
ments were undertaken to prove whether previous treat- 
ment with Ringer’s solution of higher potassium molarity 
may have any potentiating effect on Brucella endotoxin. 
Such experiments were performed using the effect of 
Brucella abortus endotoxin’ on rat’s uteri. 

Jung*has already succeeded in demonstrating in perfusion 
experiments that a rise of potassium from 5 to 10 m.mol 
in Ringer’s solution can augment the spontaneous irrit- 
ability of uteri, regarding amplitude and frequency. A 
further increase of potassium concentration is followed by 
a marked increase in amplitude, and with 30-40 m.mol 
concentration in Ringer’s solution each uterus independent 
of its hormonal state undergoes the so-called potassium 
contraction’. 


I tested uteri of non-pregnant rats by perfusion with 
Ringer’s solution, allowing a sufficient time for registration 
of spontaneous contractions. The Ringer's solution was 
changed to one containing 20 m.mol potassium which 
resulted in a rise in amplitude, some increase in fre- 
quency but no change in tonus. As soon as the motility 
seemed to remain constant, the bath content was changed 
to the same amount of potassium in the Ringer’s solution 
but with the addition of increasing amounts of Brucella 
abortus endotoxin beginning with 5,000y in 100 ml. This 
induced a remarkable rise in tonus. The amplitudo 
increased to double; the height of that was due to the 
potassium content of the Ringer’s solution, and the fre- 
quency was also increased. In testing the effect of increas- 
ing doses of endotoxin, that is, 10 000, 20,000 and 30 000y 
per 100 ml. solution, the effect appeared to increase from 
0 to 30,000y in a linoar proportion to the rise in motility. 
Tho effects of endotoxins on the uterus, as described above. 
appear to becomo demonstrable after some lapse of time. 
reaching a maximum after 4-4:5 h. 

If endotoxin is allowed to act on uteri in normal, that is, 
5 m.mol Ringer’s solution without interference by oxyto- 
cin, the endotoxin alone appears also capable of exerting a 
strong rise in motility. In contrast, however, to the rat’s 
uteri previously treated with oxytocin or with higher 
potassium. concentration, endotoxin alone requires higher 
dosing, for example, 15,000y-100 ml. and, furthermore, 
a longer incubation time. It seems worth mentioning 
that uteri thus treated respond with a heightened fre- 
quency and augmented amplitude but with scarcely an 
increase of tonus. 

On uteri with rats previously treated with cestrogen it 
could be demonstrated in perfusion experiments with 
normal Ringer’s solution and without any previously given 
oxytocin that the Brucella abortus endotoxin extended a 
very strong rise in motility. 

On two successive days preceding the uterus oxtirpa- 
tion, rats were treated each with 500y cestradiol benzoate 
in oily solution. The starting time before optimum of an 
oxytocin effect is reached takes about 4-45 h Regarding 
the uterine motility activation from a quantitative point 
of view, there was in all other experiments following 
perfusion of the recipient uterus with oxytocin or with 
Ringer’s solution having a higher potassium molarity 
nothing that was equal to the effect of previous treatment 
with cestradiol. An extraordinarily high rise in tonus 
has been observed only in cestradiol-treatod rats. A 
uterus preparation contracted in 2:5 h following 30,0007 
endotoxin in 100 ml. normal Ringer’s solution, an 
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observation never experienced with uterus preparations 
obtained from non-cestradiol-treated rats‘. 

An interesting fact is the loss of uterine activating 
power in endotoxins prepared from the samo laboratory 
strain which had been maintained for 1-5 years in agar 
culture. The same endotoxin preparation, however, 
though it had lost its uterine activation power, neverthe- 
less did keep its serological properties, that is, it gave a 
positive Ouchterlony’ precipitation test, a positive passive 
hemagglutination reaction, and was active in the Halban- 
Landsteiner inhibition test®. The strain which had lost 
its uterus-sensitizing property was subjected to animal 
passaging; injected intraperitoneally into guinea pigs 
following hepar-isolation, culture and intraperitoneal 
injection into rabbit and reculture in its testes, it regained 
its capacity to produce a uterus-active endotoxin. Two 
more Brucella abortus strains isolated from bovine fœtus 
produced endotoxins which resembled each other by its 
uterine activity. 

Endotoxin effect on intact pregnant animals. Since the 
effects of Brucella abortus and Brucella melitensis endo- 

-toxins on the isolated uterus were established, their 
efficiency to provoke abortion remained to be demon- 
strated by means of intravenous and intraperitoneal 
injections of Brucella abortus endotoxins on guinea, pigs, 
rabbits and rats, each animal being in its last third stage 
of pregnancy. The mode of injections and their dosages 
have already heen mentioned in detail in a former paper’. 
Of 22 guinea pigs, all of them, with one exception, aborted, 
and from 12 rabbits 7 aborted, among them 4 following a 
single endotoxin injection. Of 18 rats which had received 
2 injections applied intraperitoneally each of 200y 
endotoxin in an interval of 2 days on the 12th and 18th 
day of pregnancy ‘(which normally lasts 21 days), all 
animals aborted with dead or living foetus. 

In 1954, Thomas*-!! reported the abortion-inducing 
action of endotoxins derived from other organisms as 
Brucellae. Our investigations of the isolated uterus pre- 
sented here may help to explain Thomas’s observations. 

The experiments as described here on both the isolated 
uterus and the pregnant animal point to the existence of 
a uterus-active principle in the Brucella endotoxin. The 
reaction begins late and slowly, as already mentioned, and 
lasts for a relatively long time. This suggests the concep- 
tion that in the infected organism the Brucellae after their 
decomposition liberate endotoxin, which already by itself 
tends to bring about a rise in uterine motility. This 
proposition is especially supported by the results of the 
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kymographic experiments if the uterus in the recipient is 
perfused by normal Ringer’s solution with endotoxin. 
Under these conditions, the uterus shows after some hours 
a distinct rise in frequency and amplitude with tonus 
remaining unchanged. Such, however, are the conditions 
prevailing during the expulsion period until one fœtus is 
expelled, that is, the abortion begins by contractions of the 
uterus which are caused directly by the effect of endotoxin 
on the muscle cell. 

During the time of endotoxin influencing the uterus 
motility, anatomical lesions in the placenta aro likely to 
occur, thus forming sites which predispose localization and 
multiplication of Brucellae followed by formation and 
release of endotoxin, thus maintaining and augmenting the 
uterine motility. 

The fact that placentomata in Brucella-infected and 
aborting animals are especially infected with Brucellae 
might be explainable by assuming that the endotoxin- 
induced uterine motility may lead to lesions in the tissues 
connecting maternal and fetal placenta, thus causing 
hemorrhagic necrosis which facilitates localization and 
multiplication of Bruceliae. 

The organotropism of Brucellae, however, and their 
intensive growth in the uterus are, according to Williams 
et al.*, dependent on erythritol. Recently, Williams, 
‘Keppie and Smith!* found that foetal fluids and the 
cotyledons of pregnant cows contain a high amount of 
erythritol, which proved to stimulate the growth of 
Brucellae in vitro as well as in vivo. 

Previous conceptions of the cause of the abortion did 
not give sufficient explanation for its mechanism. 

This work was supported by a grant from the Deutsche 
Forschungsgemeinschaft. 
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DUODENAL CRYPT CELLS OF 


GERM-FREE AND CONVENTIONAL MICE - 
By S. LESHER, H. E. WALBURG, iun., and G. A. SACHER, sun. 


Division of Biological and Medical Research, Argonne National Laboratory, Argonne, Illinois, and Biology Division, 
Oak Ridge Nationa! Laboratory, Oak Ridge, Tennessee “ 


ELL division in proliferative tissues is known to be 
affected by a number of factors such as starvation}, 
hormone belance*“, irradiation'-°, and ageing’. In a 
recent paper it was shown that the transit time of cells 
moving from crypts to the villus tip is twice as long in 
the ileum of germ-free mice as in the ileum of conven- 
tional mice’®. Transit time is dependent on cell pro- 
duction, which in turn depends on the number of cells in 
the proliferative pool and on the duration of the generation 
cycle. : 
In this article we are concerned with the duration of 
the generation cycle of the duodenal crypt cells of germ- 
free and conventional non-inbred ICR mice. These mice 
were reared and maintained in the Biology Division of 


the Oak Ridge National Laboratory. Their ancestors 
were germ-free ICR breeders supplied by the Lobund 
Laboratory, University of Notre Dame. The germ-free 
mice were housed in plastic-film isolators sterilized with 
ethylene .oxide! and were maintained by a modification 
of the routine procedures developed at the Lobund 
Laboratory. Surveillance for contamination consisted of 
periodic aerobic and anaerobic culture of feces and tissue 
for bacteria and the mycoplasma. The conventional mice 
were derived from ancestors which had been removed 
from the isolator and placed in a breeder room with other 
conventional mice at least 1-5 yr. prior to this experiment. 
Standard husbandry techniques were followed, except 
that the mice were fed the same sterilized diet as the 
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Percentage of labelled mitotic figures 
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Time after injection of tritiated thymidine 
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Fig, 1. Fraction of mitoses labelled versus time between injection and 
killing. Upper graph : germ-free animals; lower graph: conventional 
animals, Each point represents one animal 


germ-free mice (‘Purina Lab Chow’, 5010C). Micro- 
biological investigations were not carried out on these 
mice. 

Each mouse was injected intraperitoneally with 10 pe. 
of tritiated thymidine in 0-1 ml. sterile distilled water. 
The tritium-labelled thymidine (0-36 c./m.mole) was 
obtained from Schwarz BioResearch, Inc. The thymidine, 
distilled water and necessary apparatus were sterilized 
and transferred aseptically into the isolator containing 
the germ-free mice. Dilutions and injections into the 
germ-free mice were made in the isolator and the remaining 
diluted thymidine was passed out immediately for the 
injection of conventional mice. All injections were made 
at 9 am. to avoid possible diurnal variation in the 
number of initially labelled cells at time of injection, 
although this is not thought to be a factor in the small 
intestine?3, Mice were killed at closely spaced time- 
intervals 0-5-26 h after injection. Segments of duodenum 
immediately distal to the duodenal flexure (approximately 
20 mm below the pyloric sphincter) were removed, opened 
and spread on plastic sheets, fixed in a 20 : 2 : 1 solution 
of 70 per cent ethanol, neutralized formalin and glacial 
acetic acid, dehydrated, and embedded in paraffin. Sec- 
tions (3u) were prestained by the Feulgen reaction and 
autoradiographs were prepared, by the dipping method™:35 
(Kodak NTB-3). All metaphase, anaphase and telophase 
mitotic figures in ten sections were scored as labelled 
(> 5 grains) or unlabelled. To avoid counting and 
scoring the same mitotic figure more than once, each 
section was separated from the next by at least 100p of 
tissue. 

Howard and Pelc?! divided the generation cycle (GC) 
into four sequential stages: mitosis (M), presynthesis 
(G,), synthesis (S) and predivision (G). Cells in the S 
stage at the time of injection incorporate the labelled 
thymidine into newly synthesized DNA molecules, the 
nucleotide acting as a pulse label under these conditions. 
Movement of these labelled cells can thus be followed 
through the various stages of the generation cycle. The 
duration of the cycle was estimated by plotting the per- 
centage of mitotic figures labelled against time after 
injection (Fig. 1). From these cyclic curvés an estimate 
was made of G, + M, G,, S and GC. The time-interval 
between injection and the time at which all -mitotic 
figures are labelled was used as an estimate of G, + M. 
The S stage was determined by measuring the time 
between the 50 per cent labelling intercepts of the 
ascending and descending limbs of the curve produced 
by the first mitotic division. Time for G, was determined 
by subtracting the sum of times for G, + M + S from 
the generation cycle-time. Estimates of the duration of 
the generation cycle were made by measuring the time- 
interval between the 50 per cent level of the first ascending 
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limb and one half the maximum value reached by the 
second ascending limb. This method is a better estimate 
of the median generation cycle-time than that obtained 
by measuring the interval between the 50 per cent points 
of the two ascending limbs of the first and second curves 
or the mid-points of the first and second plateaus, since 
it takes into consideration the asymmetry of the second 
curve which is produced by the second division cycle and 
is a result of the accumulated variations in G, + M + 
S + G, of the individual cells. The foregoing method 
gives a generation cycle-time of 13-6 h for the duodenal 
crypt cells of the germ-free mice and 11-2 h for tho con- 
ventional mice, as shown in Table 1. The generation cycle 
of the conventional mouse in this investigation is approx- 
imately the same as that found for the conventional 
CAF, mouse’. 

As seen in Table 1, the increased duration of tho 
generation cycle in the germ-free mouse is due primarily 
to an increase in S and G,, although there appears to a 
slight increase in G, + M. The data suggest that move- 
ment of cells through stages of the generation cycle 
other than Q, alone may vary''?®, This result con- 
tradicts a widely accepted hypothesis that the timo spent 
in DNA synthesis (the S period) by mammalian colls at 
37° C is an absolute constant not only for the cells of the 
same tissue but also for a wide range of colls, whether 
normal or tumorous, whether growing in vivo or in ritro, 
and independent of the length, of the generation eycle!8-?3, 
There are, of course, circumstances in which certain 
stages of GC are altered and S remains constant, as 
shown by earlier experiments involving continuous low- 
dose gamma. irradiation. Under these conditions the GC@ 
was reduced by a shortening of G, without a significant 
change in time spent in 8724, 


Table 1. ESTIMATES OF TINE PROLIFERATIVE CELLS OF DUODENAL CRYPTS 
OF GERM-FREE AND CONVENTIONAL MICE SPEND IN THE GENERATION 
CYOLE AND ITS VARIOUS STAGES 


Conventional Germ-free 
mice (h) mice (h) 
G ` 2-7 31 
S 6-5 8-0 
Q+ M 2:0 25 
Gc 11-2 13-6 


Measurements of transit time, that is, the movement of 
cells from the crypt to the extrusion zone at the villus 
tip, are not complete, but at 48 h labelled nuclei are 
approximately one-fourth the way up the duodenal villi 
in germ-free mice, whereas in conventional mice they are 
already near the villus tip. Although the villi were longer 
in the germ-free mice, the labelled cells had travelled 
only approximately 110, in these animals as compared 
with about 300p in the conventional mice. These findings 
are in agreement with the results reported by Abrams 
et al.4° in their examination of transit time in the ileum 
of germ-free mice. There are also fewer cells labelled at 
0-5 and 1 h after injection in the germ-free mice; an 
average of 8 per crypt in the germ-free and 12-8 in the 
conventional mice (Table 2). In a previously reported 
investigation!’ it was shown that the generation cycle 
time is essentially the same at all levels of the small 
intestine, hence the increased transit time in the gorm- 
free animals could be accounted for by the slowor 
generation cycle coupled with a reduction in the sizo of 
the proliferative population in both duodenum and ileum. 

It would seem that the average transit time of cells on 
the villus is doubled in the germ-free mouse'*, On the 
production side, the size of the proliferative pool is 


Table 2. MEAN NUMBER OF LABELLED NUCLEI PER CRYPT IN 25 CRYPT 
SECTIONS FROM EACH OF TWO GERM-FREE AND TWO CONVENTIONAL MICR 
0-5 H Arter INJECTION OF TRITIATED THYMIDINE 


Differences between mice within treatment were not significant; difference 
between treatments is highly significant (P < 0-001). 
No. crypts Mean No. labelled 
counted nuclei/erypt S.E. mean 
Conventional mice 50 12-8 03 
Germ-free mice 50 8-60 0-2 
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decreased by about 37 per cent (see Table 2) and the 
generation rate of the proliferative cells is reduced by 
about 25 per cent (Table 1), with the result that the 
delivery of cells by the crypts is decreased by a factor of 
(0-63) x (0-75) = 0-47. Thus the decrease in birth-rate 
is‘consistent with the decreased death-rate. ' 

There are two independent basic hypotheses to account 
for our results. One, which may be called the hypothesis 
of decreased demand, postulates that the germ-free 
environment reduces attrition of cells on the villi and 
that, by mechanisms as yet unknown, the resulting 
decreased need for renewal of cells is recognized and 
responded to by decreased cell production. The alterna- 
tive hypothesis of decreased supply postulates that the 
proliferative capacity of cells in germ-free animals is 
decreased due to systemic factors other than demand, 
such as marginal nutritional deficiency, reduced metabolic 
activity, ete. Although the mean length of a villus is a 
structural characteristic of a given level of the intestine 
there is evidence that within limits villus length is 
independent of transit time. The increased villus 
transit time does not invalidate the supply hypothesis 
but in fact supports it. 

There is not sufficient evidence at hand to permit a 
decision about either hypothesis at present. Loran and 
Crocker report that partial resection of the ileum leads 
to increase in the size of the proliferative population and 
to a decrease in the generation time®*. If this is indeed 
an instance of increased proliferation in response to an 
increased. demand, it does not necessarily imply that a 
reduced demand is responded to by a proportional 
decrease in supply. There are indications that the erythro- 
-poistic and granulopoietic systems of mammals produce 
an excess of cells even under normal conditions, and that 
the excess is destroyed in a late maturation stage*’. 
Although excess production in this sense probably does 
not exist on the gut epithelium, there is evidence that 
transit times in normal animals are considerably shorter 
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than potential life-spans of villus cells*. This is a 
kind of excess production. The hypothesis of reduced 
productive capability has some support in the fact that 
all stages of the generation cycle of germ-free mice are 
prolonged. This is the kind of effect that would be pro- 
duced by decrease in temperature or overall metabolic 
activity. Information on these points should soon be 
available. 

This work was carried out under the auspices of the 
U.S. Atomic Energy Commission. 
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LAKE BONNEY, TAYLOR VALLEY, ANTARCTICA: A NATURAL SOLAR 
i ENERGY TRAP 


By R. A. HOARE, K. B. POPPLEWELL, Dr. D. A. HOUSE, R. A. HENDERSON, W. M. PREBBLE 
and Pror. A. T. WILSON* 


Victoria University of Wellington Antarctic Expedition No. 8, Victoria University of Wellington, Wellington, New Zealand 


AKE BONNEY is shown to be a natural example of 

the trapping and storing of solar energy by a salt- 
. water density gradient. Enough. light passes through the 
12-ft.-thick ice cover during the short Antarctic summer 
to maintain maximum temperatures of 7° C and 1:3° C 
in the eastern and western lobes respectively, despite a 
mean annual air temperature of about — 20° C. 

Lake Bonney (77° 55’ S., 162° 20’ E.) occupies the lowest 
part of the Taylor Valley, Victoria Land, Antarctica. The 
lake consists of two lobes, connected by a neck which 
was 128 ft. wide and 27 ft. deep in December 1963. The 
Taylor Glacier bounds the western end of the western 
lobe and is the main source of inflow, while all water 
loss is by evaporation. In the summer of 1960-61, 
Armitage and House! showed the waters of the eastern 
lobe to be density stratified, and measured one tempora- 
ture profile. Our expedition examined in detail the physics 
and chemistry of both lobes of the lake and the geology 
of the surrounding area during the latter part of December 
1963. This article deals with the heat balance of the lake. 


* Prof. A. T. Wilson, scientific leader, Victoria University of Wellington 
Antarctic Expedition No. 8, to whom enquiries and requests for reprints 
should be addressed. g 


Nine holes in the eastern lobe and six holes in the 
western lobe were drilled on the positions shown in Fig. 1. 
Water temperatures were measured to + 0:05° C at 5-ft. 
intervals, using a copper-constantan thermocouple and 
a potentiometer. Samples for chemical analysis were 
taken at 2-5-ft. intervals from two holes, one in the centre ` 
of each lobe.. Both lobes are strongly density stratified, 
the bottom of the eastern lobe being almost saturated 
with sodium chloride. 

Measurements on the solar radiation penetrating the ice 
were made, using a bolometer which measured the heating - 
effect of the radiation being absorbed on a blackened 
surface. The radiation intensity decreased exponentially 
with depth, being reduced by a half every 12 + 1 ft., in 
both lobes. ‘ 

The fraction of incident radiation penetrating the ice 
and water to a dopth of 20 ft. was measured to be 1-1 
per cent in the eastern lobe and 0-23 per cent in the western. 
lobe, but this figure probably depends greatly on the 
condition of the surface of the ice, which was observed to 
change greatly during the summer. -It was also noticed 
that there wes about a 10 per cent increase in the per- 
centage transmission of the ice when the Sun was obscured 
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Fig. 1. Map of Lake Bonney showing positions of holes drilled in the surface ice 


by cloud. The temperatures measured are tabulated in 
Tables 1 and 2. The temperatures in the holes 15 and 16 
are lower than at corresponding depths in other parts 
of the western lobe and would seem to be affected by the 
proximity of the glacier. The temperature-versus-depth 
profiles are shown in Figs. 2 and 3. 

The most notable characteristics of these results are the 
positions of maximum temperature, and the smallness of 
deviations from the average temperature at any depth 
over a very wide area. These two effectively rule out a 
high geothermal gradient or hot springs as major sources 
of heat. Other possible heat sources which are quantita- 
tively quite insufficient are biological activity? and 
chemical or radioactive heating. Solar radiation seems 
to be the only remaining possibility, and it can be shown 
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‘Fig. 2, Temperature and chlorinity profiles for eastern lobe of Lake 
Bonney 
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to lead to the correct form of temperature profile and to 
supply sufficient energy. 

The simplest theoretical approach is to assume that the 
lake is in thermal equilibrium, and that variations in 
energy input throughout the year do not greatly affect 
the temperature at any point. If it is assumed that the 
radiation through the water is attenuated exponentially, 
then the following expression may be written: 


Q = Qo 0707 
where Q is the amount of heat per unit area per unit time 
being radiated down past a horizontal plane at a distance 


æ below some arbitrary zero depth, Qe is the energy 
reaching the depth:s = 0, and æ = 0-693/2y2, where 
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Fig. 3. Temperature and chlorinity profiles for the western lobe of Lake 
: Bonney 
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Table 1. ‘TEMPERATURES (°C) MEASURED THROUGH HOLES DRILLED IN THE SURFACE JOE OF THE EASTERN LOBE OF LAKE BONNEY, DECEMBER 1963 
ce 
Dep th (ft.)* 1 2 3 4 6 7 8 9 Mean 
10 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0:00 0-00 
15 0-45 0:35 0:65 0-30 0-85 1-00 0-40 0-20 0-15 0-50 
20 2°55 215 2:60 2-30 2-70 2-70 2-60 2-25 2-65 2-50 
25 4:55 4:30 4-45 4-25 4-35 4-40 4-25 4:35 4°25 4°35 
30 575 5-60 5-70 5°65 5-60 5°55 5-55 5-40 5°70 5:80 ~ 
35 6-55 6-50 6°45 6-50 5-95 6:20 6°50 6-50 6-25 8-35 
40 6°95 6-90 6°80 6-90 6-85 6-85 7-00 7-00 665 6'85 
45 7:00 7-00 6-90 7-00 6-95 7°05 7-05 7-05 6-90 6°95 
50 6'75 6°85 6°60 6-70 6-70 6-80 6:85 6:85 6-65 6°75 
55 625 6-25 8-15 6-30 6-16 6°30 6:45 6:25 6:10 6-25 
60 5°40 5:55 5:30 5:55 5-35 5-60 5:75 5-40 5:35 5:45 
65 4:65 4°65 4:50 4:80 4:60 4:60 4:90 4:50 4°55 4-65 
70 3°80 3-75 8-55 3°75 3-55 3-70 3-95 3°75 3-70 3-75 
75 2-80 2-90 2°70 2-75 245 2-70 2°95 2:65 2-60 2-70 
80 1°70 1-90 1:95 1:80 1-55 1-80 2-05 1-80 1-70 1-80 
85 » 0°70 0-90 0-90 0-70 0-50 0-70 1-05 0°85 0-85 0-80 
90 0-05 0:00 — 015 —0-10 —0-15 — 0°30 0-10 — 0°35 —O-15 
95 — 090 — 0°85 ~ 1-05 — 0-90 —1:10 — 1-20 — 0'80: —1-30 —1:10 
100 —1:85 — 1°95 —1:80 — 2-00 ~ 1-95 —1-75 — 2-25 —1-95 
105 — 2°55 ~ 2:65 -2:55 —2:55 -270 — 2-60 — 2-75 — 260 














* All depths were measured from 1 ft. above the water-table, which was 4 ft. 6 in. (137 + 1 cm) below a datum established on the foundations on 


the western side of the Lake Bonney Hut on December 30, 1963. 























. Table 2. TEMPERATURES (°C) MEASURED THROUGH HOLES DRILLED IN THE SURFACE ICE OF THE WESTERN LOBE OF LAKE BONNEY, DECEMBER 1963 
ees z 
Depth (ft.)* 11 12 13 14 Mean 10 15 16 
10 0-05 "0-00 008 0-00 0-00 0-00 0-05 
15 0-40 0-20 0-10 0-20 0-40 0-40 0-35 
20 1-10 1-15 1-05 1:10. 2-40 0-90 0:75 
25 1-30 1:35 1-45 1:35 4-05 1:30 0°85 
P 30 1:10 1-20. 1-05 1:10 3°75 0:90 0-05 
35 1:00 0-50 0-10 0-25 — 0:20 — 2°95 
40 — 0-65 — 0-45 — 0-25 — 0-50 —1-95 — 3-55 
45 —1:40 ~1-50 —1-20 — 1:45 — 2-85 — 4-00 
50 1°95 -1-95 — 2:00 2-10 —3-40 — 460 
55 2-65 - 2°65 — 2-55 — 2-75 — 3-65 — 4-80 
60 — 3°35 — 2-95 -3:10 — 3-20 — 4-05 — 5-25 
65 — 3°80 — 3°60 — 3-80 —3°70 —410 — 5:60 
70 — 4:15 — 410 —410 a —4:15 — 5-50 
75 — 4:35 — 4:35 — 430 — 4:30 — 6-15 
80 — 4:35 — 4:50 — 4:45 — 450 
85 — 485 — 470 — 4:80 — 470 
90 — 5:05 — 4:90 — 4-95 —485 
, 95 — 5-20 —5-00 — 5-10 — 5-00 
106 —§-25 -~510 -5-15 —515 
105 — 5-25 — 5:25 — §°25 
110 —§35 5-35 














* All depths were measured from 1 ft. above the water-table, which was 4 ft. 6 in. (187 + 1 cm) below a datum established on the foundations on 


the western side of the Lake Bonney Hut on December 30, 1963. 


2%. is the distance in which the radiation intensity is 
reduced to a half. 

The radiation Q is converted into heat by being absorbed 
either in the water below depth a, or on reaching the 
bottom of the lake. Assuming steady state, and no 
convection (because of the strong density stratification) 
then the amount of radiant energy passing downwards 
past a depth x plus the amount of heat conducted through 
the lake water must equal the amount of heat conducted 
out the bottom of the lake (equal to C). 


Therefore: 
Q. 0797 — A =0 
or: 
which integrates to: 
T = — j oe ~ De + F 


where T is the temperature, k is the thermal conductivity 
of the water, and D and F are constants. This gives the 
form of the temperature depth profile to be expected for 
solar heating. 

a and Q, can be found from bolometry, but it is prefer- 
able to get œ from bolometry, and treat Qo, D and. F as 
parameters to be obtained from the temperature curve. 
Qo may then be compared with experiment. On fitting 

- this curve to give dT'/dx = 0 at the right depth, and to 
give the right temperature gradient and temperature at 
æ = 0, the curves shown dotted in Figs. 2 and 3 are 
obtained. It is seen that the curves are of the correct type, 
with the maximum temperature close to that observed. 


The deviation between the observed temperature pro- 
files and that calculated is probably due to the eastern lobe 
heating up and the western lobe cooling down. The 


.chemical data? suggest that the eastern lobe rose and 


became density stratified about 100 years ago, and that, 
at the same time, the western lobe, which has been density 
stratified for many thousands of years, rose about 25 ft., 
thus reducing the heat input to the bottom of the lake. 

Qo the heat which must be radiating downwards past 
the 20-ft. and 15-ft. levels in the eastern and western 
lobes respectively, on- this model turns out to be 780 
cal/em*/year and 640 cal/em?/year. These figures, to- 
gether with the observed transmission of the ice, give 
reasonable values for the total radiation received at the 
surface of the lake when this is compared with that at 
Scott Base, 66 miles to the East (93,000 cal/em?/year (ref. 
3) ). 

It would seem that solar radiation absorbed in highly 
density stratified water provides a qualitative and roughly 
quantitative explanation for the observed temperature 
profiles. 

This work was supported by the New Zealand Univer- 
sity Grants Committee and the Victoria University of 
Wellington. Research Committee. We also thank the New 
Zealand Antarctic Division and personnel of the U.S. 
Navy, U.S.A.R.P. and Scott Base, Antarctica, for their 
help. 7 
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3 Manuscript in preparation. È 

i Thompson, D. C., and MacDonald, W. J. P., Dep. Sci. Indust. Res. Bull., 
edit. by Hatherton, T., 140 (N.Z. Government Printer, Welington, 
New Zealand, 1961). 5 
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LETTERS TO THE EDITOR 


PHYSICS 


Manifestation of Liesegang Rings 


Tue long-puzzling appearance of Liesegang rings has 
been found to reside in the electrostatic nature of the 
phenomenon. Earlier explanations, resting purely on 
diffusion!?, do not properly account for its occurrence’. 
This communication outlines a simple, linearized theory 
which exposes the essential origin of the offect, disclosing 
for the first'time the necessary condition for its observa- 
tion. 

In doing so, the phenomenon is seen to afford a means 

of measuring the Debyo length, Ap, of ionic solutions of 
certain sparingly soluble salts along with the related 
solubility product. This stems from the key condition 
that the spatial periodicity of the order of Ap fall within a 
range restricted to ordinary visual detection: if A» were 
large compared to the dimensions of the system, successive 
rings would fail to appear and, for Ap too small, the eye 
would not ordinarily resolve the overlap of these same 
rings. 
To possibly ensure distinctness of the rhythmic precipi- 
tate, it may be helpful to have ions of either charge 
effectively immobilized. This accounts for successful 
production of the periodic precipitate by using gels to 
fix one of the ions contributing to the insoluble product. 
However, the Liesegang phenomenon is known also to 
arise for insoluble salts where a wide disparity in the 
mobility of anion and cation prevails. 

The theory described herein will further explain why 
the separation of the rings is not strictly periodic. A more 
exact solution is to be given elsewhere to provide such 
details as the behaviour of the aperiodicity. The following 
development is designed to take care of the general features 
of banded precipitates with the later, more involved 
analysis tailored to handle the fine structural aspects. 

The presentation is restricted to a one-dimensional 
formulation of the governing Poisson equation: 

= drq db 

V-E= — (p-n), a 
where standard notation appears with p denoting the 
positive charge density and n that of the negative charge. 
In the most elementary limit, let p be a constant, that is, 
only n=n(x) will reflect a spatial dependence to be 
explicitly evaluated. With thermodynamic equilibrium 

present, the mobile negative charge fulfils: 


N=Ny 0- WIkT (2) 
ng being the reference charge density at p=0. Thus, the 


basic relation describing the Liesegang phenomenon takes 
the form: + 


d*p _ rng _ ar. P 
Further discission is facilitated by transforming 
equation (3) to dimensionless form: 


dtu 
qp = (0% — ), uw = y, oy = Z (4) 
oo 
a 
where the Debye length Ap is so defined as: 
pen a 
we a (8) 


The existence of the sought-for periodicity in n(s) may 
be readily established by examination of the realm where 
u->0 which permits reduction of equation (4) to: 


= -z 0 





5 dtu 
Ta & (1-60) —u (6) 
with selection of cọ=1, yielding the familiar harmonic 
oscillator relation: 


va 


dèu = (7) 


ds? 
Hence the electrostatic potential has a spatial periodicity 
mirrored in the result: 


il 


u= const. sin s (8) 
Now linearizing n in (2) gives: 
N=Ne (1—U)=M%)—Ny’ Sin $ (9) 


which finding must next be incorporated into the expres- 
sion for the solubility product Kp. Again for simplicity 
@ uni-univalent salt such as silver chloride is chosen 
whence: 


(n)(p) = (no— r sin s)p= Kp (10) 
EJ 
expresses the critical condition for the onset of precipita- 
tion. Fig. 1 schematically depicts the spatial variation of 
the ion densities. Then Fig. 2 depicts the periodie fluctua- 
tions in the solubility product, the shaded zones indicating 
where the critical condition (10) is fulfilled. The width of 
the Liesegang rings, among other things, clearly relates to 
the excess concentration beyond satisfying equation (10). 
This stresses the importance of properly regulating the 
relative concentrations of the two soluble salts which 
contribute the anion or cation of the resultant precipitate. 
The periodicity of the banded structure follows from 
As at similarly phased points (such as from peak to peak). 
Accordingly: 


PEE 
sta Ip Mg? hah 5, 9,... (2n41) 


(11) 


nino 
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Fig. 1, Spatial dependence of anion and cation concentrations. Curve 1 
refers to ce const, sin s, and 2 represents normalized anion con- 
centration; 


3 is the fixed background of cation concentration 


e—a 





np 


Fig. 2. Spatial variation of the product of anion and cation concentra- 
tions. Shaded region delineates where solubility product exceeded. 
: Periodicity 4 = 272p for the rhythmic precipitate 
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or e*= {[2(m+1)+1]—(2n+1)} mr» 


ek 
== 2rAp = 2n Veo 


Inspection of equation (12) reveals that raising the 
temperature will tend to increase hp; but this may be 
offset by a change in Kp that could alter n, upward. With 
this in mind, the range of Kp suitable for resolution of the 
rings may be estimated as follows. »p will be < 1 mm for 
no = 108, which means highly insoluble salts like mercuric 
sulphide (Kp~ 10-5°) would have Ap much too large. It 
appears that salts for which periodic phenomenon recorded 
have Kp in the range 10-8— 10-12. Since large changes in 
the dielectric constant itself produce significant changes in 
An, the effect of heavy water on ring formation would be 
of particular interest. 

The variation in spacing of the rings would be expected 
to become apparent for u21, which means sufficient 
lowering of the temperature could bring on this behaviour. 
This feature of the non-linearity will be entered into more 
fully in a somewhat refined development later. 


(12) 
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Alternating Current Losses in 
Superconductors 


HiGH-FIELD superconductors can carry large currents 
distributed over their whole cross-section. These body 
currents are lossless when steady, exactly as are the surface 
currents of soft superconductors. However, for time- 
variant currents this may no longer be true. Variations in 
the current distribution are equivalent to modulation of 
the self-inductance and this can be shown to lead to losses. 
Dissipation present in these latter conditions has been the 
subject of recent investigations’.?. It is shown, by means 
of a simple model due to London, how alternating current 
will be of the lossy type. This effect was investigated 
- experimentally for lead-bismuth eutectic alloy by an 
electric method. The hysteresis was found from an oscil- 
loscope trace, the area of which was determined by the 
power factor of the superconducting circuit under investi- 
gation. We have carried out similar work but have made 
more direct measurements of the loss of power by 
monitoring the helium gas boiled off from the liquid 
surrounding the specimen. This method has two main 
advantages: it is integrating, so that very low frequencies 
can be investigated, and the measurements can be made 
very precise. 

It is found that, when the current is below a threshold 
value (dependent on the cross-section diameter of the 
conductor), there is no energy dissipation, consistent with 
surface current flow. Above the threshold value, the flow 
of current is accompanied by dissipation which, initially, 
is proportional to the cube of the current. The relationship 
between power dissipation, P, and frequency, f, P~ 

10-°fI2,,. W cm- (ref. 2), corresponds to the situation 
when the current (Imax) is distributed over the entire 
cross-section. Our measurements involve the conditions 
in which the current is less than Imax and, according to 
the model, is distributed over an annular region of the 
cross-section, of depth Ar. Under these conditions, the 
power-current relation becomes P ~ 10-* ( Ar/ro) JÉ W em, 
where r, = cross-section radius of conductor and I;= peak 
- current. For Ar<r,, Ar/r, is approximately proportional 
to Is leading to the cubic relationship found experiment- 
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ally. Generally, the model predicts that pet 
0 
proportional to I? and our measurements (at f=50 c/s) 
on both annealed and work-hardened specimens confirm 
this. It is found that 2r bP =k x 10-° (Ar/ro) fI? W, where 
2x b=total length of the conductor and k lies in the range 
10-20 W sec amp- when b = 0-6 cm. 
f B. F. Frears 

T. A. SHEPHERD 
British Oxygen Co., Ltd., 

Deer Park Road, 

London, S.W.19. 
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Breaking Extension of Nylon Filaments 


IN a previous communication! it was shown that the 
breaking extensions of nylon filaments were greatly 
increased when subjected to combined axial and trans- 
verse stresses, the latter being applied by wrapping five 
nylon filaments in a helical configuration around the 
filament under test and stretching the yarn so formed. I 
have also observed a similar but less-marked increase in 
breaking extension in “Terylene’ filaments. At the time 
it was thought that either the transverse stresses on the 
filaments might be directly affecting their load-extension 
properties or that the frictional forces between the 
filaments might be resulting in a more uniform distribu- 
tion in stress along the filament. The latter is an indirect 
effect of the transverse stresses and is dependent on the 
coefficient of friction between the filaments. 

Using the same type of model yarn as previously des- 
cribed! but in which the outside filameénts are of “Teflon’— 
a material chosen for its low-friction properties—I have_ 
examined the breaking extensions of nylon filament with a 
normal breaking extension of 13-8 per cent under the same 
conditions of axial and transverse stresses as before, i 

The results are shown in Fig. 1, together with the 
previous ones in which the outer filaments were of nylon. 
It is seen that with a ‘Teflon? covering the breaking 
extension increases to about 19-6 per cent compared with 
31-9 per cent with a nylon covering, when the transverse 
stress on the centra) filament is in the region of 5 x 10° 
dynes/cm*. On the basis of this evidence it seems reason- 
able to conclude that the increase in breaking extension 
of the filaments is primarily due to the frictional forces 
which presumably support the weaker regions. 
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This effect has an important bearing on the stress— 
strain behaviour of highly twisted continuous filament and, 
possibly, staple yarns of nylon and ‘Terylene’, and on 
their breaking properties in particular. 

There is a need for further investigation of the stress— 
strain properties of these materials when subjected to the 
type of stress system encountered in yarns, if the mechani- 
cal properties of yarns up to their breaking points are to 
be satisfactorily predicted. 

N. Witson 


Cotton Silk and Man-made Fibres Research Association, 
Shirley Institute, 
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GEOPHYSICS 


Magnetic Quiet Day Relationships 


Tus K indices from thirteen Antarctic magnetic observa- 
tories have been used to rank each day of the month 
according to the degree of activity. Ranking was done in 
the same manner in which Kp is used to rank the five 
quiet days internationally, except that each station was 
ranked individually!. A comparison of locally selected 
days during the International Geophysical Year with 
internationally selected days indicates several interesting 
points. Locally selected quiet days at each station had an 
average 30 per cent of the days differing from the inter- 
national quiet days. In general, this large percentage 
indicates the desirability of using locally selected days 
when considering diurnal or monthly disturbance behavi- 
our. Fukushima? has discussed the corollary to this; that 
is, he shows for Kp=0, that geomagnetic agitation is 
present in high latitudes even on quiet days at every 
local time, but is a maximum around 9m = 80° near summer 
noon. 

An effect of a summer—winter seasonal variation on the 
locally selected quiet days is shown in Fig. 1. The 
percentage of five locally selected quiet days differing 
from the five international days was determined. A 
running average difference of winter minus summer is 
plotted in Fig. 1. By running average is meant that one 
station above and one below the centre station have been 
used in averaging while all three percentage differences 
have been given equal weight. The percentages indicate 
a reversal at about 75° geomagnetic latitude and a 
sinusoidal variation with geomagnetic latitude. High- 
latitude (ọm > 75°) stations in the summer are more locally 
disturbed than in winter, due in part to the increased 
ionospheric conductivity during the summer and a 
greater probability for local corpuscular disturbances. 
Inner auroral zone agitation during quiet periods in 
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summer has been shown to be a maximum’, The seasonal 
change with latitude is so striking that it indeed merits 
further investigation on a wider scale. The effect of a 
reduction in Sz intensity with sunspot number and its 
effect on quiet days would be of interest. Lower-latitude 
stations (9m< 75°) are more under the influence of the 
strong Sg current system during summer, so that local 
quiet days may occur more often on international quiet 
days. Fairfield‘ in an investigation of ionospheric current 
systems in the Arctic on quiet days shows that in summer 
Sq is considerably more intense and present at many more 
stations up to and often above the auroral zone. At 
present, the low percentage values at high latitudes in 
winter are considered more the normal situation rather 
than a decrease compared to summer. High values at 
low-latitude stations during winter are due to the absence 
of strong Sq currents on quiet days even though the 
current vortex is at higher latitudes’ and a stronger Sp 
current system at and outside of the auroral zone during 
winter. 

This work was supported by the U.S. National Science 
Foundation under contract NS F-C255. 
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lonospheric Absorption in Conjugate Regions 
and Possible Oscillation of the Exosphere 


Smncz early 1963, observations of ionospheric absorption 
have been conducted at three pairs of magnetically 
conjugate stations situated at high magnetic latitude. The 
positions of the stations are given in Table 1, the three 
northern stations being in Canada and the three southern 
stations in Antarctica. According to computations using 
an expansion of the geomagnetic field’, the pairs of stations 
are within 100 km of magnetic conjugacy. Great Whale 
River and Byrd lie near the maxima of the auroral zones. 
the other pairs of stations being respectively inside and 
outside the auroral zones. 

At these sites the absorption of 30-Mc/s cosmic radio 
noise is being measured by means of riometers? and 
attention is being concentrated on the sporadic absorption 
events, associated with auroral activity, which are 
generally considered to result from the injection of 
energetic electrons into the D region. It is already known 
that during such an event the pattern of absorption is 
broadly similar at the two stations of a conjugate pair-- 
much more similar, in fact, than it is at stations only a 
few hundred kilometres apart in the same hemisphere*-‘. 
Nevertheless, the conjugate absorption patterns are not 
identical. The actual amount of absorption may differ, 
and there are differences of structure. 

We have investigated these differences by evaluating 
the ratio r=N/S of the absorption at the northern site 
to that at the southern site. Fig. 1 gives the ratio in 


terms of the convenient function n=(7—] at 2-inin 
7 


intervals during a period of just over two days in August 
1963. This ratio function is given for each of our three 
conjugate pairs; also shown are the values (N+) of 
the sum of the absorption at the two stations. The value 
of (N +5) is taken as a measure of the significance of the 
ratio function, bearing in mind that at a given station the 
absorption can be measured with an accuracy of about 
0-1 decibel. A solid line has been drawn through the 
20-min medians of the ratio function for periods when 
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Table 1 a 
Northern stations Equatorial Southern stations 
distance of 




















= fldld-line in Magnetic 
Name Latitude Longitude latitude Earth-radii Name Latitude Longitude latitude 
Frobisher Bay 63° 48’ N. 68° 42’ W, 752° N. 15 South Pole 90° 00’ S. = 78-6° S 

Great Whale River 55° 20’ N. 77° 50’ W. 66-6° N. 71 Byrd 80° 01’ S. 119° 32’ W. 715° 8. 
Bale St. Paul 47° 27 N, 70° 33’ W. 591° N. 3-9 Eights 75° 15’ S. 77° 10° W. 83-9° 8. 





(N+8)>-1 decibel, arid a dashed line for periods when 
(N +S) 0-6 decibel. 

Four features of these diagrams are worthy of note: 

(1) The absorption ratio is not constant throughout 
the day. The low-latitude stations, in particular, show a 
clear diurnal change the similarity of which on August 20 
and 21 is remarkable; there is no corresponding similarity 
in the pattern of total absorption (N +5) on those days. 

(2) In addition, all three records show at times more 
rapid fluctuations of absorption. ratio, which some- 


FROBISHER BAY AND SOUTH POLE 














times become quasi-sinusoidal with a period of about 
2h. 

(3) These fluctuations are more marked at the higher 
latitude stations. This cannot be a simple consequence of 
the changing level of absorption activity with latitude, 
because that is a maximum at the middle stations, Great 
Whale River and Byrd. 

(4) At the middle and low latitudes, the amplitude of the 
fluctuations is seen to change diurnally, the fluctuations 
being greater by magnetic night and smaller by magnetic 
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Fig. 1. Ionospheric absorption in magnetically conjugate regions during August 1963: total absorption {N + S) and ratio function (R) 
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day. Again there seems to be no diurnal change in the 
total activity which would correspond with this. One 
consequence is that the patterns of absorption observed 
in the conjugate regions are more similar to one another 
by magnetic day than they are by magnetic night. A 
longer series of records from Byrd and Great Whale 
River, covering 5 days in early July 1963, substantiates 
this observation. 

Any explanation of these phenomena must be somewhat 
speculative at present. The quasi-period of the fluctuation, 
which seems to be about 2 h at all these latitudes, leads 
one to suspect a magnetohydrodynamic oscillation of the 
whole magnetosphere. Dungey® has considered such 
oscillations theoretically for a symmetrical magneto- 
spheric cavity of 9 Earth radii, and predicted & 
fundamental period of about 1 h. Our results would seem 
to indicate oscillations that are stronger in that part of 
the magnetosphere away from the Sun and weaker on 
the sunward side which is compressed by the solar wind. 
This may be related to turbulence in the ‘tail of the 
magnetosphere, as discussed by Axford and Hines‘, 
though in fact their treatment shows the turbulent region 

.to map on to the day side of the Earth’s surface. 

If, as we suggest, the fluctuations of conjugate absorp- 
tion ratio are caused by oscillation of the magnetosphere, 
there must be a mechanism by which the oscillation can 
asymmetrically modulate the flux of energetic particles 
producing the absorption. It is not clear what that 
interaction might be. So far there is nothing to suggest 
either that the auroral activity produces the oscillation or 
that the oscillation produces the aurora. At first sight we 
seem to have an interaction between two independent 
phenomena. Nevertheless, a greater understanding of the 
interaction would doubtless lead to a better understanding 
of the basic mechanisms producing auroral activity. 

We thank the many persons who, by manning a field 
station or by assisting with the data reduction, are making 
these investigations possible. The co-operation of the 
Canadian Government and the U.S. Navy is also recog- 
nized. This work is supported by the U.S. National 
Science Foundation (grant 23788). 
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Rotational Speed of the Upper Atmosphere, 
at Heights of 200-300 km 


Because the atmosphere rotates, a close Earth 


satellite is subjected to small lateral aerodynamic forces, 


which have the effect of slightly changing the inclination 
of the orbit to the equator!*, For an eastbound satellite 
the inclination decreases, sometimes by as much as 0-1°, 
and the amount of the decrease is a measure of the angular 
velocity of the atmosphere at heights near that of the 
satellite’s perigee. Such a decrease was first noted? in 
1958 with Sputnik 2, and it was pointed out‘ that the 
decrease was rather greater than would be caused by an 
atmosphere rotating at the same rate as the Earth. 
Recently the angular velocity of the upper atmosphere 
has been determined by examining the changes in inclina- 
tion of all suitable satellites. Although the orbital 
information available is imperfect, useful values were 
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obtained: from 9 satellites, covering the years 1958-63, 
heights of 200-300 km and latitudes of 0-60°, If the 
angular velocity of the atmosphere is expressed as A 
times the anguler velocity of the Earth, the values for A 
obtained from the various satellites, with estimated 
standard deviations, are given in Table 1. 


Table 1 
Satellite A 
Sputnik 2 (1957 f 1) 1:2 + 02 
Sputnik 3 (1958 ô 2) 11 + 02 
Sputnik 3 rocket (1958 6 1) 1-4 + 02 
Discoverer 21 (1961 ¢) 18 + 03 
Discoverer 23 (1961 41) 1:8 + 03 
1961 42 14 + 0-2 
Cosmos 2 (1962: 1) 13 + O15 
Cosmos 5 (1962 v 1) 19 + oe 
19628 r3 , 124015 
All these values of A exceed 1: their mean is 1-46 with 


root mean square scatter of 0-28. 

Values of A have also been found by Nigam’, who 
obtained A=1-36 from 1958 g, A=1-16 from 1958 y, 
and A=1-19 from 1958 § 2; and by Michielsen", who 
obtained A=1-4 from 1961 ¢. The mean of these and the 
9 values in Table 1 is A= 1-40 + 0-26. 

It thus appears that the upper atmosphere at a height 
of 200-300 km rotates faster than the Earth, with a 
mean west-to-east wind speed of order 100 m/sec in 
mid-latitudes. 

D. G. Kinc-He.e 
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GEOLOGY 


Mid-Tertiary Stratigraphy 


Eanes et al? made a significant advance in middle 
Tertiary correlation by matching evolutionary successions 
of planktonic Foraminifera against those of larger For- 
aminifera, but they appear to have laid too much emphasis 
on European and East African successions as standards for 
correlation. The commonly accepted rule that all correla- 
tions should be referred to the type localities of the 
European stages implies an assumption that Europe 
contains strata representing all of Tertiary time. It seems 
true that Europe offers a more complete Lattorfian to 
Chattian sequence than most parts of the world: but in 
order to show this, Eames et al. had to correlate two 
Australian stages, five New Zealand stages, five stages or 
‘formations’ in south-eastern United States, and eight 
biostratigraphic zones in Trinidad, with the Aquitanian 
Stage of Europe. 

Considerable evolution of faunas is recorded within the 
so-called Aquitanian of countries outside Europe. Eames 
et al. themselves emphasized the synchroneity of evolu- 
tionary successions throughout the world, and therefore 
should have expected to discern several important time- 
stratigraphic units between Chattian and Burdigalian in 
the well-investigated faunal successions of Europe. As the 
Aquitanian is still the only unit recognized we must 
eonclude that the stratigraphic succession there is either 
incomplete or too obscure to be a satisfactory type succes- 
sion for stages of world-wide application. 

A low percentage of molluscan species in common 
between Jacksonian and Vicksburgian in south-eastern 
United States was taken by Hames ef al. (p. 24) as 
indicating a stratigraphic break and large age difference 
(Eocene-Miocene). A similar faunal difference between 
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Chattian and Aquitanian in Europe was attributed (p. 4) 
to an assumed large faunal change at the Oligocene- 
Miocene boundary, but probably indicates a stratigraphical 
break like that in the United States. If this break exists, 
and if the Aquitanian is to be included in the Miocene, the 
stratigraphic position of the Oligocene-Miocene boundary 
is still undefined. 
_ We need several international stages to cover the 
interval represented by the Janjukian and Longfordian 
Stages of Australia, the Waitakian, Otaian, Awamoan, 
Altonian, and Clifdenian stages of New Zealand, the 
Marianna, Glendon-Byram, Chickasawhay, Anahouac, 
and Catahoula~-Tampa units of south-eastern United 
States, and the eight Aquitanian zones of Trinidad. Only 
tradition urges us to force these mostly strongly differen- 
tiated units into a single international stage. There is no 
good reason why a type locality should not be selected in 
an area like Trinidad, that is centrally situated and 
contains a substantially complete ‘lower Miocene’ succes- 
sion. Our chief purpose in international correlation is not 
to identify the European stages, but to trace as many 
datum planes as we can, as far as we can, through the 
world in all directions. There is no point in starting from 
Europe if it makes our task more difficult. 
PAuL VELLA 

Department of Geology, Victoria University, 

Wellington, New Zealand. 
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METEOROLOGY 


Effect of Polarization on the Albedo 


Tu short-wave or optical albedo has been determined 
for a great variety of terrestrial surfaces by many observers. 
In the case of snow, and also for water, the albedo is 
known to depend on solar elevation and on the presence 
or absence of a cloud cover!*. Little thought seems to 
have been given to the mechanism underlying that 
dependence. I wish to show here that a substantial part 
of it is a consequence of polarization which occurs when 
radiation is reflected and scattered by a terrestrial surface, 
and that this effect is particularly significant for surfaces 
bi structures which have undergone orientation by the 
wind. 

My first measurements have been made on Antarctic 
plateau snow surfaces; but similar effects may be expected 
for wind-swept areas of sand and water. Observations 
were made between Wilkes Station and $2, at approxi- 
mately 66° 20’S., 110° 30’W. and 66° 30’S., 112° 20° W. 
respectively. These showed that in the direction of the 
wind, the’ light from the surface is between 20 per cent 
and 22 per cent polarized, while at right angles the 
polarization falls to approximately 7 per cent. This 
polarization was observed to be essentially independent of 
larger-scale surface features at any one locality, evidently 
being dependent rather on particle and crystal orientation 
of the surface snow. 

The apparatus used was a simple twin-lens reflex 
camera with a circular l-in. diameter silicon photo-electric 
cell behind the 80-mm lens normally used for exposing 
film. The view-finding lens served both for orientation of 
the instrument and the visual observation of the effects 
measured. A conventional photographic polarizing filter 
was used in front of the lens as the analyser and rotated 
through 360°, the output of the solar cell being read at 
45° intervals. 

To ensure that polarized sky light was not contributing 
significantly to the observed effect, a duplicate sequence 
of measurements was always made with a fixed orange 
filter behind the rotating analyser. Since no change in 
the fraction of polarized light was detected on these 
occasions, direct sunlight polarized by the snow surface on 
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reflexion was inferred greatly to exceed reflected polarized 
sky light. 

Work on the change of polarization with solar elevation 
is in progress. However, the present results, indicating 
that the polarizing effect, and hence the albedo, of a 
wind-oriented snow surface depends on the relative solar 
azimuth, are of greater interest. It appears that in 
Antarctica, with the noon Sun in the north, snow fields 
swept by north-south winds could absorb up to 15 per 
cent more radiation than otherwise physically identical 
east-west oriented surfaces. With solar radiation being 
the only significant source of heat in these polar regions, 
wind direction might therefore play the most significant 
part in determining the local radiation budget. 

So far we have been concerned with the partial absorp- 
tion of non-polarized light on a polarizing surface. An 
additional process must be considered when the incident 
light itself is partially polarized, as in the case of sky 
radiation. In high latitudes the latter is the only source 
of short-wave energy for a considerable portion of the 
year, and sky radiation exceeds that from the point source 
Sun in importance whenever the Sun is Jess than 5° above 
the horizon. 

Frequently, therefore, the sky as a polarizer will be at 
least partially crossed with the polarizing snow surface. 
It is hoped to examine this effect through a series of 
albedo observations for low solar angles. 

In conclusion, it should be noted that the wind- 
oriented surface structure of a snow surface, revealed 
by its polarizing action, is itself worthy of further investi- 
gation since it may involve both mechanical lining up of 
grains and also a re-crystallization process of the type 
observed by Stephenson and Lister*. In the case of water, 
the maximum polarizing angle is simply Brewster’s angle 
for that medium and the average azimuth would depend on 
the wave structure. It is clear that in genera] the extent 
of polarization of light from the Sun will depend on the 
azimuth of the latter with respect to the wave direction. 
The albedo of sand surfaces should show similarities to 
that of snow, and plans are under way to measure the 
polarization and albedo of wind-swept sands. 


PETER SCHWERDTFEGER 


Department of Meteorology, 
University of Melbourne. 


1 Liljequist, G. H., Norweglan—British-Swedish Antarctic Expedition, 1949- 
tis Sct. Results. Energy Exchange of an Antarctic Snow Field, Pt. 1 
1956). 

2? Schwerdtfeger. P., Ph.D. thesis, McGill Univ. (1962). 

3 Stephenson, P. J., and Lister, H., Preliminary Results of the Glaciological 
ayer on bie i ara Expedition, 1955-58, J. Glaciology, 3, No. 
25, 4 A 


A Climatic Chamber for Investigations in 
Atmospheric Physics 


ANALYSIS of the available information? shows that the 
pronounced electrification accompanying snowstorms and 
sandstorms is explicable qualitatively in terms of a mech- 
anism of charge transfer accompanying temperature 
gradients in ice or sand. Preliminary experiments? 
indicated that in order to test this theory quantitatively 
it is necessary to impose strict temperature control on the 
experiments which must be conducted within a sufficiently- 
large volume for realistic measurements of space-charge 
density to be made. 

The climatic chamber constructed is approximately 
cubical and has a volume of 300 ft.3; an air-lock was 
added to prevent excessive heat exchange on opening the 
doors. The walls of the chamber are 1 ft. thick and are 
insulated with onozote. The temperature of the interior 
of the chamber can be raised above that of the environment 
by means of a thermostatically controlled electrical heater 
and can be cooled to much lower temperatures by means 
of a two-stage cascade refrigerating system. The range of 
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Fig. 1. Temperature control within the chamber 
temperatures attainable is + 60° C to — 60°C so that the 
temperatures existing at almost any point on the surface 
of the Earth can be reproduced. In order to control, where 
possible, from outside the chamber and thus avoid 
disturbance of the temperature and humidity conditions 
in the vicinity of the experiments five-pane inspection 
windows ventilated with dry nitrogen were fitted in two 
walls, and a panel containing a variety of electrical 
connexions is situated on an exterior wall and duplicated 
on the inside wall. Non-conducting sleeves terminating in 
removable plugs were formed through the walls and ceiling 
to facilitate the production of violent winds within the 
chamber and the introduction of water drops or sand 
particles. Two-way telephonic communication has been 
established between the inside and the outside of the 
chamber. ; 

It was found that the insulation is adequate for the 
chamber to sustain its lowest temperature of — 60°C 
against an electrical input of about 300 W plus occupancy 
by an observer for up to 0-5 h in every 3h. As can be seen 
from Fig. 1, the chamber rapidly attains its requisite 
temperature which remains constant until the controlling 
pointer is set to a different value. The peaks at A, B, C, D 
show the momentary and small temperature elevations 
occurring when an observer opens the doors and enters the 
chamber. The very low temperatures attainable cover the 
lowest recorded values at virtually any point on the surface 
of the Earth and the air temperatures up to an altitude 
of about 8 km, above which level there exists little 
meteorological activity. Using the sealed box which can 
be evacuated it is possible to reproduce the atmospheric 
pressure at any height up to the stratosphere. The relative 
humidity inside the room can be varied from supersatura- 
tion values down to a few per cent. Using the wall-holes 
it is possible to produce inside the room air jets corre- 
sponding to winds of zero velocity up to several hundred 
mp.h. By situating electrostatic plates connected to 
voltage sources at different levels within the room it is 
‘possible to reproduce the electric fields which exist in the 
atmosphere. The holes in the roof make provision for 
investigations of the supercooling, freezing, growth or 
evaporation of droplets which can enter the room at their 
terminal velocities through the holes and then traverse 
its depth. - 

It is seen, therefore, that the cold room facilitates the 
reproduction of meteorological processes under controlled 
conditions of temperature, pressure, humidity, electric 
field strength and wind speed over the entire ranges of 
importance of these variables in the atmosphere. It is 
possible inside the room to make systematic investigations 
of snowstorm and thunderstorm electrification, the growth, 
evaporation and aggregation of raindrops and ice crystals, 
the electrical effects associated with the interaction of the 
various particles which exist in clouds, and many other 
related phenomena which occur in the atmosphere. The 
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electrical connexions which permit most of these experi- 
ments to be performed by an observer situated outside 
the cold room will thus greatly simplify the work and make 
the experiments more representative of the meteorological 
processes under investigation. 
J. LATHAM 
Department of Physics, C. D. Srow 
Manchester College of Science 
and Technology. 

1 Latham, J., Quart. J. Roy. Met. Soc., 90, 91 (1964). 
2 Latham, J., and Stow, C. D., Nature, 202, 284 (1964). 
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Reactions of Electrons in the y-Radiolysis of 
Liquid Alkanes 


Tue radiation chemistry of liquid alkanes (for example, 
cyclohexane, n-hexane) has been investigated extensively!. 
In particular, it has been shown that the addition of small 
amounts of certain substances, such as iodine or carbon 
tetrachloride, causes large changes in product yields. This 
‘protective’ effect has been the subject of much discussion 
since it has an important bearing on the nature of the 
radiation-produced primary species. “Energy transfer’. 
free radical processes? and scavenging of electrons'? 
have all been proposed. 

In this communication we present evidence for the 
reactions of electrons in irradiated cyclohexane, using 
N.O as solute. It is known from investigations in aqueous 
systems that whereas N,O is a very efficient scavenger for 
electrons it is a poor one for hydrogen atoms*-4, Thus the 
rate constants for the electron and hydrogen atom 
reactions have been reported as 8-6 x 10° M-! sec" (ref. 12) 
and ~ 10° M~ sec- (from data of ref. 9) respectively. Both 
processes lead to the formation of nitrogen. Therefore, 
in the radiolysis of dilute solutions {< 10-1 M) of N,O in 
cyclohexane, even if the rate constant for the reaction of 
hydrogen atoms with cyclohexane is as low as 10° M -1 soc-+ 
(ref. 4), the production of significant quantities of nitrogen 
would be an indication of reaction involving electrons, 
providing that no other organie species reacts with N,O. 

We have, in fact, observed relatively large yields of 
nitrogen on y-irradiation of cyclohexane containing N,O. 
Table la shows the dependence of the nitrogen yields, 
G(N,), on N,O concentration. It can be seen that G(N,) 
is very high, accounting for more than half the total gas 
yield at high N.O concentration. 

The increase in G(N,) is accompanied by a decrease (but 
not an equivalent one) in the yield of hydrogen gas. This 
implies that N.O captures a species which is a precursor 
of hydrogen. It is reasonable to conclude that this parti- 
cular species is a radiation-produced electron. 

The conclusion that electrons are responsible for this 
nitrogen formation is substantiated by experiments in 
which other electron acceptors are added to the 
(cyclohexane+N,0) system. At any particular N,O 
concentration the presence of the additional electron 
acceptor (X) should lead to a lowering of the nitrogen 
yield. due to a competition between the reactions 
e-+N,0—-N,+0- and e-+X—>X-. Several electron 
acceptors have been used and found to depress the 
nitrogen yields. Table 16 shows results obtained with 
carbon tetrachloride and with benzene. Greater amounts 
of benzene than of carbon tetrachloride are required to 
reduce G(N,) to the same extent; this is fully compatible 
with the observation that benzene is a much poorer 
electron acceptor than carbon tetrachloride’. The slight 
fall in hydrogen yields with increasing carbon tetra- 
chloride concentration (Table 16) can be attributed to an 
increase in the total amount of electron scavenger present 
in the cyclohexane. From the nitrogen yields at low carbon 
tetrachloride concentrations the ratio of rate constants 
kle-+N,0)/kle-+cc)~1. The corresponding ratio deduced 
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Table 1. y-RADIOLYSIS OF CycloHEXANE CONTAINING N,O AND THE EFFECTS 
OF ADDED SOLUTES 


i Solution Yields 
(a) Cyclohexane +-N,0 

[N0] M G(N3) G(A,) 
4x10- 1:14 4:95 
2 x10-? 2-20 3-80 
5 x10- 3-00 3-57 
1x10- 3°75 2-78 

2-1 x10 4-26 2-78 

(b) Cyclohexane +N:0 (5 x 10~ M)+solute 

[Solute] M G(N 2) G(H:) 
Carbon tetrachloride 
2x10- 2-40 3:04 
4x10- 1-75 3-00 
6x10-* 1-53 2-70 
8x10- 1-22 2:75 
1x10- 1-03 2-52 
Benzene 
1x10- 2-90 -36 
5x107: 2-92 2:33 
2 2-00 1-18 . 
5 1-44 0-43 
11-25* 0:87 0-04 


* Pure benzene. 


from absolute rate measurements in aqueous media is 
0-28 (ref. 12). The nitrogen yields from the (benzene+ 
N:O + cyclohexane) system follow, approximately, the 
kinetics of a competition between benzene and N,O for 
electrons, assuming that the number of available electrons 
is independent of the composition of the mixture. On this 
basis it can be shown that k(e-4.,0)/K(e-+0.H,) ~ 100, which 
is of the same order as found in aqueous systems??. 

In the foregoing discussion it has been assumed that 
G(N,) is a measure of the electrons scavenged and does 
not include any contribution from reaction of other species 
with N.O. The data from the competition experiments 
(using 50 mM N,O) indicate that any such additional 
contributions to G(N,) must be quite small. In these 
circumstances the results of Table la suggest that N,O can 
scavenge some electrons which do not normally lead to 
hydrogen gas. However, at the higher N,O concentrations 
used, one cannot exclude the possibility that other 

_ reactions leading to nitrogen may be occurring to @ small 
extent. 

The results presented here indicate high yields of 
scavengable electrons in irradiated liquid alkanes. Similar 
effects have been observed in n-hexane. These findings 
fully support the earlier suggestions®? that electron 
attachment can occur with certain solutes when present 
in these irradiated solvents. It should also be noted that 
recent conductivity measurements have detected small 
yields of ions in irradiated cyclohexane’? and hexane‘. 

“Although, quantitatively, there is some difference 
between the scavenging effect of N,O in water and in 
alkanes, as somewhat higher N,O concentrations are 
required in the latter case, it can nevertheless be concluded 
that even in these solvents of low dielectric constant the 
electron can be quite effectively captured by suitable 
electron acceptors. 

We thank Prof. J. J. Weiss for his advice, and Dr. 
G. R. A. Johnson and Mr. J. Warman for useful discussions. 
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Laboratory of Radiation Chemistry, 
School of Chemistry, 
University of Newcastle upon Tyne, 1. 
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Press, 1960). ` 
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New Complex Negative lons of Rhenium 


WHILE investigating the emission of negative ions from 
hot rhenium surfaces that had been loaded with an alkali 
halide, it was noticed that four sets of peaks were present 
at high mass number. Each set was made up of 5 peaks 
and sets began at mass numbers 201, 217, 233 and 249. 
The intensities of the sets were in the proportions 
1:1:10¢:5104 : 

The ions were measured on an A.E.I. type MS5 mass 
spectrometer equipped with an electron multiplier for ion 
detection. Ions first appeared at low temperatures and 
they had diminished to small intensity by about 1,600° C. 
Maximum beam intensity was observed on the highest 
mass set and this corresponded to about 10-4 amp. 
Mass numbers and percentages for the two heavy mass 
sets are given in Table 1. 


Table 1 
Mass No. Intensity Mass No. Intensity 
(per cent) (per cent) 

233 6:77 249 36°71 
234 0:0437 250 0:0541 
235 274 251 62°64 
236 0-0696 252 0-0908 
237 0:375 258 0:493 


A study of the possible atom combinations required to 
give peaks of these intensities showed that the first and 
second set could be explained if one assumed that the ions 
were ReO,- and ReQ,-. In the same way the lower mass 
sets correspond to ReO- and ReO,-. It is interesting that 
Studier! has detected ReO,t, ReO,t, ReO,+ and Re,0;* 
formed by electron bombardment of these gaseous 
oxides of rhenium. These he found were volatilized below 
500° C from rhenium surfaces on which samples in nitric 
acid had been evaporated. 

A search up to mass 500 did not reveal ions of higher 
mass than ReO,-. Similar results were obtained for 
sodium iodide, potassium ‘iodide, potassium chloride, 
potassium nitrate and ferric nitrate. Heating a bare 
rhenium filament gave ReO,- beams of around 10-15 amp, 
but if the filament had been previously oxidized by 
heating in air, beams of 10-1? amp were obtained. 

While the presence of many substances on the filament 
seems to enhance the negative ion emission, the mechanism 
by which they do so is not understood. 

N. R. Dary 
R. G. RIDLEY 


Atomic Weapons Research Establishment, 
Aldermaston, Berks. 


3 Studier, M. H., J. Phys. Chem., 66, 189 (1962). 


' Tritium-labelling of Natural Products 


THE universally used tritium gas exchange method 
introduced by Wilzbach’is of advantage for tritium 
labelling of many organic compounds which cannot be 
labelled by the usual exchange reactions, and for which 
convenient chemical syntheses are not available’. 
Many attempts have been made to obtain -products of 
higher specific activity by the use of extra energy sources 
such as electrical discharges, y-rays, microwaves, ultra- 
violet light and also by iodine catalysis?. However, the 
advantages of these methods (far less tritium activity to 
be handled and shorter duration of reaction) have been 
offset by the concomitant substantial increase in amounts 
of radiochemical by-products. Wenzel et al. have shown 
that exposure of charcoal-adsorbed substances to tritium 
gas results in products of higher specific activity and less 
by-products?“ Higher specific activities have also been 
attained by Meshi eé al. by tritiation in the presence of 
differont noble metal catalysts’. These authors exposed 
mechanical mixtures (1 : 1) of organic compounds with 
either palladium or platinum black to 100 me. tritium for 
4-22 days. 
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Table 1. ISOLATION AND PURIFICATION OF THE TRITIATED SAMPLES 
Weight of Weight of Specific activity of Specific activity of purified 
Method of Temperature | Tritium gas- | substance substance crude purified Factor of product in percentage of , 
tritiation * (° C) pressure treated extracted product product improvement specific activity of crude | 
(mm Hg) (mg) (mg) (ue./mg t) (ue./mg) product 
Wilzbach +20 156 19-8 198 244 0-072 1 3 
Pt-charcoal— 
adsorbate +20 185 22°6 19-0 43-0 6-60 91:5 15:3 
Pt--charcoal— <lat 
adsorbate — 196 ~~ 196° C 22-6 21:8 13-1 244 33-9 18-5 
Charcoal- 
| adsorbate +20 166 21-4 21-0 3°75 1-97 27:3 52:5 


* Each sample exposed to 2 e. tritium for 7-5 h. 


Although this method increases the specific activities of 
aromatic compounds by 200- to 4,000-fold, one can 
achieve with non-aromatics at the most a 2- to 29-fold 
improvement. 

By combining the charcoal adsorption method with 
platinum catalysis we sought to obtain substantially higher 
specific activities in non-aromatics also without a parallel 
increase in the radiochemical by-products. 

Our test substance was the steroid digitogenin, which 
we obtained after 4-h hydrolysis of digitonin (‘Schering’) 
in 4 N hydrochloric acid followed by crystallization from 
methanol. Thin-layer chromatography showed the 
presence of 2 by-sapogenins which usually contaminate 
such preparations*; these were removed after exposure to 
tritium gas during the radiochemical purification by the 
method described here (comparo with ref. 4). 

Shaking a suspension of fine grained activated charcoal 
(particle size 0-1-0-3 mm) in an aqueous solution of 
H,PtCl,.6H,0 in a hydrogenator afforded a 10 per cent 
platinum-charcoal-catalyst, which was washed and dried. 
A solution of digitogenin (m.p. 259° C) in benzene-ethanol 
was shaken with the catalyst, the solvent removed so that 
an adsorption density of 6 per cent resulted (22-6 mg 
digitogenin on 355 mg catalyst). Tho adsorbates as well 
as the pure substance were enclosed in porous nylon bags; 
cach sample was separately exposed to 2 c. tritium for 7-5h 
in an apparatus described by Wenzel et al.?.. The adsorbed 
digitogenin was extracted from the catalyst by benzcne/ 
ethanol (1 : 1) at 85° C in a micro-Soxhlet extractor for 
100 min. Tritium activity was measured with a Packard 
Tricarb liquid scintillation spectrometer (efficiency 28-2 
per cent); the amounts of substance were determined 
spectrophotometrically by means of the chromogen 
reaction’; wave-lengths used wero } = 275 my and à = 
400 mp. The extracted digitogenin was subjected to thin- 
layer chromatography on 20 em x 20 cm plates; the 
adsorbant was ‘Kieselgel H’ (Merck) in 0-5-0-7 mm thin 
layers, prepurified by Soxhlet-oxtraction with methanol for 
8h. The material to be chromatographed was applicd to 
the origin line in a band of about 12 em x 0-2 em, anda 
single spot was put on both sides of this band. The plates 
were developed in cyclohexane/acetone (1:1, v/v). For 
locating the spots, the pilot chromatograms at the edges 
of the plates were sprayed with 50 per cent sulphuric acid 
and hoated with a hair-dryer. Subsequent spraying with 
l per cent vanillin-H,PO, (50 per cent) intensified the 
coloured spots. The distribution of radioactivity was 
determined by direct automatic scanning of the plates by 
means of a ‘Dimnschicht’ scanner (manufactured by 
Laboratorium Prof. Berthold, 7547 Wildbad, Germany)’. 
The zones bearing the radioactive digitogenin as disclosed 
by the colour reaction and by the radioactivity peak in the 
centre chromatogram were carefully scraped from the 
plates, eluted with benzene-ethanol and rechromato- 
graphed. In every tritiation attempt the products were 
found to be radiochemically and chemically pure after 
three such chromatograms. The purity was verified by 
thin layer and paper chromatography in 2 different 
systems each. The characteristics of the tritiated 
digitogenin obtained (m.p. 283° C, infra-red; ultra- 
violet of the chromogen) were the same as for pure 25x- 


t Without labile tritium. 


digitogenin. Yields: 21-26 per cent of the crude digito- 
genin to be tritiated. (The products may still contain the 
256-isomers.) 

Table 1 shows, for 4 various conditions of reaction, the 
specific activities obtained with exposure of the same 
weight of substance to the same amount of tritium activity 
for the same time; also tabulated are the factors of 
improvement. The experiments reveal that in every 
modification of the Wilzbach technique increased yields 
were obtained. Platinized charcoal produces tritiated 
compounds almost 100 times faster than the normal 
Wilzbach procedure and results in specific activities 3 
times higher than the simple charcoal adsorbate. Exposure 
of a platinum-charcoal adsorbate at — 196° C seems to be 
of no advantage over room-temperature exposure. In the 
adsorbates the amounts of radioactive by-products were 
smaller than in the corresponding Wilzbach experiment 
in accordance with earlier results*.*, probably due to the 
short reaction period. Fig. 1 demonstrates as example the 
successful purification of the product tritiated at — 196°C. 

The theory of tritium exchange labelling with noble 
metal catalysts has been discussed previously®. Our 
results support the assumption that the higher specific 
activities so obtained with adsorbed substances are due 
either to the increased surface area under these reaction 
conditions or to a catalytic action of the carrier, or more 
probably to a combination of both. ‘Furthermore. the 
relatively small decrease in specific activity of the adsorbed 
products during purification, compared to that found in 
the Wilzbach procedure, points to an effective acceleration 


a) 


Digitogenin 7H Gitogenin7H 


Maximum 1:2 x 10° counts/min 





0-46 0-62 0°72 
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Maximum 3 x 10! counts/min 





0-46 
Fig. 1. Distribution of radioactivity in the thin-layer chromatograms 


of digitogenin tritiated at — 196° C by the platiuum-charcoal method: 
crude (a) and purified product (4) 
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of the desired tritium incorporation far greater than that 
of the undesired side-reactions. In selecting the ratio of 
adsorbed substance to charcoal carrier, one must consider 
that at a low concentration of the substance to be tritiated 
on charcoal a finer distribution on the carrier can be 
achieved with consequently a higher rate of tritium incor- 
poration. However, at still lower substance to charcoal 
ratios a high percentage of the tritium radiation energy 
will contact only the charcoal and initiate no exchange 
reaction. Therefore, there must be an optimal relation 
between the amount or adsorbant and adsorbed substance 
as described by Meshi eż al.5. The lower specific activities 
obtained by these workers when mechanical mixtures 
of charcoal and organic compounds were exposed to 
tritium gas as compared to exposure of the pure com- 
pound are understandable. 

From our results so far obtained we are encouraged to 
continue our studies of the critical factors in the Wilzbach 
tritium gas exposure technique with the view of increasing 
the specific activities readily attainable, particularly for 
natural products for which other labelling methods are 
not available. 

RAINER MAURER 
MARTIN WENZEL 
© PETER KARLSON 
Physiologisch-Chemisches Institut, 
Freie Universität Berlin 
(Berlin 33), and 
Physiologisch-Chemisches Institut, 
Universitat München 
(Miinchen 15), Germany. 
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* Wenzel, M., and Schulze, P. E., Tritiummarkierung (Walter De Gruyter 

and Co., Berlin, 1962). 
2 Wenzel, M., Wollenberg, H., and Schulze, P. E., Tritium in the Physical 

and Biological Sciences, I.A.E.A., 2, 37 (Vienna, 1962). Wollenberg, 

EH., and Wenzel, M., Z. Naturforschung, 18, b, 8 (1963). 
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5 Meshi, T., and Takahashi, T., Bull. Chem. Soc. (Japan), 35, 1510 (1962). 
ê Tachesche, R., Wulff, G., and Balle, G., Tetrahedron, 18, 959 (1962). 
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Acid-catalysed Darzens Condensation of the 
Nitro-hydroxy-phenacylbromides 


In a previous communication it was reported that the 
Darzens condensation of nitro-hydroxy-phenacylbromides 
and 4-nitro-benzaldehyde was successfully carried out not 
only in alkaline medium but also in ethanol saturated with 
hydrochlorie acid!?. 

As the mechanism of Darzens condensation essentially 
resembles the reaction mechanism of chalcon formation and 
aldol condensation? $, it may be assumed that the Darzens 
condensation occurring on the catalysing effect of hydro- 
chloric acid takes place analogously to aldol condensation 
catalysed by acid, that is it can be described as follows : 
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For the time being it was possible to carry out the 
Darzens reaction in hydrochloric acid medium only with 
benzaldehydes containing substituents of electron attrac- 
tion (nitro and chlorine group) and with nitro-hydroxy- 
phenacylbromides. Epoxy-ketone could not be isolated in 
the presence of aluminium chloride as catalyst. AN this 
indicates that the successful condensations likely represent 
Darzens reactions of anomalous run, but to establish this 
decisively further investigations are required. 

The successful Darzens condensation in hydrochloric 
acid medium can be probably interpreted by the fact that 
the formed epoxy-ketones are stable even in strongly acid 
media. It is likely that the cause of stability of epoxy- 
ketones is the strong electron affecting substituents of the 
aromatic rings, owing to the electron-affecting effect of 
which, on one hand, carbonic atoms of the epoxy ring 
are relatively poor in electrons, and, on the other hand, the 
nucleophility of the oxygen of epoxy ring decreases, thus 
the ring can, relatively, scarcely be opened by acid, as, for 
example, in case of the following compound: 


NO, 


Or E 


The foregoing considerations on the effect of substituents 
are supported by other results®*. 
Gy. Siros 
-F. SrroxmAn 
Institute of Applied Chemistry : 
and Central Isotope Laboratory, 
University of Szeged, 
Hungary. 
21 Sipos, Gy., and Szabó, R., Acla Phys. Chem. (Szeged), 8, 48 (1962). 
a S= Czukor, B., and Dobó, I., Acta Phys. Chem. (Szeged), 9, 48 


3 Ballester, M., and Bartlett, P. D., J. Amer. Chem. Soc., 75, 2042 (1953). 
4 Ballester, M., and Perez-Blanco, D., J. Org. Chem., 28, 652 (1958). 


5 Blderfield, R. C., Heterocyclic Compounds, 1, 39 (1950). Winstein, S., and 
Henderson, R. B., Ethylene and Trimethylene Oxides, 1. 


* Parker, R. E., and Isaacs, N. S., Chem, Rev., 59, 755 (1959). 


Complex Formation with Trivalent fron and 
N,N’-Ethylene bis[2(o-hydroxyphenyl)] Glycine 

N,N’-Ethylene bis [2(0-hydroxypheny])] glycine (EHPG) 
is one of the analogues of ethylenediamine tetraacetic 
acid (EDTA) which has aroused increasing interest 
recently as a reagent forming very stable chelates with 
many metal ions. The ferric complex is particularly 
valuable for treating iron chlorosis in plants, as the use of 
the corresponding EDTA chelate is restricted to crops 
grown on acid and only moderately weak alkaline soils, 
but the ferric-EHPG complex is effective in correcting 
the mineral deficiency in plants grown on alkaline soils. 
Moreover, use of the ferric chelate has become 
important in analytical chemistry as a sensitive 
reagent for iron??, The compound has a red colour 
suitable for spectrophotometric determinations. 

The stability constant of the ferric complex has 
previously been reported to be > 30 (logarithmic)*. 
As the stability is very high, the potentiometric 
tritrations did not allow exact determination. In 
our laboratory we are conducting polarographic 
investigations of polyamine—polyearboxylic acid 
chelates, among them the ferric and ferrous com- 
plexes of EHPG. The results of the imvestiga- 
tions will be published elsewhere. Direct polaro- 
graphic determinations do not allow calculations 
of the ferric stability constant. As we need it in 
the polarographic investigation, the constant is now 
evaluated separately by means of a spectrophoto- 
metric method. 
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The acid dissociation constants of EHPG, having the 
formula: 


COOH COOH 
Qn 
OH H 


have been reported to be 6:32, 8-64, 10-24 and 11-68 of 
pK, to pK, respectively’. As the ferric chelate partially 
dissociates at pH <2, knowledge of the acid dissociation 
constants, pH and concentration of chelated iron enables 
one to calculate the stability constant. The chelated iron 
might be calculated by means of a spectrophotometric 
method. Standard curves are obtained at pH > 3 where no 
dissociation occurs. 

The spectrophotometric measurements were performed 
with a Beckman DK spectrophotometer. The pH values 
were recorded with a Beckman Zeromatic pH-meter refer- 
ring to standard pH solutions with 1-00 x 10-1 and 1-00 x 
10-2 M perchloric acid; these standards are defined with 
pH = 1-00 and 2-00 respectively, thus by referring to con- 
centrations, a concentration constant is finally calculated. 
The ionic strength of all solutions (including the standards) 
is set at 0-1 by adding appropriate amounts of sodium 
perchlorate. The reagent EHPG was obtained from the 
Fluka A.G., Switzerland. Maximum absorption is obtained 
at 480 mu. Blanks show absorption of the reagent at 
about 300 mu, probably due to coloured quinones formed 
by slight oxidation of the reagent. The colour only 
partially disappeared when the product was re-erystallized 
and air excluded, but no blank absorption was observed 
at 480 my. All measurements were performed at 25° C. 

In the acid solutions it is possible that hydrogenated 
complexes may be formed. This seems improbable, 
however, as no spectral changes were found in strongly acid 
solutions. Job’s method of continuous variations showed 
that the mole ratio is 1:1. This and the absorption 
maximum were independent of the pH and wave-length 
values chosen, indicating that only one complex was 
formed. 

By means of standard curves, the molar extinction 
coefficient is found to be 2-05 x 104 {4:000 cm light path), 
and the absorption obeys Beers’slaw. Optical density was 
measured from nine different solutions with pH value 
between 1-55 and 1-80, and concentration of added ferric 
iron from 5x10-5 to 1:0x10+ M and EHPG from 


5x 10-5 to 1:0x 10 M. In these solutions the complex. 


partially dissociates and the logarithmic equilibrium 
constant was calculated to be 33-86 with a standard 
deviation of 0-13. 

Knot HENNING SCHRØDER 


Department of Chemistry, 
Advanced Teachers College, 
Trondheim, Norway. 
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BIOCHEMISTRY 


Recovery of lodide from Anion Exchange 
Resins 


ANION exchange resins have been used to separate 
organic and inorganic iodine compounds from thyroid 
extracts and from serum by various workers?-*. Organic 
iodine compounds are relatively easily eluted from resins 
of this type, but it has proved difficult to recover the 
iodide. Attempts have been made to do this with sodium 
bromide by Galton and Pitt-Rivers! and with sodium 
sulphate by Sekino et al.5. 


NATURE 


899 


Quantitative recovery of the iodide cannot be achieved 
by these methods and the iodide that is recovered cannot 
be estimated chemically since the eluting solutions used. 
interfere with the ceric-arsenate reaction. 

In the course of developing a method for the estimation 
of iodide in serum the following technique for recovering 
iodide from anion exchange resins was developed. 

Glass columns with an internal diameter of 3 mm with 
sintered glass filters are filled to a height of 1 em with 
‘AG 1x2’, 200-400 mesh resin in the perchlorate form. 
In this state the iodine will exchange on to the resin while 
most organic iodine compounds will not be adsorbed. 

The resin is then washed with 10 ml. of de-ionized water 
after which 5 ml. of serum is allowed to pass through under 
gravity. It is then washed with 10 ml. of de-ionized 
water. 

The resin now contains only the serum inorganic iodide. 
Five ml. of iodine-free 1 M sodium perchlorate is then 
allowed to pass through under gravity. 

97 per cent of the iodide on the column is eluted in this 
way. Determination of the iodide by the ceric-arsenite 
method may then be performed. 

The following radioactive substances were tested for 
adsorption on to the resin: 1-thyroxine, none adsorbed; 
monoiodotyrosine, 3 per cent adsorbed; diiodotyrosine, 
8 per cent adsorbed; triiodothyronine, 5 per cent adsorbed. 

Virtually none of the remaining triiodothyronine is 
eluted by the perchlorate. 

This work was supported by a grant from the British 
Empire Cancer Campaign. 

B. I. SACKS 
Medical Unit, 
University College Hospital Medical School, 
University Street, London, W.C.1. 
1Galton, V. A., and Pitt-Rivers, R., Biechem. J., 72, 319 (1959). 
* Pitt-Rivers, R., and Sacks, B. I., Biochem. J., 82, 111 (1962). 
3 Wynn, J., Fabrikant, I., and Deiss, W. P., Arch. Biochem. Biophys., 84, 
106 (1959). 
t Blanquet, P., Meyniel, G., and Savoie, J. C., C.R. Acad. Sci., Paris, 250, 
217 (1960). 
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Isolation and Characterization of Prolactin 
from Porcine Pituitaries 


ALTHOUGH the purification of porcine prolactin was 
reported in 19431, no characterization other than biological 
activity was.given, nor have any further isolations appeared 
in the literature. I wish to report on the isolation in 
substantially pure form of the hormone from porcine 
pituitaries, which differs chemically markedly from the 
beef and sheep hormones’. 

The dilute acetic acid solution of pituitary constituents 
obtained after adsorption of ACTH by oxycellulose® was 
brought to pH 7, and the precipitate obtained from the 
clarified neutral solution on addition of one volume of 
chilled alcohol was collected. After dialysis, this material 
was partitioned into two major peaks by filtration through 
‘Sephadex G-75’ with M/10 sodium bicarbonate containing 
2 per cent n-butanol as a preservative. The retarded peak, 
containing the prolactin activity, was further fractionated 
over a column of diethylaminoethyl (DEAE-) cellulose 
equilibrated with buffer of tris (hydroxymethyl) amino- 
methane of pH 8-2 and ionic strength 0-1. An ionic 
gradient was established to ionic strength of 0-5. Both 
the ascending and descending limbs of the major peak of 
the eluate, when re-run on DEAE-cellulose, gave identical 
almost symmetrical peaks. This material was equal in 
potency to an ovine prolactin of 30 1.0./mg when compared 
by the local pigeon crop-sac assay’. The elementary 
analysis on an ash-free basis was nitrogen, 17-75 per cent; 
sulphur, 2-39 per cent. By the criteria of ultracentrifuge, 
gel-filtration and DEAE-cellulose chromatography, this 
product is homogeneous. The isoelectric point was esti- 
mated to be at pH 4:97 by free-boundary electrophoresis, 
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and an iso-ionic point of pH 4-95 was obtained by electro- 
dialysis. 

By the dinitrophenylation technique, NH,-terminal 
alanine was found instead of threonine which was the 
NH,-terminus residue of ovine and bovine prolactin?. The 
molecular weight was estimated to be 25,000 by equi- 
librium ultracentrifugation. While several marked 
differences in amino-acid analysis aro apparent between 
the porcine prolactin and ovine or bovine prolactin, most 
noteworthy is the high cystine content of the porcine 
hormone, 14 half-cystine residues as compared with 6 for 
ovine prolactin (see Table 1). 


Table 1. AMINO-ACID ANALYSIS OF PORCINE PROLACTIN * 
Residues/mole of 
Amino-acid Ovine Porcine 
(mol, wt., 23,000) (mol. wt., 25,000) 

Lys 9 10 
His 8 10 
Arg 11 14 
Asp 23 22 
Thr 9 8 
Ser 15 17 
Glu 23 30 
Pro 12 11 
Gly 12 16 
Ala 10 15 
Val 11 9 
Met 7 4 
Tleu 10 12 
Len 24 24 
Tyr 7 

Phe 6 T 
CySt 6 14 
Try§ 2 3 


* ‘Spinco’ automatic amino-acid 
Stein and Moore (ref. 5). 

} Data of Sluyser and Li (ref. 6). 

oe oxidized protein by procedure of Moore (ref. 7). 
i p pe ctrophotometrically determined by procedure of Bencze and Schmid 
Tet. . 


analyser procedure of Spackman, 


A detailed account of the isolation and properties of this 
unique protein will appear elsewhere. After this work was 
completed an abstract on this subject® was brought to 
my attention. 

I wish to thank the Physical and Analytical Department 
of these laboratories for the analytical data, particularly 
Mr. M. Royer and Dr. H. Ko for the ultracentrifugal and 
free-boundary electrophoretic investigations, and Prof. 
C. H. Li of the University of California both for the 
biological evaluation and for his friendly interest. 
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A Possible Mechanism of the Transformation 
of Purine Ribonucleoside to Deoxyribonucleoside 


Suom it has been suggested by Brown et al.1 that 
‘cyclonucleoside’ might be involved in the pathway of 
transformation of ribonucleoside to deoxyribonucleoside 
in the living cell, several investigators have reported? 
the results of experiments to elucidate whether cyclo- 
nucleoside did or did not participate in this transformation. 
Whereas in these investigations no direct evidence for 
participation of cyclonucleoside was obtained, the possi- 
bility of involvement of cyclonucleoside phosphates‘ in 
this reaction remained unsolved. 

The most severe criticism for this type of transformation 
lies in the lack of potency of cyclonucleoside formation in 
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the purine nucleoside’, “Thorefore, if the cyclonucleoside 
could be obtained from purine nucleoside, it would be 
worth while to recommend this hypothesis. 

Quite recently*, we have found that the alkaline treat- 
ment of 2-chloro-8-mercapto-9-(2’-O-tosy]-3’-O-acetyl-5’- 
O-methoxycarbonyl)-8-p-xylofuranosyladenine gave 8,2’- 
cyclonucleoside (I, X = S, R = Cl) and this compound 
was the first example of ‘true’ cyclonucleoside in purine 
series. Starting from compound I, 2’-deoxyadenosine was 
derived easily by the desulphurization and hydrcgenation 
by means of Raney nickel and palladinized charcoal. 


NH, 
NZ 


R 


OH 


If we assume an enzymatic oxidation of C-8 position of 
purine nucleoside and consider the analogous steric 
requirement of oxygen to sulphur atom’, the transforma- 
tion of purine riboside to deoxyriboside could be reasonably 
explained via a route involving 8,2’-eyclonucleoside (I, X = 
O, R = H) by an analogy with the pyrimidine series. 
Though the mechanism of reductive cleavage of 8,2’-cyclic 
bond cannot be clearly presented, it would be able to act 
by a specific enzyme, which is similar to that assumed in 
the pyrimidine cyclonucleoside. 


Morro Ixenara 
Hrrosni Tapa 
ÅKIHIKO Nomura 
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Induction of Enzymatic Activity by 
Indolyl-3-acetic Acid and its Dependence on 
Synthesis of Ribonucleic Acid 


Ir has already been found in this Department! that 
pre-treating segments of pea stems with indolyl-3-acetic 
acid (IAA) or other active auxins greatly enhances the 
ability of the tissue to synthesize the aspartates of IAA 
and naphthalene-l-acetic acid. It is well known that 
benzoic acid also forms a conjugate with aspartic acid in 
pea tissues?*. It has now been shown: first, that TAA 
induces the formation of the system responsible for 
benzoylaspartate production; secondly. that the inductive 
effect of IAA is dependent on the synthesis of ribonucleic 
acid (RNA). 

Under conditions essentially identical to those used by 
Siidi!, segments of pea stems were treated for 15 h either 
in buffer or in buffered solutions containing IAA, before 
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Table 1. EFFECT OF PUROMYCIN ON THE INDUCTION OF BENZOYLASPARTATE 
FORMATION BY JAA 


Pea stem segments were pretreated for 15 h in (a) buffer, (b) 50 mg/l, LAA or 
(e) 10 AL puromycin + 50 mg/l. IAA, before transference for 2 h to radioactive 
benzoic acid (10 mg/l.) 


Pre-treatment Percentage conversion 
5 to benzoylaspartate 


Buffer 15-4 
IAA 69-4 
TAA + puromycin 22-6 


Table 2. EFFECTS OF (a) ACTINOMYCIN D AND IAA ON THE INCORPORATION 
OF OROTIO AciD-4C INTO RNA AND (b) PUROMYOIN AND IAA ON THE 
INCORPORATION OF LEUCINE-NC INTO PROTEIN 


Segments of pea stems were pre-treated for 2h before being placed for 2h in 

orotic acid-*C (3-6 x 10 M) or leucine-“'C (5-8 x 10- M). Al media con- 

tained 20,000 units/l. of benzylpenicillin. The methods of extraction of RNA 

and protein and the determination of specific activities were essentially 
the same as those described by Osborne? 


(a) (6) 


Specific Specific 
activity activity 
‘Treatment of RNA, ‘Treatment of protein, 
(Zh + 2h) ¢.p.m./mg (2h + 2h) ¢.p.m./mg 
Buffer 357 Buffer 764 
Actinomycin 6 mg/l. 84 Puromycin 10- M. 229 
TAA 50 mg/l. 269 IAA 60 mg/l. 659 
TAA 50 mg/l. + IAA 50 mg/}. + 
actinomycin 5 mg/l. 75 puromycin 10-7 M 182 


being placed for 2 h in 10 mg/l. of benzoic acid (carboxyl- 
uC). The radioactivity in the segments was extracted by 
homogenizing the tissue in 80 per cent ethanol (with the 
addition of sodium carbonate to prevent subsequent 
volatilization of free benzoic acid). Extracts were 
subjected to chromatography on Whatman 3MM paper, 
using isopropanol/ammonia/water (10:1:1) as the 
developing solvent. Peaks of radioactivity were recorded 
with a scanning device and the percentage converted to 
benzoylaspartate estimated by planimetry. 

It is clear from Fig. 1 that IAA has a high inducing 
activity; the percentage conversion to benzoylaspartate 
rises to more than 70 following pre-treatment in 
50 mg/l. IAA, as compared with 10 per cent for pre- 
treatment with buffer. Furthermore, the results recorded, 
in Fig. 2 demonstrate that the inductive activity of 
50 mg/l. IAA is completely abolished when 5 mg/l. of 
actinomycin D (an inhibitor of deoxyribonucleic acid- 
dependent RNA synthesis‘) is included in the medium 
during pre-treatment. Similarly, 10° M puromycin, 
which inhibits protein synthesis by interfering with 
amino-acid transfer’, greatly suppresses the influence of 
IAA on the formation of benzoylaspartate (Table 1). 


B-Asp (per cent) 





250 


0 O4 2 10 50 
IAA concentration (mg/1.) 


Fig. 1. The effect of beer pea stem segments for 15 h in various 

concentrations of IAA on the percentage of benzoylaspartate (B-Asp) 

formed after the segments had been transferred for 2 i to radioactive 
benzoic asid (10 mg/l.) 
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Fig. 2. Distribution of radioactivity in ehromatograms of extracts of 

P segments following treatment for 2 h with radioactive benzoic acid 

10 mg/l.), Segments were pre-treated for 15 h either in (a) buffer, (b) 

50 mg/l. indoly]-8-acetic acid (IAA) or (e) 5 mg/l. actinomycin D+ 

50 mg/l. IAA. For the chromatographic separation the solvent was 

isopropanol/ammonia/water (10:1: 1). Pre-treatment with IAA (b) 
increased the total amount of benzoic acid taken up 


These findings strongly suggest that in the induction of 
benzoylaspartate formation, IAA acts by causing the 
synthesis of new messenger RNA and hence of new enzyme 
protein. 

Experiments on the incorporation of orotic acid-6-C 
and leucine-'4C (u) show that the levels of actinomycin D 
and puromycin used do in fact inhibit RNA and protein 
synthesis respectively in the stem segments (Table 2). It 
is evident that the gross effect of 50 mg/l. [AA is to reduce 
the incorporation of both orotic acid and leucine. This 
effect is not incompatible with the suggestion that IAA 
stimulates the synthesis of an enzyme responsible for the 
benzoic acid—aspartic acid conjugate, since such an enzyme 
is likely to form only a small fraction of the total enzyme 
protein. 

This work was supported by a grant from the Agri- 
cultural Research Council. I thank Prof. Q. E. Blackman 
and Prof. James Bonner for their advice. 
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Immunoelectrophoretic Pattern of 
Phytohazmagglutinin 


A CONSIDERABLE volume of research has been based 
on separation of leucocytes from peripheral blood with 
the aid of phytohamageglutinin (PHA). In recent years 
the mitogenic effect of PHA on peripheral blood cells has 
been widely utilized for chromosome analysis. In short- 
term cultures of leucocytes, RNA and DNA synthesis is 
stimulated by the action of PHA. Many attempts have 
been made in order to determine the effect of PHA on 
cells and the type of leucocyte which changes in culture 
in the presence of PHA. into large dividing cells?-’. 

Recently, it was reported that PHA reacts with plasma 
proteins to yield precipitates on agar diffusion plates and 
in starch-gel electrophoresis®®. In electrophoresis of a 
partially purified extract of PHA, Rigas and Osgood!’ 
identified four fractions, all moving towards the anode 
at pH 8-0. Nakamura et al.® found that the fraction 
reacting specifically with serum proteins, which they 
named protein J, migrated in starch gel towards the 
cathode at pH 8-6. In starch-gel electrophoretic patterns 
of PHA, Beckman? observed five zones migrating towards 
the anode; one of the zones had a mobility similar to 
that of human albumin. 

My immunoelectrophoretic analyses of PHA were made 
in the hope that its antigenic pattern would help further 
to characterize the various proteins in the crude extract 
and to identify the mitotic stimulating fraction. 

PHA was prepared in this laboratory by extracting 
ground Phaseolus vulgaris with 0-9 per cent sodium 
chloride (1 part of bean powder to 4 parts of saline). 
The mixture was kept at room temperature and was 
stirred frequently for 1 h. It was then allowed to stand 
for 24 h at 6°C, after which it was centrifuged. The 
mitogenic activity of the supernatant was tested on 
leucocytes. 

Antibodies were produced by inoculating rabbits sub- 
cutaneously with crude extract of Phaseolus vulgaris in 
Freund’s complete adjuvant. Each rabbit received 50 mg 
dry weight of the crude extract into both bilateral 
buttock pads four times at 15-day intervals. Ten days 
after the final injection, 50 ml. of blood was withdrawn 
by cardiac puncture and the serum was separated in the 
usual way. 

Grabar and Williams’s immunoelectrophoretic technique 
as modified by Scheidegger! was used. All apparatus 
was of type LKB. Slides measuring 26 x 76 mm were 
coated with 1 per cent agar in barbital lactate buffer 
at pH 8-6. The same buffer was used in the vessels. 
Electrophoretic separation was carried out under a 
potential difference of 6-7 V/cm for 100 min. When the 
antibody wells had been filled, diffusion was allowed to 
proceed for 20 h at room temperature. The plates were 
then washed with 0-9 per cent sodium chloride, rinsed 
with distilled water, dried (covered with filter paper) and 
stained with amidoschwarz 10 B. Patterns were photo- 
graphed, using the slides as negatives. 

Fig. 1 shows that immunoelectrophoresis in agar gel 
at pH 8-6 demonstrates a pattern with 8 proteins. The 
pattern consists of curves with convexity towards the 
antibody well. Two of the curves are of great intensity. 
One component has produced an undulating precipitation 
line which could be interpreted as a typical Ouchterlony 
cross-reaction. Increased time of electrophoresis (Fig. 2) 
resulted in no further separation of this curve. 





Fig. 1. Immunoelectrophoretic pattern of phytohæmagglutinin, 


Buffer: veronal lactate, pH 8-6, 100 min, 8-7 V/cm 
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Fig. 2. Tmmunoelectrophoretie pattern of phytohæmagglutinin. 


Buffer: veronal lactate, pH 8-6, 180 min, 6-7 Viem 


No attempt has yet been made to identify the various 
fractions, but investigations are in progress to determine 
which curve corresponds to the mitotic active fraction. 

This investigation was supported by grants from the 
Comision de Investigaciones Cientificas de la Provincia 
de Buenos Aires, and from the Cancer Society, Stockholm. 


Moisés Srrrz* 


Department of Cytology, 
Institute of Radiopathology, 
Stockholm. 


*Present address: Instituto de Investigaciones Biológicas de la Provincia 
de Buenos Aires, Argentina. 


? Nowell, C. P., Cancer Res., 20, 462 (1963). 

? Bender, M. A., and Prescott, D. M., Ezp. Cell Res., 27, 221 (1962). 

* Elves, M, W., and Wilkinson, J. F., Nature, 194, 1257 (1962). 

‘Elves, M. W., and Wilkinson, J. F., Exp. Cell Res., 30, 200 (1963). 

$ Marshall, W. H., and Roberts, K. B., J. Ezp. Phys., 48, No. 2, 146 (1963). 
° Mcintyre, O. R., and Ebaugh, F. G., Blood, 19, No. 4 (1962), 

' Quain, D., Hayhos, F. G. J., and Flemans, R. J., Nature, 198, 338 


2 Beckman, L., Nature, 195, 582 (1962), 

? Nakamura, S., Tanaka, K., and Murakawa, S., Nature, 188, 144 (1960). 
1 Rigas, D. A., and Osgood, E, E., J. Biol. Chem., 212 (1955). 

u Scheidegger, J. J., Intern. Arch. Allergy, 7, 103 (1955). 


Organic Acids as Sources of Carbon for 
Ethylene Production 


THE carbon sources in the growth media have been 
shown to affect the ethylene production by Penicillium 
digitatum., Fergus! found mannose, mannitol, or citric 
acid as carbon sources resulted in good ethylene yields. 
Phan-Chon-Tén? found glucose supported high ethylene 
production. Pyruvate also served as a carbon substrate 
for cultures capable of producing ethylene. While Spald- 
ing and Lieberman® reported 0-1 M glucose superior to 
0-1 M concentrations of pyruvate, malate, or citrate for 
ethylene synthesis, I reported 0-119 M t-malic acid and 
0-119 M potassium pyruvate superior to other carbon 
sources tested for ethylene production. In contrast to the 
previously described short-term experiments, time-course 
investigations lasting several days were performed. As 
shown below, commonly metabolized organic acids at 
0-119 M were superior to glucose or mannitol, at the same 
molarity, in ethylene synthesis. 

For the results given, colonies of P. digitatum isolate 
N.R.R.L, 1202 were grown on the citrate medium contain- 
ing per litre 25 g citric acid; 12-5 g KOH; 4g NH,NO,; 
13-61 g KH,PO,; 1-23 gMgSO,:7H,O; 0:002 g Fe(NO,)s 
and 1 ml. of Pratt’s micronutrient solution’. (No yeast 
extract or organic growth factors were added.) After 
growth for fifteen days the medium was sucked from under 


Tablo 1. EFFECT OF CARBON SOURORS ON ETHYLENE PRODUCTION AND 
RESPIRATION BY P. digitatum 


C,H, production O uptake CO, production 
Carbon source* = (wl. /g dry wt. h) (mi. O./g h) (ml. COs/g h) 
Glucose 60-0 85 12:3 
Mannitol 53-2 11-5 80 
Citrate 130-1 &1 11-6 
L-Malate 180-2 T8 98 
Pyruvate 134-9 4-2 47 
a-Ketoglutarate 131-1 1 5-7 
None 12-3 trace 3-3 


* Cultures were maintained on replacement media with these carbon sources 
for 4 days. i 
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Fig. 1. Ethylene synthesis by P. digitatum grown on media with citrate 
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Fig, 2. Respiration of P. digitatum cultures grown on media with 
citrate or glucose as carbon sources. - ~-—, CO, glucose; —, O, glucose; 


—~-—, CO, citrate; —--—, Os citrate 


the mats by sterile pipettes. After rinsing with sterile 
distilled water, fresh medium (pH adjusted to 4:4 where 
necessary) containing the various carbon sources plus the 
inorganic salts named here was added. Cultures were 
then placed in an incubation room at 21° C from where 
air lines, freed of ethylene, with flows 60-65 ml./min carried 
their emanations continuously first to a paramagnetic 
oxygen analyser’, and then to an infra-red carbon dioxide 
anulyser. Periodically, samples of the effluent gases were 
analysed for ethylene concentration by a gas chromato- 
graph with a flame ionization detector using an alumina 
column. On completion of incubation the colonies were 
collected, rinsed, and dried 24 h at 95° C. 

As seen by Table 1, L-malate, citrate, and pyruvate were 
the best carbon sources for ethylene synthesis. Fig. 1 
summarizes the results from a time course study of 
ethylene synthesis. The culture retained on the original 
citrate growth medium served as control. Disturbance of 
the cultures while putting them on fresh media accounted 
for the lower initial values for the cultures on replacement 
media. These results illustrate the great variation in 
quantities-of ethylene produced with time by P. digitatum 
on the three different media. Tire course respiration 
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values for the same citrate and glucose cultures are given 
in Fig. 2. 
M. S. GIBSON 
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PHYSIOLOGY 


Copper Content of Hair and Nails of Normal 
Individuals and of Patients with Hepato- 
lenticular Degeneration 


INCREASED accumulations of copper have been demon- 
strated in many tissues of patients suffering from hepato- 
lenticular degeneration (Wilson’s disease)!; the corneal 
depositions? are considered pathognomonic. In some 
patients, a striking deep-blue colour can be observed in 
the finger nails, principally in the lunule*. The demon- 
stration of elevated copper concentrations in such readily 
accessible tissues as hair and nails would be an extremely 
useful adjunct to diagnosis. My investigations along 
these lines have been frustrated by the difficulty in obtain- 
ing material from patients who have not been treated with 
the various chelating agents. The only other investiga- 
tion known to met also suffers from this deficiency. I 
believe that copper assays on finger nails may prove to be 
useful in the diagnosis of Wilson’s disease, and present my 
limited data in the hope that additional samples will be 
made available to me or to other investigators so that the 
question can be definitively settled. 

Samples of hair (usually from lateral and posterior 
aspects of the head) were finely minced with chrome- 
plated scissors. Fragments of nails were cleaned by 
scraping away the superficial keratin. The specimens 
were then exhaustively washed in successive changes of 
de-ionized water, aleohol/ether (50 : 50) and acetone with 
three final rinses in de-ionized water having a specific 
resistance > 10° vohms (25° C). They were dried at 85° C 
for approximately 5 h. Samples of approximately 100 
mg were accurately weighed and wet-ashed in 150 mm 
x 15 mm ‘Pyrex’ test:tubes fitted with ground joints for 
glass stoppers; each tube contained two small glass 
beads. After liquefying the samples by heating with 0-1 
ml. H,SO, and 0-3 ml. HClO, (G. F. Smith Chem. Co., 
Columbus, Ohio), HNO, was added (usually 0-5 ml.) and 
the samples ashed together with appropriate blanks and 
standards; a residual of 0:1 ml. H,SO, remained in each 
tube. After cooling, 1 ml. water, 1-5 ml. saturated, copper- 
free sodium acetate, 1 ml. 5 per cent hydroxylamine HC] 
and 1 ml. of bathocuproine (2,9-dimethyl-4,7-diphenyl- 
1,10 phenanthroline) (G. F. Smith Chem. Co.), 0-1 mg/ml. 
n-hexanol, were added’. The tubes were sealed with 
glass stoppers and shaken vigorously for 3 min, followed by 
centrifugation. The hexanol layers were transferred to 
micro-cuvettes and the optical densities determined in a 
Beckman DU spectrophotometer at 479 mp. 

The results are given in Table 1 (averages of duplicate 
determinations). All the Wilson’s disease patients had 
been under intermittent therapy with copper-chelating 
agents (BAL or one of the penicillamines). Nevertheless. 
two of the four determinations of the copper content of 
the finger nails of patients with Wilson’s disease werc 
higher than any of the normal values. (One ‘normal’ 
finger nail copper value of 21-9 ug/g was discarded when it 
was learned that this male had spent the previous evening 
serubbing copper pots.) After five months, an assay of 
finger nails from a Wilson’s disease patient revealed a 
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Table 1. COPPER CONTENT OF HUMAN HAIR AND NAWS (Gja) 
Hair Finger nails Toe nails 
Normal males 18-8 17:2 6-0 
14:5 18-9 69 
152 13-4 $1 
17:5 — — 
19-1 15-1 51 
165 — 8-0 
104 8-1 155 
71 — — 
— 16:3 53 
Mean + S.D. 16:0 + 40 148 + 3-8 78 + 3-6 
Normal fomnles 16-7 (15-0) 6-8 
20-5 315 97 
16-9 — = 
20-6 12-2 82 
13-7 — 86 
19-2 9-9 87 
21-4 10-9 76 
14-8 — — 
25-7 158 75 
20-3 T8 53 
22-4 —— — 
21-9 — — 
Mean + S.D. 19:5 + 3-4 10°6 + 2:8 T7415 
Wilson’s disease M 9-0 (8-6) 21-1 —_ 
M 12-7 32-2 (7-8) — (3-5) 
M i4-9 — 27 
F 245 11-4 — 
Wilson’s disease 
heterozygotes M 13-6 (14-4) 13-4 — 
F 155 10:2 — 
F 128 83 — 
Wilson's disease 
siblings F 12-8 14:0 —_ 
F 13-4 10:9 — 
Huntington’s 
TER M 11:8 => 31 
au M — 105 — 
M 19-5 11:3 — 


M = male, F = female, ( ) = repeat assays on Independent samples 


value of 32-2 ug/g; another specimen from this patient 
yielded copper values of only 7-8 ug/g. In the interim, 
the patient had had an additional series of treatments 
with BAL. Unusually higher copper concentrations were 
not observed in hair from the three male patients with 
Wilson’s disease. Only one normal individual had a copper 
value higher than that of the single female patient. 
however. (Copper concentrations of 35-4 and 42-0 ug/g 
were found in independent samples of hair from a female 
laboratory technician who had been continuously engaged 
in chemical and biochemical investigations of copper for 
two years; these values were not included in Table 1.) The 
limited data from Wilson’s disease heterozygotes, siblings 
and patients with Huntington’s chorea were not unusual. 

This work was supported in part by grants from the 
U.S. Public Health Service (AM 04826-04 and HE- 
03174-08). 
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Erythrocyte Glutathione-levels in Patients 
of a Mental Hospital 


Tum work of Beutler! on erythrocyte glutathione 
‘instability’ has demonstrated the significance of the 
glutathione content of red cells for the maintenance of 
overall erythrocyte structure (and presumably function). 
In addition, Rigas et al.? have shown how the interaction 
of hæmoglobin and oxidized glutathione can lead to 
increased rates of splenic erythrocyte destruction. A 
number of disease states have been related to increased 
instability of erythrocyte glutathione; for example, Theil 
et al’ have shown &a significant decrease of blood 
glutathione-levels in patients with acute renal insufficiency. 
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Our interest stems from reports suggesting that the 
blood glutathione-levels in certain classes of mentally ill 
patients is reduced* > or unchanged®’. The importance of 
the sulphydry]l group in maintaining the cellular structure 
intact, its potential importance in the control of the 
state of activity of many -SH enzymes, and the possibility 
that the blood-levels may reflect the tissuc-levels suggest 
that it is of considerable interest to investigate this 
controversy. Certainly, any lead concerning the abnorm- 
ality of the physiological state of the mentally ill patient 
is, per se, of great interest. 

The blood glutathione-levels of a series of patients 
admitted to this Institute were determined by a method 
which we developed in our laboratories. The details are, 
however, essentially identical to the recent technique 
described by Beutler et al.*. 


Table 1. BLOOD GLUTATHIONE-LEVELS IN HUMAN BEINGS (MG/100 ND. 
RED BLOOD CELLS) 
Mean SD, No. 
Staff personnel 69-64 7°89 20 
Patients 68°85 1114 24 


Results of these determinations are given in Table 1. 
The blood samples were obtained from the patients on 
admission to this Institute. Samples were obtained by the 
clinical laboratory personnel as part of the regular 
admissions procedure, and represent consecutive admissions 
for a 15-day period. 

Like Barak et al.?, we find no significant difference 
between patients and normals. The comments of 
Altschule® concerning the ‘large variation’ observed by 
Barak refer, in fact, to the variability of results from 
patient to patient; the variability which Barak reported 
was like those found by others*-* and ourselves. It is, 
furthermore, of the magnitude frequently observed for 
many other blood constituents in human and other 
species, We conclude that the mean values of erythrocyte 
glutathione-levels obtained from patients does not differ 
significantly from normal values. 

GEORGE L. BELLMAN 
GEORGE L. GAN 
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Regulation of Ascorbic Acid Synthesis in 
Rat-liver Extracts : Experiments with 
Growing Rats 


Tue synthesis of ascorbic acid from glucuronolactone is 
impaired in liver extracts from fasted and from carbo- 
hydrate-deprived rats. This impairment has been 
interpreted as an adaptive metabolic response to these 
dietary changes?. 

This communication presents the results of an investi- 
gation on the synthesis of ascorbic acid-in liver extracts 
from new-born, growing, and adult rats, and on its 
relationship with the modifications of the dietary régime 
occurring during growth. 

Male, Wistar strain, rats were used. Females during 
pregnancy were given a commercial pelleted diet supple- 
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mented with fresh vegetables and raw ox liver. Litters of 
6 male rats were left with each female; unless otherwise 
stated, young rats had free access to pellets before and 
after weaning at 24 days of age. 

The synthesis of ascorbic acid was investigated by the 
method described previously!. Incubation mixtures 
contained, in a final volume of 2-5 ml., 50 umoles of 
potassium phosphate buffer, pH 7-4, 4 umoles of NAD, 
4 umoles of ATP, 75 umoles of nicotinamide, 5 ymoles of 
magnesium chloride, 10 umoles of D-glucuronolactone, and. 
0-7 ml. of liver extract (1 g of liver homogenized with 
2-5 ml. of 0-15 M potassium chloride, centrifuged at 
3,000g for 10 min, supernatant taken). After incubation 
for 2 h at 37°C in a Dubnoff shaker, in air, the reaction 
was stopped with 2-5 ml. of 16 per cent trichloroacetic 
acid. ‘Total’ ascorbic acid was determined by the method 
of Roe and Kuether?. 


Table 1. SYNTHESIS oF ASCORBIC ACID BY Liven Extracts OF RATS AT 


VARIOUS AGES 


Body- Ascorbic acid formed 

Age weight smoles/200 mg gzmoles/mg #moles/100 g 

(E) wet liver/2 h N/2 h body-wt./2 h 
1 day (6)* 5-9 01150056 0:088+0-013 0-88 + 0:24 
6 days (4)t 12:3 0-247+0-038 0-083 + 0-012 3-53 + 0°56 
16 days (4)t 23-6 0:238 +0168 0-068 + 0-014 3-87 +099 
20 days (4) 36 0-284 +0038  0-08340-015 5089+094 
24 days (7) 39 0:336 + 0-099 0-094 + 0-008 6-78+1-79 
28 days (4) 5 0-415 +0066 0-120 + 0:018 9-08 + 1-52 
2 months (4) 144 0-624 +0090 0-164+0-021 13-94 +213 
8-9 months (10) 283 0:437 + 0-042 0:107 +0012 9-87 +173 


No. of experiments is given in parenthesis. Results aro expressed ag 


average + S.E.M. 
* Livers of four animals pooled in each experiment. 
f Livers of three animals pooled in each experiment. 
{Livers of two animals pooled in each experiment. 


The synthesis of ascorbie acid (Table 1) is very low in 
extracts from new-born rats, rises after a few days and 
remains around 50 per cent of adult values until the 20th 
day of age. A rapid enhancement of synthetic activity 
occurs between the 20th and the 28th day, when synthesis 
reaches two-thirds of adult-level. The activity stabilizes 
at a somewhat lower level in rats of 8-9 months of age. 

The considerable change between the 20th and the 
28th day of age led to the assumption of an influence of 
changing diet caused by auto-alimentation of the young rats 
with the diet given to females’ and due to weaning at the 
24th day. To check this possibility, litters of 4 rats each 
were allowed access only to their mothers’ milk and to a 
supplement of cow’s milk throughout the suckling period. 
These rats showed (Table 2) at the 24th day a synthetic 
activity lower than those having access to pellets, in spite 
of a comparable growth, thus confirming the influence of 
diet on the synthesis of ascorbic acid. 


Table 2. Hernor oF CHANGING DIRT ON THN SYNTHESIS OF ASCORBIC 
ACID BY RAT-LIVER EXTRACTS 
Ascorbic acid formed 
Age Diet #inoles/200 mg zmoles/mg pmoles/100 g 
wet liver/2 h N/2h body-wt./2 h 
24 days (8) Milk 0-113+0-029 0-030 + 0-007 2-09 + 0°55 
2 months (4) Control* 0-731+0-014 00192+0005 11-9041-25 
2 months (4) 50 per cent 
galactose 
forldayf 014040018  0-034+40-004 1°84 + 0-25 
2 months (4) 50 per cent 
galactose 
for 6 days 00211+0034 0-051 + 0-007 2°26 + 0°57 


No. of experiments is given in parenthesis. Results are expressed as 
average + S.E.M. 

* Diet A! 

t Derived from diet A, with 50 per cent galactose instead of 35 per cent 
starch and 35 per cent sucrose, the difference being made up with casein. 


In order to investigate whether-the low synthesis in 
these rats was due to the fact that they had lactose as 
the only dietary carbohydrate, an experiment was under- 
taken giving adult rats a diet with lactose as the only 
carbohydrate. Rats so fed showed diarrhoea and were 
discarded. Better results were obtained with a diet of 
50 per cent galactose as only carbohydrate. This ration 
caused a great lowering of ascorbic acid synthesis as soon 
as 24 h aftor. It may be concluded that not only the 
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quantity! but also the quality of dietary carbohydrate is 
an important factor in the regulation of synthesis of 
ascorbic acid, and that the rising of ascorbic acid forma- 
tion observed in rats after the 20th day of age may well 
be due to the change from milk to stock food. f 

Since the synthesis of ascorbic acid is impaired in 
vitamin-E-deficient ratst, and since new-born children 
show hemolysis prevented by vitamin E*, ono could 
supposo that the low synthesis of ascorbic acid observed in 
new-born rats could be due to a lack of vitamin E. This 
was excluded by the test of dialuric acid-induced hæmo- 
lysis*, which was negative in these rats. It is tempting to 
correlate the low synthesis of ascorbic acid with the low 
activity of glucuronolactone dehydrogenase observed by 
Marsh and Carr? in new-born mice, and to postulate a 
generally low metabolism of glucuronolactone in the liver 
at birth. P 

This work was supported by a grant from the Consiglio 
Nazionale dello Ricerche, Roma. 
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Effect of Sodium and Potassium Restriction on 
the Functional Morphology of the 
Subcommissural Organ 


SEVERAL factors are known to exert an influence on the 
function of the zona glomerulosa of the adrenal cortex. 
So far tho most important of these factors known to us is 
the Nat and K* supply available for the organism. Several 
authors have examined the changes in aldosterone secre- 
tion!-* and the sensitive morphological reactions of the 
zona glomerulosa in relation to changes in the amount of 
salt supplied**. The anterior lobe of the pituitary body 
has an important, though not decisive, role in the 
control of functions of the zona glomerulosa®.’. 

It is very probable that the different factors influence the 
function of the zona glomerulosa in an indirect, that is 
humoral, way. Farrell has succeeded in isolating a com- 
pound of B-carboline type from the pineal body. He has 
proved the identity of this substance and the adreno- 
glomerulotropin®. Results of our earlier work did not seem 
to support the view that the main site of production of 
glomerulotropin would be the pineal gland. Extracts of 
this organ were remarkably less effective than those 
obtained from the subcommissural organ. The latter was 
found to stimulate the activity of zona glomerulosa in a 
morphologically well registrable way®. 

In work recorded here we examined the morphological 
changes produced by dietary Nat or K+ deficiency. Forty- 
five albino rats (80-110 g) were fed on SK 3 (Na+ deficient), 
or SK 4 (K+ deficient) diets of Sds!°, while the control 
animals received a complete semisynthetic diet. 

After 1, 2 and 3 weeks equal numbers of animals of 
the foregoing three groups were killed. Their brains 
were fixed in formaldehyde. Slide preparations of cuts 
from brains were stained by Gomori’s chromhexmatoxylin- 
phloxin. The results were evaluated by Jakobj’s karyo- 
metric method"!, modified by Palkovits!®. The volume 
of 300 nuclei was calculated on each cut from data 
measured at a 3,000 times projection magnification. 
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Fig. 2. Changes in the volume of the subcommissural organ and the 

neighbouring ependyma cell nuclei as a-percentage at the end of a three- 

week experiment. SCO, subcommissural organ; Pe ependyma cell; 

SKE 3, Kt deficient; SK 4, Nat deficient diet. imits of error 
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Results were evaluated by taking the average volume of 
appropriate control nuclei as reference. 

It was clearly demonstrable that the cells of the sub- 
commissural organ reacted very sensitively to changes of 
dietary Nat or K+ uptake and that the effect reached its 
maximum after three weeks of feeding on the appropriate 
diet (Fig. 1). 
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The effect was specific for the cells of the subcom- 
missural organ and had left other cells unaltered. Results 
presented in Fig. 2 show that under the same experimental 
conditions the volume of ependyma cell nuclei exceeds 
the limits of error of the method. 

In accordance with our previous observations we could 
demonstrate that cells of the subcommissural - organs 
were highly sensitive to dietary Na+ and K+ restriction and 
this effect was quite specific, as the ependyma cells on the 
wall of the third ventricle close to the subcommissural 
organ did not exhibit any remarkable morphological 
changes. 
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Circadian Mitotic Rhythm in Epiphyseal 
Cartilage 


A PRELIMINARY publication in Nature based on the - 
colchicine method suggested that a diurnal periodicity 
existed for the cells of growing epiphyseal cartilage in 
mice. In the course of a subsequent investigation dealing 
with the rhythmicity of bone formation in rats, it became 
possible to extend the original findings and to describe 
the mitotic rhythm in greater detail. 

Twenty-three albino rats (Sprague-Dawley, 45~50 g) 
were singly housed and maintained for two weeks at a, 
photoperiod of 12 h (0900-2100) alternating with 
12 h of darkness (2100-0900). The temperature of 
the animal quarters ranged from 73° to 75° F. Food and 
water were supplied ad libitum. The animals were weighed 
24 h prior to experimentation, and groups wore estab- 
lished according to their gain in weight during the con- 
ditioning period. Groups of 3-4 rats (150-170 g) were 
killed by ether anesthesia at intervals of 4 h during a 
24-h period. At autopsy, the left femurs ‘were fixed in 
10 per cent neutral formalin, decalcified in 10 per cent 
EDTA (pH 7-4) for several weeks, and embedded in 
paraffin. Serial longitudinal sections were cut on & rotary 
microtome at 7p and stained with iron hematoxylin and 
phloxine. The percentage’ chondrocytes undergoing 
mitosis (mitotic index) in the proliferating zones (zones 
1-8?) of the distal growth cartilages was calculated by 
direct counts of at least 1,000 cells under an oil immersion 
lens at a magnification of times 970. 

The mitotic index of the cartilages in the distal femurs 
has been plotted individually in Fig. 1. Maximum mitotic 
activity was noted at 1800. When the results for all the 
rats killed at the various intervals were grouped, the 
index at 1800 was greater than ‘the means of groups 
reported from 1000 to 1400 (P < 0-02) and from 2200 to 
1000 (P < 0:05). 

Peak mitotic activity was not anticipated at 1800. 
In the previous study in mice, counts of mitotic 
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Fig, 1. Circadian variation in the mitotice index of chondrocytes in 
the proliferating zones of the distal epiphyseal cartilages of rat femurs 


0200 0600 1000 


Dark -——~> 





figures arrested in metaphase during two 8-h periods 
following colchicine administration suggested that the 
greatest proliferative activity should occur from 0200 to 
1000 rather than from 1500 to 2300. Species differ- 
ences are unlikely. However, i is very nossible that the 
maximum number of mitoses were nct arrested from 
1500 to 2300. Colchicine is maximally effective only 
within certain limits of the dosage) and large doses may 
actually prevent cell division’. Chondrocytes might be 
variably sensitive to the action of & mitotic poison at 
different clock hours. In view of the mitotic rhythm thus 
shown for rat cartilages, it seems pertinont that a peak 
DNA synthetic index was found in \chondrocytes from 
cstrogen-treated mice 6-8 h earli at 1000-12004. 
These cellular processes are similarly timed in mouse 
liver’. z 
This work was performed under the auspices of the 
Atomic Energy Commission, and was supported in part by 
U.S. Public Health Service grant A-4225-Met. awarded 
to Dr. Franklin C. McLean of the Department of Physio- 
logy, University of Chicago. 
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PHARMACOLOGY 


Acid Mucopolysaccharide Content of Dermal 
Comective Tissue of Normal and Stressed 
Rats 


PREVIOUS investigations here and elsewhere have shown 
that glucocorticoid hormones as well as stress decrease the 
diffusibility of intradermally injected colloidal particles. 
Inhibition of diffusibility occurs when the colloidal 
material is injected both with and without hyaluronidase, 
‘the spreading factor’. Schiller and Dorfman? reported 
that cortisone acetate depressed sulphate (Na, **SO,) 
incorporation in chondroitin sulphate and carbon (acetate- 
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1-SC) incorporation in chrondroitin sulphate and 
hyaluronic acid of rat skin. On the other hand, Hayes and 
Baker? reported enhanced spread of a hemoglobin- 
hyaluronidase solution in the skin of rats which had been 
injected daily for 37 days with ‘Lipo Adrenal Extract’. 
Clay and Nelson‘ reported depressed spread of India ink 
as well as indian ink—hyaluronidase solutions in the skin 
of rats which had been stressed as long as 4 months with 
elevated environmental temperatures. The authors found 
that a single injection of cortisone acetate’ or a short 
period of forced swimming® in heat-treated rats caused a 
marked increase in dermal diffusibility. . 

The purpose of the work recorded here was to determine 
whether changes in dermal diffusibility are accompanied 
by changes in dermal mucopolysaccharide content in 
rats subjected to short- and long-term stress. 

48 male Wistar strain rats (260-340 g) were divided into 
3 groups of 16 rats each. 

Group 1 (control) was maintained under ‘stress free’ 
conditions. Dermal diffusibility was assayed in 8 rats. 
The remaining 8 rats were decapitated and bled in order 
to obtain resting levels of plasma corticosterone. Dermal 
mucopolysaccharides as well as weights of the thyroid, 
thymus and adrenal glands were determined in the latter 
group. 

Group 2 was maintained for 2 days in individual steel 
cages (5:5 in.x2-5 in.x 2-5 in.) at 12°+2°C. Dermal 
diffusibility was assayed 1 h after stress in 8 rats. The 
remaining 8 rats were decapitated immediately after 
stress, and blood, skin and endocrine organs were collected. 

Group 3 was subjected to cold and restriction of move- 
ment for 14 days. The rats were then treated in 
2 sub-groups as described for group 2, previously. 

Dermal diffusibility was assayed by the method of Clay 
and Nelson‘. Solutions of indian ink as well as indian ink 
with hyaluronidase (150 U.S.P. units, ‘Alidase’, Searle) 
were injected intradermally in the flanks under light ether 
anesthesia. The area of ink spread was measured 1h later. 
The shaved skin of each rat was finely ground, defatted 
and dried at room temperature. The mucopolysaccharides 
were extracted and isolated by the method of Schiller 
et al.. The mucopolysaccharides were precipitated 
with cetyl-pyridinium chloride and the precipitate was 
washed with 0-03 M sodium chloride. Hyaluronic acid. 
chondroitin sulphate and heparin were extracted succes- 
sively with 0-4, 1:2 and 2-1 M sodium chloride. The 
mucopolysaccharide content of the different fractions was 
determined by the carbazole method of Dische®. Glucurone 
was used as standard. The values are expressed as micro- 
grams of glucuronic acid equivalent per gram dry skin. 
Plasma corticosterone-levels were assayed. by the method 
of Silber eż al.?. 


Table 1. ENDOCRINE GLAND WEIGHTS AND PLASMA CORTICOSTERONE- 
LEVELS IN NORMAL AND STRESSED RATS 

Group 1 Group 2 Group 3 

(Control) (2-day stress) (14-day stress) 
Adrenal weight * 12-6 + O-5t 18:3 + 04 18:2 + 0-6 
Thyroid weight * 205 + 10 173 + 8 189 +7 
Thymus weight * 179 +5 54T 62 + 5 
Corticosterone $ 
mce.g/100 ml. plasma) 7-63 + 1-00 41-60 + 3-10 48-00 + 170 


* mg/100 g body-wt. 
t S.E. 


Table 1 shows that 2 days and 14 days of stress increased 
relative adrenal gland weights (P < 0-01 in each case) 
and plasma corticosterone-levels (P < 0-01 and < 0-001, 
respectively) from control levels. The combination of cold 
and restriction of movement resulted in elevated plasma 
corticosterone-levels for 14 days. Hayes and Baker? 
produced increased dermal spread of a hæmoglobin- 
hyaluronidase solution by daily injection of ‘Lipo Adrenal 
Extract’. In our laboratory we have shown that cold 
alone (10°4 2° C) causes an initial rise in plasma corti- 
costerone-levels followed by a return toward normal levels 
by the second day of cold. 
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Table 2. DERMAL DIFFUSIBILITY AND MUCOPOLYSACCHARIDE CONTENT 


IN NORMAL AND STRESSED RATS 


Group 1 Group 2 Group 3 
g (Control) (2-day stress) (14-day stress) 
Mucopolysaccharides * 
Hyaluronic acid 831 + 22-5+ 264 + 14:2 421+ 68 
Chondroitin sulphate 155+ 86 86 + 13-8 182+ 54 
Heparin . 7+ 34 TOF 2-6 56 + 28 
Dermal diffusibilityt 
Ink 4+ 5 30+ 2 12+ 1 
Ink-hyaluronidase 168 + 12 144 + 16 290 + 28 
g uronic acid/g dry skin. 


* yy 
+ SE. 
$ Ink spread in square millimetres, 


The 2-day stress (Table 2) caused hyaluronic acid and 
chondroitin sulphate to decrease from control levels 
(P < 0:05 and < 0-01, respectively). The docrease in 
heparin concentration was not significant. 

The 14-day stress caused the following changes in 
concentration of acid mucopolysaccharides compared with 
control and 2-day stress levels; hyaluronic acid increased 
(P < 0:01 and < 0-001, respectively); chondroitin sul- 
phate increased (P < 0-05 and < 0-001, rospoctivoly) ; 
and heparin decreased (P < 0:01 and < 0-02. respoc- 
tively). Decreased relative thyroid weights after both 
stress intervals suggest inhibited thyroid hormone 
secretion. The mechanism of stress induced elevation of 
hyaluronic acid and chondroitin sulphate in rat skin 
remains to be elucidated. 

Dermal sproad of tho indian ink—-hyaluronidase solution 
(Table 2) decreased after 2 days of stress from the control 
level (P < 0-05) and increased after 14 days from both 
control and 2-day-levels (P < 0-01 in cach case). Thus 
decreased spread accompanied decreased concentration of 
hyaluronic acid and chondroitin sulphate; increased 
spread accompanied increased concentration of hyaluronic 
acid and chondroitin sulphate. 

This work was supported by a grant from the Ciba 
Pharmaceutical Co. i 
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Biological Activity of Synthetic £-Corticotropin 
THE synthesis of ßB-corticotropin has recently been 
reported by Schwyzer and Sieber’. This communication 
concerns the biological activity of this synthetic cortico- 
tropin in various experimental assay procedures. The 
synthetic corticotropin was compared with the Third 
International Standard? and a commercial preparation of 
high purity (ACTH, Wilson Laboratories, Chicago, 
declared to have a potency of 95 1.v.). 

In the adrenal ascorbic acid depletion assay the sub- 
cutaneous route of administration was used as described 
in the United States Pharmacopeia, XVI. Details con- 
cerning the animals and doses used are given in ref. 3. 
Since the International Working Standard is provided in 
ampoules lyophilized with an inert carrier, the synthetic 
B-corticotropin was also prepared in ampoules lyophilized 
with 99 parts of mannitol in order to ensure similar experi- 
mental conditions. 

The secretion of corticosteroids from the adrenal glands 
of acutely hypophysectomized rats was examined by a 
modification of the method of Lipscomb and Nelson‘. 
Groups of 5-7 male Sprague-Dawley rats weighing 300 g 
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Fig. 1. 


White columns, International Working Standard; hatched, ACTH- 
Wilson; black, synthetic £-corticotropin 


were used for each dose-level. The rats were anesthetized 
with pentobarbitone (50 mg/kg body-weight intraperi- 
toneally) and heparinized (4 mg/kg intravenously). <A. 
cannula was inserted into the left adrenal vein from which 
blood was collected into preAveighed ice-cooled tubes. 
After a collection time of 30 min the rats were hypo- 
physectomized. The blood was then collected for two 
further periods of 30 min each. After this time, the cortico- 
steroid secretion had fallen to very small values (average of 
0-86 + 0-34 ugj30 min for 131 animals). ACTH was 
then administered intravenously (v. saphena magna). 
The collection of blood was continued in periods of 30 min 
for 2h more. Corticosterone was isolated by extraction 
with methylene chloride and paper chromatography and 
determined fluorimetrically as well as by its blue tetra- 
zolium reaction. (We thank Dr. R. Neher for his help in 
carrying out the isolation and determination of the 
steroids.) 

The in vitro release of corticosterone, aldosterone, 
and two substances which wero tontativoly identified as 
18-OH-corticosterone and 18-OH-deoxycorticosterone, 
was examined by incubating quartered rat adrenal glands 
according to Saffran and Schally® with the modifications 
described previously’. The medium was extracted at the 
end of the incubation with methylene chloride and 
the steroids separated by paper chromatography in 
the ethyl acetate/butyl acetate/water system®. The steroids 
were determined fluorimetrically, corticosterone and 
aldosterone in addition by the blue tetrazolium reaction. 

The melanophoric-stimulating hormone activity was 
compared on the skin of freshly decapitated frogs. 

From the adrenal ascorbic acid depletion assay syn- 
thetic B-corticotropin was estimated to have a potency of 
115 + 221.0./mg. In this assay the slopes of the dose- 
response curves were found to be the same for the syn- 
thetic peptide as for the natural hormone. The melano- 
phore-stimulating activity of the synthetic B-corticotropin 
was found to be identical with that of the International 
Working Standard. 

Fig. 1 illustrates the release of corticosterone in hypo- 
physectomized rats determined in four successive 30 min 
periods following intravenous injections of different doses 
of: synthetic corticotropin, the Third International 
Standard and ACTH-—Wilson. The minimal dose of 
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The mode of action of the two diph 
reaction is an open question? +, If is s1 
for certainty whether or not the diph 
attached to the platelets. me 

An experimental approach towards: 
of action of the diphosphates is to de 
differently substituted nucleotid 
for activity. Another approach to 
of substances which will inhibit 
about by ADP. Important contri 
have here been made by Bora 
show that. adenosine, AMP. 

We should like te add two 3 
list of diphosphates which will ind 
finally present as a working l 
mode of action of the nucleotid 

The two diphosphates ara o 
(3-deoxyadenosine diphesph: 
adenosine diphosphate.  Cordveep 
prepared by “Dr. Hans Klenow. 
Copenhagen) was prepared by a proce 
oxidation with periodate and © 
purification and should therefore bo: 
l-N-oxide was synthesized irom 
described by Klenow’, T produc 

ulp ; 
(a solvent which separates it from ADP 
and. the ultra-violet absorption s 
to that deseribed in the literature for ade 
phate 1-N-oxide®.. These di 
huma 
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of the platelet. The importance of hydrogen bonding in the 
_ ADP-platelet aggregation reaction is suggested by the 
recent finding of Hellem ef al. that urea, a well-known 
breaker of hydrogen bonds. prevents the aggregation 
reaction. vn REE oe 

“In tho case of adenosine diphosphate 1-N-oxide, it 
- would be expected to attach itself to the same sites on the 
surface. of the platelots aa ADP, since the N,--0. group 
could still hydrogen-bond. in a manner similar to that of 


< N; of the adenine ring. Of the known inhibitors, 2-oxy 


< 6-amino purine riboside, DPN, AMP, ATP. 6-methy] 
“amino purine riboside,. adenosine and FAD* could all 
hydrogen-bond in an identical manner to that of ADP 
with the platelet surface and thereby compete with ADP 
for the active sites. ; a 
All the nucleotides so far known to bring about aggre- 
gation have at physiological pH an uneven number of 
- negativo charges, whereas the inhibitors have no charge 
“at all (adenosine)-or an even number of charges. The 
diphosphates have three n ive charges and. adenosine 
tetvaphosphate five charg: Catt, which is required 
aggregation of platelets, is by ionic forces attracted 
atively charged groups of Po- Dus to the 


microscope (Reichelt “Fl ye Bs 
Erythrocytes of umbilical blood are stained by the s 
fluorescein-labelled antiserum and illuminated under the 
ultra-violet microscope (Fig. 1}. Fig. 2 shows that adult 
erythrocytes aren 
and adult: blood wa 
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shown in Fig. 3, fetal erythrocytes are 








al i th of dark unstained adult erythrocytes. 
The method described here is of value in detecting 


tal hemoglobin and may be useful in investigations of 
lacental passage of foetal erythrocyte, changing from 
tal to adult hemoglobin and hereditary molecular 
ea Moreover, this method should be satisfactory 
igating synthesis of foetal hæmoglobin and a 
n of gradual change-over from foetal to adult 
in. 

Prof. N: Ishizuka, Dr. A. Hagihara, Prof. 
oto and Dr. K. Maeno for their advice. 
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Antithrombin Activity of Normal Human 
A Saliva 
THis communication is one of a series of papers dealing 
h the influence of certain body fluids on the blood 
coagulation and especially on thrombin—its principal 
me. Previous investigations concerned blood serum 
lasma, normal and pathological cerebrospinal fluid, 
ne, and gastric or duodenal juices’*, These investi- 
_ gations were aimed at explaining the in vitro action of 
_ the aforementioned fluids. on blood coagulation in order 
_ to draw some conelusions as to in vivo conditions, when 
the extravasated blood mixes with an appropriate body 
fluid. Such conclusions are important not only for a 
better understanding of the xtiopathogenesis of some 
internal hamorrhages but also for their proper prophylaxis 
treatment. 
e standard thrombin solution and the plasma sub- 
strate were prepared in the manner already deseribedt 2-5, 
obtained in the morning from 10 normal 
lts (5 male. 5 female) without any 
anges in the oral cavity or teeth, half an 
ing the mouth with physiological saline. 
liva was then filtered through Watson No. 1 paper 
tatroom temperature for Lh. Before the inactiva- 
jon determinations, the pH of the saliva was examined 
_ with universal indicator paper (Dr. Gerhard Kloz, 1 Berlin, 
_ 44 Neukölln, Hobrechtstrasse, 82). We examined 10 
| specimens of saliva with pH’s of 6-7—7-4. 
_ — To determine thrombin inactivation, 0-1ml. of thrombin 
standard solution was mixed in a water bath (37°) with 
examined saliva, and immediately after 0-2-ml. 
© was added and the coagulation. time 
determined (0 min incubation). The 
ibin solution and saliva were also 
7°) for 10 and 20 min. After that 
substrate was again added and the 
n determined. In the control reactions, 
mil, of saliva the same quantity of physio- 
as used. In standard thrombin solution 
ted mixtures of either thrombin and saliva 
OY and physiological saline, pH determinations, 
ere also carried out with the same indicator paper. Each 
termination of coagulation time was repeated. three 
ps ma the mean- value given in seconds was taken as 
a 
mtrols. 
> results are presented in Table 1. It can be seen 
nat when thrombin is mixed with saliva the pH undergoes 
inimal changes due to the pH differences of both 
gents. At the same time, coagulation is almost 






































» Altegether 90 experimental determinations 
h 30 after 0, 10, and 20 min incubation) and 
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Table i ; 
Thrombin+ NaCl Thrombin + saliva es oot 
Sex {control 0 min incubation. (min) pilot a4 
incubation) 0 10 20 saliva: i i 
30:3 81:5 380 40-0 T3 pA 
30-8 29-3 32-6 34-6 Tü ee 
Male 29-6 32-6 34-6 86-3 T3 Te 
30-0 326 33-5 34-6 oe os 
30-1 30-5 340 86-5 7o kai 
30-8 283 310 $90 Pi oe 
20-6 33-0 34-6 86-8 ie. | es 
Female 29-8 335 383 368 LS TE 
296 300 820 846 we Orly 
30-0 31-1 83°3 Iet TO Be 
Controls 301 321 Shi gor 
(thrombin 30-1 321 BBS TR 
incubated 30-6 32-3 330 GR FEE EET 
with NaCl) 30-1 32-6 33-0 ea 
380-0 32-0 B42 eo 
Mean values 
Male 30-2 81300 847 SO wT ay 
Female 30-0 812 83:8 Jia FA oo. 
Both sexes 301 813 34-3 B58 TI ou 
Controls 30-2 320 S29 oo eo 


Results of coagulation time determination given in secondin 
* pH of standard thrombin solution. B . K 
+ pH of thrombin incubated 0, 10 and 20 min with Nai 


with its control values (0 min incubation}. 
longation increases moderately with the 
time (10 and 20 min) and exceeds somewhat th iv 
tion of thrombin alone incubated with physiological 
saline. No significant influence of sex on pH value 
could be detected in the saliva specimens. : 

Bibliographical data on the hemostatic properties of 
saliva are very scanty. According to Nour-Eldin end 
Wilkinson” the saliva shortens the blood or plasma roaz 
lation times of normal persons and those with hemo 
A or B and thrombocytopenia. In the thrompber 
generation test the saliva may replace to some ex 
Factors VIII or IX, but not the platelets. The 
increases the prothrombin consumption. and 
generation in platelet-poor plasma. This inf 
similar to the serum’s platelet activity. The saliva d 
influence the activity of tissue thromboplastin and doce not. 
correct the coagulation defect of plasmas, deficient in 
Factors Ii, V or VII. The saliva does not contain Ta 
II, V or VII and requires for full hemostatic action the 
influence of those factors and also that of platelets. “The 
presence of the aforementioned factors increases the Perno- 
static influence of saliva. It does not coagulate the citrated 
plasma and fibrinogen, which excludes its thrombin-like 
property, and has no influence on. the retraction of 
thrombocytopenic blood. There are no differences in the 
character of activity between the salivas of normal 
persons and patients or carriers of hemophilla..4 or B. 
Age, sex, type or severity of disease do not play any 
significant part. Rogoz, Kossmann and Pambska™ 
investigated the action of saliva on different coagulation 
reactions and obtained results similar to those of the 
British authors. In thrombolastographic investigations of 
normal plasma and of plasmas from patients with 
hemophilia, thrombocytopenia, treated with dicumarnl 
derivates or of platelet-poor normal plasma the addition of 
saliva caused a significant shortening of r and k and a 
moderate diminution of ma. Polish authors demonstrated 
differences in the saliva activity even in the same indi- 
vidual. 

Nour-Eldin and Wilkinson’ deny any anti-ihrombin 
activity of saliva which does not influence thrombin- 
fibrinogen reaction. The adsorption of saliva on barium 
sulphate increases its coagulation-promoting effect, whi 
Polish authors" refer to as the adsorption of unprec 
coagulation inhibitors. Our results demonstrat 
immediate and, progressing with incubation. moder 
thrombin inactivation in the medium and pH ofn 
human saliva. Tt is impossible to establish as yet 
this anti-thrombin activity is unspecifie and r ; 
thrombin adsorption or destruction, or specifie and rolated 
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to the existence of unti-thrombin in the saliva rich in 
proteins". In Nour-Eldin and Wilkinson’s'® experi- 
ments the amylase (0-5-5 mg/ml.) inhibited all coagulation 
tests, and English authors deny the role of amylase or any 
protease in the coagulation-promoting action of saliva. 

Our findings and those of other investigators explain, on 
one hand, the effective checking of bleeding and wound 
healing in the oral cavity if not complicated with diffuse 
oral tissue lesions or hwmorrhagic diathesis. Perhaps the 
covering with saliva of external wounds as observed in 
some animal and human beings can be ascribed to the 
hemostatic action of saliva. On the other hand, our results 
indicate the possibility of a more frequent than now 
administration of thrombin hemostatic agents in the case 
of operations and hwmorrhages within the oral cavity. 

The role of pH in thrombin action is well-known'*-"*. 
In our experiments the minimal individual differences in 
pH of saliva specimens did not exert any significant 
influence. We did not detect either the influence of sex 
as it was found in the investigations of the anti-thrombin 
activity of serum and plasma*-*. 

We conclude therefore that: (1) Normal human saliva 
(pH 6-7-7-4) inactivates immediately but moderately the 
added thrombin. This inactivation increases moderately 
with the incubation time. (2) The weak thrombin 
inactivation due to the medium and pH of saliva ensures 
favourable conditions for thrombin action. This explains 
rapid and spontaneous checking of oral hemorrhages if 
not complicated by local diffuse lesions or general 
hemorrhagic diathesis. Therefore the thrombin hemo- 
static agents should be used more frequently in the case 
of operations and hemorrhages within the oral cavity. 
(3) The anti-thrombin activity of saliva may be specific 
and related with its proteins. (4) No significant influence 
of sex on the pH value of saliva specimens could be 
detected. 

We thank Dr. Hubert Sierostawski for his assistance. 
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HISTOLOGY 


Staining Reactions of Collagen in ‘Epon’ 
Sections 


Ir was recently reported! that collagen fibrils appeared 
tubular in electron mierographs of ‘Epon’ sections stained 
with Karnovsky’s? alkaline lead hydroxide solution, and 
it was speculated that mucopolysaccharide might be 
present within the fibrils. The colloidal iron method for 
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Fig. 1. Collagenous tissue in submucosa of rat jejunum, The inter- 
fibrillary substance has stained heavily with lead hydroxide whereas 
the collagen fibrils appear as clear unstained areas. The tissue was 
also reacted with colloidal iron, and the presence of numerous dark 
iron-containing particles in the interfibrillary substance suggests that 
it contains acid mucopolysaccharides (electron micrograph, x 60,000) 





Fig, 2. Three-day rat peritoneal granuloma. Adjacent to the fibroblast 

(F) are strands and clumps of amorphous material which have stained 

with the lead hydroxide. This material reacts with the colloidal tron 

method and presumably contains acid mucopolysaccharides (electron 
micrograph, x 60,000) 





Fig. 3. This is taken from the same tissue as Fig. 1, but the plane of 

section is parallel to the collagen fibrils. The collagen fibrils are un- 

stained (Fig. 1), but the periodic banding of collagen is still evident, 

The stained interfibrillary substance is therefore acting as a replica 
of the surfaces of the fibrils (electron micrograph, x 60,000) 
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demonstrating acid mucopolysaccharides** has been 
_adapted for the electron microscope®:*, and although it 
confirms that acid mucopolysaccharide is present in the 
ound-substance coating the fibril (Fig. 1) it provides 
 noevidence for the presence of mucopolysaccharides within 
the fibril, It seems that two factors, which may be inter- 
related, contribute to the tubular appearance of the fibrils: 
(1) ‘Epon’ penetrates collagen fibrils poorly and sometimes 
ot at all; (2) the lead hydroxide solution tends to have a 
tronger affinity for ground-substance than for collagen 
fibrils (Figs. 1 and 2). Nevertheless, longitudinal sections 
ill: show the characteristic banding of collagen (Fig. 3), 
lich means that the ground-substance coating each 
bril ig like a stained replica of the fibril’s surface. 
ty of lead for ground-substance is found after 
osmium-suerose solution, formalin, glutar- 
_ Luft’s solution. Oddly enough. it can be 
n the process of section-cutting. and wherever 
Epon’ has been compressed during cutting there are 
sional areas in which the image is reversed, with 
-stained collagen fibres and pale ground-substance. 


A. E. CLARK 
R. C. CURRAN 
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Adrenergic Innervation of Adipose Tissue 
examined by Fluorescence Microscopy 


-= Evipence: of a sympathetic nerve supply to the fat 
cells in adipose tissue has been based on histological 
bservations of material stained with silver or methylene 
uei? and on biochemical analysis of the noradrenaline 
tent rther, an increased production of free fatty 
F e tisstie after nerve stimulation has been 
ortet e the inhibitory effects on this production 
ting from denervation’ or treatment with reserpine®. 
eoncept of a direct innervation of fat cells seems also 
: 6 consistent with the fact that noradrenaline has an 

- adipokinetic effect both in vivo and im vitro, although 
certain species are apparently unresponsive*?, With the 
fluorescence method described by Falck eż al.*, Carlsson, 
Fakk and Hillarp® and Falck'*, noradrenaline can be 















_ demonstrated with very good resolution even in small 
nerve fibres, and it may now be possible to make more 
adequate observations of their distribution in adipose 


didymal and interscapular (brown) adipose tissue 








jpidly frozen in propane at — 195° C and frozen- 















“scope” 


to be greater than in the white. 
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ats weighing about 200g was cut into small 


ne week. After treatment with formaldehyde 
dding in paraffin, sectioning was made at 
he ons were examined in a fluorescence micro- 
scope", For comparison, mesenteric adipose tissue from 

female rabbit and a roaster was treated in the same way. 
Adrenergic nerve fibres with distinct contours were 
seen in the walls of arteries down to the pre-capillary level. 
In the brown adipose tissue, the number of fibres seemed 
There were no fibres 
around the. capillaries or veins, nor could any be seen 
ound the fat cells. In richly vascularized regions, single 
zes could be seen crossing the parenchyma, but this 
not found constantly. The sympathetic plexus around 
fat cells seen in silver or methylene blue preparations 
id not be reproduced, although the adrenergic nerves of 
the vessels could be observed with very good resolution. 


With the method used, even nerve fibres which are 
submicroscopic can be demonstrated, and it 
unlikely that the adipose tissue of all tissues sho 
supplied with a special type that escapes detection. 

The same principal distribution was found in all th 
three species studied. The similarity in the ade i 
innervation pattern of adipose tissue from rat, rabb 
domestic fowl, of which the two latter are reported to be 
unresponsive to noradrenaline in vitro, suggests that th 
local adrenergic nerves are mainly vasoregulatory. 
concept of a direct stimulation of the fat cells by a 
rounding adrenergic plexus is not supported by the pri 
findings. It cannot be excluded, however, that 
aline released from the vessel nerves may, at leas’ 
extent, reach the fat cells via the blood stream, _ 

This work was supported by a research grant from the | 
U.S. Publie Health Service (NB 02854-03) and a grant = 
from the Swedish foundation ‘“Therése orh- Johan 
Anderssons Minne’. 
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PATHOLOGY 


Adsorption of Tetanus Toxin by Sub-cellular 
Fractions of Rabbit Brain Homogenate 

Wassermann and Takaki!, and others?, have reported 
that brain mince adsorbs tetanus toxin while minces of 
organs other than brain and spinal cord fail to do so. Van 
Heyningen? elucidated the chemical basis for the adsorp- 
tion phenomenon by showing that tetanus toxin binds 
directly to brain gangliosides, provided that carboxy! 
groups of sialic acid residues in the ganglioside are frot 
interact with the toxin. Little information is availahie, 
however, concerning the specific sub-structures. of the 
neurone and/or glial cell involved in the interaction of 
brain ganglioside and tetanus toxin in vive. In view of 
the fact that the histo-pathological changes in brain. and 
cord cells of tetanus-intoxicated animals are non-speciic. 
and are slight, or frequently absent in humans‘, any 
information concerning the binding of the toxi¢ agent. to 
specific cell structures might prove helpful in undor- 
standing the mechanism of its neurotoxic action. 

Adult rabbit brains were homogenized in 0-25 M sucrose 
in a ‘Teflon’ mortar and pestle homogenizer and were 
separated into four sub-fractions by differential high-speed. 
centrifugation. The fractions obtained were the following: 
a 250gx3 min to 800gx10 min fraction (nuclei); an 
800g x 10 min to 17,000g x 20 min fraction (mitochondria 
and lysosomes); a 17,000g x 20 min to 100,000g x 60 min 
fraction (microsomes); and, the cell-sap fraction. The 
granule fractions were washed several times in suet 
before final re-suspension to starting volume of hom 
genate. Each fraction was then incubated at 37 C 
60 min with 12 minimal lethal mouse. doses of- 
toxin/ml. (Tetanus toxin was kindly supplied f 
A. W. Bernheimer of the Department of  Mierobiolog 
New York University School of Medicine. This prepars- 


















Table 1, NEU 






| gneubated Volume of 

































a eae | : ted 4 | No, of Survival time (h) 

Le Tissue fraction oo dose of toxin supernate injected | mice ~ ei m- i - 
ae permi. |. (subcutaneous) f injected Minimal) Maximal i Mean 

Control (no tissne) , 0-06 microgram | i | : ' 

| 02x MLD/100) om | 20 | 30 47 37 

| Whole brain homogenate | E z | 0-75 n 10 | Si i Bes Survived. | 

Whole liver homogenate i Ai } 0-75, } 10 | 48 | 72 öl oye 

Brain nuclei | ‘ i 0-75 ., | 10 i 48 92 _ 2 t 

Brain 17,000g granules i i 7 i 0-75 n i 15 ~~ | — Survived | 

Brain microsomes | i s d 0-75 ,, | 10 | ~ f a Survived i 

Brain cell-sap | n 1 i 0-75 ,, | 10 29 i 49 39 | 
| Liver 17,0009 granules f ü nt 0-75, 10 32 50 39 } 

t t f H 
arsine wer a se PEF EE tet Á Si i EONO 
* 60 min incubation at 37° C. 
FACILITATION: oy TETANUS TOXIN LETHAL EFFECT BY VARIOUS PRE-TREATMENTS 


Table 2, 
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i Challenge dose of | 




































, | Survival time (h) i 
Pretreatment i No. mice tetanus toxin a 5 as APEE B 
ean I tested | (ua) | Minimal Maximal | Mean feo 
et eect oe = neem |- T a prenh 
oD yug tetanus toxin, intravenous, 24 h earlier 2 | 09-006", i,v. 120 RS ; 
0-000005 tet: toxin, fat 24h Li 12 | 5*, i | 63 RS 
As above | 12 | None — — Survived | 
None | 13 0-005, iv, 96 | 132 112 i 
te rear ETIDE RRES minir ad Gaon eit ae emt 
| O-S-ml, of saline extract of brain and spinal cord from } : j i ‘ 
untreated mice, injected subcutaneously 2 h earlier i 12 0-005, iv. 117 146 132 : | SE 
|: 0-0 ml. of brain-cord extract from toxin pretreated mice, AR 
| injected as above ae | 12 0-006, i.v. 108 144 W220 ia 
0-5 ml: Liver-spleen extract from toxin-treated mice, | | | 
i injected as above 12 0-005, i.v. | 117 144 | 134 : 
0:5 ml. serum from toxin-treated mice, injected as above 2 0-005, iv. 118 145 i 134 


*1 x MLD]100 (mouse). 


< tion was 70 per cent pure toxin and originally contained 
_ 25-50 million LD/50 mouse doses and 375 L+ units/mg 

protoia. -After being dissolved in water and stored for 
long periods of time at — 20°C, activity of toxin was 





éctive in removing toxin from the incubation medium. 
addition, complete homogenate and 17,000g granules 
abbit liver were unable to neutralize the lethal effect 
tho toxin. 
Neurones of several species contain large numbers of 











- — aeid-phosphataso-rich granules, which are thought to be 


 lysosomes*. De Duve? has suggested that release of 
: lysosomal enzymes (digestive acid-hydrolases including 
‘oteases, nucleases, phosphatases, ete.) might occur 
thin injured cells as a result of altered permeability of 
mal membranes, and that this event could then lead 
rther deterioration of -cell-structures. Since the 
some-containing fraction of brain homogenate (17,000 
ule fraction) was observed to bind tetanus toxin in 
experiments, we next investigated whether lysosomal 
particles in this fraction discharged their contained 
enzymes as a result of interaction with the toxin in vitro. 
Koenig had already suggested that tetanus toxin might 
release destructive enzymes from brain lysosomes’, and 
release of such enzymes from liver lysosomes has been 
observed to occur in vivo in rabbits*® and rats? treated with 
Escherichia and Salmonella endotoxins, Rabbit brain 
~ granules (17,000g lysosome-containing fraction) were 
suspended in 0-25 M sucrose containing 0-1 per cent 
gelatin and were incubated for 45 min at 37° with as: many 
88 1,200 minimal lethal mouse doses of tetanus toxin: per 
ml. However, this procedure caused no significant increase, 

. above control values, in rate of leakage of 2 lysosomal 













enzymes (acid-ribonuclease and acid-phenolphthalein— 
phosphatase) into the granule supernate. Control rates 
were determined for identical granule preparations 
incubated without the toxin. ee 
‘In the course of the experiments reported here, it was 
observed that an amount of toxin as small as 1/100th of 
MLD, if injected into mice 24 h before the administration ~~ 
of a minimal lethal dose (0-005-ug), would shorten the mean 
latent period of the second dose by 24 h (Table 2). The 
facilitating effect of the first small dose of toxin could not 
be attributed to any immediate depression of the reticulo-.’ 
endothelial system or to a depression of this system 24 h 
later when the challenge dose of toxin was usually 
administered. Neither was there a depression resulting _ 
from the combined actions of the priming and challenging | 
doses of toxin’*. It was possible, however, partly. to — 
transfer the facilitation in saline extracts of brain and — 
spinal cord obtained from mice previously treated with — 
small doses of tetanus toxin (Table 2). This effect was not 
observed with brain and cord extracts of untreated mice 
or with liver and spleen extracts or serum of to a 
pre-treated animals, In this experiment, 0-0002 ug of 
toxin was given intravenously per mouse, 24 h before. 
killing the animals. Organs and blood were removed, and 
15 per cent saline homogenates of the former weres. 
prepared in the Waring blender. The clear supernates of 
the homogenized organs and the serum were injected. . 
subcutaneously (0-5 ml. per test mouse) 1-2 h before 
intravenous injection of one minimal lethal dose of tetanus 
toxin. ; 
In mice injected with tetanus toxin first and then with 
tissue extract 1 h later (brain and cord from toxin-treated 
animals), no facilitation of the lethal effect of the toxin | 
was observed to occur. It should also. be noted that part 
of the facilitation effect may have been masked by tissue 
extract transfer (see mild protective action of tissue extract. 
and serum injected beforehand into toxin-treated animals, 
Table 2). ae 
In view of Firor’s proposal"! that an endogenous toxic 
principle appears in neural tissue of animals injected with 
tetanus toxin, it would seem plausible to suggest that, in 
the foregoing experiment, & similar substance might have’ 
been responsible for the facilitation of lethality transferred _ 
by brain-cord extracts of toxin-treated mice. However, it 
is also possible that tetanus toxin: adsorbed by brain o 
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ganglioside was released during saline extraction of these 
tissues and was Soponsible for the apparent passive 
transfer of facilitation. 

In conclusion: (1) The adsorption of tetanus toxin by 
nerve cells may lead to the appearance of an endogenous 
toxie principle. However, on the basis of in vitro tests, it 
would not appear that this principle is related to hydro- 
lytic enzymes released from nerve cell lysosomes. (2) The 
selective affinity of 17,000g granules and of microsomes 
for tetanus toxin and the poor adsorption of this agent by 
nuclear and soluble fractions of rabbit brain homogenate 
undoubtedly reflect differential localization of gangliosides 
within these classes of cell constituents. (3) Further 
investigations will be required to determine the relation, 
if any, between adsorption of tetanus toxin by different 
sub-cellular fractions of brain homogenate in vitro, and 
the mechanism of action of this neurotoxin in vivo. 

This work was supported by U.S. Public Health Service 
grant HE-08192-01. 
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Cytolytic Activity of the Serum of Normal 
Male Guinea Pigs against their own 
Testicular Cells 


THE presence in male guinea pig serum of factors react- 
ing with spermatozoa from the same animal has been 
recognized for many years. Metchnikoff' found slight 
activity of serum against an animal's own spermatozoa, and 
Bordet? states that the sera of unimmunized guinea pigs 
show appreciable toxicity for the animal’s own spermatozoa. 

This communication reports a cytolytic activity in the 
serum of normal male guinea pigs against the animals’ own 
testicular cells. 

The suspensions used to investigate this cytolytic 
activity were prepared by mincing guinea pig testis ‘in 
Dulbecco and Vogt’s calcium and magnesium-free phos- 
phate buffered saline with added glucose. Care was taken 
to have the testis as free from blood as possible before 
chopping and then to chop in about 30 ml. of the saline 
followed immediately by washing to minimize the possi- 
bility of contact between the testicular cells and serum. 
After two washings in Dulbecco’s saline the cells were 
resuspended in tissue culture Medium 199. The suspen- 
sion so obtained appeared to consist of the contents of the 
seminiferous tubules together with a few red cells. 

If the suspension of testicular cells was incubated at 
_ 37° C with serum from the same animal, then cytolysis of 
the cells was seen (Figs. la and b). There was also 
immobilization of sperm accompanied by acrosomal lysis. 
This lysis of the acrosome was obvious only when the flat 
surface of the sperm head was examined. When the 
serum of 15 guinea pigs was titrated, the anti-testicular 
activity could be detected to a dilution of 1 : 8 to 1 : 64 
depending on the particular individual animal. 
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a, Guinea pig testicular cells before treatment with serum as 
ù, lysis of guinea > Sees testicniar 


Fig. 1. 

E under phase contrast microscopy; 

cells following incubation with the an 's own serum. 
from the same animal are seen intact 


red cells 


From initial experiments with four guinea pigs it 
appeared likely that the cytolytic activity was due to an 
antibody-like factor and labile complement, and so 
experiments were performed to attempt to confirm this. 

It was found that both the cytolytic activity and the 
hemolytic complement activity were lost after heating 
the serum to 52° C (Table 1). The complement activity 
was measured on sensitized sheep red cells. This suggested 
that tha labile factor involved in the mediation of the 
cytolytic activity was in fact complement. This sugges- 
tion was further strengthened by the finding that the 
cytolytic activity was completely inhibited in the 
presence of M/100 EDTA. The next requirement was for 
a source of complement which itself was not toxic for the 
testicular cells but which could be edded to the heated 
serum to attempt to restore the activity. By absorbing a 
guinea pig serum with testicular cells from the same 
animal the activity could be removed. If carried out at 
4° C three absorptions completely removed the cytolytic 
activity while the hemolytic complement activity was 
only slightly reduced. When this absorbed serum, used at a 
dilution of 1 : 15 as a source of antibody-free complement, 
was added to a titration of serum heated to 52° C or 56° C 
some of the cytolytic activity was restored. This activity 
was entirely against testicular cells and not against sperm- 
atozoa (Table 1). 

The observation that the cytolytic activity could be 
absorbed by testicular cells, while the complement activity 
remained, reinforced the hypothesis of antibody being 
involved in the mediation of the cytolytic activity. 
Further absorption experiments showed that the cytolytic 
activity could be almost completely removed by two 








“able 1, ORGAN SPROEFICITY AND HEAT LABILITY OF CYTOLYTIC ACTIVITY. 
OF GUINEA PIG SERUM FOR OWN TESTICULAR CELLS 
Reciprocal of Reciprocal of Reciprocal of 
50 percent titre at which 50 per cent 
cytolytic titre live sperm- hæmolytie com- 
against own plement titre 


ga atozoa first 
testicular cells seen * 


Treatment of serum 


Guinea pig A? 








Fresh (unheated) 32 32 512 
“Heated 10 min 45° C 32 32 512 
Heated 10 min 48° C 32 8 512 
oo Heated 10:-min 52° C m= a — 
Heated 10 min 56° C = = -- 
: ‘bed x 3.own testi- 
are lar cells f ~ — 256 
oo Heated 10 min 52° C + 
Brees | » absorbed serum 4 
‘Heated 10 min 56° C + 
oo 2016. absorbed serum 4 = 
: Fresh (unheated) + 
c M/A00 EDTA = _ -= 
Guinea pig ‘B’ 
~ Fresh (unheated) 64 G4 512 
Absorbed x-2 own testis 2 — 256 
Absorbed x 2 with 
either own liver or 
spleen 32 32 256 
o Absorbed: x- 2 own. 
Kidney. 32 32 128 


: *. The suspension of testicular cells contains some- spermatozoa and the 
“titre recorded in this column indicates the first dilition in which live sperm 
are seen. 





absorptions with testicular cells from the same animal but 
could not be removed by two absorptions with similar 
‘proportions of the animal's own liver, spleen and kidney, 
indicating the organ specificity of the responsible factor 
(Table 1). 

“This evidence suggests that there is a naturally occur- 
ring, organ specific, complement-fixing auto-antibody in 
male guinea pigs which reacts in vitro with their own 
testicular cells. 

This work was carried out under a research training 
scholarship of the Animal Health Trust. 
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IMMUNOLOGY 


oe Unspecific Lipoprotein Precipitation in 
Experiments for Detection of 
-o Tuberculosis-specific Antibodies 


- Some authors!-* have shown that, in certain conditions, 
unspecific precipitations occur if serum. lipoproteins are 
brought into contact with various sulphated polysacchar- 

ides. Following a communication by Allerhand and 

‘Zitrin®. we tried to demonstrate tuberculosis-specific 

antibodies in the sera of 35 tuberculosis patients. We 
“ gurmised that it could be possible to obtain a differential 

diagnosis for these patients in contrast to patients with 
© eertain forms of carcinoma of the lungs. 
"We used the double-diffusion test in agar gel in tubes 





= according to Oudin modified by Parlett, Youmans et 


-al.?, On our investigations with the sera of the tubercu- 

“losis patients different results were indicated by appearance 
of uncharacteristic precipitations. These results we could 
definitely prove by comparative experiments carried out 
with the double-diffusion test in agar gel according to 
Ouchterlony modified as a micro-method. In many cases 
we found by these tests 2-3 precipitation lines, but not 
localized on the points which are characteristic for 
antigen-antibody reactions occurring in agar gel. 

Our method was as follows. The sera of the tuber- 
culosis patients were diffused against old tuberculin 
obtained from the H37Rv strain (M. tuberculosis) by 
homogenizing with an Ultra-Turrax homogenizer, and in 
parallel investigations against sodium barbiturate buffer, 
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using physiological. saline only, Furthermore; we 
usedvarious concentrations of agar (1-1-5 per cent).1n 
sodium barbiturate buffer or saline (0-9 per cent). In 
every series we noted precipitations of lipoproteins, which 
could be identified by staining with sudan black B. The 
sera used were not lipwmic. The blood was taken from the 
patients in the morning before breakfast. Under various 
conditions precipitations in agar gel were found and on 
another occasion we did not succeed in reproducing these 
results with the sera of the same patients. Only the sera 
of 3 of 35 patients gave the typical antigen-antibody 
precipitation lines in agar gel by diffusing against old 
tuberculin. Additional immunoelectrophoreses carried 
out with the sera of the same 35 patients in all cases were 
negative. At present investigations are being continued 
with the separate protein fractions of [these sera according 
to Allerhand and Zitrin. 

Similar effects were found in previous experiments for 
the detection of cancer-specific antibodies in human 
sera’ with the aid of the agar-binding reaction according 
to Csaba and Toré*-", In a control group of 5 patients 
with a progressive tuberculosis, 3 sera of those 5 gave” 
different positive results'?, simulated by unspecific” 
lipoprotein precipitations. 
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Antibody Response of Mice to a Leukæmogenic 
Virus 


Tue 8-63 strain of leukemia virus kills new-born. 
ICR mice (obtained from the A. R. Schmidt Co, Ine.. 
Madison, Wisconsin) in 15-21 days. When the same virus ` 
is injected into young adult mice, there develop generalized 
lymphadenopathy, significant splenomegaly, and leuco- 
cytosis of 50,000-90,000 white blood cells/ern’, made up 
predominantly of lymphoid cells. Leukzmia develops in 
about 20 per cent and those mice die in 4 or 5 weeks, The 
surviving animals gradually recover with a stabilization 
and eventual subsidence of the gross signs. 

Virus could be extracted from both the brain and 
reticuloendothelial tissues of the infected anima's by the 
following technique: The tissues were minced in Hanks’s 
balanced salt solution (BSS), containing 1-5 mg per cent 
hyaluronidase, to make a 20 per cent homogenate. The 
pH was adjusted to 7-2 with sodium bicarbonate, The 
homogenate was digested for 1 h at room temperature, _ 
with oceasional stirring. It was then ground in a glass 
tissue mill to a fine suspension and centrifuged at 5° C fer 
15 min at 1,500g. The supernatant fluid was diluted 
1 to 5 with cold BSS, passed through a clarifying filter 
and collected in a pre-chilled container. The clarified 
supernatant fluid was filtered through a ‘Millipore’ filter. 
(0-45 my); an aliquot was tested for bacterial sterility, 
and the remainder centrifuged in a Spinco model E 
preparatory centrifuge for } h at 107.000g. The pellet 
thus obtained was re-suspended in BSS on the basis of 








nt per gram initial wet weight oftissue. This 
entrifuged for 5 min at 900 r.p.m. to 
and the supernatant was used for 
‘Now-bom mice received 0-1 ml. intra- 
young (20 g) adults 0-2 ml. intravenously. 
































‘On the assumption that a difterence in 
se could be responsible for this pheno- 


ells were counted, and serum was obtained 
noculation, at the height of the disease, 
period of recovery. Testing for antibody 
was accomplished by the passive cutaneous anaphylaxis 
and microprecipitin tests, in a manner previously 
deseribed?:?, es 1 shows the results. of these investiga- 


the white rh belong to the lymphoid series. The white 
blood cell count remains elevated until about the 6th 


past between the appearance of antibody and the drop 
in white blood cells. 
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Antibodies could not be detected at the time of the 
riginal inoculation or at the time of maximal leucocytosis. 
They first become demonstrable during the 6th or Tth 

è time when the white blood cells were 
normal values. So far we know that the 
in a demonstrable quantity for at least 


: ns between either negatively or positively 
ting sera were not observed when using a number of 
her viral agents, such as those of poliomyelitis, herpes 
plex, 2 influenza. The positively reacting sera 


dies described were protective. Gree of new- born 
als were injected intraperitoneally on 3 consecutive 
One group was not injected; the second received 
siological saline solution; the third group received 
im from normal mice; and the fourth group received 
im containing antibodies from convalescing animals. 

nimals in each group were challenges. with the 
rus on the 4th day of life. Table 1 summarizes 
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Table 1. 
Pre-treatment No Died Gross 
findings 
None 12 12 12 3 
Saline solution 21 20 20 pi 
Normal mouse serum 15 15 15 it 
Convalescent mouse serum 39 4 4 ay 












the results of these experiments. There was a si 
difference in protection between the various cè 
animals and those receiving convalescent sera Lev 
developed in only 4 of the 39 antibody poime 
in contrast to 47 of 48 control animals: 

We believe that the protection of the newbs 
injected with the convalescent mouse serumi is 
the presence of the demonstrated antibodies. Prosumal) 
the antibodies are present in sufficient. conce 
inactivate the injected virus. The development o 

antibody in the adult animal is thought to ace 
their recovery when challenged with the same vin 

Most new-born animals died within 15~21 d 
number of these were cannibalized and, therefore. w 
unavailable for histological examination; 33 
examined histologically (Table 2} and, of these, 9- 
histological confirmation. of leukemia. Though 
figure is rather low (27 per cent), it is believed hig 
significant in view of the age of the animals and the brief 
time between inoculation and death. Almost all aniials 
which survived beyond 2 weeks had histologically. © 
firmable leukemia, but those which died before this time 
had histological signs that could not be unequivocn}y 
called leukemia. 


Table 2. 






HISTOLOGICAL EVIDENCE oF LEURENIA (NEW-BORN FOR Mice) 
Days after nie 
; 16 7 is 
Saline solution §/13 1 
Normal mouse serum. Blo 1l 
Convalescent mouse serum 1/10 
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The behaviour of the virus suggests that it is e 
attenuated or that it is incomplete with low infect 
The immunological behaviour of the recovered: an 
resembles the response of mice to other known viral 
agents. This immunological response may find a paralel 
in man and suggests the possibility of a preventive 
approach to the disease. 
IRVING GREENSPAN 
Eric R. Browx 
Steven O, Scawanrz 
Department of Hematology, 
Hektoen Institute for Medical Research, 
Cook County Hospital, 
Chicago. 
ì Greenspan, L, and Schwartz, 8. O., Amer, Assoc, Cancer Res, Meeting, 
Atlantic City (April. 1961). 
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Experimental Infection performed with the 
Faces Suspension of Epidemic Hepatitis 
Patients on Rats and Guinea Pigs prepared 
with Ethionine 


As already revealed, attempts to transfer the viras of 
epidemic hepatitis to experimental animals generally 
failed because of the stenoxenic character of this agent’. 
In our earlier studies, we demonstrated that on inhibit - 
ing the protein metabolism of rats and guinea pigs with 
ethionine (S-ethyl-homocysteine), these animals develop 
susceptibility to lethal infection with agents to which they 
normally are resistant, for example, Leptospira 
haemorrhagiae*: ‘6, the virus of. Teschen-disease . 
encephalomyelitis enzootica suum) and the: irus 
ling hepatitis'?, On the basis of these resi 
tion of experimental animals with the viru 
hepatitis was attempted. 

The experiments described here were performed è 
female rats and 25 female guinea pigs weighing 1 
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Fig. 1. Liver of the ethionine ne atiii rat (hematoxylin-eosin, 
x4 


and 200-300 g, respectively. To the rats, ethionine was 
administered orally, that is, mixed with their semi-synthe- 
tie diet as described previously*:?°, while the guinea pigs 
received 20-40 mg daily in a 2 per cent sterile ethionine 
solution by the intraperitoneal route. Experimental 
infection was performed orally between the fifteenth and 
twentieth day of the experiment with a bacterium-free 
filtrate of a 1 : 100 dilution of fæces suspension of epidemic 
hepatitis patients. Between the fourteenth and thirty-fifth 
day after infection 50 and 40 per cent of rats and guinea 
pigs, respectively, died. Succeeding infection, from the 
twenty-first day on a rise of temperature, lasting for 2-3 
days, was observed in 25 per cent of the guinea pigs. Two- 
thirds of the sick rats and guinea pigs developed symptoms 
of jaundice, which became still more obvious after their 
death. On histological examination of the liver of dead or 
killed sick animals enormous swellings of parenchymal cells 
as well as loss of parenchymal columns could be observed. 
The protoplasm of the liver cells was homogeneous 
and cellular nuclei were rounded, frequently exhibiting 
various phases of cellular division. The interstitial tissue, 
enlarged mainly as a result of serous infiltration, and also 
certain cell types, for example, Kupffer cells, were found 
to have multiplied. Several cells were in the division 
phase, indicating an increased activity of RES in the liver. 
The histopathological changes described above are similar 
to the initial histological symptoms of acute hepatitis 
(Fig. 1). The rats and guinea pigs prepared with ethionine 
and used as treated, but non-infected, controls exhibited 
no signs of jaundice. At death the histological picture of 
these animals was found to be dominated by fatty 
vacuolate degeneration. In the interstitial and mesen- 
chymal part of their livers no inflammatory symptoms 
could be observed. The animals which did not receive any 
ethionine did not contract the disease. 

Following oral infection with 1: 5 to 1: 10 dilutions of 
liver homogenizates of animals with jaundice, rats and 
guinea pigs prepared with ethionine developed jaundice 
between the fourteenth and fortieth day after infection. 
The rates of morbidity and mortality were essentially 
similar to those of the group directly infected with the 
fæces suspensions of human patients. Further passages 
of the agent are in progress. 

According to the foregoing results, on artificial infection 
with fæcal samples from epidemic hepatitis patients, 
rats, and guinea pigs with ethionine-induced protein meta- 
bolic disorder develop symptoms essentially similar to 
those ébserved in human epidemic hepatitis. The agent 
was transferable to experimental animals pretreated with 
ethionine. However, as to the identity of this agent with 
the virus of epidemic hepatitis, final conclusions can only 
be drawn when, after being carried through a series of 
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animal passages, this agent proves capable of eliciting 


g infectious hepatitis in human volunteers. 
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RADIOBIOLOGY 


Effect of Whole-body Irradiation on the Rate 
of Increase of Blood Urea Nitrogen following 
Bilateral Nephrectomy in Rats and Rabbits 


WHOLE-BODY irradiation is one of the procedures 
used to promote survival of a kidney homograft. Since 
such irradiation produces extensive cellular damage it 
might conceivably lead to a rise in the amount of urea and 
other products of protein breakdown in the blood stream 
if, as sometimes happens, the graft remains for a time 
completely anuric or functions poorly. To investigate the 
matter we have examined the effect of whole-body 
irradiation, in doses comparable with those used clinically 
prior to renal transplantation, in rats and rabbits rendered 
completely anuric by bilateral nephrectomy. 

Rats. Eighteen albino rats were divided into three 
groups of six animals, and treated according to the 
following scheme: 

Group 1. 500-r. whole-body irradiation (230 kV, 
15 m.amp, 0:5 mm copper+1 mm aluminium, half-value 
layer 1-2 mm copper; focus-skin distance 75 cm; dose 
rate under conditions of maximum back scatter 66 r./min 
measured in air at the surface of the animal nearest the 
tube). 

Group 2. Bilateral nephrectomy (through a vertical 
mid-line abdominal incision under ether anæsthesia). 

Group 3. 500 r. whole-body irradiation followed 2—4 h 
later by bilateral nephrectomy. 

Each day 1 ml. blood was withdrawn via a tail vein 
from two animals in each group for estimation of blood 
urea nitrogen. 

Rabbits. Twelve lop-eared rabbits were divided into 
three groups of four animals and treated as follows: 

Group 1. 650 r. whole-body irradiation (conditions as 
in the previous experiment). 

Group 2. Bilateral nephrectomy (though a vertical 
mid-line abdominal incision under intravenous ‘Nembutal’ 
and ether inhalation anæsthesia). 

Group 3. Bilateral nephrectomy followed 18-24 h later 
by whole-body irradiation (650 r.). 

Each day 1 ml. blood was withdrawn via an ear vein 
from two animals in each group for estimation of blood 
urea nitrogen. 

The results are shown in Figs. 1 and 2, in which the 
width of the lines represents the proportion of animals 
surviving at any given time. It will be seen that all the 
animals which were irradiated but not nephrectomized 
survived and showed no rise in the blood urea nitrogen, 
whereas none of the animals in the other groups survived 
more than 4 days. The blood urea nitrogen rose a little 


































Fig. 1. Rats 


Days 
Fig. 2. Rabbits 


nore rapidly for the first 1-2 days after bilateral nephrec- 
my combined with irradiation than after bilateral 
ephrectomy alone; thereafter, however, the rate of 
crease was similar in the two groups. 
ems gee if the human response to 
lar to that of the rat and the rabbit, 
‘adiation prior to renal transplantation, 
marily employed, will of itself greatly 
of accumulation of urea in the blood stream, 





work was carried out while one of us ; (M. F.) was 
a clinical research fellowship from the Medical 


Mites Fox 
; M. F. A. WOODRUFF 
pi a ponies of Surgical £ Science and 


ati n between Deoxyribonucleic 
thesis and Mortality following 
-Irradiation in Mice 


During: the ‘past: few years there has been renewed 
terest regarding the kinetics of repair following irradia- 
both for animals exposed to whole-body irradiation 
for several in vitro systems. It was previously 
ht that repair following irradiation progressed in an 
nential manner such that the amount of residual 
| present continuously decreased with time'. The 
hod. usually used to examine this effect is the ‘paired- 
ique in which animals (or other systems) are 
initial sub-lethal exposure which is followed at 
ime intervals by a second, or challenging, dose. 
is estimated by comparing the response of the 
hich received the paired doses with controls that 
y single exposures. 
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Elkind, using cultured. mammalian cells, demon 
that after an initial dose of X-rays, the colls 1 ve 
cyclic sensitivity to a second dose; that is, im 
after irradiation, a period of decreased sensitivity í E 
(recovery), which was followed by a period of homes 
sensitivity, which was in turn followed by a second period 
of recovery’. oe 

Kallman extended Elkind’s concept to” 
finding of a cyclic repair curve for whole- 
mice; his model was based on the fact tha 
different radiosensitivity in the various pha 
mitotic cycle. Results from mammalian cells 
provided a large part of the biological basis for t 
If this principle applies to cells in vivo, a correlation. 
exist between animal mortality and the state o 
animal’s cellular populations. ï 
reports a correlation between synthesis of DNA ir 
spleens of irradiated mice and mortality results 0 ta 
from the same strain of animals. ae 

Male mice of the C57BE strain were irradiated i 
rate of 42-5 r./min with y-rays from a 6,000-cu 
cobalt unit. Groups of 8-10 were examined 4, 8 
24, and 48 h after a whole-body dose of 400 r. ` The npte 
of tritiated thymidine served as a measure of synthe: 
DNA. Unirradiated animals were used as controls. E 
animal received an intraperitoneal injection of IF; 
(New England Nuclear, 6,000 me.jmM) 1 h pric 
killing by cervical dislocation. Immediately after 5 
the animals were opened and the spleens removed and 
quick-frozen. The DNA fraction was isolated from | 
tissue by Schneider's method’. The radioactivity + 
counted by windowless gas-flow techniques with corr: 
tion for self-absorption. The DNA content of the iat 
was determined by the diphenylamine methodi. 

Fig. 1 compares the results of the present. study | 
published work on the in vivo response of tran: pla 
bone marrow cells and acute moase mortality’. 
uptake of tritiated thymidine drops precipitous 
and remains low through 12 h, only to rise age 
12h until the study was terminated. It wouid a pear 
DNA synthesis resumed at about 12-13 h following irre 
ation. 
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Fig. 1. Ordinate of the lethality (Kallman). and the bone marrow erin’ 

and McCulloch) curves is in umts of percentage of initial dose rem: fated 

at the time of the second dose, while the ordinate of the evr 

thymidine uptake curve is in. unita is) £ specifo ar activity: © pale DRA 

adjusted to percentage of unirradial control (refs. 3 Hk The 

vertical bars of the tritiated thymidine curve inia y standard 
errors 












The spleen was chosen as a test organ for several reasons: |. 
it is easily identified and removed in toto, it has been found — 
to play an important part in protection against radiation 
and it has been previously examined from the 
view of the kinetics of synthesis of DNA’. Tera 
Tolmach have demonstrated that HeLa cells’ 
sensitive to radiation during the late @1-—early 
of the mitotic cycle where G1 is the poriod 
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-mitosis and preceding synthesis of . The finding 
of the resumption of synthesis of DI 
maximal sensitivity at about the same time after irradia- 
tion is in agreement with the notion of the late Gl—early 
S sensitivity. If the hypothesis is accepted that maximal 
injury to the animal occurs at the time when maximal 
numbers of the cellular populations are being destroyed, 

_ then the finding of increased mortality at the time of a 

highly radiosensitive period in the cell populations is 

= understandable. Qualitatively similar changes have been 

monstrated in other in vivo systems. Till and McCulloch 

d that transplanted bone marrow cells were maximally 

Sensitive to a second dose at 12 h following 350 rads". 

_ Monesi demonstrated that mouse spermatogonia (type A) 

« showed maximal degeneration 12 h after 100 r.®. 

ae - This work was supported by U.S. Public Health Service 

“grant 1-GS-57. 
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BIOLOGY 
d pH of lonic Dye Solutions 


it appears to have been generally accepted, in biology 

- at least, that when acid or basie dyes are dissolved 

- in water they do not change the pH of the solvent, except 

possibly in the case of some dyes, to a negligible degree. 
Jt was thought that any slight pH changes which basic 
- dyes might: have on the solvent would be to reduce its pH 
- by an insignificant degree. 

_ An acid dye, on the other hand, if it had any effect at 
all would be to raise the pH of the water to an insignificant 
< degree. 

- — Results of a series of experiments carried out by me on 

; the pH of more than 300 synthetic dyes have shown these 
- beliefs to be false. 
` It has been reported earlier’ that the pH of freshly 

- distilled water is not 7-0, as generally believed, but usually 
between 5-0 and 6-0 at 20°C. The effect of heat on distilled 
ater is to increase its pH. Withdrawal of the heat has 
` the immediate effect of reducing the pH. For example, 
| there is a significant fall in pH when samples of distilled 
.. water are cooled from 20° to 1° C. 
-. In the work with which this communication is con- 
-serned solutions of dyes of various strengths, for example, 
0-01, 0-1, 0-5, 1, 10 per cont made up with freshly distilled 
water (which has an acid pH) were tested, as was the 
water, for pH over the temperature range of 1°-100° C. 
The same instrument was used as in the earlier worki. 
Most. of the dyes caused significant pH changes in the 
water. : 
Details of these experiments will be published elsewhere. 
The purpose of the present communication is to report pH 
changes at 20° C brought about in distilled water (prev- 
iously adjusted to pH 7-0 at 20° C) by the addition of 
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Methylene violet (Bernthsen) 
Congo red 

Amaranth 

Alizarin brilliant blue B 


Oe 


Tabled eres 
ge n Dye S 5 Acid dye-(4) 0 
a i Basie: dye {By o 
" Picrie acid 1-35 A : 

Acriflavine 14 B 
Alizarin red S 215 A 
Toluidine blue 2-25 B 
Solochrome cyanin R 2-3 A 
Malachite green 2-4 B 
Methylene blue 2-5 B 
Victoria blue B 2-6 B 
Pyronin Y (G) 3-0 B 
Light green SF yellowish 31 A 
Acid fuchsin 5-0 A 
Methyl green 5-6 B 
Amethyst violet 84 B 
Orange G & 75 A 
Trypan blue 9-1 A 
9-2 B 
0-2 A 
0-8 A 
L7 A 


imt md 


certain dyes commonly used by research workers and 
others in the field of biology and medicine. ce 
It is felt that the information given in Table 1 may help | 
to explain the alleged capriciousness of certain staining 
techniques and the mechanism of others. The pH valies 
shown are for I per cent solutions of the dyes. aN 
Tt should be noted that the basic dye, acriflavine, used. 
as an antiseptic for wounds has a very acid pH; almost as 
low as that of picric acid, an acid dye, which was at one 
time also used extensively as an antiseptic for wounds. 
More than 300 dyes were tested. The greater propor-. 
tion of these were acid dyes, simply because for every basic © 
synthetic dye so far synthesized there are more than 10 
acid dyes. Most of the basic dyes were found to give very 
acid pH readings when dissolved in neutral distilled water. 
A few were neutral and a few quite alkaline. ; 
A few acid dyes were found to impart very acid pH 
values to the water, but many were only slightly acid or 
slightly alkaline. By far the greater number of acid: dyes 
gave distinetly alkaline readings in water, however. ; 
The experiments referred to in this communication have 
shown that very many dyes have a profound effect on the 
water in which they are dissolved. This lowering or 
raising of the pH of ionic solutions by different dyes could 
in some cases have a profound effect on the results to be 
obtained when two or more dyes, dissolved together in the © 
same solution, are applied to certain materials to be dyed. 
One such example, of particular importance in proto- | 
zoology, is dealt with elsewhere by me’. o 
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Ultrastructure of the Joint Capsule in the Rat: a 
Presence of Two Kinds of Capillaries 


THE passage of fluid and solutes in and out of the joint. 
cavity occurs with relative ease, but the structural basis of 
this high permeability is not readily apparent at the level. 
of light microscopy. A priori, one might expect it to — 
depend on peculiarities of the synovial lining, of its 
vascular supply, or both. 

Most. electron microscopie. studies of the joint capsule 
have been directed primarily at the synovial lining: in 
rabbit, cat and man’, calf, dog and guinea pig? and. 
man*-°, Langer and Huth? deseribe the synovial membrane. 
as consisting of a continuous layer of cells supported by a- 
basement membrane, with numerous capillaries just 
beneath it (similar, but not identical, findings are reported. 
by the other authors mentioned). Langer and Huth . 
proposed that the richness of cytoplasmic organelles of 
the synovial cells, the wide spaces between them, and their 
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the capillaries reine Fa to 
) p roperties to the syno- 
F. * found that the synovial cells in 
ere of two kinds: the most frequent variety 

contained many — and filopodia, the other was 
r by the abundance of its endoplasmic 
reticulum. When ferritin was injected into the articular 
Sity of the knee, some of it found its way into synovial 
cells, while another portion followed an intercellular path- 
way. From the rapidit, af with which ferritin entered into 
the yaota uirden concluded that the latter 
and tho int for the rt of macromolecules 

the uptake of drugs from the articular cavity. 

_ Dettmer and os studied the capillaries of the human 
joint capsule. to find distinctive ultra- 
structural aa which would explain how these 
vessels can maintain the unusually far range of sopen. 















li way of the synovial rane—across 
ul fluid into the superficial layers of the joint 
artilage But with the exception of an extreme thinness 
of phe hee nent membrane ian found that the synovial 
observed did not differ from the capillaries, 
Be peaciple, of skin and muscle: that is, their endothelium 
formed a continuous layer. According to the electron 
microscopic information now available, capillaries in 
fall into three broad groups, defined primarily by 
morphology of the endothe fia layer: continuous, 

fenestrated, and discontinuous or sinusoids’, 

The present observations were made on the knee joints 
of rats. Samples for electron microscopy were prefixed 
in situ by injecting either glutaraldehyde’ or Palade’s 
fixative!’ into the joint; after 5 min the anterior and 
lateral aspects of the capsule were dissected free, excised, 

ed in osmium for 3-4 h, dehydrated in acetone, cut 
into blocks about 1 mm on edge, embedded in ‘Epon’ and 
oriented in such a way that sections would include the 
whole thickness of the capsule. 

Sections were cut on an L.K.B. Ultrotome with a 
diamond ee stained with uranyl acetate and lead 
citrate" and examined with an R.C.A.-3D electron micro- 

Other joint capsules were excised in toto, fixed in 
aldehy e a . and studied under a 
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‘Fig. 1. Fenestrated capillary in articular fat n ie 
E (upper left corner), articular cavity Aee E sonovial well 

N pore by bm (basement membrane): S, issue space’ F; * of 8 

; C, capillary ce 

e the endothelial nucleus is on the of the ry 

the synovial surface. The endothelium thin, even in the 
_ thicker areas (B,E). The fenestra are not viable AA this exlopemnat 


(osmium fixation, x 2 
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hy eo 2. Detail EA a fenestrated capillas in 
umen, 


filled wi tees (GAN dots are 
tes). Below, Æ, thicker porion of endothelium, 
to some of the fenestra; most of these hens are clearly Bena 


diaphi BM, capillary basement membi + CF, collagen fibres; 
no S Uiaeae apace. Plghitareidchyde/osminm fi fixation, x 28.500) 


underlying fat cells. The structure of these superficial 
capillaries was rather strikingly polarized with regard to 
the synovial surface (Fig. 1): the portion of their wall 
farthest from the synovial lining usually contained the 
nucleus; the closest was extremely attenuated, and con- 
tained numerous fenestræ closed by a diaphragm (Fig. 2). 
Deeper in the fat pads the capillary endothelium was 
thicker, non-polarized and contained no fenestre. 

The superficial capillaries of the fat pads represented 
typical examples of the fenestrated variety. Generally 
speaking, the two main features of this type of capillary— 
attenuated endothelium and the presonce of rounded 
fenestre usually bridged by a very thin membrane— 
suggest that it is probably pr for the eron 
exchange of water and solutes. Its organ 
certainly supports this concept: characteristic 
are the renal glomerulus (where the fenestra are 
open" though a dissenting voice has been raised"), the 
ciliary bodies, the choroid plexuses, the intestinal villi, ete. 
It is not too surprising that the synovial membranes 
should be added to this list. The presence of continuous 
and fenestrated capillaries in different areas of the synovial 
membrane pA that the latter is built with a certain 
degree of local specialization: the fat pads seem to be 
better adapted for exchange processes, whereas the 
fibrous parts may have a predominantly mechanical 
function. We are planning to probe further into these 
anatomico-physiological relations by means of electron- 
opaque tracers. 

This work was supported by grant H-6275 of the U.S. 
Public Health Service. 
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Tolerance of Skin Heterografts ‘Adult Rats — 


-THe survival of skin heterografts can be considered as 
a stage in the course of research on the achievement of 
acquired immunological tolerance in. adult animals. In 
earlier reports, the achievement of agammaglobulinemia 
in adult animals, treated with thymic extracts from young 
foetal pigs, has been deseribed*. It has been found that 
these extracts render animals permanently insensitive to 
foreign soluble proteins, and even to antigammaglobu- 
linemia serum’. Antibodies present in the serum acted 
against .gammaglobulinemia in experimental. animals, 
that is, mice. The permanent tolerance of skin homo- 
grafts has also been achieved in 2 adult mice’. 

It seems reasonable to suppose that thymic foetal 
extracts, which bring about a short. period of agamma- 
o globulinemia, cause in this period the attainment of an 

immunological plastic state in adult animals. The state 
“of immunological plasticity occurs physiologically in 
. mammals and birds in the feetal or early post-natal period. 
< The host’s organism does not create antibodies in its later 

life; it begins to create them later, and to a lower degree 
of intensity, against antigens administered in this 
“period !-3.8-10, 

It is very difficult to achieve the artificial tolerance of 
skin heterografts. The survival of skin heterografts 
lasting tens of days, for example, in birds which have 
undergone foetal parabiosis, does not occur very often 

_ Male rats of the Wistar strain were used in the experi- 
_ments recorded here. The experiments were carried out 
on 10 experimental and 5 control rats 6-12 months old. 

The animals received hypodermic injections (for 3 weeks, 
-3 times a week) of thymic extracts from young foetal pigs. 
“On the whole, each rat received an extract (supernatant) 

of 800 thymuses. These extracts were prepared in the 
-way described in previous reports. An extract amounting 
to. 1:5-20 em, containing 90-160. mg protein, was 

-obtained from 100 thymuses. A week had elapsed after 

the administration of thymic extracts before the experi- 
mental rats were bled from their tail veins. Paper electro- 
“phoresis was applied te test the protein fraction content 
of the blood serum. Blood serum tests were repeated at 
intervals of 7 days until complete agammaglobulinemia 
< or a definite fall in the level of gammaglobulins had been 
_ achieved.. Ether anmsthesia was applied during the 
operations. Skin grafts were covered. with silk flakes 
mbued with liquid ‘Vaseline’ and paraffin. ‘Cellophane’, 








dressing gauze and plaster of Paris bandages. 


-= The experimental animals were administered 9 hypo- 
dormie injections of the supernatant of thymic extracts 


_ from young fætal pigs (3 injections a week). Operations 


: -were performed following the finding of agammaglobulin- 


= æmia or a marked fall in the level of gammaglobulins. A 


= piece of skin was depilated, its outer layer was removed, 

and it-was substituted with a piece of tail skin of a male 
-irat from the O 57 strain. The graft was dressed in the 
way already described. 

-= Two pieces of skin of full thickness, each 1 em in 

‘diameter, were removed from the skin of the next two 
rats... Two previously depilated pieces of skin of full 

= thickness, removed from the back of a rat of the O 57 
strain, were inserted into the holes in the rats’ skin and 
dressed. Immediately after the operation, the two rats 
-received 1 ml. injections of the supernatant of an extract 
from ‘the donor’s (that is, a mouse of the C 57 strain) 
thymus, spleen and liver. 

Experiments were carried out on. five control rats; 
pieces of skin from the tail of a C 57 strain mouse were also 
grafted on them. Dressings were taken off the control 
rats on the eighth day after the operation. 

Tolerance of the skin heterografts was. achieved in four 
eases. In the first case. the fading of a skin graft from the 
tail of a C 57 strain mouse began on the sixteenth day 
after the operation; in the second case it started on the 
twenty-sixth day; in the third case on the twenty-ninth 








day; in the fourth case, a full skin-thickness graft from 
the back of a C 57 male mouse survived for 110 days. In 
this case, the rat was administered an extract of the donor's _ 
homogenized cells. A part of the graft was injured at the 
moment of taking off the dressing; it became separated, | 
and its place was covered with the host’s skin, A slip 
about 3 mm wide was tolerated and it preserved its dark. 
pigmentation, but was not covered with hair. 
Tn the remaining six experimental rats no tolerance of 
transplanted grafts was ascertained after the removal of 
dressings (they were taken off on the fourteenth day after 
the operation). eee 
In so far as control rats are concerned, a fading graft, 
was found in one case only; its complete demarcation | 
occurred very soon (in a few hours’ time). In the romain- 
ing cases, grafts faded and became separated before the 
removal of dressings. that is, before the eighth day after — 
the operation. NS 
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Effect of Aldosterone on Sodium Fluxes 
in Larval Ambystoma tigrinum 


Tuere seems to be little question that aldosterone acts. 
in mammals to facilitate sodium reabsorption from the 
distal tubules of the kidney. Its role in salt balance is 
obvious. Recent observations on anuran amphibians 
indicate that the sodium transport system in the skin and. 
urinary bladder may also be controlled by this hormonet-*. | 
Since uptake of sodium across the skin and renal reabsorp- 
tion both serve the same end, the observations are. easily 
integrated into a coherent functional and phyletic frame-: 
work. However, sodium re-absorption from. the kidne: 
of eels adapted to fresh water was unaffected by aldosterone _ 
and uptake across the gills was markedly depressed’, 
Inhibition of uptake of sodium was also noted in salt 
loaded euryhaline trout injected with deoxycorticoster- 
one®, Thus the consistency of the picture apparently 
fails in fishes. 

In the course of a detailed analysis of salt and water: 
balance in Ambystoma tigrinum we have carried out some 
experiments on the effect of aldosterone on sodium balance 
inlarve. Since these animals are fully aquatic they affor 
a simple test of an obvious variable in the already deseribe 
result, namely, the fact that an aldosterone effect has been . 
demonstrated only in animals at least partly adapted to | 
terrestrial conditions. Sots 

The hormone was obtained as d.l-aldosterone-21-mono-. 
acetate or as d-aldosterone-21-monoacetate, In either- 
case it was dissolved in 95 per cent ethanol. This stock. 
solution was diluted with amphibian Ringer’s solution to a: 
final concentration of 0-2 mg aldosterone/ml. The control. 
solution was made up in Ringer’s solution and contained. 
19 per cent ethanol. we 

Sodium fluxes were measured with radioactive sodium: 
(sodium-22) and flame photometry. Either influx or- 
efflux was measured with the isotope. In the former case 
the isotope was added to the bath and the influx computed 
from the rate of diminution in activity in the bath. -In 




























; ee labelled with sodium-22. 
fluxo Pium from such an animal can þe estimated 


; wn, volume. The specific activity of the serum 
each animal | was a Aptormined at the end of each experi- 
ent. eee 


oe flame peyini oian + 1 per 
ot flux is equal to the ne between 


Each animal was anesthetized by 
mersion in 0-1 per cent tricaine methane sulphonate 
H adjusted to 7-0). Experimental animals received an 
wa-poritoneal injection of 0-10 ml. of the aldosterone 
solution (20 ug aldosterone). Control animals received an 

jual volume of the control solution, Each animal was 
then immersed in 200 ml. of artificial pond water (1-2 mM 
hloride, 0:8 mM. calcium chloride, 0-1 mM potas- 
m chloride, and 0-2 mM sodium bicarbonate) at 
5 + 1° C. Samples were removed from the bath at 
specified intervals and the fluxes determined for each 
iod. The experiments lasted 42-48 h. Periodic flux 
ds. were averaged over the entire experiment to obtain 
me mean value each for influx, efflux and net flux. 





Control 


e 


; 50 
-Time (h) 

Idosterone on the net uptake of sodium by larval 
of sodium from: the bath indicates u uptake by the 


i the volume was 200 ml. The weight of the control 
“animal was 7- “9 g, of the experimental animal 6-5 g 








3 1 shows the results of a representative experiment. 
A imals.injected with aldosterone gained net quantities 
sodium whereas control animals remained in a steady 
tate. Table 1 gives the mean fluxes obtained for several 
imental and control animals. Larve injected with 
losterone had a significantly bigher influx than control 
als: (P.<0-01). The efflux was not significantly 

: The lack of an influence on efflux indicates that 
one does not stimulate the retention of salts by 
dney. The response usually began 4-12 h after the 
he hormone and persisted at least 48h. No 
s observed between the effects produced by 
21 -monoacetate and the d-l-mixture. 
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‘ab e ty Revace OF ALDOSTERONE ON SODIUM FLUXES IN LARVAL A. tigrinum 
i (MEAS + S.D.) 


‘ao. of Body-weight Sodium fluxes (wequiv./10 oan 
Ne 


‘reatment 


anels (g) Influx Efflux ux 
Adosterone 9 OT+2-0 18 + Od LPLt05 O74 05 
‘ol 10 67422 104.03 1040-8 00403 
yaterone 4 O4t1-5 18+0-4 1240-5 0-6 + 06 
` 1004+31 OF £02 0940-2 —02403 


These data show that aldosterone can stimulate sodium 
sorption across the body surface of an entirely aquatic 
th-water form. The fact that the hormone suppresses 
a transport across the gills of at least some fresh-water 
8 raises somè interesting questions on the evolution of 
it tranpporting systems in vertebrates and of the inter- 





NATURE 


923 


renal control of these systems. Possibly the transport 
system found in gills differs from that found in epit 
like the amphibian skin. Larval salamanders have gills 
which may represent evolutionary counterparts of the 
gills of fishes. Sodium absorption takes place acros 
gills and the remaining body surface (unpublished res 
Present investigations will determine if aldosterone 
any differential effect on the two t 
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from the U.S. National Science Foundation and. 
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Acrylamide Electrophoresis of Pine Polten 
Proteins 

Tw genetic investigations of the genus Pinus 
separated and compared albumins and globulins 
from pollen of 8 species and hybrids by gel electro) 
Although hybridization occurs in Pinus, many 
this genus appear incompatible’. Among other 
for incompatibility, differences in pollen protein 
position may prevent successful fertilization: 

Amino-acid analysés of pine pollen have failed ? 
detect any major differences among the pine species 
i However, since many instances of 
protein specificity have been found’, certain. protein 
constituents of pollen might be expected to differ between 
species. 

Pollen was collected? at the U.S. Forest Service Institut’ 
of Forest Genetics near Placerville, California, and store: 
at 5° C until analysed. Table 1 shows year of collect 
and germination’ data at time of protein analysis or this 
pollen. 

We placed 1-g samples of dry pollen with 16 g of 35 mme. 
glass beads in double-walled plastic vials with ice betweon 
the two walls and fragmented for 10 min on a dental 
shaker at 0° C. Proteins were then extracted by shaking 
the fragmented pollen for 2 h at 0° C in 22 ml. of 0 i M 
sodium chloride in 0-025 M borate, pH 8-5. 
overnight at 5° C the extract was filtered om a 
positive pressure filter and then concentrated w 
‘Sephadex G-25" to a protein concentration of about 
5 mg/ml." 




























Table 1. Pinus SPECIES IN WHICH POLLEN PROTEINS WERE INVESTIGATE) 
Germination 

Year of in 1963 

Sample collection Oper cent) 
P., attenuata Lemm. 10981 
P. coulteri D. Don 1961 
P. jeffreyi Grev. and Balf.* 19861 
P, jeffreyi x coulteri 1961 
P. murrayana Balf. 1960 
P. ponderosa Laws. 1981 
P. ponderosa x jeffreyi 1981 
P. radiata D. Don 1960 


P. radiata D. Don 1983 


* This pollen sample was collected from several tress, ed 
pollen samples were from individual trees. 























924 
15 15 
14 
13 
2 12 
il il 
10 
9 9 
8 8 
7 
6 6 
5 
4 4 
3 3 
2 
2 
1 1 
Origin 
A B 
Fig. 1. Patterns of major protein bands of typical stored Monterey 
pine pollen (4) and fresh Monterey pine pollen (B). The region of 


bands 9-14 in stored pollen was diffused, Bands 13 and 14 of stored 
pollen did not appear in fresh pollen, and bands 5 and 10 of fresh 
pollen did not appear in stored pollen 


Samples of 300 ug protein extract were successfully 
separated on polyacrylamide gels in 0-004 M tris, 0-038 M 
glycine buffer of pH 8-5, at a constant current of 5 m.amp 
for 30 min. The gels were then stained with naphthol 
-. blue black and stored in 7 per cent acetic acid. Several 

attempts to separate pollen proteins on polyacrylamide 


gels in 0-35 M B-alanine buffer of pH 4-5 (ref. 12) were not 


`. successful.: A sample of freshly prepared 8-lactoglobulin 
- (N.B.C. lot 4994) was included as a standard marker with 
each gel separation. 
Electrophoretic patterns obtained from pollen of 
different pine species and hybrids reveal that most of the 
= major protein bands appear in approximately the same 
location in all species. These bands probably represent 
“major metabolic enzymes. Furthermore, co-electro- 
phoresis of protein extracts of P. ponderosa with P. jeffreyi, 
P. ponderosa with P. coulteri, and P. coulteri with P. 
jeffreyt showed that most of the major bands coincided 
and therefore were migrating at the same rate. Differences 
‘did exist in bands of low concentrations and in diffuse 
zones where many bands overlap. 
oo hese differences may be a reflexion of the age and 
history of the pollen samples compared. Preliminary 
experiments with P. radiata indicated that. the sharpest 
electrophoretic separations could be obtained from fresh 
pollen (Fig. 1). The older pollen samples gave poorer 
electrophoretic separations. Pollen, on ageing in storage, 
may develop minor protein components which would then 
obscure the clarity of the electrophoretic separation. The 
results of an experiment in which the proteins of fresh 
and stored samples of 8-lactoglobulin were separated by 
acrylamide electrophoresis have suggested this possibility. 
The proteins showed 2 bands on electrophoresis as a fresh 
solution, but as many as 5 bands after storage at low 
temperature. Repeated freezing and thawing during the 
storage period contributed to the breakdown of this 
protein. 
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In. this investigation we have examined qualitatively 
proteins of only a few of the many different pine species. 
Major differences may yet be found when the proteins of 
other groups of pine are ‘investigated and when the quant 
itative differences in these same proteins are determined, 
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Influence of Spacing and Level of 
Nitrogenous Fertilizer on Stem Cracking 
and Lodging in Marrow Stem Kale 


SEvERE water shortage, particularly in the early stages 
of tuber development, results in secondary growth of 
potato tubers!?. The resultant crop may then contain a 
high proportion of misshapen and cracked tubers*-*. 
These conditions are often aggravated by a low plant 
density*.7, Work here shows a marked similarity in the 
development of the stems of marrow stem kale when 
water shortage occurs during the early stages of growth. 

In 1961 an initial experiment was begun to examine the 
influence of plant density and level of nitrogenous fertilizer. 
on the growth and yield of Cannell’s marrow stem kale. - 
Four spacings, unsingled (P,) and plants singled to mean. 
spacings of 6 (P,), 12 (P;) and 18 (P,) in., that is, Itl, 
6, 3 and 2 plants per yard of row respectively, in rows: 
19 in. apart; and three levels of nitrogenous. fertilizer, 
3 (N,), 6 (N) and 9 (N;) cwt: per acre of ‘Nitrochalk’ 
21 per cent nitrogen applied immediately after sowing, 
were used, All treatments received 6 cwt. per acre of a 
0 per cent nitrogen, 14 per cent P.O, and 28 per cent K,O 
compound fertilizer. The seed was drilled on May 24, 
1961. Three harvests were taken, on November 9, 1961, 
January 10, and March 8, 1962. 

The soil was rather dry at drilling and only 0-08 in. of 
rain fell between May 24 and 31, 1961. June and July 
were hot and dry and the total rainfall for these months ` 
was 1-82 in. (2-66 in. below average) while bright sunshine, | 
total 482-4 h, was 69-3 h above average. Growth was very » 
slow and by the end of July the plants were suffering from 
severe water shortage and exhibited a bluish appearance. 
Rapid growth followed in August, September and October, 
total monthly rainfall 3-42, 2-85 and 5-22 in., respectively. 

Percentage dry matter content, particularly that of the. 
stem, was reduced by wider spacing and increased nitrogen. 
The weight of dry matter per plant increased sharply with 
wider spacing and with increased nitrogen up to 6 wt. 
‘Nitrochalk’ 21 per cent nitrogen per acre. Above 6 cwt. 
of ‘Nitrochalk’ the lower dry matter content resulted in 
a lower weight of dry matter per plant (Table 1). 

The incidence of stem cracking and lodging showed a 
close relationship to stem size. Two forms of stem cracking ` 
were observed, small transverse cracks at the leaf scar and 





No, 4935 May 30, 1964 


Table 1. PEROENTAGE DRY MATTER AND WEIGHT OF DRY MaTTeR/PLANT 
(G) OF CANNELL’S MARROW STEM KALE ON NOVEMBER 9, 1961 


























\ 
iei | Percentage dry matter | Wt. dry matter/plant (g) 
reat- t num 
ment Leaf Stem Whole Leaf Stem Whole 
plant plant 
Nitrogen- i 
level | 
N, } 12°18 10-71 : 11°09 21-14 49-03 70:17 
Vo į 1207 9:97 10-44 24-90 69-40 94-30 
N: , 11-64 8:90 9-52 24-35 60°19 84°64 
Spacing | i 
' Py + 1200 10°41 10:76 7-08 19-78 26:86 
P; ' 1202 9-89 10:36 15-56 43-23 68-79 
Ps i 11-04 9-74 10:31 32:52 78-06 110-58 
| P, ' 1284 9°40 9-9 38-69 97-07 185-76 








longitudinal cracks, usually large, penetrating deeply into 
the pith of the stem. The latter were far more numerous 
and often resulted in complete rotting of all pith inside the 
stem. The incidence of this disorder increased sharply as 
spacing widened to 12 in., but thereafter numerical 
differences were small, although the cracks were larger 
and rotting started earlier at 12- and 18-in. spacings. Stem 
cracking was aggravated by higher nitrogen application, 
but to a lesser extent than by wider spacing (Table 2). 
Increased spacing and nitrogen application also resulted 
in a much higher incidence of rotted plants, but this was 
not always associated with visible stem cracking (Table 3). 
By March 8, 1962, dry matter yield was greatly reduced 
at the 12- and 18-in. spacings with 9 ewt. ‘Nitrochalk’ 
21 per cent nitrogen per acre. 


Table 2. No. OF PLANTS WITH ONE OR MORE LONGITUDINAL STEM CRACKS 
ON NOVEMBER 8, 1961, EXPRESSED AS PEROENTAGE OF TOTAL No. OF PLANTS 














Treatments Pi P, P | Pi | Mean 
N: i 41 17-3 37-3 42-5 25-3 

N: ‘ 1 18-7 46-1 44-7 29-1 

Na 11-0 22-4 54-0 51-7 34:8 

7-0 Y 29-7 





Table 3. No. Of PLANTS LODGED AND SEVERELY ROTTED EXPRESSED AS 
PERCENTAGE OF NO. OF PLANTS ON NOVEMBER 9, 1961 





L 














: Lodged i Severely rotted 
Date of count ; s i ———— 
i į 24.11.61 | 15.12.61 4.1.62 | 10.1.62 8.3.62 
i 4 i 
Nitrogen- | | | 1 
level i | 
X 17 , 8-2 \ 12-2 2:3 45 
' No 9-6 i 28-3 | 37-4 8-2 13-4 
‘ Ny 19-5 40-7 508 |j 13-9 28-8 
| Spacing + f 
i P, © 62 19 257 | 17 7-0 
P, i 72 20:7 26:8 f 9-2 9-9 
Ps t 14:5 84-1 44-0 ; 12-9 22-3 
P, | 131 28-5 373 | 8&6 230 ; 








Key to treatments: .V,, 3 cwt./acre, 21 per cent ‘Nitrochalk’. Ne 6 cwt./ 
acre, 21 per cent ‘Nitrochalk’. N. 9 ewt./acre, 21 per cent ‘Nitrochalk’. 
P, unsingled, 14°1 plants/yd. of row. P, singled to mean spacing of 6 in., 
6 plants/yd. of row. Pa» singled to mean spacing of 12 in., 3 plants/yd. of 
row. Pa singled to mean spacing cf 18 in., 2 plants/yd. of row. 








The incidence of lodging (plants leaning over 45° from 
vertical), which increased as the season advanced, was 
increased greatly by heavier application of nitrogen and 
wider spacing. By November 24, 1961, 26-6 and 24-7 per 
cent of the plants spaced at 12 and 18 in. with 9 cwb. per 
acre of ‘Nitrochalk’ 21 per cent nitrogen were lodged while 
unsingled plants with 3, 6 and 9 cwt. ‘Nitrochalk’ per 
acre showed 0-0, 5-1 and 13-6 per cent lodging respectively. 
By March 8, 1961, only the unsingled plants given 3 ewt. 
per acre of ‘Nitrochalk’ 21 per cent nitrogen (18-8 per 
cent lodged) were standing reasonably. All other treat- 
ments were severely or completely lodged. 

It is very evident, under conditions where there is @ 
rapid, change in the growth rate after drought, that low 
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plant densities, particularly at high levels of fertility, are 
undesirable with marrow stem kale. Utilization is likely 
to be extremely difficult and the amount of inedible stem 
material extremely high. If marrow stem kale is to be fed 
after Christmas (a fairly common practice in the south- 
west of England, where the winters are often mild) 
nitrogen application should be restricted. 

We thank Dr. D. A. Boyd and Mrs. E. P. Simpson of 
Rothamsted Experimental Station for advice on layout 
and analysis of data, and Mr. C. D. Rickaby. nutrition 
chemist, National Agricultural Advisory Service, Star- 
cross, Devon, for provision of facilities for estimating dry 
matter. 
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Effect of Nitrogen-containing Nutrients on 
the Exudation from Detopped Tomato Plants 


Kramer! has stated that the quantity of sap exuding 
from the stumps of decapitated plants is less than 
l ml./plant/h. This quantity was less than 5 per cent of 
the water lost in transpiration by similar intact plants. 
Consequently many workers have assumed that ‘root 
pressure’ plays a minor part in the physiology of the plant. 
In an investigation of possible causes of the wilting of 
detached leaves of bush bean much higher rates of 
exudation were noted than those reported by Kramer. 
These high rates were found to be associated, with the use 
of a soluble fertilizer. On tomato plants this fertilizer 
produced exudation rates varying from 10 to 35 per cent 
of transpiration; and the major component responsible 
for the high rates was the nitrogen constituent. Wan 
Andel? noted a similar but much smaller effect from nitrate. 

Tomato transplants (Lycopersicon esculentum Mill. var. 
John Baer) were grown in clay pots in sterilized composted 
sod and cow manure and were fertilized weekly with a 
soluble 15-30-15 commercial fertilizer. The experiments 
were carried out in controlled environment rooms held at 
70° F and 65 per cent relative humidity during a 15-h 
light period (2,000 ft.-candles) and a 9-h dark period. 
Soil temperature was between 60° and 63° F during the 
dark period and between 69° and 73° F during the light 
period. When used in exudation investigations the plants 
were in the 10-12 leaf stage. By this time they had 
received three or four applications of fertilizer. Trans- 
piration was measured by enclosing the pot in a plastic 
bag and determining the loss of water by weighing. 
Exudate was collected from the stumps of detopped plants 
in ‘Tygon’ tubing. The soil was saturated with water at 
the start of the experiment. Measurements were made. fur 
the most part, during the maximum part of the diurnal] 
rhythmic cycle. Values given are averages from 10 or 
more plants. 

When different salts were added to the pots of tomatacs, 
only those containing nitrogen increased the rate of 
exudation (Table 1). The increased exudation was not 
simply an increased water transport, since there was little 
or no dilution of the constituents of the exudate. Actually 
the concentration of the dry matter was remarkably 
constant. Following the addition of ammonium phosphate 
or urea the inorganic constituent (ash) was somewhat less 
in the copious exudate, but this was balanced by an 
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Table 1, 


All plants received an application of 15-30-15 fertilizer (100 ml./pot of a bal 
ea, 


of 10 plants each received an application of 100 ml./pot of the chemicals lis! 
to 2 p.m. and held for analysis. 
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EFFECT OF DIFFERENT SALTS ON THE COMPOSITION OF THE EXUDATN FROM TOMATO PLANTS 

1. solution) on three successive Mondays, then on Friday and Sunday groups 
and on the fourth successive Monday the exudate was collected from 10 a.m. 
The values are averaged from five or more experiments (except those for organic acids which are from one experiment only) 
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Treatment just prior to detopping Average concentration of exudate constituents (mg/ml.) 
Average Specific -——] 
. Concentration (g/l) rate of Tesistance i Amino- g 
Material — exudation | of exudate Dry Ash | NH,—N i NO,;—N acid PO,—P K Ca [Organic 
N P K j|(ml./h/plant)| (ohms) matter eluate acid 
Water 0 0 0 0-9 460 2-9 6 0-008 0-04 0-65 0-09 0-35 0°25 1-0 
15-80-15 0-7 0-7 06 25 430 3-0 2 0-022 0-17 1:18 0'12 - 0-42 O14 = 
(NH, .HPO, 0-7 0-8 0 3-0 510 34 a) 0:057 0-13 1-75 0-12 0:24 O11 0-5 
K,HPO, 0 0-7 1:8 07 390 86 “0 0-00 0:05, 0:73 015 0°55 0-15 14 
CO(NHS)s 0-7 0 0 2-9 450 3-1 0 0:035 0-22 1-06 0:06 0-21 0-13 0-3 
KNO, 0:7 0 21 1:9 295 41 “0 0-022 0:37 0-69 0:07 0-48 0-15 0-7 
increase in the amino-acid content. Chromatographic Sieve Tube Strands in Tree Bark 


separation indicated that aspartic acid, asparagine, 
glutamic acid, and glutamine were present in increased 
amounts with the amides glutamine and asparagine 
responsible for the major portion of the increase. 

Urea applied in combination with potassium phosphate 
increased the total quantity of both potassium and 
phosphate when compared to water controls (Table 2). 
Urea applied alone, however, while slightly increasing the 
total quantity of potassium over that of the water controls, 
increased the quantity of phosphate to a level equal to 
that from the combination of urea and potassium phos- 
phate. This possible specific effect of urea on the content 
of phosphate in the exudate is of interest in connexion 
with the reported effect of nitrogen as increasing the 
uptake of fertilizer phosphorus by plants?. 

An application of urea also increased the total quantity 
in the exudate of the herbicide atrazine (2-chloro-4- 
ethylamino-6-isopropylamino-s-triazine). With atrazine 
the concentration in the exudate remained about the 
same, and as a result the total quantity was approximately 
proportional to the rate (Table 2). 


Table 2. EFFEOT OF AN APPLICATION OF UREA ON THE CONTENT OF NITRATE, 
PHOSPHATE, POTASSIUM AND ATRAZINE! IN THE BLEEDING SAP OF TOMATO 


Treatments of 100 ml./pot of 1-6 g/l. urea, 29 g/l. KHsPO, and 0:09 g/l. 

(10 Ib./acre) atrazine were made the day prior to the exudation experiment. 

Shoots were removed at w a.m. and the exudate collected during 
a.m.—3 p.m. 











































Average Total quantity in the exudate 
Treatment rate of for 5 h (mg/plant) 
exudation |————— | 
9 am. 5pm. |anl./h/plant)| NOs—N | PO,.—P K | Atrazine 
Water Water 13 0-6 0-6 2:3 
Water | KH,PO, 15 0-6 0-8 44 
Urea Water 36 23 1:2 3-0 
Urea KH;PO, 3-6 21 1-2 5-0 
Atrazine | Water 13 — — —_ 
Atrazine | Urea 3-0 —_— = = 





Our results indicate that, in addition to temperature! 
and soil moisture’, nitrogen is a factor influencing the rate 
of exudation from stumps of detopped plants. 

It would seem that rates of exudation may be much 
higher than has been commonly recognized. The import- 
ance, therefore, to the physiology of the plant of this 
active metabolic process ‘root pressure’ may well have 
been underestimated. especially since this or an associated 
process appears to influence the uptake of soil water 
solutes. p 

This and further work will be reported in detail else- 
where. 

Wm. HAROLD MInsHALL 


Research Instituto, Canada Agriculture, 
University Sub P.O., 
London, Ontario. 
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Ir the observations of Thaine: are valid, they may be 
of great significance to an understanding of organic solute 
translocation in vascular plants. Not only were trans- 
cellular strands seen, but also particles and threads moving 
through the strands. But Esau? criticized this work on 
two main grounds: strands may be artefacts produced by 
diffraction of the light beam by adjacent cell walls, and the 
cells he examined may not be sieve tubes. Although 
diffraction is sometimes a serious problem, and although 
it is indeed easy to confuse parenchyma cells of the axial 
type with adjacent sieve tubes, strands in sieve tubes of 
leaf petioles of some common tree species appear to be the 
rule rather than the exception’. Most investigators have 
failed to see strands, probably because of too much 
dependence on elaborate fixation and embedding pro- 
cedures. In using the electron microscope we have found 
that many cytoplasmic structures may be completely 
destroyed during embedding (mot necessarily during 
fixation). In spite of this, tubules (Ger. Réhren) or strands 
(Ger. Stränge) have been visible in young coniferous sieve 
cells using electron microscopic techniques*5, 

In view of this controversy it seemed worth while to 
report the following. Best results were obtained with 
Carpinus caroliniana Walt., apparently because the bark 
of this species has a texture easily sectioned, although 
success was also obtained with Acer rubrum L. and Fagus 
grandifolia Ehrh. by our technique. Trees about 10 cm 
in diameter breast high and 6 m tall were felled in an 
adjacent forest and brought to the laboratory at various 
times during the period October-March. The trunk was 
shaved down with a knife until a true radial section of 
both bark and part of the wood could be made with a 
new single-edged razor blade while bathing the sectioned 
area in 0-3 M sucrose. Sections about 2 mm square were 
then immersed for 15 min in a solution of 100 mg 
bromphenol blue and 10 g mercuric chloride/100 ml. 
95 per cent ethanol‘, transferred to 0-5 per cent acetic acid 
in distilled water (20 min), and finally put in tap water 
at pH 7 for 3 min. The blue stain is supposedly specific to 
compounds with amino-acid residues. Only a few of the 
elements in a section usually stained, such elements being 
positioned 3-20 cells out from the cambium. Their 
immaturity therefore seems doubtful. When stained, 
strands were quite blue, a colour noted in cytoplasm of 
parenchyma cells. Cell walls remained clear. Where 
strands connected to pores of sieve plates (Fig. 1) strands 
or tubules could be seen, at times 970, to consist of two 
membranes apparently representing opposite sides of the 
tubule. The inner dimension of the tubules corresponded. 
approximately with the inner diameter of the pores. Pore 
centres appeared bluish, but this may be because they 
were seen through a tubule wall. In Acer rubrum tangential 
sections, tubules appeared to penetrate the sieve plates at 
points where pores could be seen. 

Strands in sieve tubes are not new to botanical science. 
Hill’ reported connecting ‘threads’ across cell walls of 
younger ‘sieve-tubes’ in Pinus and he thought ferments 
could travel through them. Cytoplasmic strands extending 
from pores of sieve plates are present in Esau’s® drawings 
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Fig. 1. Diagram showing connexion of strands to pores of sieve plates 
in sieve tubes. Strands continued for three times the length shown. 
Radial view, October 2 (original mag. x 970; drawing, x c. 845) 


and photographs from Vitis ; but these strands do not 
pass down the length of the cell as has been seen in 
Carpinus. Crafts® saw ‘gelatinous strands’ in developing 
sieve tubes of potato, but evidently not in mature sieve 
tubes when slime plugs could form. Electron microscopic 
investigations of widely divergent species suggest that 
sieve plate pores are permeated with electron-dense 
structures resembling large plasmodesmata*®, Since 
strands have now been clearly observed in apparently 
mature sieve tubes extending three times the length shown 
in the figure, Thaine’s observations seem to be of far- 
reaching significance. 


J. PARKER 


Bartlett Tree Research Laboratories, 
Stamford, Conn. 
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Foliar Spiral and Yield in Coconuts 


Tue leaves of the coconut palm are arranged in five 
spirals which run in clockwise or anti-clockwise direction}, 
the phyllotaxy of each spiral being nearly two-fifths?. 
Patel? mentions that in a majority of trees the direction of 
the spiral is towards the left. Observations® on large 
numbers of palms from India and elsewhere, however, 
indicate that the distribution of ‘lefts’ and ‘rights’ is 
almost equal with a slight excess of ‘lefts’. Available 
evidence*-* also shows that the spiral character of the 
palms is non-inherited and probably not determined 
genetically. 

Narayana was the first to examine the relationship 
between spiral character and yield of coconuts. From his 
observations on 70 trees selected at random from different 
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yield groups, he concluded that the difference between the 
means of the two groups left and right was not significant, 
showing that the direction of the spiral has no bearing on 
yield. Davis? from his examination of 128 ‘healthy 
palms’ in the Central Coconut Research Station, Kayam- 
kulam (a place affected by a devastating virus disease of 
coconuts), produced evidence to show that the left-spiralled 
trees give significantly higher yields than right-spiralled, 
a finding which he considers to be a novel biological fact. 
His own observations on ‘moderate’ diseased and ‘severe’ 
diseased palms from the same Station, however, did not 
reveal significant difference in mean yields of left- and 
right-spiralled trees. He, however, believes that “‘the 
figures for diseased trees, though not quite significantly 
different, strongly reinforce the significance of those for 
the healthy tress”. In the same data published elsewhere’ 
Davis remarks: “The ‘lefts’ give 20-9 per cent excess 
yield of nuts over their counterpart, although it is based 
on a non-inherited character, and that is quite inexplicable. 
Among diseased palms also the difference is in the positive 
direction but not significant by itself. The number of the 
leaves of the ‘lefts’ is slightly greater and this may 
account, in part, for the increased yield of nuts of the 
‘lefts’... .” 

The foregoing finding of Davis is at variance with that 
of Narayana’. In view of the conflicting results reported, 
the relationship between foliar spiral and yield in coconuts 
was re-investigated by us, making use of the wealth of 
data available in the Central Coconut Research Station, 
Kasaragod, where meticulous details of yield characters, 
like number of spathes produced, female flower produc- 
tion, setting percentage, yield of nuts per bunch, ete., for 
a few thousand trees for several years, are available. 
Data on yield of copra per palm per year, mean copra 
content per nut and oil content of copra for a few hundred 
trees have also been gathered. In Table 1 are presented 


Table 1. MEAN YIELD or Nuts (10 YEARS 1942-51) 


Yield group No. of trees Yield 

Right Left Right Left 

1 Low yield (below 40) 87 127 30:06 31-53 
2 Medium (40-80) 288 334 57°63 57°04 
8 High (above 80) 40 41 89-99 89-54 
Total 415 502 54-9 532 

A = 265 x% = 00258 
= 02 P = 08 


data on yield of nuts of 917 trees belonging to different 
yield groups growing in the main block of the Central 
Coconut Research Station. A perusal of Table 1 shows 
that the yield of nuts of both ‘lefts’ and ‘rights’ in the 
three yield groups and the total as a whole is almost equal, 
the differences not being significant. 

Data on annual production of leaves, nuts and copra 
as well as mean copra content per nut and oil percentage 
in 106 palms selected at random from among the 917 


Table 2. SOME VEGETATIVE AND YIELD CHARACTERS IN CocoxrTs 
Right Left 
Characters (mean of (mean of 
59 trees) 47 trees) 
Leaves 29-4 29: 
Yield of nuts B21 a 


Copra/nut (g) , 160-4 1 
Annual out-turn of copra (kilos) 
Oil percentage in copra 


O C9 LO 


trees are presented in Table 2, which also do not indicate 
any significant differences between ‘rights’ and ‘lefts’ for 
any of the aforementioned characters. 

The present results thus establish clearly and unequivo- 
cally that in the populations of coconuts investigated by 
us the left-spiralled trees show no superiority over the 
right-spiralled, either in yield of nuts or in any of the other 
characters investigated. Since the materials used in this 
investigation and that examined by Davis belong to the 
same variety of coconuts (West Coast talls) growing under 
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almost identical climatic and soil conditions, it would be 
quite inconceivable if in one ‘population’ the ‘lefts’ show 
such a remarkable increase of 20-9 nuts over the ‘rights’ 
while in the other there is no indication of this superiority. 
It would thus appear that the reliability of Davis’s claim 
has to be further verified from adequate data from a 
normal population of coconuts—especially in view of the 
fact that the pre-treatment data in the case of the healthy 
trees examined by Davis did not reveal significant differ- 
ence between ‘lefts’ and ‘rights’ as was the case with the 
two diseased groups of trees. The futility of striving for 
explanations of phenomena that may not operate at all 
in Nature is well oxpressed in the pertinent words of 
Prof. Preston quoted by Davis®: “The connexion between 
the yield of coconut palms and the tilt of the conducting 
tissue is very intriguing indeed and is so unexpected as to 
be on the verge of the credible. Since the sign of the spiral 
is not inherited then one is compelled to assume that the 
orientation of the conducting tissue affects the disposal 
of the materials being conducted and I know of no 
mechanism which would incline me a priori to have 
believed such a phenomenon”’. 
We thank Dr. K. M. Pandalai, director, Central Coconut 

Research Station, Kayamkulam, Kerala, for his advice. 

K. SATYABALAN 

C. A. NINAN 

M. M. KRISENA MARAR 
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MICROBIOLOGY 


Selection of Media for Isolation of 
Streptomycetes 


In the past, many investigations involving the selective 
isolation of Streptomycetes from soil have been carried 
out. However, there seems little agreement on which media 
are most suitable for this purpose. A brief survey of the 
literature revealed a total of 21 recommended media. 

The most frequently used carbon and nitrogen sources 
were glucose and asparagine (by 13 workers) and glycerol 
(by 11); potassium nitrate, peptone, casein and starch 
were employed with moderate frequency. Therefore 
various media, containing these substances, were pre- 
pared according to recommended formule: glucose- 
asparagine’, glucose-casein®, glucose-nitrate’, glycerol- 
asparagine’, glycerol-arginine‘, starch-nitrate’, starch— 
casein’, ‘Lab Lemeo’ agar (Oxoid). ay 

Using a garden compost soil, dilution plates were 
prepared with each of these media. After incubation for 
5 days at 25°, counts of developing Streptomyces colonies 
were made (Table 1). The occurrence of fungi was similar 
on all media, very few colonies being present at this 
dilution (10-5). In contrast, the development of -bacteria 
varied considerably. Very few, restricted colonies grew 
on the first 5 media (Table 1), but on the last 3 media 
large numbers of bacterial colonies developed and spread 
over a wide area. Thus only low counts of Streptomycetes 
were recorded for these media. The three best media, 
allowing good development of Streptomycetes while 
suppressing bacterial growth, were those containing starch 
or glycerol as the carbon source with casein, arginine or 
nitrate ‘as the nitrogen source. 
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Table 1. NUMBERS OF STREPTOMYCETES ON VARIOUS MEDIA 
Media Colonies ( x Lovie soil 
- (fresh wt. 

Starch-casein 39 
Glycerol~arginine 24 
Starch-nitrate Q1 
Glucose—casein ` 18 
Glucose-nitrate 12 
‘Lab Lemco’, Oxoid 0-9 
Glycerol-asparagine 0-8 
Glucose~asparagine 01 


In the next experiment, starch and glycerol were com- 
bined with each of the three best nitrogen sources and, 
using a basal inorganic salts solution, 6 media were pre- 
pared. The pH of all media was adjusted to 7-2 before 
sterilization and, using the compost soil, dilution plates 
were prepared with each. Counts of Streptomycetes and 
fungi were made after 5 days incubation at 25°. From 
Table 2, it is clear that there was little difference in the 
Table 2. NUMBERS OF STREPTOMYOETES AND FUNGI ON A BASAL MEDIUM 

WITH VARIOUS CARBON AND NITROGEN SOURCES 
Colonies ( x 10%)/g soil 
Fungi 


Media Streptomycetes 
Starch-nitrate 45 0-6 
Starch-arginine 50 0-5 
Starch-casein 44 0-5 
Glycerol-nitrate 3-9 03 
Glycerol-arginine 4:9 10 
Glycerol—casein 51l 0-4 


numbers of Streptomycetes developing, all media giving 
high counts. Similarly, all media suppressed development 
of bacteria. In a similar investigation, El-Nakeeb and 
Lechevalier? obtained highest counts of Actinomycetes 
with a glycerol-arginine-salts medium. However, in 
our experiments counts of fungi were comparatively 
high on glycerol-arginine and, on both media containing 
arginine, fungi spread rapidly and interfered with the 
examination of Streptomyces colonies. The rate of 
spread on the other media was slower, with fungal growth 
on the 2 glycerol-containing media being slowest of all. 
Thus it seemed that media with glycerol or starch as the 
carbon source and nitrate or casein as the nitrogen 
source were most suitable. To ensure maximum efficiency, 
nitrate and casein were combined, thus providing both an 
organic and inorganic source of nitrogen. The two result- 
ing media were retested under the conditions described 
here (Table 3). Both media gave very satisfactory 
results, allowing high counts of Streptomycetes and 
suppressing development of bacteria. Again it was noted 
that spread of fungi was somewhat slower when glycerol 
was the carbon source. 

Table 3. NUMBERS OF STREPTOMYOETES AND FUNGI ON TRE MEDIA 

FINALLY SELEOTED 
Colonies (x 10*)/g soil 


Media Streptomycctes Fungi 
Glycerol—-nitrate—casein 51 0-3 
Starch—nitrate-casein 50 0-4 


In the compost soil used for these tests, as in most 
soils, numbers of fungi were lower than Streptomycetes. 
Therefore by selection of a suitable dilution, Strepto- 
mycetes could be counted or isolated without difficulty. 
However, in acid soils, numbers of fungi are higher; it was 
found, when these media were tested with peat, that the 
development of fungi often obscured the Streptomyces 
colonies. Thus it would seem necessary to add antifungal 
agents, as was done by Corke and Chase’ when dealing with 
such soils. 

From the results of this work, we recommend a medium 
of the following composition: glycerol (or starch), 10 g; 
casein (Difco—vitamin-free), 0-3 g; KNOs, 2 g; NaCl, 2 g; 
K,HPO, 2 g; MgS0O,.7H,O, 0-05 g; CaCO, 0:02 g; 
FeSO,-7H,0O, 0-01 g; ‘Bacto Agar’ (Difco), 18 g; distilled 
water, 1,000 ml.; pH 7-0-7-2. . 

It has been shown that the medium selected allows the 
development of large numbers of Streptomycetes. No 
accurate assessment of the variety of strains developing 
was made, although many different types were observed. 
However, evidence from other sources indicates that the 
formula used would allow growth of the majority of 
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Streptomyces strains. Shinobu, testing a large number of 
strains, found that glycerol and starch (together with 
glucose) were used as carbon sources by all. Of the 
nitrogen sources tested, nitrate was the best inorganic 

- source. Similar results were obtained by Pridham and 
Gottlieb!*, who found that all Streptomycetes tested were 
able to utilize starch, glycerol and glucose. Thus this 
medium would allow growth by a large variety of Strepto- 
myces strains. 

One of us (S. T. W.) conducted this investigation during 
the tenure of a Department of Scientific and Industrial 
Research NATO research fellowship. 

E. KÜSTER 
S. T. Wrutrams* 


Department of Industrial Microbiology, 
University College, Dublin. 
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Serological Properties of the Capsular 
Material of Lactobacillus casei 


THE possibility of two serological determinants, chemi- 
cally related but located in different surface layers of the 
bacterial cell, provides an interesting problem in antigenic 
analysis. Recent reports}? have indicated that the sero- 
logical: specificity of groups B and C of L. casei was a 
function of the molar ratios of glucose and rhamnose 
in the cell wall polysaccharide. Since the capsular 
polysaccharide of this microbe also contains these two 
sugars’, an investigation was begun to determine the 
antigenicity of the capsular material and its relation to the 
serological properties of cell wall and other surface 
antigens. 

Antigen I (mucoid-encapsulated cells of L. casei, 
strain L-324M). was prepared by collecting aerobically 
grown 172-h cells from the surface of Rogosa SL agar 
(Rogosa 1951, modified slightly by reducing the trypticase 
concentration, to 0-1 per cent*), washing three times in 
saline and adjusting the turbidity of the final cell suspen- 
sion to a reading of 660 on the Klett-Summerson 
colorimeter (10? cells/ml.). Antigen II (non-mucoid, 
non-encapsulated cells) was prépared and standardized in 
the same manner except that the cells were derived from 
non-encapsulated variant cells, or from ‘stripped’ cells’s. 
Corrections were made for the increases in turbidity due 
to the capsular material with antigen I. PET III was 
the purified capsular polysaccharide (20 mg/ml.) prepared 
according to the method of Hammond’. All antigens 
were injected into the marginal ear veins of rabbits 
following the immunization schedule of Williams et al.*. 
and the resulting antisera investigated by tube agglutina- 
tion, precipitation, and Neufeld capsular swelling tests. 
All precipitation tests were carried out using the purified 
capsular material as test antigen rather than whole cell 
extracts as reported recently by Sims’. For agglutinin and 
precipitin absorption investigations, the absorbing reagent 
was added slowly to two volumes of antiserum, constantly 
agitated and incubated for 1 h at 37°. 

The results as presented in Table 1 indicate the presence 
of weakly antigenic groupings associated with the surfaces 
of encapsulated cells but absent from non-encapsulated 
cells. ‘Mucoid antisera’ (prepared against antigen I) gave 
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Table 1. SEROLOGIOAL REACTIONS OF VARIOUS ANTIGEN PREPARATIONS UF 
Lactobacillus casei 
Test antigens 
Antigen I 


Antisera Absorbed Agglut- Capsular Antigen II Antigen I1T 
against with inin swelling Agglutinin precipitation 
Antigen I Unabsorbed + + + - 
mucoid capsu- Antigen II +* + 0 - 
late cells Antigen IIT + (0 + u 
Antigen 11+ 
Antigen ITI 0 0 0 0 
Antigen II non- Unabsorbed + 0 + 0 
mucoid non- Antigen I 0 0 0 0 
capsulate cells Antigen III + 0 + 0 
Antigen II Unabsorbed a hd + 0 0 
purified capsu- Antigen I + + 0 0 
lar material Antigen IT + + 0 0 


+, Positive test, agglutinin titres 1 : 64 or above—positive capsular 
swelling reaction with serum dilution 1 : 16. 
egative test, no measurable agglutinin titres—negative capsular 
swelling Teaction with serum dilution of 1 : 2 or undiluted. 
* Agglutinin titre 1 : 
All test reactions using sera previously absorbed with homclogous antigen 
were negative. 


positive reactions when tested with the homologous cells 
if the sera were either unabsorbed or absorbed with 
non-encapsulated cells. If, however, the sera were absorbed 
with antigen I or a combination of antigen II plus 
purified capsular material no reaction was observed. 
‘Non-mucoid sera’ (prepared against antigen II) showed 
very slight cross-reactions with antigen I or III, presum- 
ably due to a microcapsular layer not detectable by 
ordinary microscopic methods. Antisera prepared against 
purified capsular material weakly agglutinated encapsu- 
lated cells, showed strong capsular swelling reactions 
but did not react with purified capsular material in 
precipitin tests, or with non-mucoid cells. Thus, it was 
possible to absorb antisera against antigen III with 
antigen II and still obtain positive agglutination and 
capsular swelling tests. The lack of major cross-reactions 
between capsular material, non-mucoid cells and their 
different sera was taken to indicate a serological unique- 
ness of the capsular material among other cellular 
structures. Apparently, the glucose-rhamnose polysac- 
charide of the capsular layer is not structurally identical 
to the cell wall polysaccharides or other sub-cellular 
antigens as measured by agglutination techniques. 
Similar findings were reported by Vennes and Gerhardt’, 
who concluded that the capsular polypeptide of Bacillus 
megaterium was not an integral component of the cell wall 
or other cell components. A more definite statement about 
cross-reactions, however, cannot be made until antisera 
against purified structural components (for example, cell 
wall, cell membrane) are available for direct cytological 
analysis, namely, fluorescent antibody techniques and 
agar-gel diffusion investigations (Ouchterlony methods). 
Other related findings also reflect serological changes 
occasioned by the apparent antigenic reactivity of the 
capsular material. Agglutinin titres of sera prepared 
against antigen I were consistently lower than those 
obtained:from sera prepared against antigen IT suggesting 
the possibility of steric interference by the capsule against 
agglutinogens in deeper layers of the cell surface. The 
character of the agglutination was different in that mucoid 
sera (reacting with the homologous antigen I) always gave 
rise to’ a compact, scaly-type precipitate which did not 
separate except on vigorous agitation of the test tube. 
Non-mucoid sera (reacting with homologous antigen IT) 
gave a fine, granular precipitate which separated and 
re-suspended quite easily. The compact, scaly character 
of the agglutination observed with mucoid sera and 
homologous antigen could be reversed to the granular 
type by absorbing the serum first with purified capsular 
material. The validity of this ‘reversal’, however, may be 
questioned on the grounds that capsular material weakly 
agglutinates encapsulated cells; therefore, the difference in 
the character of the agglutination might be taken to 
represent a simple decrease in available antibody—or the 
non-specific decrease in titre often observed after absorp- 
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tion processes. Both these explanations, however, seem 
unlikely since very low titres (1: 8) of mucoid antisera 
obtained from rabbits not receiving the full injection 
dosage of antigen I still showed the characteristic compact 
type agglutination. 

The presence of this new antigenic grouping on the 
surface of the cell acquires added significance in view of 
the fact that the organism may completely de-polymerize 
its capsular material under appropriate endogenous 
conditions*. Thus, unless special attention is directed to 
environmental conditions which can influence either 
the formation or utilization of the capsular antigen 
some suspicion should attend the designation of given 
serotypes of L. casei. The finding also raises the interesting 
possibility that many of the anomalous findings, especially 
the antigenic reversions, reported in serological investiga- 
tions of the lactobacilli are explainable on the basis of 
interfering capsular antigens similar to that described 
here. 
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Intracellular Microbial Urease 


Tue urease reaction has been used as a diagnostic 
method for a number of groups of bacteria. It is par- 
ticularly useful in differentiating Proteus species from 
enteric pathogens? ? and has also been used to differentiate 
Brucella suis from B. abortus and B. melitensis®. It also has 
been suggested that urease activity may serve as an 
indicator of pathogenic potential and of drug resistance 
among some groups of bacteriat-°. The urease activity 
of bacteria can readily be determined by inoculating the 
organisms on to a number of bacteriological media!?. 
Seneca et al.” reported that urease activity was observed 
in cell-free extracts obtained by sonic oscillation, even in 
groups characterized as lacking this enzyme by sénsitive 
culture methods. The crude extracts such as were used 
in those investigations may contain large amounts of 
compounds which readily yield alkaline products; for 
example, extracts from enteric bacteria have been shown 
to produce amines from amino-acids*. Therefore, in order 
to eliminate spurious results, the more specific method 
involving reaction of acetylbenzoyl] with urea has been 
used to determine urease activity of cell-free prepara- 
tions’. 

The urease activity of the intact bacteria was determined 
by the method of Christensen*. Bacteria were disrupted 
with a high-speed homogenizer in the presence of glass 
beads (0-2 mm diam.). In a few instances a French 
pressure cell (Aminco, Silver Springs, Md.) was used to 
disrupt the bacteria. The nitrogen content was determined, 
the cell-free preparations were diluted to contain 0-5 mg 
nitrogen/ml. and the urease activity was assayed as 
described by Seneca et al.6. The urea remaining at tho 
end of the incubation period was measured by the method. 
of Dickenman et al.*.. The method used to disrupt the 
bacteria seemed to have no effect on enzyme activity. 
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Table 1. UREASE Activity oF INTACT BACTERIA AND CELL-FREH EXTRACTS 


Diketone 
Christensen’s Method urea, 
urea agar of Seneca product 
Proteus mirabilis (SB) + + 27* 
Proteus mirabilis (WP-1) + + 2 
Proteus mirabilis 22) + + 5 
Salmonella typhi - - 100 
Salmonella enteritidis (WE-6) - ~ 100 
Salmonella hirschfelait - - 100 
Shigella dispar (Ss) - ~ 100 
Escherichia coli K ~ - 100 
Escherichia coli - - 100 
Aerobacter aerogenes (non-motile) + + 30 
Klebsiella pneumoniae (type A-WSU) +5ł + 35 
Aerobacter aerogenes (CDC 2428) - ~ 100 
Aerobacter aerogenes (CDC 7013, - - 100 
Aerobacter liquefaciens (ODC 1110) - ~ 100 
Aerobacter liquefaciens (CDO 2143) - - 100 
Serratia marcescens (1783) ~- - 100 
Chromobacterium violaceum - - 100 
Herellea anitratum (5W6) - + 31 
Herellea anitratum (5W22) +6 + 19 
Mimea polymorpha (ODO 9812) - - 100 
Alcaligenes faecalis + - 100 
Pseudomonas aeruginosa +3 + 85 
Vibrio comma (Inaba) ~ - 100 
Vibrio metchintkovii - - 100 
Brucella abortus + + 0 
Brucella meletenesis + + 0 
Brucella suis + + 0 
Corynebacterium xerosis S - 100 
Bacillus anthracis - - 100 
Staphylococcus aureus (209P) +3 + 40 
Staphylococcus aureus {T ~- - 100 
Staphylococcus albus (J-111) - - 100 
Staphylococeus albus (S-2) +2 + 0 


* Percentage of urea remaining after 18 h incubation at 85°C. 
t No. of days required for reaction, + = reaction at 24 h. 


The results which are presented in Table 1 support the 
established characteristics of most of the bacteria, 
especially those of the family Enterobacteriacese. One 
strain of Klebsiella pneumoniae, type A from the stock 
culture collection of this department, required 5 days to 
manifest’ urease activity on Christensen’s urea agar. Cell- 
free extracts prepared from this strain which had been 
grown on tryptose agar possessed demonstrable enzyme 
activity. Six strains supplied from the Communicable 
Disease Center, Atlanta, Ga., were positive on Christen- 
sen’s urea. agar at 24 h. The Klebsiella—Aerobacter are 
known to be variable in their ability to hydrolyse 
urea, 

In only one instance was there a difference between 
the action of intact and disrupted bacteria. Bacterium 
anitratum (Herellea anitratum), which is generally 
described as urease negative, had a urease which was 
detectable in cell-free preparations, and in ono instance 
also on Christensen’s agar. These organisms grow readily 
on media in which urea is the sole nitrogen source. The 
Staphylococci vary in their ability to hydrolyse urea. Only 
1 of 9 cultures of Staphylococcus aureus and 1 of 6 cul- 
tures of Staphylococcus albus failed to hydrolyse urea 
bo6th on Christensen’s urea agar and in assay of the cell- 
free preparations. 

The work recorded here failed to substantiate the report 
by Seneca, eé al.*:? of universal distribution of urease 
activity among the bacteria. However, in some instances 
bacteria may possess urease which cannot be detected 
by the usual cultural methods. 
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In vitro Recovery of Dengue Viruses from 
Naturally Infected Human Beings and 
Arthropods 


In the period which has followed the discovery of the 
mouse neurovirulence of dengue viruses types 1 and 2, 
intracerebral inoculation of the suckling mouse has re- 
mained the sole, though inefficient, laboratory method for 
the recovery of viruses of the dengue group**. Despite 
successful attempts to grow mouse adapted dengue viruses 
in several cell cultures, primary isolation and identification 
of dengue viruses entirely by an in vitro method have not 
been reported. This communication describes the recovery 
and identification of dengue viruses of several antigenic 
types in a stable line of grivet monkey kidney cells, 
Cercopithecus aethiops. 

Infectious materials examined in tissue culture were 
human plasma obtained from patients with dengue fever 
or Thai hemorrhagic fever and suspensions of wild-caught 
Aedes aegypti captured in Bangkok and Rayong, Thailand, 
during May—October, 1962. Specimens had been originally 
inoculated in 1-day-old mice in 1962 with recovery in 2nd 
or 3rd mouse passage of viral agents with incubation 
periods of 8-16 days. Hemagglutination-inhibition, com- 
plement fixation and/or tissue culture neutralization tests 
performed with mouse brain virus suspensions indicated 
that recovered agents were dengue viruses of multiple 
antigenic types. These identifications, to be reported 
afterwards, confirm recoveries of dengue viruses by 
Hammon ef al. from patients and mosquitoes in the Thai 
hemorrhagic fever outbreaks of 1958 and 196058. 

For inoculation of suckling mice or tissue culture, 
plasmas were diluted 1: 4 in 0-75 per cent bovine plasma 
albumin in phosphate buffered saline or in-tissue culture 
maintenance medium. Lots of Aedes aegypti averaging 
50-70 females were triturated in diluent consisting of 0-75 
per cent bovine plasma albumin in phosphate buffered 
saline with 500 units penicillin, 500 pg streptomycin and 
500 ug kanamycin per ml. For each mosquito 0-04 ml. 
of diluent was added. Mosquito suspensions were centri- 
fuged at 10,000 r.p.m. for 30 min in a Servall model RC-2 
refrigerated centrifuge. Mice were inoculated with 0-01 ml. 
intracerebrally and 0-02 ml. intraperitoneally. In the 
absence of signs of illness mouse brain was passaged 
routinely at intervals of 10 days following the Ist and 2nd 
mouse passages. The 3rd mouse passage was examined 
for 21 days. Seed virus, complement fixing and hemag- 
glutinating antigens of suspect virus recoveries were 
prepared. The original plasmas and mosquito suspensions 
were maintained at —65° C until the second isolation 
attempt in tissue culture, July-September 1963. 

Stable grivet monkey kidney cells (available from 
Microbiological Associates, Bethesda, Maryland), BS-C-1 
(ref. 7), were used throughout these experiments. Cells 
grown. in stock cultures were dispersed by a 4 min in- 
cubation with a mixture of 0-25 per cent trypsin (Difco 
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1: 250) and 1: 5,000 versene. The trypsin—versene mixture 
was removed, the culture bottle inverted and incubated 
at 34° C for 5 min. Trypsinized cells were then suspended 
in growth medium consisting of 20 per cent foetal calf 
serum, 0-05 per cent glutamine, and 0-1 per cent Difco 
yeastolate in Medium 199, and 50,000 cells per 0-5 ml. 
were distributed into screw-capped test-tubes (12-5 cm x 
1-5 cm). After stationary incubation at 37° C for 4-5 days 
confluent monolayers were ready for use and 1-0 ml. of 
maintenance medium consisting of 5 per cent new-born 
calf serum in Medium 199 was added. Outgrowth and 
maintenance media contained 500 units of penicillin and 
500 ug of streptomycin per ml. 

Presence of dengue virus in incubated tubes was determ- 
ined by the development of resistance of cells to the 
cytopathic effects of polio virus type 1. Details of this 
challenge virus resistance test have been published else- 
where®. Briefly, methodology was as follows: the un- 
covered cell sheet of each of 4 BS—C~—1 tubes was inocu- 
lated with 0-1 ml. amounts of diluted human plasma or 
mosquito suspension. Tubes were incubated at 34° C for 
2 h, inoculum removed and maintenance medium added. 
Maintenance medium was changed every 5 days and cells 
observed daily for development of cytopathic effect. 
Hight days after original inoculation, approximately 100 
TCDyo of polio-virus type 1 was added to 2 of 4 inoculated 
tubes and to not less than 10 uninfected control tubes. 
Development of 100 per cent cytopathic effect in control 
tubes generally occurred in from 4 to 6 days. If 1 or 2 
inoculated tubes showed no cytopathic effect or 25 per 
cent cytopathic effect 24 h after all control tubes showed 
4 + eytopathic effect they were considered to be challenge 
virus resistance positive. TC fluid from unchallenged tubes 
was routinely passed to 3rd passage after 10 days incu- 
bation at each passage-level. Unchallenged companion 
tubes of challenge virus resistance positive tubes were 
further passaged to 10-20 tubes, 2 of which were chal- 
lenged with polio virus to confirm the presence of an 
interfering agent. These seed viruses were then titred 
in tissue culture. 

Identification of dengue viruses reported herein was 
done primarily with viruses recovered in suckling mice. 
Confirmatory tests were then repeated with tissue culture 
isolates. Selected results shown in Table 1 are from a 
tissue culture neutralization test system found to give 
results comparable in specificity and sensitivity to the 
suckling mouse neutralization test. This test was per- 
formed by incubating for 2 h at 37° C equal parts of 
dengue virus dilutions and heat-inactivated antiserum 
prepared by multiple injections of adult mice with dengue 
virus types l, 2, 3, 4, TH-365*'and TH-Sman®*, Four 
BS-C-1 tubes were inoculated with 0-1 ml. each of serum-— 
virus mixture ; tubes were incubated and challenged with 
polio virus as described here. Log neutralization indices 
were calculated by comparing interference titre of control 
virus with that of serum~—virus mixture. 

` Of 24 dengue virus positive human plasmas tested in 
tissue culture 18 virus recoveries were made in B8-C-1 
































Table 1. IDENTIFICATION OF SELECTED DENGUE VIRUSES ISOLATED IN SUCKLING MicB (SM) AND TISSUE CULTCRE (TC) 
5 = 
H Log neutralization index of 
Specimen Pi | Host unknown virus vs. prototype dengue antisera (1 : 10 dilution) Tentative 
No. Origin j passage al identineation 
j ! Dengue 1 Dengue 2 | Dengue 3 | Dengue 4 | TH-36 TH-Sman | 
2358 Human ' SM4 |! 0 3-0 | 0 | 0 1 20 0 | Dengue 2- 
plasma TC 5 i 35 ‘ 3-0 or TH- 36 
3149 Human SM 4 2-0 ro j ro | r0 4 o 20 | Denguei ' 
plasma TC 5 2:5 t j i 2-5 ' or TH Sman 
BEM 00 Aedes ` SM5 0 0 0 0 3-0 05 | TH36 
aegypti : TC5 i 3-0 : 
BRM 331 Aedes SM 5 ig io f 25 °: 9 L E 10; Dengue 3 
aegypti i TC 6 ; | 30 | í : 
Gi eet t=- — 
Log neutralization indices i 3-0 i 3-0 | 2-0 ‘ 4:0 f 25 i 3-5 
vs, homologous dengue virus : i l | i 
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cells. Thirteen plasmas were positive on first passage, 
three were positive on second passage and two additional 
recoveries were made at 3rd and 5th passage, respectively. 
Of 10 virus positive Aedes aegypti suspensions inoculated 
in tissue culture, dengue virus was recovered in each 
instance. However, only 3 specimens were positive at the 
first passage, while 4 and 3 recoveries, respectively, were 
made at 2nd and 3rd TC passage. At 3rd to 6th BS-C-1 
passage all viruses recovered had TC titres which ranged 
between 10--° and 10-5-°. Data shown in Table 1 indicate 
the antigenic heterogeneity of recovered viruses. How- 
ever, final type designation awaits the clarification of anti- 
genic classification of dengue viruses in Thailand. 

The data presented show that naturally occurring 
dengue viruses of several serotypes may be recovered in 
BS-O-] cells using an interference technique for recog- 
nition of cellular infection. The relatively high rate of 
recovery of dengue viruses in tissue culture from virus 
positive materials suggests acceptable virus sensitivity of 
the. BS-C-1 interference system. However, it is not 
known whether all naturally occurring dengue virus sero- 
-types in Thailand or other geographical areas may be 
-recovered in BS-C-—1 cells with comparable efficiency to 
‘the suckling mouse. In this regard, it has been shown 
previously that these cells are as sensitive as the suckling 
mouse for assay of prototype mouse adapted dengue 1l 
and 2 viruses recovered in Hawaii and Trinidad, respec- 
tively*. Further comparative experience in mice and 
‘tissue culture with naturally occurring dengue viruses 
from various dengue outbreaks will be needed to evaluate 
this question. In view of the difficulty of adapting dengue 
viruses to suckling or weanling mice and the expense and 
labour of maintaining mouse colonies, an in vitro system 
for the isolation and identification of dengue viruses 
should find wide application.* | 
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Citrus Virus Symptoms in Sardinia 


SARDINIA was believed to be a virus-free citrus region 
until Boselli? first noted a disorder showing symptoms 
commonly referred to as the psorosis virus complex. 
Following this, the main citrus areas of the Island have 
been surveyed with the view of recognizing and recording 
virus or virus-like manifestations. 

Psorosis. Symptoms of psorosis have been found on all 
commercial citrus species and varieties grown in the 
island. The degree of infestation is particularly high in 
orchards situated in the centre of the west coast. In the 
district of Arborea 100 mandarin trees were picked out at 
random from 1,000 plants 15 years old, and 53 revealed 
very pronounced symptoms of blind pocket affecting 
trunk end main branches. Yield figures of this 
orchard over the past five years show an average produc- 
tion of less than 20 kg per tree. Most of these plants are 
undersized and carry leaf symptoms. So far, no concave 
gum manifestations have been found. 
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Xyloporosis. This malady seems to be prevalent in 
groves along the south-eastern coast, and the most- 
advanced stages of the disease can be seen on mandarin 
and lemon varieties. Affected trees exhibit typical wood 
deformations (pitting) easily detected by girdling the 
trunk at the bud union zone. The exposed wood shows 
depressions of various size and form, while an examination 
of the internal surface of the bark reveals the presence of 
protuberances fitting perfectly into the pits of the wood. 

Wood pitting in some cases was associated with 
secondary necrosis of the inner tissues on the rootstock 
below the bud union and death of the scion. A 
tree mortality rate of 36 per cent has been counted in the 
district of Castiadas: this is an average of 500 plants 
about 35 years old. Production of living plants in the 
same orchard has constantly declined in recent years to a 
yield of 25 kg-per tree in 1962. ' 

Other symptoms of suspected virus nature have been 
noticed, namely exocortis and stubborn disease. These 
results agree with those already reported from neighbour- 
ing Corsica?; nevertheless they should be confirmed by 
transmission experiments. 

No bud certification scheme exists as yet in Sardinia. 
At this stage one possible way of limiting the spread of 
citrus virus diseases in the Island would be the regenera- 
tion of citrus varieties through nucellar embryony®. 
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A Plaque Marker of Type C Foot-and-Mouth 
Disease Virus Strains from a Porcine Epizootic 


Durme the past few years, an epizootic of foot-and- 
mouth disease (FMD), caused by type C FMD virus, has 
spread to the pig population in many Western European 
countries. More local epizootics oceurring primarily and 
predominantly in pigs were, however, previously described 
as reviewed by Brooksby?. According to these reports 
as well as in our experience, virus isolates from epizootics 
in pigs often turn out to be of low—if any—pathogenicity 
to cattle, whereas strains of bovine origin usually are 
highly pathogenic to pigs. Pathogenicity tests in cattle 
and pigs for characterization of virus strains are expen- 
sive and biostatistically often of dubious value. Fielda 
characters of virus strains and results from reliable 
pathogenicity tests in host animals should. therefore 
possibly be correlated to characteristics of the isolatec 
strains in well-defined laboratory tests. Among virological 
tests, the plaque-forming ability, that is, the characteristic 
rate at which virus strains form plaques in certain cel 
monolayers, is generally accepted as an important specific 
marker*. 

Some properties of strains of FMD virus attenuated for 
pigs and‘cattle through passages in cell cultures wer. 
recently investigated by Hahnefeld and Hahnefeld? and by 
Bengtsson et al.4. It appears from these investigation: 
that—under standard conditions—the plaque-forming 
ability in calf-, pig-, and baby-hamster-kidney mono 
layers of strains attenuated for cattle and pigs throug 
high passages in calf-kidney cell cultures did not deviat: 
from that of the original virulent strains, The attenuatio» 
of a type C strain—C-Teterow—through passages i» 
cultures of a stable cell line of pig embryo brain (RE FH)» 
however, appears to be associated with a change in th 
plaque morphology’. 

The present study was concerned with the question © 
whether or not field strains of type C virus might shov 
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differences in their plaque-forming ability: Strains of 
type C virus isolated in pigs during the actual porcine 
epizootic in Denmark, Germany, Holland and Italy were 
tested against type C bovine strains originating from 
outbreaks in herds in which cattle exclusively or primarily 
had been affected. The following strains of porcine and 
bovine origin were considered: Danish porcine strain 
(isolated 1963): ‘P-DK’; Dutch porcine strain (1962): 
‘P-NL’*; German porcine strain (1963): ‘P-D’; Italian 
porcine strain (1963): ‘P-—I’*; Danish bovine strain 
(1961): ‘B-~DK’; German bovine strain (1957): ‘B-D’*; 
Italian bovine strain (1963): ‘B-J’*; and German atten- 
uated bovine strain: ‘aB~D’* (472nd passage in calf 
kidney cell cultures of strain B-D). For plaque assays 
we used infective fluids of the second passage in pig 
kidney cell cultures of bovine as well as of porcine strains. 
Test virus was kept at — 60° until use. 

Plaque assays in primary pig and calf kidney mono- 
layers grown in plastic Petri dishes were carried out accord- 
ing to the method described by Schwébel’, in which inocu- 
lated monolayers were overlaid with a viscous medium 
consisting of ‘VM3' balanced salt solution with 0-2 per 
cent glucose, 0-5 per cent lactalbumin hydrolysate, 0-75 
per cent methylcellulose (‘Tylose MH 4000’, Kalle, 
Wiesbaden, Germany), phenol red, and antibiotics. After 
correction of the pH to 7:2 by carbon dioxide (5 per cent 
carbon dioxide in air) monolayers were incubated for 24 h 
at 37° C, afterwards fixed by addition of formalin solution 
to the methylcellulose medium and stained by azure- 
eosin-methylene blue according to Giemsa. The number 
and size of plaques projected on to a screen were counted 
and measured at a magnification of 28 times the normal 
size. 

In pig kidney monolayers all strains produced equally 
large plaques of a radius of about 0-3mm. In calf kidney 
monolayers the strains of bovine origin formed plaques of 
the same size and of about the same number as in pig 
kidney monolayers. In this respect the attenuated strain, 
aB—D, did not deviate from the other strains of bovine 
origin. The plaque picture in calf kidney monolayers of 
strains of porcine origin, however, differed significantly 
from that of the bovine strains and consequently from that 
of the porcine strains in pig kidney monolayers. Table 1 
shows that in calf kidney monolayers all porcine strains 
produced a minute plaque type about 3 times smaller 
than that of the bovine strains and of a titre more than 100 
times lower than that obtained in pig kidney monolayers. 

The plaque-forming ability of the strains of porcine 
origin thus corresponds to experience in the field. The low 
pathogenicity to cattle of the porcine strains and their 
reduced plaque-forming ability in calf kidney monolayers 
are likely to be caused by a restrained multiplication rate 
in bovine cells*. As the porcine strains formed plaques of 
the same size in pig kidney monolayers as did the bovine 
strains, a specific inhibitory effect of the methylcellulose 
containing medium to the porcine strains appears unlikely. 
In this connexion it is pertinent to mention that the 
Danish porcine strain, P-DK, which showed the lowest 
plaque-forming ability in calf kidney cell cultures, did not 
cause any macroscopic lesions in 2 heifers which had been 
inoculated into the tongue with a suspension highly cyto- 
pathogenic to pig kidney cultures”. This observation, of 
course, is by far not statistically significant, but supports 
the impression from accumulated field experience of a 
continuous adaptation to pigs during the epizootic con- 
currently with a reduction of virulence for cattle (in 
vivo attenuation). The demonstration of the minute 
plaque type in calf kidney cultures formed by type C 
porcine strains is analogous to the minute plaque type in 
pig kidney monolayers formed by the type C strain, 
REFH/39, attenuated for pigs through passages in 
REF H-cultures® (‘in vitro’ attenuation). This strain was 
unfortunately not available for a comparative examina- 


* We thank Drs. J. van Bekkum, Amsterdam, I. Nardelli, Brescia, 
W. Pilz, Köln, and G. Wittman, Tūbingen, for supplying these strains. 
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Table 1. DIFFERENCES IN PLAQUE BaDIvS AND NUMBER OF PLAQUE- 
FORMING UNITS OF STRAINS OF BOVINE AND PORCINE ORIGIN IN SWINE 
; RESP, CALF KIDNEY MONOLAYERS . 
Virus Average plaque radius pfut in ; 
in 
ckm in ckm in 

Origin | Strain | skm* ckmt % of skm ckm % of | 
in mm skm per 0-1 ml. skm į 
B-DK 0-30 340,000 | 510,000 | 150 | 
Bovine | B-D 0-27 100,000 j| 200,000 | 200 j 
B-I 0-32 77,000 | 260,000 325 | 
aB-D 0-31 52,000 | 130,000 | 250 | 
P-DK 0-10 63,000 44 i 007 | 
Porcine| P-D 0-12 43,000 420 10 } 
P-I 0-10 41,000 260 Og | 
P-NL 0-12 70,000 770 ll 

* Pig kidney monolayers. 

+ Calf kidney monolayers. 


} Plaque-forming units. 


tion. As confirmed in the present investigation and 
previously described by Bengtsson et al.‘, the attenuation 
of the bovine strain, B—D (= ‘C-Detmold’), for cattle and 
pigs was not accompanied by a reduced plaque-forming 
ability in calf and swine kidney monolayers under standard 
conditions. 
Minute plaque type and reduced plaqué-forming ability 
in calf kidney monolayers thus appear to be markers of 
type C porcine field strains causing the actual epizootic 
among pigs in Europe and to be correlated with low 
pathogenicity for cattle. As bovine strains of FMD virus 
usually are pathogenic for pigs, strains producing large 
plaques and showing a good plaque-forming ability in calf 
kidney monolayers are probably to be isolated from swine 
affected in connexion with outbreaks in cattle. 
The results recorded here confirm the concept that field 
strains diagnosed by the complement fixation test as type 
C may show significant intratypic differences. Such 
differences should be recognized in connexion with 
epizootological investigations of the disease as well as 
with the selection of strains for vaccine production. 
Further investigations on type C strains are in progress. 
Foremost, the stability of the differences described is to be 
studied closely as well as the association of the plaque- 
forming ability to other markers of type C virus strains. 
One of us (H. C. B.) was supported by a research grant 
from the ‘Alexander von Humboldt’ Foundation, Bad 
Godesberg, Federal Republic of Germany. 
H. ©. Borcenx 
W. SCHWÖBEL 
Statens veterinaere Institut for Virusforskning, 
Lindholm per Kalvehave, Denmark, and 
Bundesforschungsanstalt fiir Viruskrankheiten der Tiere. 
Tübingen a.N., Waldhauser Höhe, 
Federal Republic of Germany. 
1 Brooksby, J. B., Adv. Virus Res., 5, 13 (1958). 


? Plotkin, S. A., Carp, R. J., and Graham, A. F., Ann. N.Y. dead. Sei.. 
101, 357 (1962). 


3 Hahnefeld, H., and Hahnefeld, E., Arch. Exp. Veterindrmed.,17, 893 (1963). 


‘Bengtsson, S., Dinter, Z., and Philipson, L., Proc. Soc. Exp. Biol, and 
Med., 118, 1019 (1968). 


$ Schwöbel, W., Z. Naturforsch., 16 b, 479 (1961). 
*Schwobel, W., Z. Naturforsch., 17 b, 99 (1962). 
? Schjerning-Thiesen, K. (personal communication). 


An Attenuated Live Virus Vaccine for 
Myxomatosis 


Myxomarosis has been recognized as a virus disease 
since 18981. Although the disease is uniformly fatal. 
efforts to develop an effective, practical method of pre- 
vention have met with indifferent success. 

Because of the severe losses from this disease periodically 
incurred by California rabbitries, attempts were under- 
taken to attenuate the virus as a preliminary to the 
development of a modified live virus vaccine. The original 
isolate of Sanarelli! and a California strain of the virus? 
were used in the work recorded here. 
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Serial passage of the virus in chicken embryos failed to 
result in attenuation. Accordingly, monolayer cultures 
of a cell line derived from the kidney of a suckling rabbit 
were used. 

The Sanarelli strain of virus produced cytopathic effects 
starting with the initial passage in cell culture. However, 
cytopathic effects did not appear in rabbit kidney cultures 
of the California strain until the eighteenth passage 
necessitating, during this interval, the use of rabbits to 
determine whether virus was present. With the develop- 
ment of cytopathic effects this procedure became unneces- 
sary and quantitation and serological study of the isolate 
were possible. 

The titre of the isolate increased from 10-371 at the 
twenty-first passage to 10-*5 at the fortieth, but it became 
decreasingly virulent for rabbits. Rabbits inoculated with 
virus at the latter passage-level developed a mild fever, 
and reaction at the site of inoculation was minimal. The 
rabbits possessed antibody to the virus in high titre and 
afterwards were shown to be solidly immune to challenge 
with virulent virus. i 

The Sanarelli strain of virus failed to attenuate until 
much later. However, since cross-immunity and reciprocal 
cross serum-neutralization tests demonstrated that it was 
immunologically and serologically identical with the 
California isolate, efforts were concentrated on the 
development of a vaccine from the latter. 

Virus at the forty-fourth passage level in rabbit kidney 
cell culture was tested for suitability as a vaccine. Since 
it was planned to market as a desiccated product any 
effective vaccine developed, it was considered advisable 
to test the virus in the form in which it ultimately might 
be made available commercially. Accordingly, the virus 
was furnished to a biological firm for preparation of a 
desiccated experimental vaccine. 

Tests of the vaccine demonstrated that the virus was 
stable on storage at 4°C and maintained for at least one year 
a titre adequate for immunizing purposes. It was found 
that the virus could not be passed in rabbits for more 
than two consecutive transfers, and that it did not revert 
to virulence after this number of passages. 

To test the immunizing efficacy of the vaccine, 
approximately 100 rabbits were injected subcutaneously 
with 500 immunizing doses each. Mild fevers developed 
in the majority of the rabbits following vaccination, but 
no loss of weight or clinical evidence of infection occurred. 
A group of rabbits was allowed to mingle with the vac- 
cinates to determine whether the virus could transmit by 
contact from vaccinated to non-vaccinated animals. 
Members of the contact control group remained clinically 
normal, and their temperatures stayed within usual limits. 

One month after vaccination, representative rabbits 
from each group were bled, and all rabbits on experiment 
were given 55 minimal lethal doses of virulent virus by 
subcutaneous inoculation. Unvaccinated rabbits also were 
inoculated to serve as virus controls. 

After challenge the vaccinated rabbits remained clini- 


cally normal and made weight gains, although their tem- 


peratures were elevated slightly for a brief period. Essen- 
tially no localized reactions occurred at the site of inocu- 
lation. In contrast, the contact and virus control rabbits 
became febrile and developed typical signs of myxoma- 
tosis, accompanied by severe localized reactions and rapid 
loss of weight. All either died from the disease or were 
killed in extremis. Other rabbits inoculated with as little 
as five immunizing doses of the experimental vaccine were 
immune to challenge 7-9 months later. 

On the basis of these experimental results and on results 
of limited field testing, it is concluded that the vaccine is 
safe to use inasmuch as it does not produce disease. The 
vaccine virus is not transmitted by contact and appears 
to have limited potential for transmission by insect vectors. 
Thus, it is unlikely to revert to virulence under field 
conditions. Finally, it stimulates a durable immunity to a 
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challenge greatly in excess of that occurring in the natural — 
state. D. G. MoKERCHER 
J. K. Sarro 

Department of Veterinary Microbiology, 

School of Veterinary Medicine, 

University of California, Davis. i 
1 Sanarelli, G., Zbl. Bakt., I. Abt. Orig., 23, 865 (1898). 
32 McKercher, D. G., Amer. J. Vet. Res., 13, 425 (1962). 


MISCELLANEOUS 


“Education for Industrial Design” 


In Prof. Misha Black’s excellent article on “Education 
for Industrial Design’! there seems to me to be an unneces- 
sary pessimism about the menace of the ‘market-place’ 
where the whole phantasmagoria of ‘“‘wishful thinking, 
day-dreaming, subliminal desires, snobbery, ritual sym- 
bolism and taboos affect the purchase decision”. He is 
obviously worried about a “large proportion of students 
trained, as industrial designers who have thus been 
destined to live their professional lives doing work in 
which they have little faith or in compromise or complete 
prostitution of their talents and convictions”. 

The barristers, the journalists, the copywriters and the 

ommercial artists are faced with similar challenges. Their 
talents are at the mercy of those who can afford to hire 
them—in that sense all these professions are in key with 
the oldest. 

But one of the criteria for spotting a good barrister, 
journalist, copywriter or commercial artist is that he has 
the talent to reconcile the demands of his clients with the 
standards he has set himself. 

Prof. Black implies that the client will always wish to 
play down to the lowest common factor of taste. This is 
simply not true—there are many enlightened clients: 
and it is the pleasure of many good ‘professional’ men to 
have found such enlightened patrons, and it is their duty 
to demonstrate to the less enlightened that mass-appeal 
can be profitably well-done as well as profitably crudely- 
done. 

If the designers of the future are to be trained under the 
impression that all public taste is bad and that industrial 
leaders are all boneheads it will be a very biased, 
misleading, and disappointing education. The excitement 
of success in any of the professional spheres I have men- 
tioned (except perhaps the oldest) is in refusing to play 
down. to one’s public and in assuming that it has more 
taste than may at first be apparent. If the designers of 
the future are to be taught to turn their backs on the 
perpetual striving which such an assessment involves, then 
the future of design is dark indeed. 

HAROLD F. Hurosison - 

London Transport, Griffith House, 

280 Marylebone Road, 
London, N.W.1. 
1 Black, M., Nature, 201, 1258 (1964). 


Mr. Hutcuison sees only my pessimism and neglects 
my modest optimism. I did write that “the student 
designers are now finding that their absolute standards 
are within hailing distance of those of reasonably large 
sections of the public”. 

London Transport has been, and still is, one of the 
national bodies which form a bridge between high stand- 
ards of design and the community as a whole. When 
more directly competitive traders achieve the same 
understanding and, follow the lead of London Transport, 
the need for my despondency will diminish. 

MisHa Buack: 
Design Research Unit, 
37 Duke Street, Wigmore Street, 
London, W.1. 
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FORTHCOMING EVENTS 


Tuesday, June 2 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, Westminster, 
London, &.W.1), at 5.30 pa Mr J.C. A. Roseveare: “Some Features 
of the Ffestiniog Pumped Storage Scheme”. 


Wednesday, June 3 


ROYAL STATISTICAL SOOTY (at the London School of Hygiene and 
Tropical Medicine, Keppel Street, Gower Street, London, W.C.1), at 5 p.m.— 
Mr. P. A, W. Lewis: “A Branching Poisson Process Model for the Analysis 
of Computer Failure Patterns”. 


ROYAL SOCIETY OF MEDICINE, HISTORY OF MEDICINE SxoTION (at 1 
Wimpole Street, London, W.1), at 5.15 Pre? E. N. Chamberlain: 
“James Currie and Eighteenth Century Medicine in Liverpool”. 


SocIETY FOR VISITING SOIENTISTS (at the English-speaking Union, Dart- 
mouth House, 37 Charles Street, London, -l at 7.80 p.m.—Discussion 
Meeting on “The Pros and Cons of International Research Centres”. Chair- 
man: Sir John Cockeroft, O.M., K.0.B., F.R.S, Speakers: Dr. J. B, Adams, 
C M.G., F.R.S., Dr. J. C. Kendrew, 0.B.E., F.R.S., and Prof. A. Haddow, 


Thursday, June 4 


ROYAL SOCIETY (at Burlington House, Piccadilly, London, W.1), at 
2,30 p.m.—Discussion Meeting on “Recent Experiments on the Chemistry 
of Corrin” organized by Prof. Dorothy M. C. Hodgkin, F.R.S. 


Friday, June 5 


BIOCHEMICAL Sooty (at the Brewing Industry Research Foundation, 
Nutfield, Surrey), at 10 a.m.—Sctientific: Papers; 2-30 p.m.—Colloquium 
on “Nucleotide Peptides”. 


Monday, June 8—Tuesday, June 9 


INSTITUTE OF RURAL LIFE AT HOME AND OVERSEAS (at the Department 
of Technical Co-operation, Eland House, Stag Place, London, S.W.1), at 
10,30 a.m. daily—-Conference on “International Co-operation in Develop- 
ment Programmes”. , 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before 
the dates mentioned: 

LECTURER or ASSISTANT LECTURER (man or woman graduate) IN Prysics 
—The College Secretary, Westfield College (University of London), Kidder- 
pore Avenue, Hampstead, London, N.W.3 (June 5). f 

ASSISTANT LECTURER (graduate in agriculture or agricultural economics 
with additional training or special interest in farm management) IN FARM 
MANAGEMENT—The Principal, Seale-Hayne Agricultural College, Newton 
Abbot, Devonshire (June 6). 

ASSISTANT LECTURER or RESEARCH FELLOW (with a basic training in 
physics and preferably an interest in physical measurements of fluid flow 
through porous media by isotope or other methods) IN THE DEPARTMENT 

OF Som SOIENOE—The Secretary, The University, Aberdeen (June 6). 

LECTURER IN BIOCHEMISTRY IN THE RHEUMATISM RESEARCH CENTRE— 
The Registrar, The University, Manchester 13 (June 6). 

TUTORIAL STUDENT IN BIOLOGICAL CuEsistry—The Secretary, The 
University, Aberdeen (June 6). . 

BURN RESEAROH FELLOW (graduate less than 30 years old with two or 
three years research experience) IN PHARMACOLOGY-—Secretary to the 
Trustees, Department of Pharmacology, The University, Oxford (June 8). 

DEMONSTRATOR IN GEOGRAPHY-—-The Registrar, The University, Keele, 
Staffs (June 8). 

JUNIOR RESEARCH FELLOW IN APPLIED MATHEMATICS—The Registrar, 
The University, Sheffield (June 8). . 

LECTURER IN SEROLOGY IN THE DEPARTMENT OF FORENSIO MEDICINE 
—Secretary of the University Court, The University, Glasgow (June 8). 

LECTURER or ASSISTANT LECTURER IN PSYOHOLOGY—The Registrar, The 
University, Sheffleld (June 8). 

LECTURER (with an interest in one or more of the following: meteorology, 
climatology, biogeography or cartography, and preferably regional specialism 
in tropical countries and/or Latin America) IN Gro@RraPHy—The Registrar, 
The University, Keele, Staffs (June-8). í 

LEOTURER (with particular interest in industrial organie chemistry or 
biochemistry) IN . THE DEPARTMENT OF CHEMIOAL ENGINERRING—The 
Secretary, University ae Gower Street, London, W.C.1 (June 8). 

TEMPORARY- LECTURER (qualified and experienced teacher of science, 

referably including modern physics) IN EpvcATION—The Registrar, The 

niversity, Manchester 18 (June 10). 

LeOTURER and an ASSISTANT IN THE DEPARTMENT OF JELECTRICAL 
ANNEER G-—The Secretary of University Court, The University, Glasgow 

une 12), ` 

LECTURER (Grade I) IN PHYSIOLOGY IN THE DEPARTMENT OF PHYSIO- 
LOGIOAL CHEMISTRY —The Registrar (Room' 22, O.R.B.), The University, 
Reading (June 18). 

RESEARCH WORKER (graduate in either botany or microbiology, and with 
a knowledge of zoology), to carry out mycological research at the Zoo— 
The Director, Bristol, Clifton and West of England Zoological Society, 
Zoological Gardens, Clifton, Bristol 8 (June 13). 

THE PROFESSORSHIP OF PHYSIOLOGY—The Secretary and Bursar, Uni- 
versity College, Dublin, Republic of Ireland (June 13). y 

ASSISTANT EXPERIMENTAL OFFICER (with experience of work of a similar 
nature or graduate), to assist in research on the cytogenetics of cereal plants 
Gue j nee Plant Breeding Institute, Trumpington, Cambridge 

une 15), 

EXPERIMENTAL OFFICERS (2) AT THE LEEDS UNIVERSITY FARM, one to 
assist in agronomy and the other in animal production—The Registrar, 
The University, Leeds 2 (June 15). 

Tene ey RESEARCH FELLOW—The Provost, Worcester College, Oxford 

une 15). 

LECTURER, Grade II (mathematician), IN THE DEPARTMENT OF THEORET- 
ICAL MECHANICS (Faculty of Engineering)}—The Registrar, University of 
Bristol, The Senate House, Bristol 2 (June 15). 
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LECTURER (preferably with a degree or a diploma in veterinary medicine 
and a knowledge of comparative neurophysiology and electron microscopy) 
IN THE DEPARTMENT OF PHYSIOLOGY—The Secretary, The Royal Veter- 
inary ao (University of London), Royal College Street, London, N.W.1 

une 15). 

LECTURER or ASSISTANT LECTURER (graduate in engineering or physics, 
and preferably experience of reactor design or heat transfer) IN NTCLEAR 
ENGINEERING—The Registrar, The University, Manchester 183 (June 17). 

ASSISTANT LEOTURER IN PHILOSOPHY in Queen's College-—The Secretary, 
University of St. Andrews, Queen’s College, Dundee, Scotland (June 19). 

JUNIOR LECTURER IN ORGANIC CHEMISTRY and a JUNIOR LECTURER IN 
InoRGANIO CHEMISTRY—Secretary to the College, lc, Trinity College, 
Dublin 2, Republic of Ireland (June 20). 

SECOND CHAIR OF APPLIED MaTHEMATICS—-The Registrar, The Univer- 
sity, Lg! (June 20). 

JUNIOR LECTURER IN EDUOATION—Secretary to the College, 1c, Trinity 
College, Dublin 2, Republic of Ireland (June 27). 

LECTURER or ASSISTANT LECTURER (preferably with a sound knowledge 
of mineralogy) IN GEOPHYSICS IN THE DEPARTMENT OF GEOLOGY, Univer- 
sity of Ibadan, Nigeria—The Secretary, Inter-University Council for Higher 
Education Overseas, 383 Bedford Place, London, W.C.1 (June 29). 

CHAR OF SOCIOLOGY at the University of Singapore-—-The Secretary, 
University Council for Higher Education Overseas, 33 Bedford Place, 
London, W.C.1 (June 80). 

JENNER MEMORIAL STUDENT (well qualified graduate in microbiclogy or 
related dtactpiines) IN THE VIRUS VACCINE DEPARTMENT--The Secretary, 
The Lister Institute, Elstree, Hertfordshire (June 30). 

LECTURERS (2) (preferably with a special interest in X-ray crystallo- 

raphic studies or in theoretical chemistry) IN THE DEPARTMENT OF PHYSICAL 
gaem oy T Assistant Registrar (Science), The University, Birmingham 

‘une 30), 

CENTRAL ELEOTRIOITY GENERATING BOARD RESEAROH FELLOW IN 
CHEMICAL ENGINEERING or APPLIED PHYSICAL CHEMIStTRY-—The President, 
Queen’s College, Se (July 1). 

ASSISTANT LECTURER, Grade A (with an honours degree in engineering 
or science, two or more years of research and/or industrial experience, 
and preferably let arene in the field of automatic control of technical 
kinetics) IN THE DEPARTMENT OF CHEMICAL ENGINEERING, University of 
Melbourne, Australia—The Secretary, Association of Commonwealth 
Universities (Branch Office), Marlborough House, Pall Mall, London, S.W.1 
(Australia and London, July 6). 

LECTURER (with a degree in veterinary science with postgraduate ex- 

erience in the field of pathology) IN PATHOLOGY IN THE DEPARTMENT OF 

TERINARY PREVENTIVE MEDICINE, University of Queensland, Australa- - 
The Secretary, Association of Commonwealth Universities (Branch Office), 
Eee hae House, Pall Mall, London, S.W.1 (London and Brisbane, 

‘uly 12). 

ASSISTANT LECTURERS and LECTURERS mm a good honours degree or 
an honours Diploma in Technology in Electrical Engineering and some 
industrial experience) IN ELECTRICAL ENGINEERING—Head, Department 
of Electrical and Electronic Engineering, Northampton College of Advanced 
Technology, St. John Strees, London, E.C.1. 

GRADUATE STATISTICIANS {well qualified economic or mathematical 
statisticians) at the Central Statistical Office, Southern Rhodesia—The 
Secretary (R), Rhodesia House, 429 Strand, London, W.0.2. 

HEAD OF THE DEPARTMENT OF METALLURGY—Prof. D. M. Myers, Dean 
x to milly of Applied Sclence, University of British Columbia, Vancouver 

, Canada. 

MASTER TO TEACH PHYSICS (good share of sixth form work}—The Head- 
master, Newcastle High School, Staffordshire. 

MASTER (with a first-class honours degree from any university) TO TEACH 
Puysics to University Scholarship candidates and others—The Head- 
master, Charterhouse, Godalming, Surrey. 

_MIoRoBIOLOGIsT (preferably with an interest in problems of biological 
nitrogen fixation) IN THE DEPARTMENT OF BOTANY—-Prof. W. O. James, 
Department of Botany, Imperial College, London, $.W.7. 
a rom Mio Group Secretary, Roundway Hospital, Devizes, 

iltshire. 


RESEARCH FELLOW IN CHEMISTRY, for research on the physical chemistry 
of organo-boron compounds—-The Professor of Chemistry, Chemistry De- 
partment, Royal Holloway College (University of London), Englefteld Green, 

urrey. 
RESEAROH FELLOW or RESEARCH ASSISTANT (with a good honours degree 
in psychology) IN PSYCHOLOGY IN THE DEPARTMENT OF MANAGEMENT AND 
A Dan eTRA TON- Tho Registrar, Dept. E, Bradford Institute of Technology, 

radford 7. 

_ BESEARCH FELLOW, to carry out a study on the role of laboratory work 
ia Rn tversiey teaching—The Registrar, University cf Bristol, Senate House, 
ristol 2. : 

RESEARCH FELLOW (with experience in some field of mathematics and 
preferably a specialist in (i) real analysis, or (ti) the applications of com- 
puters in mathematics, or (iii) fluid dynamics) IN TBE DEPARTMENT OF 
MATHEMATIOS--The Registrar, Portsmouth College of Technology, 9 Burnaby 
Road, Portsmouth. 

RESEARCH STUDENTS (recent graduates (honours degree or Dip.Tech.) 
or those graduating this year), to join groups working in the following fields: 
creep and high temperature properties of metals; photoelasticity; fluid 
mechanics; heat transfer; and fuels for reciprocating internal combustion 
engines—Head of the Department of Civil and Mechanical Engineering, 
Northampton College of Advanced Technology, St. John Street, London, 


C1. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Building Research Station Digest, (Second Series). No. 44: Safety in 
pomestie Buildings—2. Pp. 4. (London: H.M. Stationery Office, 1964.) 
98 


Admiralty: Hydrographic Department. Admiralty Marine Science 
Publications. No. 3: Gravity Measurements from H.M.S. Shackleton, 
August 1961. (H.D. 538.) Pp. 3+table+3 figures, No. 4, Part 1—Text : 
Bathymetric Magnetic and Gravity Investigations, H.M.S, Owen, 1961-1962— 
International Indian Ocean Investigations. (H.D. 539.) Pp. 43+9 figures +5 
tables. No. 5: Surface Temperature and Salinity Observations, H.M.S. 
Owen, 1961-1962—-Intermational Indian Ocean Expedition. (H.D. 540.) 
Pp. 28+8 figures. (London: Admiralty, 1963.) [93 
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University College of Wales, Aberystwyth. Memorandum No. 6 (1963): 
Synopsis of Discussions held on March 18th, 1963, on the subject of Climatic 
Factors and Agricultural Productivity. Edited by James A. Taylor. Pp. 68. 
(Aberystwyth : University College of Wales, 1964.) 7s. 6d. [93 

Ciba (A.R.L,), Ltd. Technical Noten, No, 2d rebruary, 1064) : Specialty 


Plating. By R. M. Angles. 
Company (Mond), Ltd., 1964.) 
. The Industrial Diamond Information Bureau. Impact Strength Determ- 
ination of Diamond Abrasive Grit. By N. G. Belling and H. B. Dyer. Pp. 12. 
(London : The Industrial Diamond Information Bureau, 1964.) [93 
The Camegie United Kingdom Trust. 50th Annual Report, 1963. Pp. 
viil+ 72. (Dunfermline, Fife : The Carnegie United Kingdom Trust, 1964.){93 
General Register Otfice. Census 1961: England and Wales. County 
Report—West Sussex. Pp. xxili+84. (Dondon: H.M. Stationery Office, 
1964.) 188. net. {93 
Research : Science and Technology. (Information for Science Under- 
graduates and Sixth Formers.) Edited by A. G. R. Birtwell and J. G. T. 
Thornton. Pp. 96. (Marlborough College, Wilts: A. G. R. Birtwell and 
J. G. T. Thornton, 1964.) 2s. 6d. (183 
British Drug Houses, Ltd. New B.D.H. Clinical Reagents. Pp. 8. (Poole, 
Dorset: British Drug Houses, Ltd., 1964.) (183 
United Steel Companies, Ltd. Review of Progress 1968 : a Report covering 
the period Ist October 1962 to 30th September 1963 for all Employees an 
their Families. Pp. 48. (Sheffield : United Steel Companies, Ltd., 1964.) [183 
International Council of Scientific Unions. Special Committee for the 
International Years of the Quiet Sun. IQSY Notes, No.6. Pp. 58. (London : 
IQSY Secretariat, 6 Cornwall Terrace, N.W.1, 1964, 183 
Perkin-Elmer, Ltd. Perkin-Elmer Model 237/337 Grating Spectrophoto- 
meters. Pp. 12. (Beaconsfield: Perkin-Elmer, Ltd., 1964.) 183 
University Grants Committee. University Development 1957-1962. Pp. 
X+230+11 photographs. (Crand. 2267.) (London: H.M. Stationery Office, 
1964.) 15s. net. (183 
The Challenge of Circumstances. By W. Proctor Wilson. (B.B.C. Lunch- 
time Lectures, Second Serles—5,.) Pp. 16. (London: British Broadcasting 
Corporation, 1964.) 183 
The Bedfordshire Naturalist, No. 17, (The Journal of the Bedfordshire 
Natural History Society for the year 1962.) Pp. 44. (Bedford: Bedfordshire 
Natural History Society, 1964.) 5s. [183 
Government of Northern Ireland : Ministry of Agriculture. Leaflet No. 
89: Some Pests and Diseases of Vegetable Crops. Pp. 16. (Belfast: Ministry 
of Agriculture, 1964.) [183 


Other Countries 


Australia, New South Wales: Department of Mines. Geological Survey 
Reports, No. 1: Iron Ore Deposits, Fine Flower District, N.S.W. By 
D. W. Wynn. Magnetic and Gravity Survey of Iron Ore Deposits, Fine 
Flower District, N.S.W. By D. M. Pegum: Pp. 16. 6s, No.2: Iron Ore 
Deposits near Tarago, N.S.W. By D. W. Wynn, Magnetometer Survey of 
Iron Ore Deposits near Tarago, N.S.W. By D. M. Pegum. Pp. 6. 4s. No.3: 
Iron Deposits near Lionsville, N.S.W. Notes on the Mandurama Ironstone 
Occurrences. Ironstone Occurrences North of Parkes, N.S.W. Ironstone 
Deposits near Lake Innes and Mingaletta, Port Macquarie District, N.S.W. 
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THE CHALLENGE OF ARID LANDS 


CCORDING to definitions of aridity adopted by the 
Arid Zone Major Project of Unesco, arid lands 
occupy 23 per cent of the land surface of the globe. The 
rapidly increasing pressure of population on the better 
watered lands has inevitably directed world attention to 
the less fortunate arid lands. In the vast dry stretches 
which lie in the less-developed lands the life of the inhabi- 
tants is hard and often precarious and those countries 
are particularly in need of scientific advice and practical 
help from the more advanced nations. The United States 
has the problem of the arid lands—one-third of the total 
area of the 48 contiguous States or about a million 
square miles fall into the arid category. The Americans 
have learnt the hard way: despite persistent warnings by 
John Wesley Powell as early as 1878, pioneers took farm- 
ing techniques from the humid East with the inevitable 
consequences Powell foretold—soil erosion, dust bowls, 
ruination of land and people. But that was before modern 
techniques of water control. 

It is very fitting that the United States should sum- 
marize these hundred years of experience and experiment- 
ation as a contribution to the solution of the world 
problem, and that is precisely what Aridity and Man* 
sets out to do. When the South-western and Rocky 
Mountain Division of the American Association for the 
Advancement of Science met at El Paso in 1951 it set 
up a Committee on Desert and Arid Zones Research, 
and in due course this body prepared the report for the 
Buenos Aires meeting of 1963 sponsored by Unesco. 

With a foreword and preface, seventy-two authors have 
contributed to its twenty-four chapters, sixteen of which 
are devoted to topics, the other eight being case-histories 
ranging from the problems of Tucson and Los Angeles to 
the sad story of typical eroded basins. Hach topic chapter 
is a well-balanced résumé of work in its field with a 
carefully selected bibliography. After a chapter on the 
regional setting, Indian adaptations and the historical 
framework are taken up in turn, then weather, water-use, 
minerals and energy sources, soils, agriculture, the role of 
forests, native animals and plants as resources. In a 
chapter on human factors in desert development, D. H. K. 
Lee develops his well-known investigations of the direct 
effects of heat and aridity on human physiology, and 
stresses some fallacies old and new—for example, that one 
can become acclimatized to a low intake of fluid. By 
ignoring modern air-conditioning his results seem at 
variance with M. E. Garnsey and N. Wollman on economic 
Population and economic prosperity in 
the arid south-west have grown at phenomenal rates, 
far exceeding that in the United States as a whole, but in 
arid California and the mountainous west rather than in 
the agricultural great plains. The success of industry 
and the growth of towns should suggest to many countries 
that the use of scarce water resources is not necessarily 
or even primarily for irrigation. 

A scientist is apt to judge the problem of arid lands in 
terms of the control of the physical environment, and it is 
well that two chapters are devoted to political and social 
institutions—insufficiently adapted to the environment— 


| and to a critical review of man’s history, in which damage 


* Aridity and Man: The Challenge of the Arid Lands in the United States. 
Edited by Carle Hodge, In association with Peter C. Duisberg. Pp. xx+ 
584. (Publication No. 74.) (Washington, D.C.: American Association for 
the Advancement of Science, 1963.) n.p. 


to the environment has often exceeded improvement, 
As H. E. Dregne says in his chapter on soils, “recognition 
that the soils of the arid regions must be managed differ- 
ently from those of the humid regions came slowly and at 
great personal cost to the first settlers’. The same is, 
indeed, true of the relationships between man and all tho 
factors of the arid environment, and it is in the now frank 
recognition of this that lies the particular value of Aridity 
and Man, acknowledging that much work remains to he 
done. 

The Committee on Desert and Arid Zones Research has 
sponsored a series of annual conferences—that in 1960 
dealt with “Water Yield in Relation to Environment inthe 
Southwestern United States”. Edited by B. H. Warnock 
and J. L. Gardner, eight contributed papers have been 
published as a pamphlet} and the water yield is contrasted 
for alpine vegetation, pinyon-juniper, oak woodland, 
grassland and phreatophytie vegetation, as well as boing 
related to cover, soils, and storm patterns. The papers 
serve to emphasize the curse of irregularity and the 
difficulties of maintaining anything approaching a steady 
water yield or even of improving existing conditions. 
Some interesting examples of snow-storage are given, 

More than 60 per cent of the small State of Israel- - 
some 12,500 square kilometres or 5,000 square miles out 
of a total area less than that of Wales—is arid land. The 
greater part is, indeed, uncompromising desert, the 
Negev, which occupies the triangular extension in the 
south between Egypt on the west and Jordan on the east, 
with a tiny stretch of Red Sea coast as an outlet in the 
south. In no country does the development of its desert 
land present such a vital and challenging problem. 
Nowhere has desert research been attacked with greater 
vigour and skill. Jewish scientists from many countries 
migrated to Israel, taking with them the knowledge, 
theoretical and practical, of arid lands the world over. 
They pooled the information from many lands and in 
many languages, so that research began where other 
countries left off. Under the auspices of the Anglo-Israel 
Association, Miss Ruth Halliday, who graduated as a 
biologist from Newnham in 1961, went to Israel us 
Wyndham Deedes Scholar, and has written an excellent 
account of her studiest. In the Negev, south of Beer- 
sheba, gateway to the desert, are remains of early settle- 
ments which, even allowing for possible climatic changes, 
seem to have mastered the art of concentrating the slight 
precipitation over a considerable catchment area to 
nourish & few fields. She takes the story from there to the 
present day and looks to the future, but unfortunately 
gives no references. Outstanding among Israeli achieve- 
ments is the piping of irrigation water, first from small 
streams in the humid north, now from the Sea of Galilee. 
The system has many advantages: no loss from evapora- 
tion, perfect control over the exact quantity of water to 
be released and when. In contrast, great conventional 
works such as the Aswan High Dam face ovaporation 
losses up to 60 per cent and a less efficient control over 
distribution. L. DUDLEY Stamp 


+ Water Yield in Relation to Environment in the Southwestern United States 
Edited by B. H. Warnock and J. L. Gardner. Pp. 128. (Alpine, Texas: S 
Ross State College, 1964.) : i popne, Eerad: aul 


t The Skilis to Make the Desert Bloom. (Some Aspects of Biological 3ci 
in relation to the Negev.) Report by Ruth Halliday. Pp. 49. singlo Tarasi 
Association Pamphlet No. 4. (London: The Anglo-Israel Association, 


1964.) 5s. [See also Nature of May 30, p. 843.] 


938 
OXBRIDGE UNDER FIRE 


Camford Observed 
By Jasper Rose and John Ziman. Pp. 255. 
Victor Gollancz, Ltd., 1964.) 25s. net. 


T a time when our two ancient English universities 
are being subjected to widespread critical scrutiny 
it is useful to have this authentic account of what they 
are, what they do and how they do it. Many problems 
confront them in the modern world. Oxford and Cam- 
bridge have been under heavy fire, not so much because 
of their shortcomings, but because they are regarded as 
homes of privilege and exclusiveness. This is anachronis- 
tic in an egalitarian age. It is asserted—and disputed— 
that in admitting students unfair preference is given to 
pupils from public schools. Attention has also been 
directed to the high proportion of appointments in the 
public services that go to Oxbridge graduates and tio the 
allegedly favourable conditions of service which the older 
universities are able to offer to their academic staff. 
Holders of College fellowships have also been criticized 
for their reluctance to take senior positions of respon- 
sibility in the newer universities. 

Some of this disquiet was stimulated by the report of 
the Robbins Committee, which referred to the conviction 
that teaching staffs at Oxford and Cambridge are more 
generously remunerated than those at other universities; 
to “the number of times when it is necessary to except 
Oxford and Cambridge from general statements about 
British universities”; and to “anomalies which may well 
not only endanger their own welfare but also the effective- 
ness of the whole system of higher education”. In regard 
to remuneration, the air has been cleared by the recent 
report of the National Incomes Commission (Cmnd. 2317), 
which devotes a whole chapter to detailed information 
about the salary position at Oxford and Cambridge and 


(London: 


concludes that if there is any problem it is for the Univer- | 


sities themselves and the University Grants Committee 
to examine and resolve. 

The two universities have made moves to meet the 
Robbins criticisms. They are re-examining their admin- 
istrative procedures and the relationships of the univer- 
sities to the colleges. They have also taken the weleome 
step of expressing a wish to be associated with the proce- 
dures of the Universities Central Council on Admissions. 
Ostensibly the Robbins philosophy seems to be aimed at 
the unification of higher education. In fact, in the long 
run, it is much more likely to lead to a stratified system 
of universities, with Oxford and Cambridge remaining 
pre-eminently at the peak. 

Mr. Rose and Dr. Ziman have written a very readable 
and informative book about Oxbridge. Its title seems 
to represent a mild protest by Cambridge men against 
the way in which Oxford is generally accorded prece- 
dence. Mr. Rose is a humanist and Dr. Ziman a scientist. 
A product of the ‘brain drain’ from New Zealand, Dr. 
Ziman read mathematics at Balliol before becoming a 
lecturer at the Cavendish Laboratory. He has been 
elected to the chair of theoretical physics at Bristol. 
Mr. Rose has taught in Keele and also in Texas, so that 
both authors have experience outside Oxbridge. 

They describe the techniques used by the colleges for 
the selection of students, the life of the undergraduates 
and the dons, and the methods of teaching, in college and 
in university. There is a particularly illuminating account 
of the way in which college tutorials are conducted. So 
much depends on the personality of the tutor and on the 
establishment of a bond of sympathy with his student. 
Academic failure, a cause of so much concern at the 
newer universities, is minimal at Oxbridge. This depends 
on a number of factors which are clearly outlined. Not 
least is the system of degree classification. 

From the chapter on postgraduate research (“Limbo”) 
one gathers that the arts research student fares much 


NATURE 


June 6, 1964 


more badly than his science counterpart. The association 
of a postgraduate student with a college is much more 
tenuous than that of an undergraduate. For the science 
student this is compensated by the community life of the 
laboratory. The authors also describe the procedures for 
election to research fellowships and teaching fellowships, 
with the responsibilities and privileges which accrue. 
The very unsatisfactory situation which has arisen from 
the expansion of university teaching staff with no corre- 
sponding increase in college fellowships has presented one 
of the problems which have yet to be resolved. Attention 
is also directed to the high degree of academic inbreeding 
at Oxbridge, less pronounced in the case of university 
appointments, especially to chairs, than with college 
fellowships. Many of the present difficulties arise, of 
course, from the co-existence of independent self-support- 
ing colleges governed by Master and Fellows elected in 
perpetual succession with the university, maintained 
almost entirely from public funds but with limited juris- 
diction over the body of undergraduates. The inherent 
weakness of the central university administration is also 
exposed by the authors. But any suggestion—-and there 
have been such suggestions—that Oxford and Cambridge 
should become specialized postgraduate universities is 
completely discounted. “The colleges would fight it to 
the death.” f 

This book is a brilliant satire which pillories sardonically 
the weaknesses and blemishes of the two ancient univer- 
sities while tacitly assuming their excellence and superior- 
ity in so many respects. There is no suggestion that their 
academic and administrative structures should or will 
be demolished. Rather, they should be remoulded to 
correspond more closely with modern needs and conditions. 

James Cook 


VoL. 202 


ABSORPTION AND DISTRIBUTION 
OF DRUGS 


Absorption and Distribution of Drugs 

Based on a Symposium held by the Association of Medical 
Advisers in the Pharmaceutical Industry. Edited by T. B. 
Binns. Pp. xi+270. (Edinburgh and London: E. and 
S. Livingstone, Ltd., 1964.) 37s. 6d. 


ANY pharmaceutical companies have always regar- 
ded studies on the absorption, distribution and fate 
of a potential drug as an essential part of pre-clinical trial 
investigations, and legislation now being introduced would 
appear to make it obligatory to obtain some evidence on 
this aspect of the properties of a potential drug. The 
Association of Medical Advisers in the Pharmaceutical 
Industry, by organizing a symposium on this topic, has 
rendered a valuable service to all, laboratory and clinical 
workers, concerned with the development of potential 
drugs. 

Tho first papers on the absorption and distribution of 
drugs appeared in the scientific literature around the turn 
of the present century, following the introduction of 
chloroform, and most of the work published in the early 
years of this century was concerned with the factors 
which influence the uptake of the inhalation anzsthetics. 
From work reported in the past ten years it is now possible 
to predict with a fair degree of accuracy the distribution 
in the tissues and the rate of absorption and excrotion of a 
new volatile anesthetic. The absorption of drugs from 
the alimentary canal is usually more complex and the 
publishers of the proceedings of this symposium have 
misjudged the extent of our knowledge on this topic when 
they say that the factors which determine the absorption, 
distribution and fate of drugs have gradually been eluci- 
dated. Considerable progress is, however, being made and 
the papers presented at this symposium give the reader an 
opportunity to judge the state of the field for himself. 
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Nine of the seventesn papers published in Absorption 
and Distribution of Drugs are mainly concerned with the 
fundamental aspects of drug absorption and distribution, 
two with the fate of drugs and the remaining six with the 
absorption of particular classes of compounds. Although 
the work quoted in all the papers is supported by an 
adequate list of references, the reader inexperienced in this 
field will find a paper by B. B. Brodie on ‘Physico- 
chemical Factors in Drug Absorption” and one by R. F. 
Crampton and D. M. Matthews on “Kinetics of Drug 
Absorption: Methods and Interpretations” particularly 
valuable, as these authors have also included a list of 
recommended additional reading. The authors are too 
many to allow comment on more than a few of the con- 
tributions, but they are all of a high standard and make 
worth-while reading. 

The major contribution to this symposium was made by 
Brodie, whose papers on “Physico-chemical Factors in 
Drug Absorption” and ‘Distribution and Fate of Drugs: 
Therapeutic Implications” constitute approximately one- 
third of the printed proceedings; this is an acknowledge- 
ment by the organizers of the value and volume of the 
work carried out on this topic by Brodie and his co- 
workers at the National Institutes of Health. His first 
paper is an excellent review of the properties controlling 
the passage of organic electrolytes across cell membranes, 
a subject to which he has contributed many fundamental 
data. His second paper is of the same high standard, but 
it is to be regretted that he did not devote more space for a 
discussion on the uptake of thiopentone; some reference to 
the work of either L. C. Mark or H. L. Price on this drug 
would have greatly increased the value of the section on 
“Fat as Storehouse for Drugs”. A paper by D. H. Smyth 
on “Alimentary Absorption of Drugs; Physiological Con- 
siderations” is a useful reminder to the reader that there 
are several physiological factors which may, and do, 
influence the absorption of drugs, and the author makes 
some interesting suggestions for enhancing drug absorption 
from the gastro-intestinal tract. J. Ginsburg and M. E. 
Jeacock have discussed very fully the placental barrier, a 
barrier which is now more actively considered since the 
recent reports of the teratogenic effects of some estab- 
lished drugs, and they emphasize the possibility that drugs 
may change the pattern of placental metabolism. 

Dr. Binns, who organized the symposium, has, as editor, 
produced an excellent volume of original papers. Unfor- 
tunately, none of the extremely interesting and stimulating 
discussion which followed the papers at the symposium was 
recorded, but this book is thoroughly recommended to 
everyone concerned with drug discovery. 

W. A. M. DUNCAN 
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BIGGER AND BETTER CRYSTALS 


The Art and Science of Growing Crystals 

Edited by Prof. J. J. Gilman. (Wiley Series on the 
Science and Technology of Materials.) Pp. ix+ 493. 
(New York and London: John Wiley and Sons, Ine., 
1963.) 150s. 


HE order in which the words ‘Art’ and ‘Science’ 

appear in the title of this book is significant; for the 
dominant impression produced on the reader is that 
although increased theoretical attention has been directed 
to the molecular basis of crystal growth in recent years, 
and although there are a few broad principles born of 
experience to help the would-be grower of crystals, 
nevertheless the task of growing crystals for specific 
applications remains more like an art than a science. 
Each crystal species has an individuality of its own, and 
anyone who wants to grow good crystals of a particular 
i species, especially if he wants them large and perfect, 
must learn about its idiosyncrasies the hard way ; he must 
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respect its character, humour it and coax it, and accept 
gratefully what Nature will concede in response to these 
blandishments. 

This book collects the experiences of many practitioners 
of the art, provides recipes for growing crystals of many 
species, and summarizes present-day theoretical ap- 
proaches and the more empirical generalizations. Its 
appearance now is a sign of the times; for in recent years 
the variety of applications utilizing crystal characteristics, 
for the most part demanding individual crystals rather 
than polycrystalline specimens, has grown enormously. 
To add to the older applications—jewels for ornament or 
for instrument bearings (aluminium oxide); polarizers 
(calcite); frequency-controlled oscillators (quartz); and 
grinding (diamond)—-the editor, who is professor of 
engineering at Brown University, lists the following: 
transducers (quartz, rochelle salt, ammonium dihydrogen 
phosphate); radiation detectors (anthracene, potassium 
chloride); infra-red optics (lithium fluoride); transistors 
(germanium, silicon); magnetic devices (garnets); strain 
gauges (silicon); ultrasonic amplifiers (cadmium sulphide) ; 
masers and lesers (ruby, gallium arsenide, calcium 
tungstate); lenses (fluorite); melting crucibles (magnesium 
oxide); and tunnel diodes (gallium arsenide). He observes 
that ‘‘we are passing from a period when solid matter 
was used mainly in unsophisticated forms into a period 
when increasing emphasis will be placed on its use in the 
form of highly organized crystals”. 

Thirty specialists have contributed to this volume, 
most of them American, with a few British and one 
Dutch; and the majority are in industrial laboratories. 
It is arranged in four sections dealing with: vapour 
growth; precipitation from liquid; solidification; and 
recrystallization. Each starts with an article on general 
principles, which is followed by articles on specific sub- 
stances or groups of substances. The emphasis in the 
chapters on specific substances is on the crystals used for 
the technological applications already mentioned, though 
there is one outstanding exception—the chapter by B. J. 
Mason on ice; not that this subject lacks practical interest, 
for investigations of ice crystals are already playing a part 
in meteorology, but its main interest is for the crystallo- 
grapher as naturalist rather than as technologist. 

For the non-specialist reader, the articles on genoral 
principles at the beginning of each section are likely to be 
of first interest, for it is here that he expects to learn the 
extent to which we understand the formation and growth 
of crystals in terms of molecular properties or the more 
abstract conceptions of physical chemistry. My general 
impression is that on most sectors of this frontier of 
knowledge there is still a big gap between theoretical 
understanding and the facts to be explained. The forma- 
tion of the initial crystal nucleus gets little attention; 
indeed, in the chapter by N. Cabrera and R. V. Coleman 
on the general principles of growth from vapours it is not 
treated at all. In other general articles—by G. T. Koh- 
man on precipitation from solution, by W. A. Tiller on 
crystallization from the melt, and by W. G. Burgers on 
recrystallization—this topic fares better, but it is notori- 
ously difficult to treat it in a systematic manner likely to 
be of value in practice, for nucleation often occurs on 
extraneous particles. The most interesting information 
on the subject is found in one of the specialist articles— 
that of B. J. Mason on ice—where we learn that epitaxial 
fit of ice on the extraneous particle is an important factor, 
but not the only one. 

Growth of the established erystal has received a good 
deal of theoretical attention in recent years, chiefly by 
F. C. Frank and his collaborators. A start has been made 
in taking into account the molecular structure of the 
crystal face and the initiation and spreading of successive 
layers; this work is summarized by Cabrera and Coleman. 
The chief result has been to direct attention to the part 
played by dislocations in keeping growth going, in any 
event for crystals growing from vapour or solution. 
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because the formation of nuclei for new layers on a perfect 
close-packed surface is unlikely except at high super- 
saturation. If growth is dependent on imperfections, the 
prospects of quantitative application to real crystals are 
not bright. But it should be remembered that the 
approach has been based on a simplified molecular model 
which is closely relevant only to close-packed surfaces of a 
structure of the simplest possible kind. How far it applies 
to most real crystals is not clear. The other general 
articles concentrate on other aspects: that of W. A. 
Tiller, on growth from the melt, is largely concerned with 
the distribution of two components in, for example, 
zone-melting processes for purification or for deliberate 
control of composition; it is heartening to learn that one 
striking growth phenomenon, the cellular surface morph- 
ology set up under certain conditions, has been explained. 
In some ways, the most satisfying of these general articles 
is that of W. G. Burgers on the principles of reerystalliza- 
tion, owing to the clear style of exposition, the nice 
balance between facts and ideas, and the interesting 
discussions of possible explanations of many pheno- 
mena. 

The articles on specifice substances or groups of sub- 
stances are largely descriptive; if they often read like 
strings of recipes, this is perhaps inevitable. I am not 
sure that it was necessary to collect together all this 
information to form a large and expensive book; people 
who want to grow crystals of particular substances will 
need to read original papers. However, they will find the 
copious references good signposts, and maybe they will 
find it profitable to browse through articles on substances 
other than those that primarily concern them. Certainly 
the general reader, though he will no doubt skip many 
sections, will often be interested and delighted by wun- 
familiar facts and photographs. Such, for example, as 
the very perfect helical copper whisker with regularly 
placed facets in S. S. Brenner’s chapter on metals crystal- 
lized from vapour, or the butterfly twins of barium titanate 
in R. A. Laudise’s chapter on molten salt solvents—a 
cubic structure which, by a combination of a particular 
twinning propensity and anisotropic growth conditions, 
assumes a morphology about as uncubic as one can well 
imagine (thin plates joined at a common edge at an angle 
of 38° 56’). 

But the specialist article I found most fascinating was 
that of B. J. Mason on ice. The commonest crystal of all 
has for long been the star performer for morphological 
versatility, and recent investigations have even enhanced 
its reputation; for with change of growth temperature 
from 0° down to — 25° C its habit changes from hexagonal 
plates to prisms, then back to plates (often sprouting at 
the corners to give the well-known hexagonal lace pat- 
terns), and finally to prisms once more (sometimes hollow). 
As Mason says, “present theories of crystal growth do not 
contain, parameters likely to be strongly face-dependent 
and also sensitive to temperature changes of only a few 
degrees”. He has found a clue in a sharp temperature 
variation of surface migration distance on the basal 
plane, and this seems likely to lead to a better under- 
standing of the extraordinary changes. I am glad to see 
also that he is prepared to give due credit to the diffusion 
field which often greatly exaggerates morphological 
tendencies originating in the crystal surfaces. 

The book deals with most types of crystals—metals, 
non-metallic elements, ionic compounds and organic 
compounds—but it contains nothing about crystals of 
synthetic polymers, which have in recent years opened a 
new chapter of crystallography, and nothing about 
protein crystals, which are of extreme importance for the 
future of biochemistry. However, these are highly 
specialized subjects which really need books to themselves. 

The price is high, even for a Jarge and well-produced 
book. Individuals may hesitate to buy it, but all libraries 
concerned with growth of crystals should acquire it. 

C. W. BUNN 
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KINETIC THEORY OF GASES 


Lectures on Gas Theory 
By Ludwig Boltzmann. Translated by Stephen G. 
Brush. Pp. ix+490. (Berkeley and Los Angeles: 
University of California Press; London: Cambridge 
University Press, 1964.) 10 dollars; 80s. net. 

CLASSIC in the kinetic theory of gases is the book 

now “made available in an English translation. 
Boltzmann’s investigations were based on those of 
Clausius, who introduced the conception of the mean free 
path of gas molecules, and of Maxwell, who first gave the 
law of distribution of velocities among the molecules. 
The proof given by Maxwell did not include a discussion of 
molecular collisions. This was done by Boltzmann, who, 
on the basis of some general assumptions, showed that the 
Maxwellian state is the only steady one and any other 
would approach it as a result of collisions. A function H 
of the molecular velocities was shown to decrease in 
spontaneous changes and hence it was related to the 
entropy, which increases. It is doubtful whether this 
result can be established without introducing questionable 
assumptions. 

J. J. Waterston, in 1846, in a paper first published by 
Lord Rayleigh in 1893, proposed the theorem of equiparti- 
tion of energy, which states that the average values of the 
translational kinetic energy of the molecules in a gas or 
mixture of gases, in three directions at right angles, are 
equal. Boltzmann and Bosanquet in 1877 independently 
extended this to the average kinetic energy of rotation of a 
diatomic molecule around two perpendicular axes (the 
third component, around the molecular axis, being 
unchanged by collisions). The result agreed with the heat 
capacities of most diatomic gases except hydrogen, which 
has an abnormally low value, and, as was later shown, at 
low temperatures loses its rotational energy altogether. 
By considering the vibration of the atoms of a solid; 
Boltzmann calculated an atomic heat of 6 cal, agreeing 
with Dulong and Petit’s law. Later work showed that 
the atomic heat decreases at low temperatures, approach- 
ing zero at the absolute zero. These results were explained 
later on the basis of the quantum theory. The electrons 
in a metal have a negligible heat capacity except at very 
high temperatures. In such events the classical kinetic 
theory fails and must be replaced by newer theories. 

Boltzmann deals with Maxwell’s so-called equations of 
transport, concerned with diffusion, viscosity and thermal 
conductivity of gases. The method is sound but the 
calculations gave results often in poor agreement with 
experiment. Boltzmann recognized this and felt the need 
for some extension of the method. This was first achieved, 
independently and by somewhat different methods, by 
S. Chapman and D. Enskog in 1916-17. Chapman pre- 
dicted a new phenomenon, thermal diffusion, which was 
immediately verified by Chapman and Dootson and is of 
great theoretical and practical significance. 

The equation of van der Waals gives a good general 
explanation of the properties of imperfect gases and of 
the critical state. Boltzmann gave a careful discussion 
of the equation. Later work introduced attractive and 
repulses forces between the molecules inversely propor- 
tional to powers of the distance, for example, the 6th 
and 12th powers, respectively. In a discussion of dis- 
sociation, Boltzmann recognized the need for a third, 
inert molecule to carry off the energy liberated in the 
formation of a diatomic molecule from the atoms. 

An example of important mathematical methods used 
by Boltzmann in his book is his careful discussion of 
Joseph Liouville’s theorem. He gives two proofs of this 
and shows how it should be used. This method was later 
used by J. W. Gibbs. Perhaps the most important con- 
tribution by Boltzmann was the equation representing 
the entropy as proportional to the logarithm of a probabil- 
ity, the proportionality constant now being called ‘Boltz- 
mann’s constant’. 
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The translator has provided a historical preface, 
furnished references when these were not given in the 
original, added a good bibliography, and supplied many 
useful notes-showing where Boltzmann’s results have 
been modified or extended by later work. The German 
original contains a number of misprints in the mathe- 
matical parts and these are all reproduced in the transla- 
tion (for example, on pp. 113-14, 128, 189, 269, 275, etc.). 

Almost every part of the book which is of permanent 
value has been incorporated in later treatises, often in a 
more intelligible form. Still, Boltzmann’s work is a classic, 
has a high historical interest, and contains much which is 
of present-day value. In my opinion the translation was 
worth while. J. R. PARTINGTON 
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ASPECTS OF RHEOLOGY 


Transactions of the Society of Rheology 

Edited by E. H. Lee. Vol. 6. Pp. ii+394. Vol. 7. 
Pp. ii+425. (New York and London: Interscience 
Publishers, a Division of John Wiley and Sons, Inec., 
1962 and 1963.) 85s. 


ACH year, the Transactions of the Society of Rheology 

consist of the proceedings of the annual conference 

of the Society held in the previous year, sometimes with a 
few additional papers. 

Rheology now ranges over a very wide field. In indus- 
try most rheologists are probably concerned with high 
polymers, but both the conferences here reviewed 
included symposia on rheology of blood, and Volume 7 
also included a number of papers on this subject, outside 
the symposium. There is more variety in Volume 6 than 
in Volume 7; but in both volumes, especially the latter, 
by far the greatest number of papers not concerned with 
blood deal with high polymers, though a few are concerned 
with fundamentel theory and instrumentation. 

At these annual conferences, the Bingham Medals are 
also presented each year for outstanding work carried out 
in the United States. In 1961, the recipient was Dr. 
W.R. Willets, whose work has been mainly concerned with 
paper and with paper fillers. Dr. Willets has also played a 
very active part in the affairs of the Society of Rheology. 
In 1962, the medal was awarded to Dr. W. Philippoff for 
his “outstanding contributions to the phenomenological 
rheology of visco-elastic materials”. 

It is impossible, in the space available, to mention all 
the papers presented at these two conferences; only a 
few of special interest can be referred to. In Volume 6, 
the symposium on ‘‘Blood” centred around the theories of 
M. H. Knisely, who emphasizes the pathological signific- 
ance of any ‘sludging’ (association) of erythrocytes in the 
circulation; and on the shear-rate dependence of viscosity 
(R. E. Wells, E. W. Merrill and H. Gabelnick). In the 
later volume, the symposium was supposed to be con- 
cerned rather with the relationships between hydro- 
dynamics and hemodynamics. These subjects, though 
corning strictly within the usual definition of rheology, 
are not generally considered as rheological; but in fact 
the symposium was very much concerned with the 
specific properties of blood as a material, and this is withia 
the field of hemorheology. The principal discussions 
were again concerned with whether all agglutination of 
red cells is pathological and with the nature of rouleaux 
formation. Also on this occasion there was much discus- 
sion on why blood flows relatively more freely through 
narrow than through wider vessels. There are several 
possible reasons why this should be so; but very little is 
yet known about how the red cells pass through very 
narrow capillaries under quite small pressures. The 
properties of blood and of the vascular system are cer- 
tainly very popular with rheologists at the present time. 

In the proceedings which were not part of the special 
symposia, the most important paper in the earlier volume 
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is probably that of H. Markovitz on linear visco-elastic 
stress-deformation relationships. Extending the work of 
J. G. Oldroyd, three-dimensional non-linear relationships 
between strain and deformation were obtained from a 
linear visco-elastic model with a finite number of para- 
meters. For steady, simple shear types of flow, these 
involve only four parameters. 

In Volume 6, one of the most suggestive papers is that 
by I. M. Krieger on “A Dimensional Approach to Colloid 
Rheology” in which a number of highly significant new 
constants are proposed, some of these being dimensionless. 

There are many papers in both volumes on the rheologi- 
cal properties of high polymers, but it is a little disap- 
pointing to find comparatively few that are of value to 
rheology as a whole. Rheologists are themselves very 
conscious, at present, of the lack of a unifying theory 
for their discipline. 

A few new instruments are described, but these are 
mostly specially made modifications of existing forms and 
cannot be obtained commercially. 

G. W. Scorr BLAIR 


ANIMAL REACTIONS TO HIGH 
TEMPERATURES AND WATER 
SHORTAGE 


Desert Animals 

Physiological Problems of Heat and Water. By Knut 
Schmidt-Nielsen. Pp. xv + 277 + 8 plates. (Oxford: Claren- 
don Press: Oxford University Press, 1964.) 45s. 


HE way in which different species of animals, from 

man and domestic livestock to rodents, marsupials. 
birds and lizards, react to high temperatures combined 
with water shortages is outlined in Desert Animals. The 
importance of such investigations is realized when one 
considers that between one- and two-fifths of the Harth’s 
surface consists of deserts, with an average temperature of 
about 45° C, intensive solar radiation and low atmospheric 
humidity. f 

From this comparative account of the physiological 
and other methods which animals adopt, many basie 
principles and problems emerge. The advantago of large 
body-size for maintaining heat balance by water evapora- 
tion is pointed out, for all small animals avoid the loss of 
water for heat regulation. Again, the problem of the 
formation of oxidation water when starch, fat or protein 
is metabolized is of particular interest in relation to those 
animals, such as the kangaroo rat, which can live on air- 
dried food only. 

A comprehensive account is given of the physiological 
methods by which the camel and the donkey, the two most 
typical desert domestic animals, adapt themselves to 
their surroundings. With the former, as also with the 
thick-wooled Merino sheep, fur forms a barrier against 
heat gain from the environmental radiation. Both the 
camel and donkey are unaffected by a water loss of 10-15 
per cent body-weight. They have, however. in such a 
dehydrated state a great immediate drinking capacity of 
more than 25 per cent of their body-weight, about ten 
times as much as is possible in man. 

In animals which regulate heat-loss largely by sweating. 
such as man and the horse, salt loss becomes a problem 
and cramp may occur after drinking. Another side to this 
question, however, is the tolerance of salt in drinking 
water which in some areas is brackish: among domestic 
animals sheep show the greatest and pigs the least toler- 
ance. Many animals have special methods for dealing with 
excess salt; sea birds have a nasal gland and marine turtles 
an eye gland which secrete surplus salt. 

In addition to physiological methods, many animals in 
deserts have anatomical characteristics which fit them to 
their environment, such as the large ears of the jack 
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rabbit and other animals which act as radiators. The 
location of fat deposits in the tail or rump of desert sheep 
and in the hump of Zebu cattle and the camel also allows 
of the dissipation of heat as compared with the uniform 
subcutaneous layer of fat of temperate breeds which acts 
as an insulator against cold. 

Throughout, many experimental methods of investigat- 
ing the problems of heat and water losses by the body in 
different species are described and a large number of 
references to original papers are quoted. These should 
be most useful to those who are investigating these prob- 
lems in man and domestic animals. One requires to 
know for each species the main avenues for water loss and 
the partition of the loss between the different avenues 
under different conditions of environment. Among the 
larger animals, the main method used to cool the body is 
water evaporation, either by sweating in man and the 
horse or by panting and increasing respiration rate in 
cattle and sheep. In the smaller animals such as rodents. 
however, other methods must be used, for an animal of 
100 g would have to use some 15 per cent of its body- 
weight per hour to be effective for this purpose. 

The evasive action taken against high temperatures by 
the different species of the smaller animals varies. Some 
rodents live underground by day and come out to feed 
only at night when temperatures are lower. Many small 
birds feed only in the early morning and rest in the shade 
by day. Larger birds escape heat by hoverirg at about 
1,000 m during midday hours. Another method adopted 
by some animals, such as certain ground squirrels and 
pocket mice, is that of spending late summer and early 
autumn in estivation, which may occur at temperatures 
as high as 25° C. Body temperatures drop to within 
1° C of ambient temperatures, with consequent reduction 
in metabolic rate and water conservation. The possible 
physiological causes which initiate wstivation, such as 
deprivation of food, are discussed. 

Incidentally, the breeding season of many desert birds 
is controlled by the amount of rain. During a drought 
period the gonads are of minimal size, but after a good 
rain ovulation occurs within two weeks. It would appear 
that the ancestrous condition is due to lack of nutrition 
rather than the absence of gonadotrophic hormones. 

Joun HAMMOND 


PIONEERING PREHISTORY 


The Abbé Breuil, Prehistorian, a Biography 
By Alan Houghton Brodrick. Pp. 256. 
Hutchinson Limited, 1963.) 30s. 


T was a sad day for prehistorians all over the world 
I when the news came that the father of the subject, 
the Abbé Breuil, had died. His influence had penetrated 
throughout the whole range of the study. It was not 
merely that he had rehabilitated the Aurignacian culture 
and placed it in its proper sequence, or that he had 
determined the Quaternary succession of gravels in the 
Somme valley, but that there was scarcely any branch of 
prehistoric archeology on which he had not left his mark. 
More particularly will he be remembered for his work on 
both the cave art and home art of prehistoric man. He 
himself was a first-class artist as well as a man of scientific 
accuracy, and he lived at a time when the painted caves 
of Southern France and Northern Spain were being dis- 
covered. There is scarcely one of them where he has not 
faithfully copied and published the Upper Paleolithic 
art found on their walls. 

As his first foreign pupil, I had known him well since 
1912 and travelled and worked with him widely both in 
Spain and in France. His interests ranged beyond the 
Paleolithic period, and actually, while in Spain, we were 
largely engaged in copying the Copper Age rock shelter 
paintings which abound in parts of the Iberian Peninsula. 
Later, after I had been in South Africa myself, I was able 
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to introduce him to the South African scene at the time 
of the meeting of the British Association there in 1928; 
and when France was invaded in the Second World War, 
after a sojourn in Portugal, he again visited that country. 
He has left his mark on prehistoric studies there, as 
local prehistorians such as the late van Riet Lowe and 
John Goodwin were the first to acknowledge. 

Alan Brodrick has written a very interesting book. 
He is not only concerned with the details of what Breuil 
did for his subject: he is also concerned with the man 
himself. Born in a professional miliew—his forebears were 
lawyers and the like—of a Picardy family which may in 
the remote past have had some Spanish blood in its 
veins, he was brought up at Clermont-sur-Oise, some 
forty miles from Paris. Breuil was always a, sincere 
Christian and a Catholic, and it is not surprising that he 
became & priest, though actually he never had a cure of 
souls. A faithful son of the Church, he had also the 
esprit ouvert and personal philosophy without which he 
could not have been the great prehistorian he was—we 
often talked about the problems of religion when the 
day’s work was done. Brodrick traces his early life and 
the influences that affected him. He was ordained 
Priest at St. Sulplice in 1900, but the call of prehistoric 
studies drew him more and more towards his life’s work. 
Brodrick deals with his early studies in the field both in 
France and Spain and his work with his collaborators in 
the subject, the Abbé Bouyssonie and the older man, 
Cartailhac of Toulouse. When Prince Albert of Monaco 
founded the Institute of Human Paleontology in Paris, it 
was natural that Breuil and his friend and colleague 
Hugo Obermaier became its two first professors. Another 
colleague with whom he worked was the Comte Bégouen, 
who owned a chateau in the Ariège (Pyrenees) and on 
whose land are such famous caves as the Tuc d Audoubert 
with its clay bisons and the Trois Frères with its painted 
and engraved sorcerer. Breuil studied. traced and 
published both these unique sites. Another colleague 
was the well-known Teilhard du Chardin, who worked 
for some time at Choukoutien in China. 

It was obviously impossible for even a man like Breuil 
never to make a mistake, and he may well have been 
wrong in suggesting a very early date for the so-called 
‘White Lady’ of South-west Africa, Again, as I believe 
he recognized at the very end of his life, all the art in the 
cave of Rouffignac may not be false. There may be some 
genuine prehistoric drawings, with many that are 
undoubtedly modern. But what was wonderful in work- 
ing with Breuil was to see his extraordinary intuition in 
action—and practically always in the long run it proved 
right. Always a valued visitor in England, I am proud 
that my University of Cambridge recognized his contri- 
bution to learning by giving him an honorary doctorate 
so early as 1920. 

Brodrick’s biography gives a vivid picture of the man, 
kindly, intelligent, indefatigable, stimulating: one who 
has left his mark on his generation. It can be very 
warmly recommended. 

There is a final little detail which I should like to put 
on record. When Northern France was invaded by the 
Germans during the Second World War, Breuil was in the 
south of the country. Finding some information which 
he thought the friends of France should know about he 
sent me a post-card with some doggerel Latin verses, 
headed “from a newly discovered manuscript of Ovid 
for your Latinists”. His Latin contained phrases he knew 
would mean something to me. J “twigged” and sent 
the post-card to Intelligence. For two months I heard 
nothing; then came a laconic reply: “If your friend has 
any more of his verses we should like to see thom” ! It 
was typical of Breuil’s skill and intuition to write it all 
on an open post-card so that the censor, who probably 
didn’t understand Latin anyhow, would not imagine that 
the verses could contain information about an under- 
ground bomber factory ! M. C. BURKITT 
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Azotobacter and Its Use in Agriculture 

By L. I. Rubenchik. Translated from the Russian by 
Dr. A. Artman. Pp. vi+278. (Jerusalem: Israel Pro- 
gram for Scientific Translations; London: Oldbourne 
Press, 1963.) 70s. 


ON-SYMBIOTIC nitrogen-fixing bacteria were first 

discovered in 1901 when Beijerinck isolated Azoto- 
bacter chroococcum from soil. Since then members of this 
genus have excited and interested microbiologists perhaps 
more than any other soil bacterium; the literature is very 
extensive and yet this monograph by Dr. L. I. Ruben- 
chik is the first to be published on the subject. Dr. A. 
Artman’s very readable translation of the Russian text 
means that it is now available to a much wider public. 
The title, Azotobacter and Its Use in Agriculture, is somewhat 
misleading because this is a general book about Azoto- 
bacter with chapters discussing, for example, morphology 
and life-cycles, physiology and biochemistry and ecological 
relationships in soils, rather than a specialist book on the 
use of Azotobacter in agriculture. 

Dr. Rubenchik has summarized clearly and concisely 
the main conclusions from more than 979 papers, but 
reference to the original work is essential for detailed 
information. In abstracting the literature more emphasis 
is laid on Soviet work than that from other countries, and 
this is particularly valuable, as much of this information 
is not easily available in Britain, for example, and always 
has to be translated. A disadvantage of emphasis on 
early work is illustrated in the section on cultivation of 
Azotobacter. Here the media and methods described are 
out of date and very complicated; much simpler ones are 
now available. The section on the mechanism of nitrogen 
fixation summarizes the situation very well and is an 
unusual approach to the subject. Emphasis of some of the 
earlier theories which tend to be neglected and summaries 
of more modern Russian work should stimulate those 
interested in this topic. The chapter on use of Azotobacter 
in agriculture is good and most useful to anyone interested 
in this topic. 

Because the value of this book lies in its enormous 
bibliography it is a pity that this should be so difficult to 
use. The literature is separated into Russian and other 
languages, not all references are in chronological or 
alphabetical order, some are not listed at all and the 
spelling of some names differs in the text and bibliography, 
although the publishers have often, but not always, put a 
footnote to this effect. 

The general lay-out of the book is pleasing; the chapters 
are well subdivided, which means that particular topics 
can be found easily. This monograph will be very valuable 
to anyone interested in Azotobacter. 

MARGARET E. Brown 
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Flora of West Tropical Africa 

All Territories in West Africa South of Latitude 18° N. 
and to the West of Lake Chad, and Fernando Po. Vol. 2. 
By J. Hutchinson and J. M. Dalziel. Second edition 
edited by F. N. Hepper. Pp. xi+544. (Published on 
behalf of the Governments of Nigeria, Ghana, Sierra 
Leone and Gambia by the Crown Agents for Oversea 
Governments and Administrations, 1963.) 80s. 


UBLICATION of Volume 2 (Dicotyledons-Meta- 
chlamydae) of the revised Flora of West Tropical 
Africa has been eagerly awaited by those interested in the 
West African flora. Publication of the original edition in 
1931 stimulated considerable collection throughout the area, 
and this has been reflected in the greatly increased number 
of species in the second edition. This wealth of material 
has now made possible the critical re-examination of many 
species that were insufficiently known at the earlier date. 
The development of universities in West Africa, the 
expansion of national herbaria, and the increase in taxono- 
mic work being carried out in the field have led to a number 
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of families being revised by workers in West Africa itself, 
which is a welcome innovation. 

Although, inevitably in such a work, certain sections 
are already out of date, the possibility of the field worker 
being able more closely to identify his specimens will 
lead to further increase in collection and knowledge of 
the West African flora. In particular, the inclusion in 
this volume of the complete family key to the Dicoty}edons 
should prove of great interest to students and the increas- 
ing number of people who, while not being specialized 
taxonomists, take an interest in the local plants of their 
country. 

It is only a pity that, in spite of soft covers, present-day 
costs of production have made a high selling price neces- 
sary. Publication of this volume should serve as a further 
stimulus to collection in West Africa. Only the Mono- 
cotyledons remains to be dealt with, and the publication 
of the remaining section and the consequent completion 
of the revision is awaited with great eagerness. 

E. H. ROBERTS 


Planetary, Lunar, and Solar Positions A.D. 2 to A.D. 
1649 at Five-day and Ten-day Intervals 

By Bryant Zuckerman. (Memoirs of the American Philo- 

sophical Society, Vol. 59.) Pp. vii +842. (Philadelphia: 

American Philosophical Society, 1964.) 7.50 dollars. 


HIS volume, together with an earlier ono which 

appeared as Volume 56 of the Wemoirs of the American 
Philosophical Society, provides celestial longitudes and 
latitudes with respect to the mean equinox of date of the 
Sun, Moon and five naked-eye planets covering the whole 
period from 601 B.C. to a.D. 1649, with an estimated error 
of 0-2° for the Moon and a few hundredths of a degree for 
the other objects. The former volume was intended to 
provide for the coverage of Babylonian astronomy, 
and the present volume covers the periods of Roman 
astronomy, the whole development of Islamic astronomy 
from the ninth to the fifteenth centuries, the contemporary 
Hindu and Byzantine astronomy, and extends far enough 
to cover the work of Tycho Brahe and Kepler. Positions 
are given at five-day intervals for Mercury, Venus and the 
Moon, and ten-day intervals for the Sun, Mars, Jupitor 
and Saturn. Tho present volume was calculated on an 
IBM 7094 computer, taking in all 12 h of computer time, 
a truly remarkable illustration of the power of modern 
astronomical computing to contribute to the data for 
interpreting ancient astronomical records. Both volumes 
are splendid examples of the art of printing from mechanic- 
ally printed tabular material and of the arrangement of 
very large quantities of tabular material. 

R. H. GARSTANG 


Appendix to the Second Edition of an Index of Mineral 
Species and Varieties Arranged Chemically 

By Dr. Max H. Hey. Pp. xiii+135. (London: British 

Museum (Natural History), 1963.) 20s. 


HE second edition of Dr. Hey’s invaluable Index of 

Mineral Species was published in 1955 (see review in 
Nature, 178, 114; 1956) and this edition was reprinted in 
1962, with the errata of the previous printing corrected. 
The Appendix to the second edition includes all new 
material that had come to the notice of the author up to 
December 1962. It also incorporates into the text. with 
this new material, all the addenda that appear on pp. 
725-728 in the second edition. In addition, it lists the 
errata for both the original printing and the reprint of 
this edition. It is thus equally valuable to possessors of 
either printing of the second edition. The decision to 
issue a moderately priced Appendix, rather than a com- 
pletely new and inevitably expensive revised edition 
which would have entailed the expenditure of much time 
and labour, will no doubt be welcomed by the many 
users of this work of reference, who can now bring them- 
selves up to date at minimal cost. 
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AGRICULTURAL RESEARCH IN CENTRAL AFRICA 


N the dissolution of the Federation of Rhodesia and 
Nyasaland, at the end of the year 1963, the Agricul- 
tural Research Council of Rhodesia and Nyasaland, being 
ostablished under Federal legislation, was nominally due 
for dispersal when that legislation lapsed. The three terri- 
torial Governments, however, agreed to recommend to the 
British Government that the Council should continue 
in a strengthened form. In the event, the British Order in 
Council, made in London on December 20, established four 
Statutory Bodies to continue inter-territorial service. 
These are the Rhodesia Railways, the Central African 
Power Corporation, the Central African Airways and the 
Agricultural Research Council of Central Africa. The 
structure of the Council has been strengthened by the 
addition of further distinguished scientists from overseas, 
while financial stability has been improved through a 
three-territory Agreement, backed generously by the 
British Government. 

In order to emphasize that the whole field of the Coun- 
cil’s work lies outside politics, the three Governments 
agreed to ask the U.K. Agricultural Research Council 
to nominate the future chairman. They also approached 
the Royal Society and the Department of Technical Co- 
operation for support. All three bodies have offered 
encouragement and help. Mr. F. C. Bawden, director of 
Rothamsted Experimental Station, has been nominated 
to succeed Sir Ronald Prain, whose four-year term of 
chairmanship has just been completed. The Royal 
Society has nominated Dr. T. R. R. Mann, director of 
the Unit of Reproductive Physiology and Biochemistry, 
Cambridge, to be a member of Council, while the Secretary 
for Technical Co-operation has nominated Mr. D. Rhind, 
Adviser on Agricultural Research, to membership. 

The original Agricultural Research Council of Rhodesia 
and Nyasaland was set up under Federal legislation in 
1960. It was supported by Federal funds, while being 
given the complete freedom of policy appropriate to a 
research body. Active work began immediately under the 
Council’s first chairman, Sir Ronald Prain. Fact-finding 
committees were set up and surveys of scientific problems 
were begun. 

In 1961 the Council’s research director, Dr. H. C. 
Pereira, was appointed. Detailed consultations were 
then held at all levels, both with the technical departments 
of the three Governments and with non-Government 
organizations, on the research needs for the development 
of the renewable natural resources of crops, livestock, 
forests and water supplies, wild-life and fisheries. 

During 1962-63 the Council set up seven research teams 
to reinforce existing research effort on problems of major 
economic importance. No large central institute was 
planned since, following the policy of the long-estab- 
lished U.K. Agricultural Research Council, it was decided 
tô reinforce existing research effort rather than to set up 
a new central structure. In Central Africa, one of the 
major difficulties of research in the Council’s field is the 
rather small size of the research groups at the main 
experimental stations. The Council’s policy is, therefore, 
to set up additional laboratory units at these main stations 
in each territory, and there to establish research teams 
each including three or four disciplines with the facilities 
to carry out intensive research projects. 

The first of these new laboratory units was opened on 
December 6, 1963, at the Grasslands Research Station, 
Marandellas, near Salisbury. Dr. E. G. Cox (now Sir 
Gordon Cox), secretary of the U.K. Agricultural Research 
Council, participated in a Council meeting and opened the 


new laboratories which house the Agricultural Research 
Council’s Soil Productivity Research Team. In this 
project two soil chemists, a soil physicist and a soil 
microbiologist will pool their efforts in co-operation with 
the agricultural staffs of all three territories on problems 
of soils which do not respond to normal agricultural 
practice. They begin their studies with an examination 
of the field conditions in Central Africa which determine 
the success or failure of rhizobial inoculations. 

A Plant Pathology and Plant Breeding Team has been 
set up in Nyasaland. New laboratories, recently com- 
pleted, were opened on March 4 by H.E. the Governor, 
Sir Glyn Jones. The new Council held its first meeting in 
Nyasaland on the following day. While working in 
borrowed accommodation, awaiting the completion of 
its new laboratories, this Team has already made 
substantial progress in the problem of the rosette virus 
disease of groundnuts, which has caused severe losses in 
Nyasaland in recent years. 

In Northern Rhodesia, good facilities for the study of 
animal nutrition, biochemistry and animal physiology 
have been set up and a strong Animal Productivity 
Research Team has been assembled at the main experi- 
mental station at Mount Makulu, near Lusaka. The first 
problem of this Team will be to seek the causes and remedies 
for the very low rate of calving widely experienced in 
Central Africa in range cattle. It will also compare 
the mechanisms for hardiness of exotic and indigenous 
breeds. 

A strong Biometrical Team of four graduates, based on 
Council Headquarters and working with a computer 
bureau in Salisbury, has already begun to help research 
workers throughout the three territories to plan their 
work and to analyse their results. 

A Tsetse Research Team has already begun work in 
co-operation with the Government Tsetse Control Depart- 
ments and with the University College of Rhodesia and 
Nyasaland on the bio-climatic limitations of tsetse breed- 
ing sites. Tsetse research has been substantially expanded 
as a result of generous help by the United States Govern- 
ment. With financial support from the Agency for 
International Development, the U.S. Department of 
Agriculture has already sent an experienced team to 
Council Headquarters in Salisbury to begin work on the 
chemical sterilization of tsetse flies, while an Agricultural 
Research Council team has begun the study of mass rearing 
which would be necessary for a sterile-male release pro- 
gramme. The International Atomic Energy Agency has 
given the Council a research contract through which an 
additional entomologist has recently joined the Council 
to investigate radioisotope sterilization methods. New 
laboratories are under construction at Kitwe in Northern 
Rhodesia for the Forest Genetics Research Team. 

The Council is recruiting a Hydrology Research Team to 
develop catchment area research and the study of under- 
ground water resources. A geologist and a physicist have 
already attended training courses in Britain and in Austria 
on fellowships awarded by the International Atomic 
Energy Agency. Radioisotope tracer techniques to assist 
the Water Development Departments in tracing under- 
ground supplies are being made possible by the Inter- 
national Atomic Energy Agency in all three territories. 
Funds are at present being sought to construct a 
hydrological laboratory—a facility which is at present 
lacking in all three territories. 

Microphotography equipment has been imported and 
the Library Microfiche Service set up in co-operation 
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with the Southern Rhodesian National Archives and with 
the librarians of all three territories to supply micro-copies 
of scientific papers to the experimental stations—many of 
which are far from any substantial library facilities. 

The Agricultural Research Council of Central Africa 
takes the assets, liabilities and agreements of the former 
Agricultural Research Council of Rhodesia and Nyasaland 
and will have substantial continuation of membership. 
Sir Ronald Prain has thus handed over to his successor an 
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active organization which has a unique opportunity to 
play & constructive part in the development of all three 
territories. The Agreement by the three Governments, 
that scientific research lies outside politics and that 
biological problems of concern to the well-being of all the 
peoples in the area are best attacked jointly. offers a 
unique scientific opportunity and a sound vehicle by which 
well-wishers in more advanced countries may help in the 
development of Africa. H. C. PERERA 


PALÆOMAGNETIC SUPPORT OF THE THEORY OF ROTATION OF THE 
WESTERN PART OF THE ISLAND OF NEWFOUNDLAND 


By R. F. BLACK 


Geological Survey of Canada, Ottawa 


N 1959 two papers were published regarding the possible 
post-Carboniferous rotation of the Island of New- 
foundland relative to the mainland of North America. 
Both papers were based on paleomagnetic data from rocks 
collected in Newfoundland and on the mainland of North 
America. Nairn et al. suggested an anticlockwise 
rotation of Newfoundland relative to the mainland on the 
basis of his paleomagnetic measurements of the Mississip- 
pian strata of western Newfoundland as compared with 
similar data reported by others? on the paleomagnetism 
of Mississippian and Pennsylvanian strata of western and 
central United States. The virtual geomagnetic poles? 
derived from each of these two groups of data were separ- 
ated by approximately 20 deg. on a great circle at the 
Earth’s surface. A 20-deg. clockwise rotation of 
Newfoundland was sufficient to eliminate this difference. 
In the light of Nairn’s' data and of his own paleomagnotic 
measurements on Mississippian and Pennsylvanian strate 
from the mainland of eastern Canada, Du Bois‘ concluded 
-that their was no evidence for relative rotation since 
Carboniferous time between Newfoundland and the 
mainland of eastern Canada. His conclusion was based on 
the fact that the declinations of the mean magnetization 
vectors for the two groups did not differ significantly 
relative to a common co-ordinate system. 

In 1962 I made a collection of oriented rock samples 
from Paleozoic sedimentary strata of western Newfound- 
land (locations shown in Fig. 1). The collection included 
samples from the Mississippian Codroy Group from along 
the south-east shore of St. Georges Bay®, the Clam Bank 
Group of Lower Devonian age from the north-west shore 
of the Port au Port Peninsula®, and the Bradore Formation 














Table 1. 
No. on 
Formation Geological age Figs. i 
land 2 D 

Red Beds, P.E.1.t Permo Carboniferous 15 1747 
Red Beds, Eastern 

P.E.I. i Ys 14 176:8 
Red Beds, Central 

P.E.I. a n 13 170-9 
Red Beds, Northwest 

P.B.I. i F 12 170:0 
Bathurst t Pennsylvanian 11 1623 
Bonaventure t Penn. and/or Miss. 10 166:1 
Pre-Pictou Sandst. f ” ” 9 161-5 
Codroy Group Mississippian 8 174:5 

” ‘i ” 7 166-0 
Kennebecasis t A 6 161:3 
Perry Vol. Upper Devonian 5 183:5 
Perry Sed. i h 4 173-7 
Clam Bank Group Lower Devonian 3 337-5 
Rateliffe Brook Lower Cambrian | 2 168-1 
Bradore ži » | 1 151-2 





of Lower Cambrian age from the Highlands of St. John‘. 
From each of the samples, two oriented cubical specimens 
were cut and the directions of magnetization measured 
with an astatic magnetometer put at my disposal by the 
Dominion Observatory of Canada. The directions of 
magnetization were not significantly affected when treated 
in decreasing-amplitude alternating magnetic fields up to 
300 cersteds (peak value). A mean direction of magnetiza- 
tion for each sample was computed from two specimens. 
A mean formation or group direction of magnetization 
was determined to calculate the virtual geomagnetic pole 
position. Table 1 includes these results and their statis- 
ties? as well as the mean directions of magnetization, pole 
positions, and statistics for groups of rocks collected by 
officers of the Geological Survey of Canada during 1955, 
1957, 1958 and 1960 from the mainland of south-eastern 
Canada (Fig. 1). The latter samples have been treated as 
above and were found to be practically unaffected by the 
alternating magnetic field. 

The results of the Bathurst’, Bonaventure’, and Kenne- 
becasis® Formations given in Table 1 were combined by 
Du Bois‘ to give a mean direction of magnetization for the 
mainland Carboniferous rocks. The results determined by 
the Geological Survey of Canada for the red beds of Prince: 
Edward Island (PEI), the pre-Pictou sandstones", the 
volcanic rocks and sediments of the Perry Formation”, 
and the sandstones of the Ratcliffe Brook Formation’, are 
reported here for the first time. 

Comparison of the virtual geomagnetic pole positions 
from Newfoundland with those from the mainland (Fig. 2) 
shows that Newfoundland has not rotated relative to the 
mainland of eastern Canada since Carboniferous timo, in 


SUMMARY OF PALZOMAGNETIO DATA FOR SOME PALEZOZOIO ROCKS OF EASTERN CANADA 
































ee eat | 
Magnetic direction ! Pole position 
I i oN a95 K |Lat.N |] Long.E v dy | 
+81 = 70 — | 390 | 1232 3-7 Tao 
+55 59 55 | 125 | 409 121-7 27 53 | 
+72 69 55 10-6 39-6 128-3 28 j Bo | 
f 
+53 26 61 226 39:8 129-0 31 | 6-1 
+156 10 98 | 218 | 319 134-8 49 | 95 
+131 22 68 | 21-7 | 340 130-8 35 6) 
+305 8 154 | 138 | 235 133-4 96 | 172 
+234 32 10-1 73 29°6 127-2 567 ! 10-7 
+8-0 9 84 | 38:0 | 43-0 139-0 43 8-5 
+8333 14 9-6 18:1 21:7 133-2 6-2 10:9 
+338 16 15-1 70 | 284 109-3 98 | 172 ı 
-+195 36 8-5 8-9 | 347 120-5 4:6 88 
~19'8 18 11:4 10-2 28:0 146-2 6:2 11-9 
+532 12 14-9 95 | 100 1240 | 143 | 206 
+445 10 94 | 274 90 148-8 74 | IL 











D, mean declination of magnetization; I, mean inclination of magnetization; N, number of samples used for each formation; a95, radius of the circle 
of confidence at the 95 per cent level of probability; K, estimate of precision parameter; dy, dy, semi-axes of the oval of confidence. * As reported by 
Nairn et al. (ref.1); + D and J, computed for co-ordinates 66:0 W., 48-0 N.; tas reported by Roy (ref. 14), 60 specimens from 17 sites. 
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Fig. 1. 


Index map showing collecting localities of Cambrian, Devonian and Carboniferous rocks of eastern Canada. 
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agreement with Du Bois’s conclusion. There is, on one 
hand, a near coincidence of the Carboniferous poles for 
Newfoundland with respect to those for the mainland, but 
on the other hand significant differences do exist between 
the virtual pole positions for the Devonian and Cambrian 
rocks from Newfoundland and those from the mainland 
of eastern Canada of the same geological period. The 
virtual pole positions for the Lower Devonian Clam 
Bank Group and the Lower Cambrian Bradore Formation 
of western Newfoundland plot, approximately 30 deg. 
east of, and at the same approximate latitudes respec- 
tively as, those determined for the Upper Devonian Perry 


Formation and the Lower Cambrian Ratcliffe Brook 
Formation from southern New Brunswick. 

If Newfoundland is rotated 30 deg. horizontally in a 
clockwise direction, the Devonian and Cambrian poles 
for both Newfoundland and the mainland become nearly 
coincident. Such a rotation could bring the western 
shoreline of Newfoundland close to and parallel with the 
northern coastline of the Gulf of St. Lawrence, as this is 
the approximate angle that exists to-day between the two 
coastlines (Fig. 1). The poles for the Newfoundland 
Devonian and Cambrian rocks when recalculated on the 
basis of the addition of 30 deg. to the declinations of the 
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mean magnetization vectors move close to their mainland 
counterparts (Fig. 2). 

The position of Newfoundland relative to the mainland 
from Cambrian to Lower Devonian time cannot be determ- 
ined solely on the basis of the foregoing paleomagnetic data 
because a unique pivot point cannot be ascertained. If, 
for purposes of argument, it is assumed that Newfoundland 
pivoted about a point near the Strait of Belle Isle (position 
A, Fig. 1) then the western shore of Newfoundland must 
have moved away from the mainland during Middle and/or 
Upper Devonian time. Similarly an anticlockwise rotation 
about the southern tip of western Newfoundland (position 
B, Fig. 1) during this time implies movement of the western 
shore of Newfoundlard in a north-westward direction to 
its present position. Both possibilities involve an anti- 
clockwise rotation and suggest two distinct parallel 
positions (schematically shown in Fig. 1) for the western 
shoreline of Newfoundland during Cambrian to Lower 
Devonian time; the one with the present shorelines close 
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together, the other with open sea between. Tho geo- 
graphical co-ordinates of the collection localities in Cam- 
brian to Lower Devonian times, therefore, depend on the 
former position of the western coastline of Newfound- 
land. 

The relative displacement of one land-mass with respect 
to another, by a hypothetical rotation, may be determined 
by observing the relative position of the virtual polo 
positions obtained as a result of rotation about selected 
pivot points when compared with those from the fixed 
land-mass. This may be used as a criterion for obtaining 
the point of rotation only if the translation involved will 
alter the co-ordinates of the collection locality by an 
amount such that the ovals of confidence about the virtual 
pole positions do not intersect each other. The pivot 
point can be determined by observing which of the pole 
positions, as a result of rotation, is nearer that of the 
fixed formation of the same age. Two possible sets of 
co-ordinates for the Cambrian and Devonian collection 





S 
Cambrian pole positions for Newfoundland and mainland Canada... ... £y Ep © 
Devonian pole positions for Newfoundland and mainland Canada . .... Dy Dy & 
Carboniferous pole positions for Newfoundland and mainland Canada... .. . . o,0 


Numbers refer to formations listed in Tables 1 and 2 


Fig. 2. 


Polar stereographic projection of northern hemisphere showing Paleozoic pole positions as determined from rocks of eastern Canada 


and the effect of a 30-deg. anticlockwise rotation of Newfoundland during Devonian time 
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Table 2. SUMMARY OF THE CORRECTED MEAN DIRECTIONS OF MAGNETIZATION AND THE CO-ORDINATES OF THE COLLECTION LOCALITIES AND POLE POSITIONS 
FOR DEVONIAN AND CAMBRIAN ROCKS ASSUMING NEWFOUNDLAND UNDERWENT A 30-DEG. ROTATION ABOUT POINTS A OR B ON FIG. 1 
m 1 

Formation Geological Rotation Collection locality Corrected mean direction Pole position 

i age about Lat. N Long. W I at. N Long. 

Clam Bank Lower Devonian A 498 60:8 6-0 -175 30:0 112:5 
Bradore Lower Cambrian A 512 57:8 180:5 +440 13-0 122:0 
Clam Bank Lower Devonian B 48:3 583 85 — 20-5 30-5 111-0 
Bradore Lower Cambrian B 495 55-4 184-0 + 47-0 12-0 120-0 
Clam Bank Lower Devonian Mean of rotations 4 and B, number 34 on Fig. 2 30:5 112-0 
Bradore Lower Combrian Mean of rotations A and B, number 14 on Fig. 2 125 121-0 








localities are given in Table 2 along with the corresponding 
virtual pole positions. It is impossible, however, to choose 
between A and B as the rotation point because the ovals of 
confidence about the pole positions are too large compared 
with the distances between the collection localities. A 
mean pole position for each of the Cambrian and Devonian 
Formations of Newfoundland has therefore been calculated 
from the pole positions determined by rotation about A 
and B. These are plotted in Fig. 2. 

The geology and tectonics of the Appalachian Region 
of Canadai! can be interpreted to favour anticlockwise 
rotation of Newfoundland during later Devonian time. 
Two broad belts of voleanic-bearing strata, one of Cambro- 
Ordovician age and the other of Siluro-Devonian age, each 
flanked by sediments of similar age occur on the mainland 
and on the Island. They would appear to have been 
displaced relative to each other, and a clockwise rotation 
of Newfoundland would reduce the divergence in their 
structural trends. On the other hand, the belt of deformed 
and relatively thick Carboniferous strata extends in a 
nearly straight line through the mainland and western 
Newfoundland. The proposed rotation must therefore 
have occurred in Middle to Late Devonian time as sug- 
gested by the paleomagnetic data. 

The paleomagnetic data presented here are useful in 
suggesting the direction and approximate angle of relative 


rotation as well as the time of its occurrence. They 
suggest that, from Lower Cambrian to Lower Devonian 
time, Newfoundland remained fixed with respect to main- 
land Canada and was not rotated during the Ordovician 
Taconic orogeny. The 30-deg. anticlockwise rotation of at 
least the western part of Newfoundland where the samples 
were collected may therefore be identified with the 
Acadian orogeny of Middle to Late Devonian time. 
Moreover, the Late Paleozoic orogeny in the Canadian 
Appalachian Region!’ did not contribute significantly to 
the rotation. 
I thank Mr. G. N. Freda for his assistance. 
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ANALOGUE COMPUTATION SIMULATED DIGITALLY 
By J. L. DINELEY and Dr. L. MOLYNEUX 


Departments of Electrical Engineering and Physics, University of Newcastle upon Tyne 


g Bees is a bias towards solving engineering problems, 
particularly these involving non-linear differential 
equations with an analogue rather than digital computer. 
This is due more to the way in which the problem is set up 
than to any inherent advantage in the method of calcula- 
tion. In the analogue machine the problem is arranged as a 
model where the physical characteristics of the component 
parts of the real system are represented in tho form of 
electronic computing elements. There is a close corre- 
spondence between the model and its physical counter- 
part which makes it easy to translate measurements and 
ideas from one to the other. But it has a number of 
practical limitations, the most important of which are as 
follows: 

(a) In general the accuracy of computation is low, partly 
because of the difficulty of setting and maintaining values 
of the passive components and partly because of the 
inadequacies of the computing units, for example, opera- 
tional amplifiers, which, in addition to having theoretical 
limitations such as finite gain, may also introduce spurious 
signals into the system, Again, certain operations, for 
example multiplication and division, are difficult to carry 
out with high accuracy. 

Non-linear relationships are difficult to synthesize and 
often introduce limitations such as speed of calculation, 
as well as adding spurious signals. 


(b) Problems take a considerable time to set up, and 
during the setting-up time the computer cannot be used 
for other work. 

(c) Since each computing unit introduces errors it is 
advisable to devise a model which uses the minimum of 
computing equipment. This takes time and may also 
detract from the relationship between the analogue and 
the real system. 

(d) As the computing units are linear over only a 
limited voltage range the system must be scaled so 
that this range is nowhere exceeded during the computa- 
tion. 

A digital computer has none of these limitations, and 
the challenge is therefore to devise a programming method 
which will allow the conceptual advantages of the analogue 
computer to be realized with a digital machine. 

The elaborate digital machines now coming into use 
can perform calculations at great speed and have amplo 
storage capacity. The sophistication and high speed have 
achieved two important results. 

(1) The programme can be written in a form (ALGOL, 
for example) that is convenient and easy to write without 
markedly slowing the speed of calculation. 

(2) Even with programmes written in such a convonient 
form the cost per computation (multiplication, addition, 
etc.) is low. 
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Proposed Method 


In the method now to be outlined, the problem is first 
arranged as if it were to be solved on an analogue com- 
puter, but as the component parts of this analogue com- 
puter are imaginary and are synthesized in a digital manner 
they can be regarded as having ideal characteristics. For 
example, the operational amplifiers can be assumed to 
have infinite gain, no drift, very low noise (noise is repre- 
sented by the rounding error of the computer arithmotic 
and is many orders of magnitude below that attainable 
with a practical amplifier) and a wide dynamic range. 
It will not be necessary strictly to limit the number of 
computing units used since the digital equivalent of these 
occupies little programme space and some functions (for 
example, phase inversion, which is represented by a change 
of sign) effectively occupy no programme space at all 
and may be freely used. 

The programming method can be best domonstrated by 
working through an example choosing a system which 
has a simple analytical solution. In this way the accuracy 
of the method can be compared with the correct solution 
since in practice it is difficult to set up an analogue com- 
puter to get precise results. 

Suppose a copper plate of mass m is supported by a 
spring of stiffness ¢ situated in a transverse magnetic field 
which leads to a damping factor Kg. The problem is to 
find the displacemont at intervals of time after the mass 
has been displaced from its equilibrium position and then 
released. The equation of motion is: 


Pree) 
m att 
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and the standard oscillatory solution is y = e-# (A cos bt + 
B sin bt). 

Fig. 1 shows a typical analogue computer arrangement 
to solve the problem. Two of the operational amplifiers 
are used to integrato acceloration to give velocity, and 
velocity to give displacement. Another two are used to 
sot the values of Kg end C while the remaining amplifier 
sets the value of m and sums the Kg and C terms. Where 
necessary, phase inversion is achieved by unity gain 
operational amplifiers. An analogue computer solution 
would be obtained by setting the initial values of velocity, 
and displacement, connecting R, to some recording device, 
the system then being released from its initial constraints. 
The recorder would then trace out the displacement/time 
curve of the mass. 

The digital computer programme proceeds as follows: 

(1) Initial values are assigned to the outputs of all ‘time 
conscious’ arithmetic, that is, differentiating ard integrat- 
ing circuits. Initial values are also assigned to all external 
inputs. 

(2) All instantaneous arithmetic is then performed. 
This will include summing. multiplying, non-linear func- 






<b Operational amplifier 


Fig. 1. Arrangement of analogue computing units. R1 to R5 are the voltage at any time 
instant and are represented by numbers in registers of the same designation 


NATURE 


949 


tions, and in fact everything except the ‘time conscious’ 
sections of the circuit. 

(3) The ‘time conscious’ parts of the circuit (differentia- 
tion, integration) are allowed to work for a short intorval, 
it being assumed that the inputs remain constant during 
the interval. 


d : 

Integration is represented by V + BG Fa where V is 

the state of the integrator at the start of the time-interval, 
d 

d, and RO V, is the increment during the time-interval. 


RC is the time-constant and V, the input voltage. 

Differentiation is represented by (V, — V,)RC/d, whero 
V, represents the input during the last time interval and 
F, the input voltage during the current interval. 

(4) The new values of the outputs from the ‘time 
conscious’ elements are then used as the starting values 
for step 2 and the programme repeats tho sequenco of 
instruction 2—4 for as long as is required. 

At some point in the sequence, usually at the end of tho 
fourth step, the values of one or more of the registers arc 
printed. It is not necessary to print for each step and tho 
programme can be arranged to print occasionally, once 
for every ten cycles, for example. This speeds up tho 
process as the main limitation is usually printing and not 
computing time. 

ALGOL is the name given to a programme language 
which it is hoped will become universally accepted so that 
& programme written in it can be run on any computer. 
Simple programmes in ALGOL are self-explanatory if 
the symbol := is read as ‘becomes’, that is to say. tho 
register on the left-hand side of the equation will have the 
value given by the right-hand side after the order has been 
obeyed. Each line constitutes an order and the orders 
are normally obeyed in sequence. 

The ALGOL programme to solve the analogue problem, 
with the print and jump instructions written in plain 
language, and various organizational features omitted is: 


Set values of constants 
Kı L 
C := 26 
mi= 1 

Set initial conditions 


Rs:= 100, that is, 100 units of displacement at ¢ = 0 
R;:= 0, that is, no acceleration att = 0 


‘Instantaneous’ arithmetic 


Ry: Kd x R, 
Rs: x R, 
Rus - iR + Rp) 
m 
‘Time conscious’ arithmetic 
ai= Ra + (Ry x d) 
Ra:= Re + (Ry x ae 
- PRIN: 


go to aie Pe vel (A) 


The symbol d is the ratio of the steptime to the time- 
constant (CR) of the integrator. d must be kept small to 
obtain good accuracy, but if it is made too small the 

solution will be slow. However, due to the 

very high speed of the new computers— 

even in ALGOL about 10,000 orders per 

sec will be executed—the situation is not 

critical. It is difficult to calculate the 

effect of step time on accuracy, but since 

solutions may be obtained in a short timc 

- -itb is practicable to change d and observe 

R3 the effect it has on the solution. As a 

Displacement starting point d is made 1 per cent of tho 
time constant of the integrators. 


Comparison of Results 


Since this particular problem has an exact 
‘analytical solution the simulated analogue 
result can be compared directly with the 
correct solution. This is shown in Fig. 2. 
The results are so similar that it is necessary 
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Fig. 2. Comparison between analytical (----) and digital-analogue 


(+ + +) results. The analytical results have the same time-interval as 
the digital-analogue results but are displaced by half an interval to 
facilitate comparisons 


to displace the calculation of the analytical results by 
half a period, so that the two sets of points can be seen. 
This actual set of results was calculated with d = 0-01 CR. 
The effect of step size is best given in figures. 


-E First negative 

CR peak Correct result 
0-0033 — 721 
0-01 — 72:3 ~ 72°01 
0-033 — 72-94 


Input and Output 


Many of the new computer installations are being fitted 
with automatice graph-plotting facilities and this gives a 
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solution in a form identical to the analogue computer. 
In addition, the actual value of periodic times, amplitudes, 
ete., can be printed out as numbers. Where graph-plotting 
facilities are not available the ordinary output machinery 
can be used to provide crude graphs. For example, 
following an original idea of Dr. E. S. Paget, a line printer 
could be used to plot several graphs at once at a rato of- 
600 points per min, with an accuracy of about 1 per cent. 

The effect of changes of parameter on the form of the 
output is easily observed by reading the values from paper 
tape, and the programme can be arranged to change a 
parameter automatically to optimize some feature of the 
output. 


VOL. 202 


Additional Features 


The method described can be expanded to include the 
combination of analogue computer facilities with other 
types of analysis more suitable for a digital computer, and 
can thus combine in one all the calculations for which 
hybrid analogue/digital computers are being prepared. 

Indeed, other hybrid computers can be simulated. In 
the Department of Electrical Engineering a hybrid com- 
puter combining an a.c. network analyser with an analogue 
computer is being used to solve the problems of transient 
behaviour of large electrical power systems?. Already the 
group of electrical engineers working on this computer 
have designed the method of reproducing this work 
digitally, and await the extended computing of the 
English Electric-Leo KDF9 computer which is shortly to 
replace the slow Pegasus machine used to perform the 
computation described in this article. 


} Page, E. S., Graph Plot (Ferranti Pegasus Sub-routine No. 55). 
2 Dineley, J. L., Prec. Inst. Elec. Eng., 111, Pt. 1, 107 (1964). 


PASSAGE OF A RADIOACTIVE CLOUD OVER NORWAY, NOVEMBER 1962 
By T. HVINDEN, A. LILLEGRAVEN and O. LILLESATER; 


Division of Physics, Norwegian Defence Research Establishment, Kjeller 


‘ROM fall-out measurements in Norway in November 
1962 it appears that radioactive materials from 
atmospheric nuclear tests may be brought down to ground- 
level after about one week, thousands of kilometres 
away, in concentrations high enough to be of concern. 

Fig. 1 shows the fall-out activity in ground-level air 
for each of the days November 1-15, 1962, at 11 stations 
given on the map (Fig. 2). At Finse the values for 
November 8 and 9 are 48-h average concentrations. All 
other values are 24-h average concentrations. The 
highest concentrations measured at the various stations 
are given in Table 1. 

The measured concentrations seem to indicate that a 
radioactive cloud was passing Norway in a northerly 
direction during the days after November 6, as suggested 
in Fig. 2. From Fig. 2 it appears that the speed of the 
cloud-front was about 10-12 knots, or about 500 km/24 h. 
The observed wind speed during this period was mainly 
in the range 5-10 knots at ground-level, increasing slightly 
northwards and also increasing with height, to about 25 
knots at 3,000 ft. The observed wind directions were in 


Table 1. PEAK CONORNTRATION OF FALL-OUT MATERIALS IN GROUND-LEVEL 
AIR AT ELEVEN NORWEGIAN STATIONS, NOVEMBER 1062 


Kjeller November 9, 1962 0-36 ne./m? 
Gardermoen November 9, 1962 0-33 ne./m* 
inse November 9, 1962 0-54 ne./m? 
Røros November 9, 1962 0-42 ne.jm? 
Bode November 9, 1962 0-30 ne./m> 
Sola November 10, 1962 0°65 ne./in® 
Bergen * November 10, 1962 0-53 ne.{m? 
* Ålesund November 10, 1962 0-66 ne./m> 
Viernes . -Nóvember 10, 1962 0-86 ne./m? 
Tromss November 10, 1962 _ 0-10 ne./m* 
Vadse November 11, 1962 0-02 ne,/m3 


agreement with the trajectory indicated in Fig. 2. The 
weather situation was dominated by a pronounced high 
pressure centred over north-west U.S.S.R., stretching out 
as far as Norway. Steadily increasing in strength, the 
high directed air from Siberia via Ukraina up towards 
Scandinavia. Within an area where a high pressure is being 
built up, one would normally find subsiding air. 

Southern Norway had little or no precipitation during 
the passage of the fall-out cloud, while Northern Norway 
received a little rain from a precipitation system in the 
Polar Sea. 

The age of the fall-out materials was determined from 
ratios between nuclide abundances, measured gamma- 
spectrometrically. Based on the tellurium-132/lantha- 
num-140 ratio, the explosion date was found to be 
October 30 or November 1, assuming that the materials 
were fission products from uranium-238 or uranium-235, 
respectively, and that no significant fractionation had 
taken place. 

The U.S. Atomic Energy Commission has reported one 
test explosion on October 29 and another two on November 
3, all at Novaya Zemlya and of intermediate yield. There 
may have been other tests not reported by the Commis- 
sion. 

Thus, the fall-out materials in the cloud were 1-2 weeks 
old at the time of the passage over Norway. The contribu- 
tion from gaseous or volatile nuclides to the total activity 
of fission products of this age is about 15 per cent xenon- 
133, 6 per cent iodine-131 and 6 per cent iodine-132, if 
originating from uranium-235, or about 12 per cent 
xenon-133,:8 per cent iodine-131 and 7 per cent iodine-132 
if originating from uranium-238. 
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November 1962 


Fig.1. Fall-out materials in ground-level airin Norway, November 1962 


Xenon is not retained by the filters, and the iodine 
retention by the asbestos paper filters used is also question- 
able. This means that the total concentration in air may 
have been underestimated by about 20 per cent. However, 
the gamma-spectrometrically determined iodine-131 con- 
tent amounted to about 9 per cent of the total B-activity, 
indicating that most iodine-131 was bound to particles 
which were collected on the filters. 

Time-integrating the iodine-131 concentration at each 
sampling station over the period November 6-15. one 
obtains the values given in Table 2. 
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Table 2.  IME-INTEGRATED JODINE-131 CONCENTRATIONS AT ELEVEN 
tax NORWEGIAN AIR SAMPLING STATIONS, NOVEMBER 6-15, 1962 


Station ucurie-sec/m? 
Kjeller 4 
Gardermoen 4 
Finse 10 
Sola 6 
Bergen 6 

ØTOS 7 

esund 13 
Værnes 16 
Bodø 4 
Tromsø 1:3 
Vadsø 0-5 


If the value at Finse is excepted, the time-integrated 
concentrations obviously increase going northwards and 
westwards in Southern Norway, indicating that the cloud 
gradually increased its contact with the ground. This 
may be connected to the afore-mentioned subsidence in 
high-pressure areas, and possibly also to turbulence intro- 
duced in the lower atmosphere by the mountainous regions 
of southern Norway. 

Finse is 1,200 m above sea-level; Røros 600 m. The 
other stations are comparatively near sea-level. This 
difference in altitude may explain the relatively high 
concentrations at Finse. The low concentrations in 
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Fig. 2. Estimated route of cloud of fall-out materials over Norway, Nov- 
ember 1962 
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Fig. 3. Iodine-181 in milk and in cows’ and sheeps’ thyroids, August~ 
December 1962 


northern Norway indicate that this part of the country 
was touched by the outer fringes of the cloud only. 
Based on the time-integrated concentrations of iodine- 
131, the radiation doses to children’s thyroids from 
inhaled iodine-131 during the period November 6-15 can 
be estimated. Assuming that 1 ue.sec/m’ of iodine-131 
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will give 2-5 millirad}, the doses in southern and northern 
Norway are calculated to be 10-40 and 1-10 millirad, 
respectively. 

The grazing season for cows in Norway ends before 
November. Iodine-131 deposited on the ground should 
therefore not contribute to the milk activity. It may be 
estimated, however, that inhalation can give a burden to 
cows’ thyroid of up to about 0-4 ne. '8I/g, and a concen- 
tration in milk of up to about 0-1 ne. I/I. Other con- 
tributions of iodine-131 may come from hay, contaminated 
from air blowing through the barn, and from drinking- 
water. 

Fig. 3 shows measured concentrations of iodine-131 in 
sheeps’ and cows’ thyroids and in milk at Trondheim 
during the autumn of 1962. The concentration in milk, 
after having fallen to low values following the cows’ 
transfer to indoor feeding, increased to nearly 0-1 ne./l. 
when the radioactive cloud passed. 

The final rate of decrease corresponds to a half-life of 
the order of 8 days, a value which is more consistent, with 
uptake through food than by inhalation. Too much 
emphasis should not be put on this, bowever,.as the milk 
samples were obtained from a dairy serving a large 
district with pronounced inhomogeneities as to topogr aphy 
and farming practice. 

The dose to infants’ thyroids from iodine-131 in milk 
during November—December may be estimated to about 
40 millirad in the Trondheim area. 

The concentration in cows’ thyroids culminates at 
0-3 ne. 1 I/g, in fair agreement with the estimate. The 
concentration in sheeps’ thyroids is higher. Still, the 
weight being smaller, its total content may well be lower 
than in cows’ thyroids. 

If the radioactive cloud had passed during the grazing 
season, it may be estimated, based on earlier measuremants 
at this Establishment, that the concentration of iodine- 
131 in milk might have reached 10 nc./l. or more, corre- 
sponding to doses up to 5 rads or more to milk-drinking 
infants’ thyroids, with wide variations from district to 
district depending on precipitation and grazing field 
qualities. 


1 Farmer, F. R., and Fletcher, P. T., Atom, No. 33 (July 1959). 


OBITUARIES 


Dr. Winthrop J. V. Osterhout 


Dr. WINTHROP JOHN VANLEUVEN OsTERHOUT, member 
emeritus of the Rockefeller Institute, New York, and 
pioneer in the field of cellular biology, died on April 9. 
He was ninety-two years of age. 

Dr. Osterhout was one of the first scientists to apply 
the techniques and concepts of physical chemistry to 
living systems. His classical research was exploration of 
the mechanism underlying the uptake of ions in certain 
aquatic plants. “Dr. Osterhout was one of a few leading 
pioneers who began to explain living matter in terms of 
chemistry and biology”, said Dr. Detlev W. Bronk, 
president of the Rockofeller Institute, in describing his 
contributions to science. ‘Modern biology rests on the 
foundations they laid half a century ago. 

“He had a profound influence on the evolution of 
biological science through his students at the Rockefeller 
Institute and at the Marine Biological Laboratory at 
Woods Hole, Massachusetts, where he maintained a 
summer laboratory for sixty years”. 

For many years Dr. Osterhout was associated in his 
scientifie work wish his wife, the former Marian Irwin, 
of New York City. He is survived also by two daughters, 
Mrs. Theodore M. Edison, of West Orange, New Jersey, 
and Mrs. Harold B. Sears, of Williamstown, Massachusetts. 


He also leaves three grandchildren and six great-grand- 
children. 

On the occasion of Dr. Osterhout’s ninetieth birthday in 
1961, hundreds of individuals and organizations through- 
out the world extended greetings to him. 

Born in Brooklyn on August 2, 1871, he received his 
B.A. and M.A. degrees from Brown University in 1893 and 
1894. He studied for a year at the University of Bonn, 
Germany, under Eduard Strasburger and received his 
Ph.D. degree from the University of California in 1899, 
where he studied under Jacques Loeb. He was an 
instructor in botany in Brown University and served on 
the University of California faculty until 1909. He then 
joined the Harvard University faculty in 1909 and was 
afterwards appointed professor and chairman of the 
Division of Biology. In 1925 he left Harvard to join the 
Rockefeller Institute as member and head of a Division 
of General Physiology. He became member emeritus in 
1939 and in that capacity continued his research. 

His first affiliation with the Institute was with Dr. 
Loeb in establishing the Journal of General Physiology in 
1918. He was a member of the Board of the Institute 
during 1920-25. 

Brown University conferred an honorary Ph.D. degree 
on Dr. Osterhout in 1926 and Harvard University an 
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honorary Sc.D. degree in 1925. He was an honorary 
member of the Botanical Society of Edinburgh, Scotland, 
a trustee emeritus of the Marine Biological Laboratory, 
and vice-president of the Long Island Biological Labora- 
tory. 

A former member of the editorial board of the Journal 
of General Physiology, he was the author of Experiments 
with Plants, published in 1905, Injury, Recovery and Death, 
in 1922, and Nature of Life, in 1924. His numerous 
scientific contributions numbered more than 250. 

He was a member of the U.S. National Academy of 
Sciences, the American Philosophical Society, the Ameri- 
can Physiological Society, a Fellow of the American 
Association for the Advancement of Science, and of 
scientific societies in Sweden and Germany. 
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Mr. John Parkin 


In these days of intense specialization it is refreshing 
to think of the life and work of a man who was publishing 
botanical papers from 1898 until 1960 and who could 
include in the list papers of fundamental importance on 
the formation, storage and depletion of carbohydrates in 
monocotyledons, the science and practice of Para rubber 
cultivation, the carbohydrates of the foliage leaf of the 
snowdrop, the origin of Angiosperms, and the anatomical 
explanation of the unique glossiness of the petals of 
Ranunculus. 

John Parkin was born on the family estate of Blaith- 
waite House, Wigton, Cumberland. He graduated from 
Trinity College, Cambridge, with first class in both parts 
of the Tripos in 1897. For a year he demonstrated in the 
University and then accepted the newly created post of 
scientific assistant to the Director of the Peradeniya 
Botanical Gardens in Ceylon, where he had the good 
fortune to work under Dr. J. ©. Willis. At this time 
rubber production was in its infancy, while rubber was 
in rising demand for tyres in the new motor industry. 
Some years before, some trees of Para rubber (Hevea 
braziliensis) had been introduced into Ceylon and Malaya 
by Sir Henry Wickham from the Amazon region, and 
these were sufficiently established to serve as material 
for Parkin’s investigations. In the one year that he spent 
in Ceylon, working under somewhat primitive conditions, 

“he devised the ‘acid’ technique for coagulation of the 
latex (little altered in present practice), and also directed 
attention to the ‘wound response’ which increased flow 
of latex and enabled tapping to be carried out almost 
every other day. These two contributions were of great 
practical importance to planters and were remarkable 
achievements for a single year. The opportunity to work 
in the tropics was an advantage for his later work on 
flowering plants. 

From 1899 until 1911 he studied at Cambridge, working 
mainly on biochemical lines, and the most important 
contribution was “The Carbohydrates of the Foliage Leaf 
of the Snowdrop (Galanthus nivalis L.) and their Bearing 
on the First Sugar of Photosynthesis” (Biochem. J., 6, 1; 
1911). This paper emphasized the importance of cane 
sugar. During this period he was also much interested in 
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the problem of the flowering plants, and in 1907 he pub- 
lished, in collaboration with Dr. Newell Arber, “On the 
Origin of Angiosperms” (J. Linn. Soc. Bot., 38, 29; 1907). 
This paper gave considerable weight to the view that the 
Magnoliaceae and Ranunculaceae should be regarded as 
basic in a natural classification of Angiosperms, rather 
than the Amentiferae as in the German system; un- 
doubtedly this paper had its influence in determining the 
pattern of more recent classifications. 

A fascinating and original line of research was Parkin’s 
anatomical investigations of the petals of Ranunculus 
species, in which he showed that the peculiar glossiness 
was due to the structure of a special starch layer which 
reflected the light. A curious outcome was that a plant 
listed in the New Zealand Flora as a Ranunculus and 
collected by Dr. W. A. Sledge, of the University of Leeds. 
proved to be the only species of Anemone in the Flora. 
The results were published in a joint paper (J. Linn. Soe. 
Bot., 49, 645; 1935). 

From this time on, numerous papers appeared in 
botanical journals, many of them in the form of reviews 
of theories of the flower and classification. This was one 
of Parkin’s deepest interests, and, had age permitted. he 
told me that he would have liked to express his views in 
a fuller paper on this subject. His last paper was a survey 
of “The Distribution and Role of Sucrose in Plants” 
(J. Indian Bot. Soc., 39, 104; 1960), written at the age 
of eighty-six. 

Parkin took his place as a county councillor in Cum- 
berland and on many local committees and governing 
bodies of schools, etc., but his interests were concentrated. 
on botany and forestry. He derived great pleasure from 
an arboretum that he had planted in an old quarry on 
the estate at Wigton, and one is glad to hear that he was 
able to visit this as recently as last January. During the 
First World War, he served as a major in the Fifth 
Battalion of the Border Regiment, engaged on coastal 
defence. In the Second World War, he organized Civil 
Defence in the Wigton area. He kept in touch with botan- 
ists from many countries through learned societies, visits 
abroad and an extensive correspondence. He was un- 
assuming in manner, but in conversation one soon realized 
what an excellent grasp he had of any subject under dis- 
eussion; he frequently visited friends in the Department 
of Botany of the University of Leeds, and one’s knowledge 
was always the richer for such contacts. 

He died on March 29, 1964, at his home in Wigton. 
where he lived with his daughter, Miss Sylvia Parkin. I 
am indebted to her for supplying much of the information 
included in this account. 

It is interesting that in his ancestry he was connected 
through his paternal grandmother with Bishop Ridley, 
martyred during the 1555-58 persecution. Through his 
maternal grandmother he was connected with Sir Lowthian 
Bell, of iron ore fame, and whose granddaughter was 
Gertrude Bell, the famous traveller and archeologist of 
the Middle East, 

British botany owes much to John Parkin, and 
botanists of his generation, for their fundamental con- 
tributions to the subject and their great enthusiasm, 

Lorna I. Scorr 


NEWS and VIEWS 


The Royal Society of London : 
Special Election 


UNDER the Statute of the Royal Society which pro- 
vides for the election of persons who either have rendered 
conspicuous service to the cause of science or are such 
that their election would be of signal benefit to the 
Society, the Rt. Hon. the Earl of Iveagh has been elected 
a Fellow of the Royal Society. 


Chief Scientist (Royal Navy): Sir John Carroll, K.B.E. 


SR JOnN CARROLL retired on May 18 from the Admir- 
alty Board as chief scientist (Royal Navy), having acceded 
to that newly created office on April 1, the vesting day 
of the new Higher Organization for Defence. After a 
distinguished university career during which he was a 
Research Fellow of Sidney Sussex College, an Isaac 
Newton student, University lecturer in astrophysics and 
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assistant director of the Solar Physics Observatory, Cam- 
bridge, followed by his election to the chair of natural 
philosophy in the University of Aberdeen, he joined the 
Admiralty Department of Scientific Research and Experi- 
ment as an assistant director to Sir Charles S. Wright in 
1942, expecting to return to the University of Aberdeen 
on the conclusion of hostilities. Invited by the Admiralty 
to take up a permanent appointment following the Second 
World War, he resigned his chair to become director of 
physical research in 1945 and was appointed to the senior 
scientific post in the Admiralty, deputy for research and 
development to the Controller of the Navy and scientific 
adviser to the Board of Admiralty on October 1, 1946, 
which post he occupied until its change in title and status 
on April 1, 1964. Sir John’s principal field of research was 
astrophysics, during which his most noteworthy con- 
tribution was the development of a method for determ- 
ining the rotational speeds of stars from an analysis, by 
Fourier transforms, of the observed profiles of stellar 
absorption lines. He participated in several expeditions 
to observe total eclipses of the Sun but was, with one 
exception, dogged by bad weather. In Aberdeen he took 
& keen interest in both research and teaching and sub- 
stantially reorganized the courses in his Department; he 
was elected to the University Court. In his long tenure 
of his Admiralty office he was responsible for the overall 
organization and supervision of Naval Research and 
Development and the application of science to Naval 
problems, and made outstanding use of the dual features 
of his appointment in promoting the integration of 
military and scientific thought, an activity he pursued 
more widely over the years as a member from its inception 
under Sir Henry Tizard of the Defence Research Policy 
Committee. 


Mr. B. W. Lythall 


Mr. B. W. LYTRALL, who succeeds Sir John Carroll, 
was born in 1919 and joined the experimental branch of 
H.M. Signal School, later to become the Admiralty Signal 
and Rader Establishment, in December 1940, after 
reading physics at Christ Church, Oxford, where he 
gained an M.A. From then until the end of 1953 he was 
engaged in various aspects of radar research and develop- 
ment, initially on generation of high-power microwave 
pulses and afterwards on most aspects of microwave 
techniques. For the last few years he specialized in aerial 
practice at microwave and other frequencies, and was in 
charge of the station where this work was conducted. In 
1954 he moved to the Admiralty Research Laboratory, 
Teddington, to join a new group working on under-water 
acoustics research, and later in the same year was pro- 
moted to senior principal scientific officer in charge of the 
group. In 1957 he became assistant director of physical 
research at the Admiralty, and in October 1958 was 
promoted deputy chief scientific officer and returned to 
the Admiralty Signal and Radar Establishment to take 
charge of the department concerned with radar research 
and development and allied topics. In October 1960 Mr. 
Lythall was appointed chief scientific officer plus and 
moved to Portland to become the first chief scientist of 
the newly created Admiralty Underwater Weapons 
Establishment. This was an amalgamation of the former 
H.M. Underwater Detection Establishment and the 
Underwater Weapons Establishment. The latter had 
itself been formed in 1959 from three earlier establish- 
ments in Greenock, Havant and Bournemouth, so that 
the new complex represents the final stage of the Admir- 
alty plan for the concentration at Portland of four hitherto 
separate organizations working on various aspects of 
research and development in the under-water field. 


Psychology in the University of Nottingham : 
° Prof. W. J. H. Sprott 
Wirra the retirement of Prof. W. J. H. Sprott at the end 
of the present academic year, the University of Notting- 


NATURE 


June 6, 1964 


ham will lose one of Britain’s most distinguished social 
scientists. It will also lose one of its own oldest and most 
loyal servants. Prof. Sprott was a student of psychology 
and philosophy, flavoured with Bloomsbury, at Clare 
College, Cambridge, in the early twenties. He came to 
University College, Nottingham, as it then was, in 1925, 
and for many years occupied something of a settee, as he 
termed it, in philosophy and psychology. Later his 
interests turned also to social psychology and sociology. 
He was professor of philosophy from 1948 until 1960, and 
latterly professor of psychology. He has been the Univer- 
sity’s public orator since 1948. His publications include 
General Psychology (1937), Sociology (1949), Philosophy 
and Common Sense (1949), Living in Crowds (1949), Social 
Psychology (1952), Science and Social Action (1954), 
Human Groups (1958), and Sociology at the Seven Dials 
(1962). He delivered the Josiah Mason Lectures at the 
University of Birmingham in 1958. He continues as 
editor of the International Library of Sociology and Social 
Reconstruction. Prof. Sprott was primarily a psycholo- 
gist. He adhered to the old-fashioned view that this 
subject is concerned with human beings, and that human 
beings may profitably be studied from many different 
points of view. Few could match the breadth of know- 
ledge and sympathy which he brought to this task. His 
permanent contribution will probably lie in the field of 
social psychology where, as a rather lonely figure, he 
continued and developed the tradition so ably begun by 
Rivers and McDougall. His many friends will hope that 
they may long continue to enjoy his wit, humanity 
and common sense. 
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Prof. C. I. Howarth 


Dr. C. I. Howarta, at present lecturer in psychology 
at the University of Hull, has been appointed to succeed 
Prof. Sprott in the chair of psychology and as head of the 
Department of Psychology in the University of Nottingham. 
Dr. Howarth entered Balliol College, Oxford, as an Open 
Scholar in 1947. After graduating in chemistry and later 
in psychology and physiology, he was awarded a grant 
from the Medical Research Council to enable him to under- | 
take research at the Oxford Institute of Experimental 
Psychology, for which he was awarded the degree of 
D.Phil. in 1956. While on National Service in the Royal 
Air Force, he conducted independent research on visual 
problems of high performance flight, which he continued 
under an Air Ministry grant after his release from the 
Service. In 1958 he was appointed to his present position 
at Hull, and in 1961-62 went to Stanford University, 
California, as a special lecturer and U.S. Public Health 
Service Fellow. Dr. Howarth’s research work has been 
in the fields of temporal characteristics of human vision, 
the mechanisms underlying threshold decisions and on the 
physiological mechanisms of learning. 


The Langley Medal of the Smithsonian Institution 


ASTRONAUT ALAN B. SHEPARD, JUN., pioneer American 
space flyer, has been awarded the Langley Medal of the 
Smithsonian Institution for his “courageous and pioneering 
contributions to scientific research as the first American 
to fly in space and the first to control the attitude of a 
spacecraft while in flight and during a condition of weight- 
lessness”. Commander Alan Shepard, as he then was, 
manned the Freedom 7 spacecraft in sub-orbital space on 
May 5, 1961 (Nature, 190, 568, 587; 1961). The Langley 
Medal was established in 1908 and named after Samuel 
Pierpont Langley, aviation pioneer and secretary of the 
Smithsonian Institution from 1887 until 1906. It has been 
previously awarded only ten times since it was established. 
It was last awarded to Prof. Hugh L. Dryden in 1962. 


New Scheme for Experience in Science, Engineering 
and Technology 


Tue United Kingdom Atomic Energy Authority and 
the Central Electricity Generating Board have announced 
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that they are introducing a scheme the purpose of which 
is to assist members of universities and other institutions 
for higher education who wish to gain further experience 
in science, engineering and technology as part of their 
qualifications for a career in higher education. The 
Authority and the Generating Board are prepared to 
consider, in conjunction with the universities and colleges 
of advanced technology, applications from those who 
have reached approximately Ph.D. standard or with a 
minimum qualification of a good honours degree (or 
its equivalent) in science, engineering or technology, 
for special appointments with the Authority or the 
Generating Board. Such appointments will normally 
be for two years, and for those with the qualifications 
referred to will carry salaries within the range £850- 
£1,150 per annum. The Authority would see no 
difficulty in making up to twenty-five and the Gener- 
ating Board up to ten appointments in the first year. 
They are also prepared to make a few similar appoint- 
ments of more senior status and at appropriately higher 
salartes. The appointments will be tenable at the estab- 
lishments most suited to the experience which the 
candidates are seeking, and are most likely to be in the 
Authority’s establishments at Harwell, Wantage, Culham, 
Winfrith, Culcheth, Dounreay and Risley, and in the 
Generating Board’s establishments at Berkeley, March- 
wood, Leatherhead, and in the Computer Branch. Further 
information can be obtained from the University Liaison 
Officer, Central Electricity Generating Board, 24-30 
Holborn, London, E.C.1, or the Chief Personnel Officer, 
Atomic Energy Research Establishment, Harwell, Didcot, 
Berkshire. 


Scientists in Overseas Services 


In reply to questions in the House of Commons on 
May 7, the Secretary for Technical Co-operation, Mr. R. 
Carr, said that about 1,600 British graduates were engaged 
m teaching and research in African Commonwealth 
countries who were assisted by his department. There 
were also about 600 employed in universities. His depart- 
ment had been asked to supply 20 medical officers for 
Northern Rhodesia and had so far three British doctors 
in view for appointment. There were 230 vacancies for 
doctors and medical specialists for 38 countries and only 
half the number of British doctors who are needed were 
coming forward. The matter was receiving special atten- 
tion from a panel of the Porritt Committee. Replying to 
further questions, Mr. Carr said it was expected that the 
Council for Volunteers Overseas would hold its first 
meeting towards the end of May. Its terms of reference 
were: to receive reports from the Voluntary Societies’ 
Committee for Service Overseas (the Lockwood Com- 
mittee) and the voluntary bodies about the progress of 
their current programmes for sending volunteers overseas 
and of their plans for the future; to discuss these reports 
and future plans and advise the voluntary bodies and 
the Department of Technical Co-operation, through the 
Lockwood Committee, on any questions of policy affecting 
the programmes; and to advise on ways of increasing 
interest in the work of the voluntary societies. Mr. Carr 
said that there were about 600 designated officers still 
serving in Nyasaland and 16 non-designated officers on 
overseas terms of service. A general compensation scheme 
for designated officers was already in force and he was 
informed that the Nyasaland Government was about to 
introduce a return benefit scheme for non-designated 
officers. Mr. Carr also said that the Central Office of 
Information had held courses for information officers for 
the Foreign Service and the Commonwealth Relations 
Service since January 1961. These courses include tech- 
nical training in all information media and outlets at 
present used by British overseas missions, and he 
recognized that the recommendation of the Plowden 
Report would almost certainly increase the need for 
training. 
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New University at Guildford, Surrey 


In written answers to questions in the House of 
Commons on May 14, the Secretary of State for Education 
and Science, Mr. Q. Hogg, said that the governing body 
of Battersea College of Advanced Technology and the 
Surrey County Council had agreed on a proposal that the 
development of the College as a university—in accordance 
with the recommendations of the Robbins Committoo— 
should take place at Guildford at a site to be provided 
from a fund to which both the County and the governing 
body would contribute. The governors had been informed 
that, subject to the necessary planning permission being 
obtained, the Government agreed, after consultation with 
the University Grants Committee, to the proposed 
location and would be prepared to provide resources for 
this development. 


University Development in Britain 


Own the Capital Programme, Mr. Hogg announced on 
May 14 that the Government considered it essential, in 
view of the heavy pressure from all forms of public 
investment, that this Programme should be spread over 
as long a period as was consistent with the objective. The 
end of March 1966 was estimated as the last date on 
which work could be done which would effectively con- 
tribute to extra places in 1967-68. The Government 
proposed therefore to authorize starts on this occasion 
for the fifteen-month period January 1, 1965-March 31, 
1966, for which £54-5 million has been authorized, in- 
eluding the £33-5 million announced on February 3. 
Subsequent capital expenditure programmes from the 
financial year 1966-67 onwards would be considered with 
university development as far as 1973-74, on which the 
University Grants Committee was now working. This 
latest announcement brought the capital sum com- 
mitted to university development during the lifetime of 
the present Parliament to more than £300 million, of 
which some £200 million was for building work. 


Business Schools in Britain 


Ix a statement in the House of Commons on May 11, 
Mr. Q. Hogg said that a working party, under the chair- 
manship of Lord Normanbrook, had been set up on the 
initiative of the Federation of British Industries to give 
definition to Lord Franks’s proposal, in his recent report. 
British Business Schools, for the establishment of two new 
business schools at the Universities of Manchester and 
London (Nature, 201, 1251; 1964). It was estimated 
that the capital cost of the two schools would be between 
£2-2 million and £2-4 million, and that the total net. 
recurrent cost over the first seven years would be about 
£1-7 million, and thereafter the net running cost about 
£332,000 a year. 

The working party in its report envisaged that this 
burden would be shared equally between business and 
the universities and suggested how the governing body 
should be constituted to carry out the principle of partner- 
ship between business and the universities in their finance 
and administration. The Government, Mr. Hogg said, 
welcomed this principle and had sought the advice of the 
University Grants Committee on the working party’s 
proposals from the point of view of policy on university 
development and had learnt that the Committee fully 
endorsed them. The Government had indicated to the 
Committee and to the Federation of British Industries 
that it was prepared to provide for the universities’ share 
of capital and current expenditure on the two new 
business schools within the framework of future university 
programmes. It was also prepared to give sympathetic 
consideration to the suggestion in Lord Franks’s Report 
that awards from publie funds shouldbe made available 
for postgraduate students at these schools. 

Mr. Hogg said that he understood the Federation of 
British Industries was now planning an appeal to all sides 
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of the business community for funds for management 
education which would include their share of the needs 
of the two schools. In pledging full support to the 
universities concerned, he added that the Government 
did not in any way wish to imply that management 
studies, whether at universities, colleges of advanced 
technology and technical colleges or other institutions, 
would no longer be needed or were to take a second place. 
Raising the quality of management at all levels called for 
steady development of all work now proceeding in the 
various parts of Britain’s educational system as well as 
for the establishment of these two new schools. 

Replying to questions, Mr. Hogg said that he did not 
think that the Trade Union movement had yet been 
brought formally into consultation, although it was very 
‘closely associated with the whole problem of manage- 
ment studies in technical colleges and colleges of advanced 
technology as well as the universities. Two separate 
courses were to be held at these schools, one a one-year 
course for two hundred postgraduates, and the other a 
twenty-week course or a half-year course for a hundred 
post-experience students. He agreed that business training 
was needed at several levels in all parts of Britain and 
that Scotland must not be left out of that. He endorsed 
all that had been said about the importance of professional 
bodies in business studies generally. A parallel statement 
was made in the House of Lords on the same day. 


Desalination Research in Britain 


In a written answer in the House of Commons on 
May 15, Sir Edward Boyle stated that the Department of 
Scientific and Industrial Research had constituted a 
desalination research committee to advise how it could 
most usefully assist British industry in the general field 
of desalination research and development. The com- 
mittee, of which Dr. L. Grunberg was chairman, included 
Prof. R. S. Silver and Dr. A. Hitchcock, and was. at 
present considering an application for assistance in the 
distillation field. It had also been informed of the indus- 
trial interest in freezing and reverse osmosis. The com- 
mittee had a continuing function in advising the depart- 
ment and was unlikely to render specific reports. The 
International Atomic Energy Authority had convened 
two panel meetings on the use of nuclear energy in salt- 
water conversion, at which the United Kingdom was 
represented by Prof. Silver and Dr. Hitchcock. 


Page Charges for Scientific Journals 

THE Council of the Royal Society of London has had 
under consideration the practice of charging by the page 
for the publication of papers in scientific journals. The 
Council was advised in this connexion by its Scientific 
Information Committee and made the following 
recommendation on the adoption of this practice in the 
United Kir gdom: 7 

“In the United Kingdom the authorities traditionally 
responsible for the bulk of the publication of original 
scientific work have been the scientific societies. These 
societies by maintaining the highest standards are ren- 
dering an outstanding service to the scientific community 
and discharging an important public function. The 
custody of the standards of publication of original work 
should remain in the hands of the scientific societies with 
their well-tried and proven methods evolved over many 
years. These methods ensure that the quality of the 
scientific content of the papers, properly assessed by 
expert referees, is the criterion of acceptance for pub- 
lication. Experience in recent times has shown that the 
major publishing societies, by using up-to-date methods, 
need not be financially embarrassed in their publication 
of original work. 

“In such circurpstances the scientific societies in this 
country should retain their complete independence of 
factors other than scientific merit in relation to primary 
publication. It is considered that the introduction of 
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page charges as a general principle might impair this 
independence and could lead to a fundamental change in 
the pattern of publication practice in this country. In 
the event of a scientific society being unable to finance 
its publications satisfactorily from the normal means 
of membership subscriptions and sales to non-members 
it is considered preferable that financial assistance should 
be made available through one independent co-ordinating 
body. The Royal Society performs this function on the 
advice of its Scientific Publications Board and is willing 
to consider means of assisting scientific societies to over- 
come difficulties. The Council of the Royal Society is of 
the opinion that the introduction of page charges for 
journals published by scientific societies in the United 
Kirgdom would be against the best interests of the pro- 
motion of natural knowledge in this country and strongly 
recommends that such a practice shall not be adopted by 
British scientific societies.” 


The Ciba Foundation 


Tue annual report for 1963 of the Ciba Foundation 
records a total of 947 visitors from 44 countries staying 
at the Foundation (Pp. 70. London: The Ciba Founda- 
tion, 1964). Many of the visitors participated in the 
Foundation’s programme of six international conferences, 
three study groups, eleven discussion meetings, six 
sessions of scientific films, three dinners for scientific dis- 
cussion and four guest conferences, or in some sixty 
meetings convened at the Foundation by other organiza- 
tions and societies. The Foundation’s Annual Lecture 
was given by Prof. V. Ramalingaswami on ‘Perspectives 
in Protein Malnutrition”, and the annual Ageing Research 
Lecture, by Dr. R. L. Boucek, of Miami. Details of 
the conferences, study groups, discussion meetings, etc., 
are given in the report, which also includes a list of 
publications, and of accessions to the library. 
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Research : Science and Technology 


Tue remarkable feature of the careers book for pros- 
pective science and technology students, published 
recently under the above title, is that it was produced by 
two eighteen-year-old schoolboys from Marlborough 
College. The book was compiled as an entry for a 
Trevelyan Scholarship by A. G. R. Birtwell and J. G. T. 
Thornton and, inter alia, contains articles on “Science 
and the Sixth Former”, by Sir Harry Melville; ‘‘Tech- 
nology in the Oil Industry”, by A. L. Dowding; ‘Elec- 
trical Engineering’, by B. E. Ness; “Research in the 
Steel Industry”, by M. Atkinson, “Opportunities in 
Agriculture”, by F. H. Garner; ‘Frontiers of Atomic 
Power”, by Dr. R. M. Longstaff; “Research in Medicine’, 
by Dr. P. B. Medawar; ‘Microwave Spectroscopy”, by 
Prof. D. J. E. Ingram; ‘Research in Psychiatry”, by 
Felix Brown; and ‘‘The Colleges of Advanced Tech- 
nology’, by Sir Peter Venables. All profits from the 
sale of this ninety-six page booklet are being devoted 
to Oxfam and Cancer Research. Copies are available 
from Messrs. A. G. R. Birtwell and J. G. T. Thornton, 
Marlborough College, Marlborough, Wilts., price 2s. 6d. 


General Classification Schemes 


UNDER the title Some Problems of a General Classifica- 
tion Scheme, the Library Association has issued a report 
of a conference held in London in June 1963 (Pp. 47. 
London: The Library Association, 1964. 10s.; Library 
Association members 7s. 6d.). The conference was organ- 
ized by the Classification Research Group at the request 
of the Association and was supported by a grant from the 
NATO Scientific Research Fund. Mr. D. J. Foskett 
explains how the conference arose out of a discussion in 
classification problems at the Reference and Special 
Libraries Section Conference in 1957 and from a recom- 
mendation in the report Increasing the Effectiveness of 
Western Science (Nature, 189, 339; 1961). The remaining 
papers are: R. A. Fairthorne’s “Browsing Schemes and 
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‘Specialist’ Schemes’; Miss Barbara R. F. Kyle’s 
“Lessons Learned from Experience in Drafting the Kyle 
Classification”; J. Mills’s ‘“Inadequacies of Existing 
General Classification Schemes”; and E. J. Coates’s “The 
Classification Research Groups Proposals for a New 
General Classification”. In a final statement resulting 
from the discussions, the conference agreed that the 
primary purpose of the new classification should be for 
the manual retrieval of books on shelves and entries in 
indexes. The theory of integration levels, supplemented 
by other principles, would provide a starting point for 
the main basic order. It would be necessary to work out 
a system of categorization of terms and at least a minimum 
set of relations, while complex terms would need analysis 
or dissection up to a point to be determined. The final 
system chosen should have international acceptance. 
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Parasitic Infection and Tumoral Growth 

In mice inoculated with ascites tumour (sarcoma 
CLM) and simultaneously infected with Toxoplasma 
Gondti, Dr. Tulio Pizzi and Dr. Maria Diaz, of the School 
of Medicine, University of Chile, have shown that tumour 
cells were invaded by the parasite in about the same 
proportion as the non-tumoral host cells (Biologica, 
Faculty of Medicine, University of Chile, 34; July 1963). 
The neoplastic cells were apparently not damaged by the 
parasite and their mitotic index was similar to that found 
in the non-infected controls. A sharp fall in the number 
of tumour cells in animals infected with Toxoplasma was 
observed on the fourth day when animals were agonic. 
This action is probably explained by non-specific factors. 


The Institution of Metallurgists 

At the twentieth annual general meeting of .the 
Institution of Metallurgists, held on May 13 at the Park 
Lane Hotel, London, Dr. L. Rotherham, member for 
research, Central Electricity Generating Board, was 
elected president for the year 1964-65, in succession to 
Dr. L. Northcott. The following elections were also 
made: Vice-Presidents, Mr. N. I. Bond-Williams (director, 
Enfield Rolling Mills) and Mr. H. Morrogh (director of the 
British Cast Iron Research Association); Honorary 
Treasurer, Mr. L. W. Derry (head of the Metallurgy 
Department, Battersea. College of Advanced Technology); 
Ordinary Members of Council elected by the Fellows, Mr. 
L. Grainger (chief technical and development Officer, 
Richard Thomas and Baldwins, Ltd.) and Mr. R. Wileock 
(chief metallurgist, Samuel Fox and Co., Ltd.); Ordinary 
Member of Council elected by the Associates, Mr. P. C. 
Thornton (principal lecturer in metallurgy, Bristol College 
of Science and Technology). 


Beit Memorial Fellowships for Medical Research 


Tue following elections to Beit Memorial fellowships 
for medical research have been announced: Junior 
Fellowships, J. G. Edwards, to investigate the molecular 
basis of enzyme induction and the structure and function 
of messenger RNA in Pseudomonas aeruginosa, at the 
Department of Biochemistry, University College, London; 
D. M. Gill, to investigate protein synthesis, especially of 
histones, in isolated nuclei and nucleoli, at the Depart- 
ment of Radiotherapeutics, Cambridge; Michael Hallinan, 
to investigate the effect of the vitamins A and E on the 
structure of rough and smooth-surfaced endoplasmic 
reticulum in mammalian cells, at the Strangeways 
Research Laboratory, Cambridge; J. G. Hall, to investi- 
gate the initiation and propagation of immunity in the 
lymphatic system in the unanesthetized sheep, at the 
Institute of Animal Physiology, Babraham, Cambridge; 
B. L. Ardill, to investigate pattern variations of intrinsic 
vascular response of the peripheral circulation occasioned 
by changes in the physical properties of the blood, at the 
Department of Physiology, St. Mary’s Hospital Medical 
School, London; D. L. Doxey, to investigate the response 
of animal lymphocytes to challenge by Johne’s disease 
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antigens in vitro, at the Department of Veterinary Clinical 
Science, Cambridge. Senior Fellowship, Dr. E. R. 
Huehns, to investigate the proteins of red blood cells in 
thalassemia, hemoglobinopathies and other red cell 
abnormalities, at the Medical Unit, University College 
Hospital Medical School, London. 

Dame Honor Fell was reappointed a member of the 
Advisory Board for another five years, and Prof. W. G. 
Spector (St. Bartholomew’s Hospital Medical College, 
London) was appointed secretary to the Trust on the 
retirement of Sir Roy Cameron. The secretarv’s tive- 
yearly report was adopted. 


Announcements 


Tue Meldola Medal for 1963 has been awarded to Dr. 
Alan Carrington, assistant director of research in the 
Department of Theoretical Chemistry, University of 
Cambridge, for his work in the field of physical and 
theoretical chemistry, with special reference to the 
measurement and interpretation of electron spin resonance 
spectra. The award is made by the Council of the Royal 
Institute of Chemistry, with the concurrence of the 
Society of Maccabaeans. 


A SYMPOSIUM on “The Teaching of Materials Scicnce™ 
will be held at Sunderland Technical College during July 
2-3. Further information can be obtained from the 
Registrar, Technical College, Sunderland, County Durham. 

A symposium on “Pollution”, arranged by the Western 
Section of the Society for Analytical Chemistry, will be 
held in the University of Swansea during July 2 4. 
Further information can be obtained from Dr. T. G. 
Morris, Brockleigh, Clevedon Avenue, Sully, Glamorgan. 

A ONE-WEEK summer session on “Thermodynamics. a 
Unifying Science” will be held at the Massachusetts 
Institute of Technology during June 29-July 3. It is 
intended for engineers and scientists interested in research, 
development and teaching. Further information can be 
obtained from the Summer Session Office, Massachusetts 
Institute of Technology, Cambridge, Mass. 


A symposium on “Signal Processing in Radar and 
Sonar Directional Systems”, sponsored joimtly by the 
British Institution of Radio Engineers and the Depart- 
ment of Electrical Engineering of the University of 
Birmingham, will be held in the University of Birming- 
ham during July 6-9. Further information can be obtained 
from the British Institution of Radio Engineers, 9 Bedford 
Square, London, W.C.1. 


Tue Torry Research Station, Aberdeen, will hold open 
days during July 1-2. The exhibition of work in progress 
will include displays on all aspects of fish preservation, 
quality, spoilage, freezing and cold storage, thawing, 
smoking and drying, analysis, biochemical research on 
composition, structure, flavour and texture of fish flesh. 
Further information can be obtained from the Director, 
Torry Research Station, Abbey Road. Aberdeen. 


THREE international conferences dealing with rust 
diseases of cereal crops will be held in Cambridge during 
June 29-July 4. The conferences will be: third European 
yellow rust conference (June 29-30); first international 
brown rust conference (July 1); third European colo- 
quium on black rust of cereals (July 2-3). Further 
information can be obtained from R. J. F. Macer, Plant 
Breeding Institute, Maris Lane, Trumpington, Cambridge. 

Tue fifth annual summer school in “Health Physics 
(Radiation Protection)”, arranged by Dr. H. D. Evans, 
will be held at the Imperial College of Science and Tech- 
nology during June 29-July 10. The course is designed 
primarily for graduates in science, engineering or medicine 
whose work involves the use of radiation or radioactive 
materials, or whose duties involve radiation protection. 
Further information can be obtained drom the Registrar. 
Imperial College, London, 8.W.7. The fee for the course 
is 25 guineas. 
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NEW NATURAL PHILOSOPHY BUILDING IN THE UNIVERSITY OF 
ABERDEEN 


A NEW Natural Philosophy Building for the Univer- 
sity of Aberdeen was opened by Sir George Thomson 
on May 7. From 1922 until 1930 he occupied the chair 
of natural philosophy, now held by Prof. R. V. Jones. 

Marking the opening of the Building, and providing 
a reminder of the long history of Natural Philosophy in 
Aberdeen, was a gift by Lord Reith and Sir Noel Ash- 
bridge. This was the certificate of merit awarded in 1860 
to Lord Reith’s father, the Rev. George Reith, and signed 
by James Clerk Maxwell, then professor of natural 
philosophy. 

The Building (Fig. 1) is situated on the Market Lands 
to the west of the High Street of Old Aberdeen, and to the 
north of the Chemistry Building, opened in 1952, and the 
Science Library, now under construction. It accommodates 
the Natural Philosophy Department, formerly housed in 
Marischal College (at Aberdeen natural philosophy 
includes physics and applied mathematics). More 
extensive accommodation than could be provided in 
Marischal College, with more up-to-date facilities, has 
long been needed in order that the Department can play 
its proper part in the expansion of the annual science 
entry from 192 to 300, which was required as part of the 
project, adopted in 1956, to expand the University from 
a total of 1,800 to 2,750. It was estimated that accom- 
modation would be needed for that number in 1962-63 
or soon after, and the Natural Philosophy Building was 
ready for occupation in October 1963, when the total 
number of graduating students reached 2,737. In 1960, 
in response to enquiries from the University Grants 
Committee, the University agreed to continue this expan- 
sion up to a total of 4,500 as a contribution to the national 
need for university education in the United Kingdom, 
and this total may now be exeeeded. But the increase in 
the expansion from 2,500 to 4,500 will entail a project for 
further accommodation for natural philosophy, which is 
now under consideration. 

The Building has been designed to accommodate 450 
undergraduate students, with a first year of 300, a second 
year of 100, and junior and senior honours years of 25-30 
students each. In addition there will be accommodation 





Fig. 1. New Natural Philosophy Building, University of Aberdeen 


for an academic staff of two professors, and senior lec- 
turers, lecturers, Research Fellows, etc., to a total of 32. 
Facilities are also provided for about 25 postgraduate 
students. È 

The principle underlying the design is the recognition 
that the main functions of the Department (teaching large 
classes, tutoring advanced students in small groups, and 
research) make very different demands on many of those 
elements basic to design considerations. For example, 
one particular requirement—that of maximum possible 
freedom from mechanical vibration—is peculiarly a 
requirement of research areas. For this reason, together 
with general site requirements for a relatively low build- 
ing, the architectural conception is that of three units 
linked and integrated by & firm podium. 

The podium provides the main structural link between 
the east and west wings, with an external wall of random 
coarse granite and ® top which is to provide circulation 
space. The main entrance to the building is on the south 
side of the podium and the three main lecture rooms are 
grouped round this entrance hall in such a way that the 
heavy student traffic to lectures is localized in this part 
of the Building. Lecture rooms for approximately 80 
and 120 students are entered directly from the east and 
west sides of the entrance hall itself. A large lecture hall 
for 300 students is entered from the entrance hall by a 
short staircase under the southern part of the curved 
concrete shell canopy up to podium level and the main 
lecture room entrance. The concrete shell canopy 
extends over the whole of the main lecture hall, and plavs 
a functional part in the acoustic design of the hall. The 
main electrical and mechanical plant serving the Building 
has been housed under the rake of this main lecture hall. 
Each lecture hall is provided with its own preparation 
and store rooms. 

The whole of the north side of the podium is devoted 
to extensive workshops of various kinds serving the 
research and teaching needs of the Department. The rest: 
of the podium area is given over to research rooms of 
various kinds, many of which will house delicate equip- 
ment. Every attempt has been made, by isolating the 
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floor pad of this area from neighbouring floor pads, and 
from columns supporting structures above, to ensure that 
this area will be mechanically quiet. 

The east wing is a concrete frame structure with mullions 
at 5 ft. 4 in. intervals. It is predominantly a research and 
office block on three floors and has been designed so that 
all research rooms are on the west side of the block and all 
offices on the east side, thus economizing in electrical 
and mechanical services. Each lecturer will have a small 
office in which he can tutor students in groups of two or 
three. He may also have a research room conveniently 
situated opposite his office. The east wing also includes 
a class library, a common room, and a small lecture room 
which can be used for research seminars and occasional 
honours lectures. The flat roof of this wing has been 
strengthened at one end so that it can be used for experi- 
mental purposes. 

The west wing houses all the teaching laboratories. 
The ground (podium) floor is given over to first- and second- 
year laboratories, while the first floor houses all honours 
laboratories. Since the first- and second-year classes are 
by far the largest, this arrangement minimizes traffic on 
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stairways and provides vibrationally the quietest condi- 
tions where most needed, that is, in the honours labora- 
tories. The guiding principle governing the layout of the 
laboratories has been to prefer small laboratories of a 
size that can be comfortably supervised by one person. 
This also has the merit of providing greater flexibility in 
the general day-to-day use of these laboratories. In 
addition, each group of laboratories is provided with its 
own services and store rooms, together with a number of 
photographic dark rooms. The first floor also provides 
a number of tutorial rooms. where first- and second- 
year tutorials in groups of 20-25 students each can be 
iven. 

i The cost of the Building was approximately £700.000 
provided by the University Grants Committee with a 
contribution from University funds. 

The architect was Mr. E. D. Jefferiss Mathews of Messrs. 
J. Douglass Mathews and Partners, the quantity surveyors 
Messrs. John Dansken and Purdie, the structural engincers 
Messrs. C. V. Blumfield and Partners, and the contractors 
Messrs. Alexander Hall and Son (Builders), Ltd., Aber- 
deen. 


AN EARLY OCCUPATIONAL HEALTH SERVICE 


HE remarkable work of Samuel Greg and Dr. P. 

Holland in establishing an occupational health ser- 
vice at Quarry Bank Mill, Cheshire, in the late eighteenth 
century has recently been described by Dr. R. Murray, 
medical adviser to the Trades Union Congress (Occupa- 
tional Health, 16, No. 1; January/February 1964). 

Quarry Bank Mill was built as a spinning mill in 1784 
by Greg, who, by 1795, was employing his own family 
doctor, Dr. Holland, to provide medical care for the 
Company’s apprentices for an annual fee of twelve guineas. 
Details of his work are recorded in two fully documented 
notebooks. The treatment was heroic and much of it 
consisted of purgatives—senna, calomel, rhubarb and ginger, 
jalap and salts. Clysters were frequently given; blisters, 
leeches and poultices were common. Coughs were 
treated with horehound and ipecac. The sick were 
usually given buttermilk or churn whey, though red wine, 
broth and even tea were sometimes prescribed. Itch 
was treated with sulphur, internally as well as extern- 
ally. 

The policy of Samuel Greg in appointing Dr. Holland 
as his works physician was not entirely philanthropic. He 
said, in answer to a correspondent, “The terms in which we 
take them are ... (that) we keep them one month upon 
trial before (being) bound ... to ascertain their prob- 


able healthiness”. At this time the Boards of Guardians 
were anxious to rid themselves of the rapidly rising 
population of children in poorhouses, and the system of 
“binding them apprentice”, which had served well 
enough for 200 years, was used to ensure a cheap supply 
of labour for the developing textile industry. For a 
variety of reasons, many of these children were physically 
or mentally unfit for employment, and several employers 
found it worth while to employ a physician to discard 
those who were unlikely to make useful workers. 

Nevertheless, in the case of Quarry Bank, the treat- 
ment was much more generous than elsewhere. Out of a 
total of 17,000 apprentices who passed through the mill. 
only five, apart from those under nine years, were not 
employed. There are several instances of children being 
kept for a year or more, seen regularly by Dr. Holland, 
and well fed in the apprentice house before being inden- 
tured. The details of the pre-employment examinations 
indicate the extent to which tuberculosis was a scourge 
of the times. Eighty per cent of the children who were 
labelled ‘unkealthy’ were said to be ‘delicate’, to have 
inflammation of the eyes, enlarged glands or to he 
scrofulous. The fact that so many of them were ultimately 
able to be indentured says much for the philanthropy 
of Samuel Greg and the care of Dr. Holland. 


SEARCH FOR OIL IN AUSTRALIA 


HE pursuit of the elusive oil-pools in Australia con- 
tinues with undiminished vigour, and unfortunately 
the two latest reports* do little to enliven the rather 
depressing trend of events, at least from an economic 
point of view, recently chronicled (Nature, 201, 1080; 
1964; and 200, 123; 1963). 
Publication No. 23 describes the exploratory borehole 
dried as an off-structure stratigraphic test by the 
* Commonwealth of Australia. Department of National Development. 
Bureau of Mineral Resources, Geology and Geophysics. Petroleum Search 
Subsidy Acts. Publication No. 28: Conorada Ooroonoo No. J, Queensland, 
of Conorada Petroleum Corporation. Pp. 30+2 plates. Publication No. 42: 
O.D.N.L. Penola No. 1 Well, South Australia, of Oil Development N.L. 


Pp. 
62+2 plates. (Canberra City: Bureau of Mineral Resources, Geology and 
Geophysics, 1963.) 
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Conorada Petroleum Corporation and known as ‘“‘Conorada 
Ooroonoo No. 1, Queensland”. The location borders the 
Diamantina River, about 58 miles south of Middleton, 
on Western Highway, western Queensland. As a strati- 
graphic test, this project might be judged successful, in 
that the log disclosed a complete section of the sedi- 
mentary rocks of the Great Artesian Basin down to and 
penetrating the granitic basement complex. Operations 
lasted barely one month and the well was abandoned as 
a dry hole at a total depth of 3,852 ft., the granite floor 
being met at 3,840 ft. Considerable problems attach to 
the age determination of the rocks constituting the Great 
Artesian Basin in this region. The possibility of finding 
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Cambrian or Ordovician source-rocks of petroleum 
beneath the Mesozoic and Tertiary sequences here, 
envisaged at the outset of this test, was clearly dispelled 
by the presence of the granitic basement rocks below the 
Mesozoic sediments which, in the Great Artesian Basin, 
are believed to represent the only continuously deposited 
section from Jurassic into Lower Cretaceous times in the 
- Continent. 

Publication No. 42 deals with quite a different region of 
exploration. This project is known as ‘‘O.D.N.L. Penola 
No. 1 Wel”, located in what is termed “the north-east 
corner of Section 500,. Hundred of Penola, South Aus- 
tralia’. Penola is about 200 miles south-south-east of 
Adelaide, not far from the State Boundary with Victoria. 
This well was drilled by Oil Development N.L. under a 
‘farm-out’ agreement with the General Exploration Co. 
of Australia, Ltd. After three months drilling it was 
abandoned as a dry hole at a total depth of 4,985 ft. 
The objective was to test the petroleum potentialities of 
the Coonawarra sub-surface structure which, on previous 
knowledge gained from a single reconnaissance seismic 
reflexion traverse made through the area, was thought to 
be a mass of Cretaceous sediments ‘‘draped over a buried 
topographic ‘high’ of a pre-Cretaceous erosion surface”. 
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This log discloses, beneath a thin Pleistocene cover, a 
sequence of marine Tertiary rocks, then marine and 
non-marine Mesozoic rocks; the sequence ranges in age 
from Oligocene to what is probably Upper Jurassic. Once 
again the stratigraphic evidence afforded by this well has 
proved of value when considered in the light of previous 
geological work in this part of South Australia, but 
otherwise the oil and gas possibilities here are certainly 
not encouraging. 

As in previous reports of oil explorations in Australia 
carried out in conformity with the Petroleum Search 
Subsidy Acts and under the egis of the Geological Branch 
of the Bureau of Mineral Resources, both these publica- 
tions maintain a high quality, not only in presentation of 
data and illustrations, but also particularly in the detailed 
accounts of the petrology and paleontology of rock- 
samples examined by the specialists concerned. One 
could only wish that all the valuable academic work, 
quite apart from the expert geophysical and engineering 
operations involved, had resulted in more rewarding 
results in terms of natural gas or petroleum (or both) 
such as would encourage commercial developments. But 
the search will still undoubtedly continue. 

H. B. MILNER 


SROLES OF DEOXYRIBONUCLEIC ACID IN INHERITANCE 


By Pror. BARRY COMMONER 


Henry Shaw School of Botany and Adolphus Busch [ll Laboratory of Molecular Biology, 
Washington University, St. Louis, Missouri 


(1) Introduction 


IVING organisms exhibit a self-perpetuated capacity 
to create their own remarkably complex and specific 
organization from a far more disorganized environment, 
and to reproduce it in their offspring. How do self- 
duplication, reproduction and inheritance originate in the 
chemical attributes of the separate substances of which 
living things are composed ? 

A theory concerning the chemistry of inheritance must 
explain the molecular origin of biological specificity, 
describe the molecular processes which transmit this 
specificity from cell to cell and from organism to organism, 
and account for the orderly emergence of specificity 
during development. Some, but not all, of the specific 
inherited characteristics of a number of organisms have 
now been reduced to particular chemical processes, such 
as the synthesis of a given substance. At the least, the 
task of a molecular theory of inheritance is to explain the 
origin, transmission and development of such biochemical 
specificity. 

There is at this time a fairly widespread conviction that 
this task has already been accomplished by the theory 
of the ‘DNA code’. Nevertheless, in this article I shall 
endeavour to demonstrate: (a) that the scheme which 
localizes the origin of inherited biochemical specificity 
solely in the nucleotide sequence of DNA fails to account 
for certain relevant data; (b) that when these data are 
taken into account, the genetic effects of DNA nucleotide 
sequence emerge as a special case of a more general genetic 
function of DNA; (c) that this new analysis places 
significant restrictions on theories regarding the relation- 
ship between the molecular properties of DNA and the 
properties of living things and suggests new experimental 
investigations of growth, development and inheritance. 


(Il) Molecular Osigins of Biochemical Specificity 


The chemical specificity of a living cell appears in two 
general forms: molecular reactions and molecular struc- 


tures. In the chemical reactions of the cell, specificity 
is represented by the preferential occurrence of particular 
ones of the immense numbers of reactions which are 
thermodynamically possible among the cell’s numerous 
reactants. Such kinetic biochemical specificity is repre- 
sented by a particular metabolic pattern, for example, 
the Krebs cycle. 

In contrast to such kinetic expressions of biochemical 
specificity, cells also possess potential or static manifesta- 
tions of specificity. These are represented, for example, 
by the structure of macromolecular products of cellular 
chemistry, in which biochemical specificity is expressed 
by the stable arrangement of the component parts. 
Examples are the sequence of nucleotides in a nucleic acid, 
or of amino-acids in a protein. In such macromolecules 
the number -of possible arrangements of residues is 
extremely large and the specification of a particular 
sequence represents an exceedingly narrow choice among 
them. Biochemical specificity is equivalent to ‘informa- 
tion content’ as used in recent discussions of molecular 
genetics. 

It is evident that biochemical specificity must be 
achieved by processes which regulate the rates of intra- 
cellular reactions and thereby determine which of the 
very numerous reactions that are possible among cellular 
components actually take place at substantial rates. In 
what follows, a component or system which, in the 
chemistry of the cell, determines the kinetic specificity 
of a biochemical process or the static specificity of a 
macromolecule will be referred to as a regulatory com- 
ponent or system. If a regulatory component or system 
is also capable of regulating the specificity of its own 
synthesis, the regulatory system is itself replicated and, 
being replicated, may be transmissible in inheritance. 
Such an agent will be termed a germinal component or 
system. 

The general problem to be solved in a molecular analysis 
of inheritance is the identification of the germinal com- 
ponents, or systems, which govern the biochemical 





June 6, 1964 


specificity of the cell. In order to avoid a priori assump- 
tions regarding the properties of this class of components, 
it is useful to consider first the properties of the more 
general class of regulatory components, and then to 
determine which members of the class conform to the 
additional ' requirements of a germinal component, or 
system. 

The extensive literature of biochemistry, in particular 
recent analyses of metabolic control!-‘, provides fairly 
detailed evidence concerning mechanisms which regulate 
kinetic biochemical specificity. Regulatory effects on 
carbohydrate metabolism are best Inown5-’ and a sum- 
mary of these effects leads to certain useful generaliza- 
tions: (a) Enzymes are powerful regulatory components 
since they accelerate specific biochemical processes. 
(b) Catalytically active intermediates, especially those 
which are involved in several metabolic processes, are 
often present in low concentrations which, by limiting 
the rates of possible alternative reactions, determine the 
predominant metabolic pathway. Nucleotide co-enzymes 
and. phosphate carriers, which are often decisive branch 
points in metabolism, are particularly important determ- 
inants of metabolic pathways. (c) Important regulatory 
effects also due to free nucleotides are those exerted by 
the ADP/ATP, DPN/DPNH and TPN/TPNH balances 
which are in turn closely associated with the overall 
rates of metabolic degradation of carbohydrate starting 
materials. (d) The synthesis or activity of enzymes 
involved in the formation of certain metabolic end- 
products may be regulated by several types of feedback 
systems governed by the concentrations of these end- 
products. 

There is a growing literature concerned with the origin 
of the static biochemical specificity embodied in the nucleo- 
tide sequence of nucleic acids and in the amino-acid 
sequence of proteins. The relevant observations are well 
known and introduce a new type of regulatory component, 
the nucleic acid primer, or ‘template’, which participates 
in the determination of the biochemical specificity of 
nucleie acids and proteins. However, there is evidence 
that the specificity of biosynthetic enzymes may serve 
as a source of the static specificity that is embodied in 
the sequence of residues in a biological polymer®. Some 
evidence suggests that the static specificity of DNA 
(that is, its nucleotide sequence) is regulated not only 
by the nucleotide sequence of the template, but also in 
part by the specificity of the polymerase enzymes which 
catalyse DNA synthesis®. Moreover, a sharply enhanced 
rate of mutation has been observed in bacteria’ under 
conditions of extreme thymine deprivation’. This 
implies that an alteration in DNA nucleotide sequence 
occurs under these conditions and suggests that the 
specificity of DNA synthesis may be under partial control 
of the concentrations of available free nucleotides}. 

Which of the classes of regulators already 
enumerated here also determine the specificity of 
their own formation and are therefore capable 
of serving as germinal agents ? Since this article is re- 
stricted to a consideration of the germinal role of DNA, 
further discussion will be confined to those regulatory 
processes which may mediate the participation of DNA in 
inheritance. As a further restriction, the present article 
will not consider the mechanism proposed by the theory 
of the DNA code to mediate the transfer of static specificity 
embodied in DNA nucleotide sequence to newly synthe- 
sized DNA or to the kinetic specificity of the cell. These 
limitations should, however, be recognized as an arbitrary 
expedient; they are not intended to imply that only DNA 
can serve as a germinal component, or that DNA nucleo- 
tide sequence is the sole source of genetically effective 
biochemical specificity. Indeed, as will become apparent 
from considerations discussed here, and from more 
detailed considerations to be published elsewhere", we 
shall be required seriously to modify these simple con- 
cepts. 
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(Ill) Nucleotide Sequestration: A Proposed Mechanism 
for Mediating the Role of DNA in Inheritance 


The theory of the DNA code ascribes a germinal role to 
the DNA template and accounts for the specificity of the 
enzymes (and therefore for the cell’s kinetic biochemical 
specificity) by a scheme which transfers specificity from 
the DNA template to proteins. In what follows considera- 
tion will be given to the possibility that a third class of 
regulatory component that is related to DNA, the free 
nucleotides, may also participate in a germinal system 
capable of providing a new mechanism of inheritance. 
A survey of the known relationships between free nucleo- 
tides and polymer synthesis leads to evidence which 
supports this proposal. 

(1) Consider the expected relationships between the 
ADP/ATP system and the biosynthesis of three main 
types of macromolecules: polysaccharides, proteins and 
nucleic acids (Fig. 1). All three processes require the 
participation of ATP, which is a product of oxidative 
metabolism. In the synthesis of a polysaccharide, such as 
starch, the terminal ATP phosphate is transferred to 
glucose-1-phosphate which is then capable of condensation 
to form starch. In this process ATP is converted to ADP. 
Since the rate of electron transport has an obligate 
association with the oxidative phosphorylation of ADP 
to ATP, the accumulation of ADP resulting from starch 
formation accelerates the rate of oxidation, thereby 
restoring the original ADP/ATP balance. (According to 
Krebs’, this feed-back system is the chief mechanism for 
regulating the cellular rate of oxidative metabolism.) 
Starch synthesis therefore absorbs the free energy avail- 
able from oxidative metabolism without altering the 
steady-state ADP/ATP balance, or the further functioning 
of the ADP/ATP system. 

In protein synthesis the ADP/ATP system performs a 
similar function. However, in this case the general 
product, protein, will include those enzymes which are 
involved in the metabolic processes that produce ATP. 
Since protein synthesis depends on these processes it 
forms a positive feed-back loop with oxidative meta- 
bolism. In non-growing cells, which usually have excess 
concentrations of the requisite enzymes, this feed-back 
system will not be operative; but Hinshelwood" has 
shown that in growing cells this system serves to increase 
the cell’s enzyme complement. 

Nucleic acid synthesis, generically, bears a unique 
relationship to the ADP/ATP system. In this case the 
synthetic process removes not only the terminal ATP 
phosphate, but also the entire ATP molecule—adenine 
residue and all—which is sequestered from further meta- 
bolic activity by incorporation into nucleic acid. Hence 
ADP is not regenerated, oxidative metabolism is not 
stimulated, and in the absence of other influences will 
rapidly decline in rate. Unless counter-balancing effects 
intervene, the negative feed-back loop linking nucleic 
acid synthesis to the free nucleotides will result in a 
rapidly accelerating drain on the ADP/ATP system. 
Corresponding effects of nucleic acid synthesis on the 
concentrations of other free nucleotides which contain 
residues present in the polynucleotides (for example, 
GTP, UTP, CTP) are also to be expected. 

(2) DNA is an exceedingly effective agent for the 
sequestration of free nucleotides, since the free deoxyribo- 
nucleotide precursors required for DNA synthesis are in 
equilibrium with the intra-cellular pools of freo ribo- 
nucleotides (see ref. 13 for a summary of the relevant data). 
The free nucleotide pools are often small compared to 
the nucleic acid content of the cell, and the synthesis 
of the latter is likely to impose a serious drain on them". 
Two characteristic properties of the synthesis of DNA 
make this process particularly effective in reducing the 
steady-state concentration of the nacleotide pools. (a) 
DNA is extraordinarily stable, so that removal of nucleo- 
tide precursors from the pools is essentially irreversible. 
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(b) In most cells DNA is synthesized in a brief, sharply 
delimited time (a specific stage of the mitotic process). 
Thus precursor removal must be extremely rapid for a 
short period of time. 

(3) The expectation that DNA synthesis may serve as 
an effective drain on the free nucleotides of the cell is 
borne out by experimental evidence. When DNA 
synthesis is blocked by ionizing radiation, ultra-violet 
radiation, or by certain antibiotics, sharp increases in the 
concentrations of free ribonucleotides and deoxynucleo- 
tides are commonly observed (see ref. 15 for a summary). 
In rapidly proliferating animal tissues, in which DNA 
synthesis is particularly active, intracellular concentra- 
tions of free nucleotides (for example, DPN) are character- 
istically low. This is evident in a comparison of normal 
adult rat liver with the liver of new-born animals and 
with regenerating liver or hepatoma'®. Similarly, host 
tissues of tumour-bearing animals exhibit a pronounced 
reduction in free nucleotide concentration as compared 
with normal animals??. Kavanau reports characteristic 
fluctuations in the concentrations of a number of nucleo- 
tide-bearing coenzymes during the development of sea- 
urchin eggs. A distinctive minimum in the concentrations 
of free derivatives of niacin, folic acid, thiamine and 
thymidine occurs during blastulation. DNA synthesis is 
particularly active at this developmental stage since the 
number of dividing cells is large and increasing rapidly". 
Intense and rapid changes in the concentrations of free 
deoxynucleotides have also béen observed in several 
developing systems including lily anthers and inverte- 
brate eggs}*-*1, These results indicate that the synthesis 
of DNA may result in at least transitory, but often very 
intense, changes in the’ cellular concentrations of free 
nucleotides, including coenzymes. 

(4) The foregoing relationship suggests a possible 
mechanism for the genetic determination of the free 
nucleotide pools of the cell and therefore of the metabolic 
processes which they regulate. The DNA content of a 
cell is ordinarily a species-specific constant (section V 
of this article), and because of the mechanics of chromo- 


some duplication total DNA content is transmitted in 
cell division and is thereby inheritable. Since the DNA 
content is doubled at each cell division, the amount 
of DNA synthesized in the life history of a given cell is 
also a genetically transmissible constant. If, for_ the 
reasons already cited here, the. amount of DNA synthe- 
sized in the cell regulates the concentration of free nucleo- 
tides in the cell (at least during a particular time in its 
development), then the latter is also a genetically determ- 
ined factor, which is transmissible in inheritance. These 
relationships provide a mechanism, for genetic control of 
inter-cellular concentrations of catalytic nucleotides— 
and thereby of .cellular metabolism. . The mechanism 
relates to the amount of DNA formed and not to its nucleo- 
tide sequence; it is therefore distinguishable from the 
genetic system based on DNA ‘templates’?*. 

(5) The proposed mechanism may involve effects more 
specific than overall changes in total free nucleotide con- 
centrations. The effect of DNA synthesis on the relative 
concentrations of different nucleotides which comprise 
the total poo) will depend on the overall base composition 
of the DNA formed at any particular time. Furthermore, 
the total DNA complement of the cell is not synthesized 
simultaneously (for example, certain heterochromatic 
chromosomes and chromosome segments are synthesized 
out of phase with euchromatin**). Hence, the sequestra- 
tion process may be expected to induce a time-sequence of 
changes in the relative concentrations of different com- 
ponents of the free nucleotide pool. Moreover, an altera- 
tion in the availability of a particular catalytic nucleotide, 
even though it occurs during a brief period during the 
development of the cell, may result in a continuing effect 
on the pattern of cellular metabolism, for example, by 
causing enzyme induction or repression. Hence the 
sequestration mechanism may lead to lasting regulatory 
effects arising from time-dependent changes in the 
relative concentrations of various free nucleotides. 

(6) The regulatory effects of nucleotide sequestration 
on cellular metabolism are inherently associated with the 
feed-back systems which couple nucleic acid and protein 
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synthesis and oxidative metabolism (Fig. 1). Protein 
synthesis is so related to oxidative metabolism that, in 
the absence of other regulatory processes, the rate of 
protein synthesis would increase exponentially with time 
—a condition which is, of course, inherently unstable. 
On the other hand, the negative feed-back relationship 
between nucleic acid synthesis and oxidative metabolism 
is such as to cause nucleic acid synthesis to follow a self- 
decelerating course, which is obviously also unstable. 
However, when both protein and nucleic acid synthesis 
ave together coupled to oxidative metabolism, a balanced 
situation becomes possible The close relationship 
between protein and nucleic acid synthesis in normal 
growth may be regarded as a reflexion of this basic inter- 
action. f 

These interactions also suggest a relationship between 
the characteristic DNA content of the cell and the cell’s 
size and its characteristic rate of oxidative metabolism. 
DNA synthesis and the resultant sequestration of the 
catalytic nucleotides which are active in the oxidative 
electron transport systems will tend to reduce the rate of 
catabolic degradation of metabolites. In turn, this may 
be expected to increase the relative proportion of the 
available metabolites which enter into anabolic processes 
and thereby contribute to the synthesis of cell substance. 
If these interactions govern the course of cell growth, one 
may anticipate a positive correlation between the DNA 
content and the overall size characteristic of the mature 
cell and a negative correlation between DNA content and 
the cell’s characteristic rate of oxidative metabolism. 

(7) In the foregoing system, the amount of DNA 
synthesized by the cell regulates the free nucleotide 
level, and therefore, among other things, the cell’s charac- 
teristic rate of oxidative metabolism. However, since 
the rate of oxidation determines the available levels of 
the triphosphonucleotide precursors of DNA, DNA 
synthesis is, at least in part, in turn regulated by the 
oxidation rate. But this feed-back system includes at 
least two agents the synthesis of which are in part self- 
-determined. One of these is DNA itself, since there is 
considerable evidence that DNA is synthesized only when. 
DNA pre-exists in the cell. The second agent is the mito- 
chondrion, for the formation of mitochondria** requires 
the presence of pre-existing mitochondria in the cell; 
like DNA, the mitochondria are also subject to internal 
mutations. Since oxidative metabolism is largely local- 
ized in the mitochondrial enzyme system, these self- 
perpetuating agents exert a regulatory effect on ths 
feed-back system which couples DNA. synthesis and the 
nucleotide-catalysed oxidative processes. Hence, in 
the overall system, the rate of oxidative metabolism 
cannot be regarded as exclusively determined by DNA 
synthesis. Therefore, the germinal properties of the 
proposed nucleotide sequestration system are, at the least, 
jointly regulated by DNA and the mitochondria. No 
single ‘component of the system can be regarded as 
‘self-duplicating’. : 

On the basis of the foregoing considerations, there are 
grounds to put forward, as a hypothesis, the proposal 
that the synthesis of DNA, without regard to nucleotide 
sequence, participates in a germinal system capable of 
mediating the inheritance of certain generalized features 
of cellular metabolism: cell size, rate of oxidative meta- 
bolism, and DNA content per cell. The system may 
also govern somewhat more specific effects due to differ- 
ences in the nucleotide composition of the particular DNA 
synthesized in the cell ‘at a given period in cell division. 
In this event, the system may induce a characteristic time- 
dependent pattern in the levels of free nucleotides in the 
cell, and thereby regulate the relative rates of metabolic 
„processes which are affected by the concentrations of 
specific free nucleotides. 

These considerations suggest that the participation of 
DNA in inheritance is mediated by two rather different 
types of germinal processes. It may be useful to think 
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of the nucleotide sequestration system as a kind of 
coarse adjustment of cellular metabolism. On this are 
imposed the effects of fine adjustments, due to the trans- 
fer of static specificity, in part derived from the nucleo- 
tide sequence of a DNA segment, to a particular enzyme 
molecule, thereby achieving a limited but very precise 
regulation of the chemistry of the cell. 


(IV) DNA in the Biology of Inheritance 


If DNA is, in fact, characterized by these dual germinal 
properties, a corresponding duality should be evident in 
the genetic phenomena mediated by the nucleus, in which 
the DNA of the cell is concentrated. The following 
summary of the biological and cytological aspects of 
nuclear inheritance shows that this expectation is borne 
out by the available evidence, and that there is a signifi- 
cant correspondence between two classes of genotic 
phenomena and the two DNA-mediated systems described 
here. 

For a number of years there has been a persistent and 
growing body of observations which divides the total 
substance of the chromosomes (that is, chromatin) into 
two types: euchromatin and heterochromatin. Generally, 
the term ‘heterochromatin’ designates chromatin which 
tends to maintain an intense staining reaction during 


periods in cell division when other chromosome regions 


show considerable fluctuations in staining intensity. 

The stains which distinguish between heterochromatin 
and euchromatin (for example, Feulgen stain) react 
with DNA; they distinguish chromatin itself from other 
parts of the cell, and resolve genetically significant fine 
structure (banding) within the chromosome. Thus, the 
distinction between euchromatin and heterochromatin 
must reflect some difference in the DNA associated with 
them. This might be due to nucleotide composition, 
or to the macromolecular configuration (for example, 
coiling) of the polynucleotide. However, even in the 
latter case, underlying differences in composition must 
account for any specific differences in configuration. As 
a first approximation, euchromatin and heterochromatin 
may be regarded as classes of chromatin which differ in 
DNA composition’, 

Heterochromatin comprises a variable but appreciable 
part of the total chromosome complex (about one- 
quarter to one-third on the average; in some insects 
five-sixths of the total chromatin is heterochromatin). 
The null-type of sex chromosome (for example, the Y 
chromosome of Drosophila) is composed wholly of hetero- 
chromatin. A major part of the ‘active’ sex chromosome, 
and blocks of various sizes in the autosomes, are composed. 
of heterochromatin. Thin segments of heterochromatin 
lie within the euchromatic sections of chromosomes 
(see ref. 26 for details). 

Compared with euchromatic regions, heterochromatic 
chromosomes, or chromosome sections, exhibit relatively 
few chromomeres or bands, that is, they show relatively 
little internal structural detail. During the process of 
synapsis, euchromatic regions of homologous chromosomes 
pair up with great linear precision. In contrast, hetero- 
chromatic sections or chromosomes exhibit a generalized 
tendency to become associated with any other hetero- 
chromatic material regardless of location. Unlike 
euchromatin, heterochromatin tends to vary in prominence 
in response to changes in the physiological condition of 
the cell, especially temperature, nutritional status and 
disease. 

The common absence of major Mendelian genes from 
heterochromatic regions led to an early notion that they 
were genetically inert. While this remains genorally 
true in the sense of typical Mendelian inheritance, it is 
now apparent that heterochromatin does provide the 
locus for certain genetic effects. However, the genetic 
effects mediated by heterochromatin, as a class, differ 
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Significantly from those due to the genes located in the 
euchromatic sections of the chromosome. 

Euchromatic genes—the typical genes of Mendelian 
inheritance—affect relatively limited and specific inherited 
features, ‘qualitatively (all-or-none) rather than quantita- 
tively. The phenotype appears to depend on the action 
of a single gene; where more than one gene is active, it can 
usually be shown that the phenotype is itself complex 
and represents a sequence of qualitatively distinct steps, 
each under the influence of a single gene. Such genes are 
readily localized in a particular linear position in a linkage 
group, or chromosome. The simple ratios which govern 
the distribution of these genes among the progeny of a 
particular mating show that the gene usually occurs only 
once in the germ cell (that is, they are usually non- 
redundant). Finally, most typical euchromatic genes have 
rather little direct influence on the activity of other genes, 
and tend to act autonomously in regulating cellular pro- 
cesses. The evidence which supports these generaliza- 
tions is well known, and needs no review here. 

The genetic effects associated with heterochromatic 
chromosomal material contrast significantly with the 
foregoing generalizations. Certain genetic effects are 
polygenic (a term introduced by Mather?’), in that the 
phenotypes are controlled by numerous genes each con- 
tributing a small but qualitatively similar effect. Such 
genes are commonly located in heterochromatic regions. 
The Y chromosome of Drosophila, which consists entirely 
of heterochromatin, is the locus of the numerous polygenes 
which affect male fertility®*. Barigozzi*® has concluded 
that this chromosome is especially concerned with 
quantitative genetic effects on cell size. About 40 genes 
which quantitatively affect femaleness in Drosophila 
have been localized in the heterochromatin blocks of the 
X chromosome*. 

Genetic agents which have pronounced effects on the 
action and stability of euchromatic genes are commonly 
loeated in heterochromatic segments. These include the 
Ac-—Ds system described by McClintock in maize’, and 
the V-type position effects, in which a translocated block 
of heterochromatin induces a high rate of mutation 
among neighbouring euchromatic genes, the rate dimin- 
ishing with distance from the block. 

The B-chromosomes found in maize and certain other 
plants contain only heterochromatin. They occur in 
variable numbers, but no Mendelian changes are associated 
with their absence or presence. Nevertheless, when B 
chromosomes are present in large numbers, certain 
generalized, quantitative genetic effects are observed; 
in particular, cell size is increased and growth rate reduced. 
Newmark and Jackson? have observed a correlation 
between the number of B chromosomes and the con- 
centrations of quinoid pigments in the plant. 

It is evidence of this type which has led Swanson?’ to 
the following significant generalization: “From the variety 
of seemingly unrelated data bearing on the role of hetero- 
chromatin.there has arisen a growing conviction that the 
role of heterochromatin in heredity is different from that 
of euchromatin, and that its primary influence is general- 
ized, quantitative, and largely concerned with cell 
division, cellular growth and embryonic differentiation 
rather than being circumscribed and qualitative as is 
true for most euchromatic genes”. 

To summarize, a rather extensive range of evidence 
supports the conclusion that chromosomal inheritance 
may be divided‘into two classes which are contrasting 
in their biological effects, and in respect to the type 
of chromatin with which they are associated. 

For reasons that are readily apparent, one can conclude 
that—with certain important restrictions discussed in 
detail elsewhere!4—-the molecular basis of the typical 
euchromatic gene is represented by the system of specifi- 
city transfer propésed in the theory of the DNA code. 
Regardless of any reservations about the relevant mole- 
cular mechanisms, so long as one can conclude that static 
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specificity embodied in the nucleotide sequence of DNA 
may contribute part of the static specificity embodied in 
the structure of a given enzyme, this phenomenon is 
sufficient to account for the qualitative, all-or-none 
enzyme-mediated, phenotypic -effects that are character- 
istic of euchromatin-borne Mendelian inheritance. 

The problem of determining what molecular mechanism 
can account for inheritance associated with hetero- 
chromatin has for a long time been rather puzzling. 
Although the genetic effects localized in euchromatin 
and in heterochromatin are both associated with DNA, 
they exhibit diametrically opposed properties. The 
genetic effects associated with heterochromatin are 
therefore incompatible with the theory of the DNA code. 
However, in what follows it will be shown that the 
characteristics of heterochromatin-mediated inheritance 
are explicable in terms of the molecular processes associ- 
ated with nucleotide sequestration. 3 

(1) Heterochromatic effects are characteristically quan- 
titative, the intensity of the effect usually being directly 
related to the amount of heterochromatin involved in it. 
The nucleotide sequestration hypothesis proposes a 
system of inheritable effects mediated by the influence 
of DNA synthesis on the intra-cellular levels of biochemic- 
ally active free nucleotides. These levels may be expected 
to respond directly to variations in the amounts of DNA 
synthesized by the cell, so that the intensity of the effect 
ought to be directly, related to the amount of DNA 
involved in it. Marked changes in free nucleotide com- 
position have been observed in Drosophila when extra 
Y chromosomes (which are entirely heterochromatic) are 
present, 

(2) Heterochromatic phenotypes involve quantitative 
variations in quite generalized cellular processes: cell 
size, growth rate and rate of metabolism. A basic attri- 
bute of the nucleotide sequestration effect is a distinctive 
relationship among DNA synthesis, oxidative metabolism 
and cell size. There is a well-known empirical inverse 
relationship between the rate of metabolism and cell size, 
which, as will be shown later, can be related to DNA 
content. There is also some evidence which connects 
these effects with heterochromatin”. 

(3) Heterochromatic chromosome segments induce 
mutations in nearby euchromatic genes, the effect dimin- 
ishing with distance and therefore showing evidence of a 
step governed by diffusion. The nucleotide sequéstration 
hypothesis proposes that the synthesis of DNA exerts a 
profound effect on the relative concentrations of free 
nucleotides that serve as DNA precursors. If hetero- 
chromatin, which is normally near a particular euchromatic 
gene, is replaced by another heterochromatic segment, 
differences in the nucleotide composition of the two 
segments (or in the time during cell division at which 
they are replicated) may be reflected in the local con- 
centrations of free nucleotides. As indicated earlier, 
there is some evidence that such effects, if sufficiently 
intense, might influence the nucleotide composition of 
newly synthesized DNA, thereby inducing genetic muta- 
tions. Such a process would depend on diffusion of nucleo- 
tides toward the actively synthesized heterochromatin 
and would be expected to exhibit diminishing effects with 
increasing distance. 

(4) Heterochromatic segments tend to exhibit mutual 
interactions. Since, according to the proposed mechanism, 
the regulatory effect of heterochromatin is mediated by 
the sequestration of nucleotides, it is to be expected that 
the activity of any given agent will influence the effect 
of another agent on the free nucleotide pool. Hence 
the effects of different heterochromatic agents on the cell 
will tend to interact. F ‘ 

These considerations suggest that the effects’ of hetero- 
chromatin on inheritance are of the type expected from 
the ‘coarse-adjustment’ of cellular metabolism mediated 
by the sequestration of catalytic nucleotides resulting 
from DNA synthesis. 
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Although the facts brought forward in this discussion 
indicate that DNA participates in two different systems of 
inheritance, it is also evident that the systems are not 
wholly autonomous. Abundant observations of hetero- 
chromatin-induced mutations of euchromatic genes indi- 
cate that the precision with which the DNA of the 
euchromatic gene can be replicated is influenced by the 
nature of nearby heterochromatin. All euchromatic genes 
are closely approximated to heterochromatic segments 
which comprise their normal environment in the chromo- 
some. It is likely, therefore, that the precise replication 
of nucleotide sequence in the DNA of the euchromatic 
genes is in part due to the specificity contributed by their 
heterochromatin neighbours (perhaps in the form of a 
particular pattern of nucleotide concentrations). 

The genetic effects of the heterochromatic system appear 
to be the consequence of DNA synthesis per se. Since 
euchromatic DNA is also an effective agent of nucleotide 
sequestration, it is logical to conclude that the effect of 
heterochromatic DNA synthesis on the free nucleotide 
pattern will be influenced to some degree by concurrent 
synthesis of euchromatic DNA. 

Thus the germinal properties of the two DNA systems 
are interdependent; neither is alone capable of com- 
plete regulation of the phenotypic effects with which it 
is associated. However, even the total regulatory system 
mediated by DNA cannot be regarded as autonomously 
capable of ‘self-duplication’, for it is itself subject to 
interaction with cytoplasmic systems. While cytoplasmic 
inheritance is beyond the scope of the present article, 
there is abundant evidence to show that various cyto- 
plasmic agents are, like the chromosome, capable of 
duplication in cell division and are active in determining 
the biochemical specificity of the cell. It has already been 
pointed out that one cytoplasmic agent, the mitochon- 
drion, must be regarded as an essential component of the 
DNA germinal system which involves nucleotide sequestra- 
tion. Since DNA-mediated nucleotide sequestration con- 
tributes specificity to the euchromatic system, the genetic 
properties of the total DNA system are dependent on the 
participation of the mitochondria. 

There is formal evidence that the entire nuclear DNA 
system, if isolated from the cytoplasm, is incapable of 
germinal activity. For example, the living cell which 
most closely approximates a cytoplasm-free but intact 
DNA system, the sperm, is incapable of division or of 
further development until it combines with a cytoplasm- 
rich egg. In contrast, parthenogenetic development 
shows that the egg, which contains both a complete DNA 
system and a complete cytoplasm, is capable of self-dupli- 
cation. Thus,-according to this view, the operational 
germinal system in the cell is: DNA (specific nucleotide 
sequence) + DNA (total amount) + cytoplasm. This 
is to say, of course, that the smallest system capable of 
germinal activity and of actual self-duplication is the 
entire living cell. 

The apparent predominance of the euchromatic Men- 
delian gene in biology of inheritance is not due to the 
unique molecular mechanism which is supposed to govern 
its replication (that is, the ‘template’ provided by the 
DNA nucleotide sequence) but to a much more general 
attribute—its level of redundancy. If an inherited charac- 
teristic is determined by a highly redundant germinal 
system, that is, if numerous equally active units of the 
genetic agent are present in each cell, a mutation in one 
of them will have only a slight quantitative effect, if any, 
on the expression of the phenotype. This situation is 
typical of heterochromatin-borne polygenic systems and 
of cytoplasmic agents such as mitochondria and chloro- 
plasts. It imposes a strong statistical bias against the 
possibility that any cell may become wholly free of the 
agent, or that it will contain a population that is of a 
wholly mutant character. The resultant phenotypic 
effects are gradual and quantitative, fail to exhibit the 
all-or-none characteristics of euchromatin-borne inherit- 
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ance, and are therefore difficult to analyse experiment- 
ally. 

On the other hand, if, as in the case of euchromatic 
genes, the cell contains only one or two replicas, a loss or 
mutation affecting one of them will produce an evident 
qualitative effect in the first or second generation. The 
most distinctive characteristic of euchromatic inheritance 
is the very intense, essentially qualitative, effect of the 
mutation of a single gene on the attributes of the cell. 
This characteristic is the expected result of the minimal 
level of redundancy of the euchromatic gone in the cell. 

These considerations indicate that the apparent 
predominance of the euchromatic gene in the biology of 
inheritance is a consequence of its restricted phenotypic 
effects and of its minimal level of multiplicity in the cell. 
It should be evident that in the life of the cell cuchro- 
matic and heterochromatic genetic agents play distinc- 
tive but equally, essential parts. 


(Y) A Test of the Nucleotide Sequestration Hypothesis 


If it is supposed that DNA is the vehicle of ‘template’ 
genes which, in their sum, account for the total inherited 
characteristics of an organism, then there ought to be a 
systematic relationship between DNA content and the 
total gene complement of the organism. Since all genes 
are expected to have a common ‘size’, they should require 
approximately equal amounts of DNA. In this event, the 
DNA content of a cell should be proportional to the total 
number of genes and therefore to the genetic ‘complexity’ 
of the organism. 

This idea received support from early observations that 
various species are characterized by a fixed content of 
DNA per diploid cell**. However, subsequent investiga- 
tions: showed that cellular DNA contents bear no 
sensible relationship to evolutionary patterns. Thus, 
while man and other mammals contain about 5--8 pg 
per cell, a primitive amphibian, Amphiuma, contains 
168 pg of DNA per cell and the lungfish contains 100 pg 
of DNA per cell. Conversely, two very similar insect 
species, although morphologically indistinguishable, differ 
by 50 per cent in their cellular DNA contents*’?. These 
observations suggest that DNA/cell does not correspond 
to the total gene content of the organism, but they fail 
to explain why, this being the case, the cellular DNA 
content of a species is, in fact, a fixed inherited character- 
istic. 

The new analysis of the genetic roles of DNA put 
forward in this paper suggests a quite different approach 
to this problem, which, in fact, provides an illuminating 
test of the hypothesis that genetic control of certain 
cellular features may be mediated by nucleotide sequestra- 
tion due to DNA synthesis. . As indicated earlier, this 
hypothesis suggests that DNA content ought to bear a 
positive relationship to cell size, and an inverse relation- 
ship to the rate of oxidative metabolism. In many 
organisms these parameters are inheritable species- 
specific characteristics®*-*°, There are sufficient observa- 
tions in the available literature to provide a test of the 
relationships among the foregoing parameters that are 
predicted by the nucleotide sequestration hypothesis. 

Mirsky has already pointed out that a specios’ DNA 
content per cell tends to increase with its characteristic 
eel] size**. The most illuminating data relate to a com- 
parison of erythrocytes among various species, for this 
cell has the advantage of being essentially similar among 
a widely divergent range of animals. Fig. 2 illustrates 
the close proportionality between DNA/cell and cell 
volume among the nucleated erythrocytes of fish, amphi- 
bians, reptiles and birds. 

Fortunately, the work of Korzhuev also provides a 
useful set of data on the rates of gxygen consumption 
(QO) of erythrocytes of different vertebrate species 
under standard conditions®*. A given species exhibits a 
characteristic erythrocyte QO, and the rates typical of 
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Fig. 2. Relationship between cell size of erythrocytes of various verte- 

brate genera and the organisms’ characteristic cellular DNA content. 

Data from Mirsky and Ris (ref. 86) and Vendrely (refs. 84, 35). See 
also Vialli (ref. 38) for similar results 


` reptiles, birds, and mammals fall into distinctive ranges. 
Among the available values of QO, for vertebrate erythro- 
cytes are some which are derived from species for which 
values of DNA content per cell have also been determined. 
~ These results enable a test of the hypothesis that the QO, 
characteristic of the erythrocytes of a given species is 
inversely proportional to that species’ characteristic 
_ cellular DNA content. Fig. 3 shows that for the 10 
species for which both necessary measurements are 
available there is in fact a well-defined inverse relation- 
ship between the QO, of erythrocytes and the character- 
istic diploid value of DNA/cell. It should be noted that 
although mature mammalian erythrocytes do not contain 
nuclei, they exhibit the rather low QO, values expected in 
cells of species which contain relatively large amounts of 
DNA/per cell*. 

Fig. 4 shows that the same basic general relationship 
between DNA/cell and ths rate of oxidative metabolism 
is also observable on the scale of the entire organism, in 
the case of the bird, reptile and mammal species for which 
the necessary data are available. Although the range of 
values for DNA/cell for mammalian species is not great 
(5-0-6-4 pg per cell) the reciprocal trend is unmistakable. 
Thus, the lowest known DNA content in a mammal is 
that of the mouse (5:0 pg per cell), which also exhibits: the 
highest metabolic rate among the mammals for which 
DNA and metabolic data are available. Similarly, the 
highest DNA values (5-8-6-4 pg per cell) are found in 
man, cattle and horse, which are species with relatively 
low basal metabolic rates. The bandicoot, a small 
Australian marsupial, contains about 9-pg of DNA per 
cell, but motabolic data are apparently not available. 

The few values that are available for species of birds 
showed a similar trend, ‘and form a line which includes at 
extreme values of DNA content (and low values of meta- 
bolic rate) the reptiles as well. The line established by the 
reptile and bird values is roughly parallel to that encom- 
passing the mammalian data. Jt is perhaps significant 


Table 1. THE CELLULAR DNA CONTENTS OF VARIOUS AMPHIBIA 
Metamorphic DNA 

Genus type pefcell Ref. 
Amphiuma Neoteny universal 168 9 
Siredon (axolotl) Neotevy in some individuals 96 b 
Necturus Neoteny universal 48-4 (a) 
Triturus (viridescens) Neotony in some individuals 98 c) 
Rana ` Metamorphosis obligate 15 2 
Bufo S&etamorphosis obligate 7 a 


Ref.: (a) Mirsky and Ris (ref. 36); (b) Lovtrup, S., J. Exp. Zool., 141, 545 
(1959); (c) Swift, H., in The Chemical Basis of Development, edit. by McElroy, 
W. D.; and Glass, B. (Johns Hopkins Univ. Press, Baltimore, 1958). 


NATURE 


June 6, 1964 


that the mammals, which are more advanced than birds 
and reptiles, when compared with the latter at a given 
metabolic rate ccnsistently exhibit a DNA content 
about 3-4 pg/cell greater than that found in the bird- 
reptile group. Thus when both DNA content and meta- 
bolic rate are. taken into account, relationships of con- 
siderable phylogenetic interest emerge, at least among the 
larger vertebrate groups. = 

Comparable data for fish and amphibians are difficult 
to assess because of problems involved in achieving 
‘basal’ metabolic conditions in these animals'?. However, 
the cellular DNA contents observed in amphibians are 
explicable in terms of the nucleotide sequestration 
hypothesis, if certain physiological characteristics peculiar 
to this group are taken into account. 

Table 1 lists the available data on DNA/cell in amphi- 
bians. The range of values (7-168 pg DNA/cell) is much 
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Fig.3. Relationship between the rate of oxygen consumption of various 
vertebrate erythrocytes and the characteristic diploid cellular DNA 
content of the organism. Oxygen consumption data are from Korzhuev 
(ref. 38) and are calculated from his original data on the rate of oxygen 
consumption of erythrocytes per billion celis and per c.c. of packed cells. 
All rates are corrected to 37° on the basis of Korzhuev’s determinations 
of temperature coefficients for erythrocytes of the several vertebrate 
groups. DNA values are from Vendrely (refs, 34, 35). The latter are 
not necessarily determined from erythrocytes, but from various charac- 
teristically diploid tissues, and represent twice the haploid value 
observed in sperm A 
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Fig. 4. Relation between basal metabolic rates of various vertebrate 
genera and the organisms” characteristic cellular DNA content. Basal 
metabolic rates from P. L. Altman ef al., Handbook of Respiration, 
W.A.D.C. Tech. Rep., 58-352, Wright Air Development Center, Wright- 
Patterson Air Force Base, Ohio, DNA values from Vendrely (refs. 34, 
Š 85). Circles, mammals; squares, reptiles; triangles, birds 
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larger than that observed among other vertebrate groups. 
Amphibia are also unique among the vertebrates, in that 
they may undergo metamorphosis, an event which is 
associated with a sharp increase in the rate of oxidative 
metabolism. However, the process does not occur 
uniformly in the group. In some genera such as the frog 
and the toad metamorphosis is obligate. In other genera, 
for example, Amphiuma and Necturus, neoteny is univer- 
sal; metamorphosis does not occur and the sexually 
mature adult has the appearance of a much-enlarged 
larva. These forms are notably sluggish in habit. Finally, 
in an intermediate group, which includes Triturus and 
Siredon, occurrence of metamorphosis is quite variable; 
neotenic individuals are found with a frequency which 
depends on environmental conditions. . 

It is apparent from Table 1 that relatively low DNA 
values, which approximate those found in other verte- 
brates, occur only in the genera in which metamorphosis 
is obligate. Genera in which neoteny is possible or obli- 
gate exhibit extraordinary DNA values which are larger 
than those of any other vertebrate, with the exception of 
the lungfish. Since metamorphosis is always accompanied 
by an enhanced rate of oxidative metabolism, these observ- 
ations -suggest a positive correlation between a genus’s 
characteristic value of DNA/cell and at least the poten- 
tiality of maintaining the low metabolic rate of the larva 
throughout the animal’s lifetime. 

A similar relationship probably accounts. for the 
unusually large DNA content (100 pg/cell) of the' lungfish. 
Compared with the true fishes, this animal has a very low 
metabolic rate and a sluggish habit, which appears to 
be associated with the anomalous relationship between the 
presence of lungs and an inability to assume a full terres- 
trial habit. f 

‘The early observation that presumably primitive organ- 
isms such as bacteria contain cellular DNA contents 
several orders of magnitudes below those characteristic 
of the higher organisms is usually interpreted as evidence 
in support of a parallelism between DNA/cell and genetic 
‘complexity’**. A possible alternative is that a con- 
siderable part of this difference in DNA content is related 
to the DNA-nucleotide sequestration system rather than. 
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Fig. 5. Relationship between cell volume and cellular DNA content for 
a series of bacteria compared with similar data for vertebrate erythro- 
cytes. The points represent values for Haemophilus influenzae, Sal- 
monella typhimurium, E. coli, Aerobacter aerogenes, Bacillus megatherium 
and Clostridium welchiit (in order of increasing volume). The line 
summarizes the values for various vertebrate erythrocytes shown in 
Fig. 2. Bacterial cell volumes are from Bergey’s Manual of Determi- 
native Bacteriology (Williams and Wilkins, Baltimore, 1948); bacterial 
DNA values are from Comparative Biochemistry, edit. by Florkin, M., 
and Mason, H. S., 4B, 128 (Academic Press; 1962) 
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to the ‘number of genes’. Although the extreme vari- 
ability of QO, in different nutrient conditions that occurs 
in the lower groups precludes the type of comparison 
discussed here, an examination of the relationship 
between cell size and DNA/cell is possible. Fig. 5 is a 
plot of this relationship for a series of bacteria, in com- 
parison with the relationship exhibited among erythro- 
cytes of the higher animals (that is, see Fig. 2). Although 
the values of DNA/cell of bacteria are 2-4 orders of magni- 
tude below those characteristic of the higher animals. 
they exhibit a relationship to cell size identical with that 
established by the erythrocyte data. This suggests that 
the major factor determining the DNA content of the 
cells of widely different species is the DNA-nucleotide 
sequestration system rather than the ‘number of genes’. 
or genetic ‘complexity’. 

The foregoing. relationships among cellular DNA 
content, cell-size, and metabolic rate characteristic of 
various species tend to support the proposal that the 
genetic effects of DNA are in part due to the germinal 
system mediated by the sequestration of free nucleotides 
resulting trom DNA synthesis. In particular they offer 
an explanation for variation in cellular DNA content 
among species, which has resisted analysis in terms of 
the DNA code theory. Furthermore, the insight pro- 
vided by the relationship between DNA content, cell-size, 
and metabolic rate suggests new approaches to problems 
of long-standing interest in biology: the explanation of 
the close coupling between basal metabolic rate and the 
size of cells and organisms; the biochemical mechanisms 
which regulate the rates of cell growth and cell division; 
the biological phenomena, such as longevity, which are 
related to size and metabolic rate. 

The point of view developed here also suggests alterna- 
tives to certain present-day views regarding various 
phenomena related to inheritance. While detailed con- 
siderations of these new alternatives are to be published 
elsewhere it is pertinent to summarize them briefly here. 
(a) Changes in cellular DNA content associated with 
cellular differentiation are not compatible with the 
behaviour of ‘template’ genes**. They may be more con- 
sistent with a system of nucleotide sequestration; the 
effects are localized in heterochromatin regions and often 
involve regulation of cell size. (b) Differences in radiation 
sensitivity among plant species exhibit two opposite 
relationships to cellular DNA content’. The behaviour 
of polyploid groups, in which radiation sensitivity is 
inversely related to DNA/cell is consistent with the 
expected results of redundancy of ‘template’ genes. But 
certain groups exhibit the opposite relationship, which 
is consistent with the nucleotide sequestration hypothesis, 
for cells which normally synthesize large amounts of 
DNA may be expected, under irradiation, to accumulate 
excessive amounts of toxic free nucleotides. (c) Sahasra- 


budhe!” has suggested that the growth properties of tumour 
cells may be associated with eond sequestration due 
to-DNA Som Ta In this connexion it is of interest that 
tumour and embryonic cells exhibit distinctive pathways 
of oxidative metabolism which are, in turn, regulated by 
free nucleotide-levels. (d) In the origin of life from a pre- 
biotic organic environment, the regulatory role of DNA 
synthesis due to nucleotide sequestration must be regarded 
as less specific, and therefore more primitive, than 
phenomena mediated by DNA ‘templates’ that require 
specific nucleotide sequences. The ‘template’ genetic 
agent is therefore to be regarded as a more recent evolu- 
tionary acquisition, representing a specialized develop- 
ment from the more general function of DNA—nucleotide 
sequestration. 


(VI) Conclusions 


In this article we have consideréd the relationship 
between the unique capacity of living organisms for self- 
duplication, reproduction and inheritance, and the proper- 
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ties of a particular constituent of living substance, DNA. 
It has been shown that'DNA participates in two germinal 
systems. These are governed by qualitatively different 
molecular processes and lead to contrasting genetic 
effects. There is a parallel duality in the biological 
features of inheritance mediated by the nucleus and in the 
types of chromosome-borne DNA related to them: 

Oné of the DNA-mediated germinal systems accounts 
for the main observations of typical Mendelian inheritance, 
or at least for those observations that relate to specific 
biochemical phenotypes. This system is localized in 
euchromatic regions of the chromosome. In‘ this system 
DNA nucleotide sequence serves as one source of bijo- 
chemical specificity, but other sources, enzymes in 
particular, also appear to contribute to the specificity 
finally manifested in the' phenotype. 

In the second system, it is proposed that DNA acts as 
a powerful agent of nucleotide sequestration, giving rise 
thereby to genetic regulation of certain metabolic pro- 
cesses. These determine cell size, the total rate of oxida- 
tive metabolism and probably more specific regulations of 
metabolic pathways which are. affected by free nucleotide 
concentration. The genetic effects of heterochromatic 
DNA appear to be exclusively mediated by this system, 
while euchromatic DNA is the unique locus of typical 
Mendelian inheritance. The phenotypic effects of the 
nucleotide sequestration system are related to the total 
amount of DNA and probably to the nucleotide composi- 
tion of the DNA synthesized during particular times in 
the development of the cell. The effects are typically 
quantitative, in contrast with the qualitative all-or-none 
effects of the Mendelian euchromatin-borne system. 

In this view, the germinal attributes of the two DNA- 
mediated systems are interdependent. Both the regu- 
latory effects of DNA—determination of the specificity 
of cellular metabolism, and of the specificity of the 
structure of DNA itself—have a multi-molecular origin 
and cannot be mediated by DNA alone. Accordingly, 
DNA is to be regarded as neither a ‘self-duplicating 
molecule’, nor the ‘master chemical of the cell’. Instead, 
DNA replication derives from interactions among numbers 
of molecular substances; although a given molecule is 
replicated, its specificity is derived not only from its own 
structure, but also in part from the structures of other 
molecules as well. i 

It should be recognized that this conclusion is not new. 

The investigation of living organisms has long since 
established a generalization—the cell theory—which 
holds that the unique properties of life are possessed by 
no constituent less complex than the living cell. The 
significance of the molecular observations which now lead 
to this same conclusion is not that they prove the cell 
theory, for this would be redundant. They are significant, 
rather, because they may provide new guidelines and new 
opportunities for the analysis of the physical system which 
mediates self-duplication and inheritance—the living 
state. . 
The remarkable roles which DNA plays in inheritance 
are a reflexion of certain inherent chemical attributes, 
particularly its nucleotide sequence and its considerable 
stability. But these properties Jead to replication and 
determination. of inheritance only when DNA is a partici: 
pating constituent of the living cell. The effects of DNA 
on inheritance are, rather than simply an aspect of the 
chemistry of DNA, a manifestation of the living state. ° 

Recent discussions of the participation of DNA in 
inheritance sometimes lead to the aphorism, “DNA is 
the secret of life’4*, The considerations presented in 
this article suggest instead, “Life is the secret of DNA’’#. 
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A CRYSTALLINE COMPLEX OF A COMPLEMENTARY 
NUCLEOSIDE PAIR: DEOXYGUANOSINE AND 
5-BROMODEOXY CYTIDINE 


$ By Dr. A. E. V. HASCHEMEYER* and Dr. HENRY M. SOBELL+ 


Department of Biology, Massachusetts Institute of Technology, 
Cambridge 39, Mass. 


HE discovery by Hoogsteen! that a complementary 

purine-pyrimidine pair (9-methyladenine and l- 
methylthymine) could be crystallized as a complex has 
opened a new area for investigation of the structure and 
interactions of these compounds. Other structures exam- 
ined since then include 9-ethylguanine and I-methyl- 
cytosine’, 9-ethylguanine and 5-bromo-1-methyleytosine’, 


l-methyluracil and 9-ethyladenine*, and a nucleoside ' 


complex of adenosine and 5-bromouridine’. In every 
case the purine and pyrimidine bases form a planar 
hydrogen-bonded complex. In the guanine-cytosine 
series the hydrogen bonding between bases is very similar 
to that predicted by Pauling and Corey® for the Watson- 
Crick model of DNA. In the adenine-thymine (uracil) 
series, however, two different hydrogen bonded con- 
figurations have been found. Both differ from the 
Watson—Crick pairing configuration in that the ring 
nitrogen N3 of thymine pairs with the imidazole nitrogen 
N7 of adenine instead of with N1. 

This article describes the structure of a crystalline 
complex of deoxyguanosine and 5-bromodeoxycytidine. 
The results show a highly planar complex joined by three 
hydrogen bonds. An unusual orientation of the sugar 
residue of deoxyguanosine is found, indicating consider- 
able freedom of rotation about the glycosidic bond. 

The deoxyguanosine —bromodeoxycytidine crystals 
could only be obtained with difficulty and the methods 
were not reproducible. The crystals were first prepared 
by slowly heating an aqueous 2 : 1 mixture of bromo- 
deoxycytidine and deoxyguanosine until a clear glass 
formed on the bottom of the beaker. 
room temperature, a small amount of water was added. 
When this was allowed to evaporate slowly, the crystals 
appeared in clusters of very small thin needles on the 
bottom of the beaker. Crystals were also prepared from 
1 : L mixtures of the nucleosides, thus indicating that the 
molar ratio was not a critical factor. More frequently, 
however, filamentous threads were obtained which 
appeared to be partly amorphous and partly crystalline. 
On one occasion good clusters were obtained directly 
from the nucleoside solution on slow heating in a cool, 
dry room. ‘The crystals were sensitive to light, tem- 
perature and humidity, and melted into amorphous 
threads on‘ warm, humid days. They were stable when 
stored in the dark at 4°. 

Ultra-violet absorption measurements on solutions of 
the crystals confirmed the presence of the two nucleosides 
in approximately equal proportions. The crystals were 
found to be orthorhombic, space group P22,2,, with 
a = 5-14, b = 19-11 and c = 23-66 A. The density was 
determined by flotation in a benzene-methylene iodide 
solution and was found to be 1:63 + 0-01 g/e.c. The 
unit cell contains four asymmetric units, each consisting 
of a deoxyguanosine~bromodeoxycytidine pair (genic, = 1-64 
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After cooling to 


g/e.c.). Equi-inclination Weissenberg photographs wero 
taken at room temperature about the a axis with filtered 
copper Ka radiation, using the multiple film technique. 
The intensities were estimated visually and corrected with 
the appropriate Lorentz-polarization factors. No cor- 
rection was made for absorption effects. A total of 1,350 
reflexions were indexed, of which 1,052 were measurable. 
Because of the difficulties in working with these very 
small, unstable crystals, only about half the data theoreti- 
cally accessible could be collected. 

The structure was first solved in projection on the 
(100) plane by the heavy atom method. A two-dimen- 
sional Patterson function was calculated to locate the 
bromine atom. A Fourier synthesis phased on the bromine 
atom revealed the cytosine and guanine rings oriented in 
a Watson-Crick configuration. Successive Fourier syn- 
theses gave the complete structure in two dimensions 
(Fig. 1). 

The analysis was then extended to three dimensions. 
The æ co-ordinate of the bromine atom was readily 
obtained from the three-dimensional Patterson function; 
however, a Fourier synthesis based on the bromine 
phases gave little resolution of other atoms. Since the 
structure was known in projection it was possible to 
calculate the x co-ordinates of the base pair with the aid 
of molecular models and bond distances from a similar 





cle 









Fig. 1. (100) Fourier projection of the deoxyguanosine~5-bromodeoxy- 


cytidine crystal structure. Contours are drawn at level of 1 e.fA* with 

the exception of the bromine atom drawn ah levels of 4 e./A*. The 

sugar residue of bromodeoxycytidine in the lower right-hand corner 

{and the upper left) shows a broad region of electron density for 05’ 

with two peaks rather poorly resolved. Dashed lines indicate the two 
possible covalent bonds to C5’ 
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Packing diagram of the deoxyguanosine~5-bromodeoxycytidine crystal structure viewed down the short a axis, Presumed hydrogen- 


O I| 2 3 


Fig. 2. 
bonding contacts are shown with dashed lines. 


related by a two-fold rotation axis (with the exception of 05’ of bromodeoxycytidine). In the upper part of the dia; 
left in one of its two possible positions, whereas, on the right,'it occupies the other position at a distance of 8-43 A. 
according to the co-ordinates of the atom on the left leads to a rather close contact (2-68 A). 
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The base pairs drawn with heavy lines are 
am O65’ is shown on the 
lacement of both atoms 
The syn orientation of the deoxyguanosine sugar 


is clearly evident with the intramolecular hydrogen bond of 2:82 A between N3 and Ob’ 


structure’. This gave a good trial structure which was 
confirmed and improved by successive Fourier syntheses. 
These calculations also revealed the atoms of the sugar 
residues. 

The structure was refined by the method of least 
squares using the full matrix least squares programme of 
Busing, Martin and Levy? modified for the IBM 7094. 
At the present time, reasonable co-ordinates and tem- 
perature factors have been obtained for the bromocytosine 
ring and the entire deoxyguanosine molecule; however, 
considerable difficulty has been encountered with the 
sugar residue of bromodeoxycytidine. Individual iso- 
tropic temperature factors for several of the atoms have 
remained high; moreover, two distinct sites for the 
oxygen O05’ have been located, each having about half the 
electron density of an oxygen atom. Though separated 
by a distance of about 2-5 A, the two sites both lie at a 
covalent distance from C5’. Attempts to improve the 
analysis by refining the co-ordinates of these atoms in P 2, 
and finally in P 1 did not give significant improvement. 
We are led to conclyde that considerable disorder exists 
in the crystalline lattice in this region. Further work is 
proceeding to clarify this point. At the present stage 
of refinement the residual (based on F) is 13-5 per cent; 


~ 


that for the (100) projection is 12-8 per cent. The stand- 
ard deviation of bond lengths is about 0-1 A. 

Fig. 2 shows the crystal structure viewed down the a 
axis. Presumed hydrogen-bonding contacts are shown 
with dashed lines and the distances given. Dotted lines 
indicate other contacts of interest. The base pair is 
joined by three hydrogen bonds of length 2-78, 2:91 and 
2-82 Å. The distance between glycosidic carbon atoms, 
corresponding to the distance between chains in DNA,, is 
found to be 10-8 A. This value agrees well with that 
at present assumed for the DNA molecule and with that 
found in the 9-ethylguanine-5-bromo-]-methyleytosine 
structure’. 

Covalent bond distances and angles have been com- 
puted for the structure and compare favourably with 
values found in cytosine monohydrate’, 1-methyleyto- 
sine’, guanine hydrochloride dihydrate’, and guanine 
hydrobromide". ‘Least squares plane calculations show 
both the guanine and bromocytosine rings to be planar 
within experimental error. The substituent atoms also 
were close to the least-squares planes with the exception 
of N2 and Cl’ of deoxyguanosine which deviated from the 
guanine plane by 0-12 and 0-30 A, respectively. The 
dihedral angle between the two rings is about 3°. The 
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deoxyribose rings show a puckered configuration, with 
C2’ out of the plane of the other four atoms by about 
0-6 A in both nucleosides. The dihedral angle between 
the base and the sugar planes is 78° for bromodeoxy- 
cytidine and 69° for deoxyguanosine. 

The overall structure is almost completely hydrogen 
bonded. Of particular interest is the spiral arrangement 
of hydrogen bonds along the a axis, with guanine O6 
bonded to a neighbouring cytidine sugar 03’ (2-71 A) 
which also bonds to a guanosine sugar 03’ (2-76 A). The 
latter bonds to cytidine N4 in the cell below (2-95 A). 
This spiral network of hydrogen bonds is probably im- 
portant in stabilizing the structure along the a axis. One 
proton on the amino group of guanine apparently does 
not participate in hydrogen bonding; its distance from 
the nearest possible acceptor, O5’ of a neighbouring 
deoxyguanosine molecule, is too great (3-50 A), even 
though the angles are favourable. 

Another probable hydrogen bond is an intramolecular 
bond in deoxyguanosine between N3 of the guanine ring 
and O5’ of the attached sugar. The possibility of forming 
this bond results from the unusual orientation of the sugar 
ring with respect to the base. It is found to assume a 
syn configuration, with the torsion angle gon equal to 
+ 146°. This value, which describes the orientation of the 
sugar in terms of a rotation of the Cl’-Ol’ bond about 
the glycosidic bond axis’, may be compared with the 
more common anti value of — 60°, as found in the bromo- 
deoxycytidine molecule. 

The phenomenon of co-crystallization of complementary 
purine and pyrimidine bases has allowed detailed exam- 
ination of several base pairs to be made directly by the 
method of single crystal X-ray analysis. The present 
structure in the guanine—cytosine series shows the Watson— 
Crick pairing with three hydrogen bonds between bases, 
in agreement with previous structures and with the 
accepted model of DNA. The fact that this configuration 
persists even in a complicated crystal structure attests 
to the strength of interaction between the bases; how- 
ever, it must be stressed that the structures of these 
crystalline complexes also reflect forces which may not 
bear any relation to DNA. In particular, crystalline 
complexes of adenine with thymine (or uracil) have been 
found to assume hydrogen-bonded configurations'+)> dif- 
ferent from that proposed for DNA. Although one cannot 
completely exclude the possibility that these alternative 
pairings may occur in localized domains of the DNA 
molecule or may have other biological significance, there 
is as yet no direct evidence in this regard. It is of interest 
that an alternative adenine-uracil pairing appears to 
occur in the synthetic polynucleotide complex containing 
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two strands of polyuridylic acid and one strand of poly- 
adenylic acid. 

It is with this in mind that we have endeavoured to 
find other crystalline complexes of purine and pyrimidine 
derivatives. At the present time, co-crystallization has 
been achieved only with those base pairs which show 
complementarity in biological systems. <A large variety 
of non-Watson—Crick base pairs, such as guanine and 
thymine (or uracil), adenine and cytosine, have been 
tested without success. - Such negative results cannot be 
considered final, and-further exploratory work is being 
done. 

An unexpected finding in the present investigation is 
the unusual orientation of the sugar residue of deoxy- 
guanosine. The sugar is rotated about the N9-Cl’ bond 
and lies in the syn conformation as compared to the anti 
configuration found in all nucleosides previously investi- 
gated and in DNA. This configuration may result 
primarily from crystal packing forces and the maximiza- 
tion of the number of hydrogen bonds. As seen in Fig. 2, 
the bromine atom sterically prevents the deoxyguanosine 
sugar from assuming its normal orientation; moreover, 
two strong hydrogen bonds are formed by O3’ and an 
intramolecular hydrogen bonds exists between N3 and 
O5’. The occurrence of the syn form demonstrates that 
there is considerable flexibility in orientation about the 
glycosidic bond. This might be of value in the DNA 
molecule in relation to unwinding, folding or replication. 
Preliminary model building investigations also indicate 
that rotation of purine sugars to the syn orientation may 
facilitate the insertion of abnormal pairing configurations 
into the DNA structure. 

We thank Prof. Alexander Rich for providing facilities 
and support for this investigation. This work was carried 
out in part at the Computation Center of the Massachu- 
setts Institute of Technology. 


1 Hoogsteen, K., Acta Cryst., 12, 822 (1959); 16, 907 (1963). 

* O’Brien, E. J., J. Mol. Biol., 7, 107 (1963). 

3 Sobell, H. M., Tomita, K., and Rich, A., Proc. U.S. Nat. Acad. Sci., 49, 
885 (1963). 

+ Mathews, F. S., and Rich, A., J. Mol, Biol., 8, 89 (1964). 

$ Haschemeyer, A. E. V., and Sobell, H. M., Proc. U.S. Nat. Acad. Sci., 
50, 872 (1963). 

* Pauling, L., and Corey, R. B., Arch. Biochem. Biophys., 85, 164 (1056). 

* Busing, W. R., Martin, K. O., and Levy, H. A., “OR FLS, A Fortran 
Crystallographic Least-Squares Program” (Oak Ridge National Labor- 
atory, Oak Ridge, Tenn., 1962), 


2 Jeffrey, G. A., and Kinoshita, Y., Acta Cryst., 16, 20 (1963). 

* Mathews, F. S., and Rich, A., Nature, 201, 179 (1964). 

1° Iball, J., and Wilson, H. R., Nature, 198, 1193 (1968). 

1 Sobell, H. M., and Tomita, K., Acta Cryst., 17, 126 (1964). 

12 Donohue, J., and Trueblood, K. N., J. Mol. Biol., 2, 363 (1960). 

18 Felsenfeld, G., Davies, D. R., and Rich, A., J. Amer. Chem. Soc., 79, 
2023 (1957). 


INFLUENCE OF EPINEPHRINE AND INSULIN ON URIDINE DIPHOSPHATE 
GLUCOSE-a-GLUCAN TRANSFERASE AND PHOSPHORYLASE 
IN MUSCLE 


By Pror. JAMES W. CRAIG* and Pror. JOSEPH LARNER} 


Departments of Medicine and Pharmacology, School of Medicine, Western Reserve University, Cleveland 6, Ohio 


LYCOGEN synthesis appears to occur by a uridine- 
linked pathway through uridine diphosphate glucose 
(UDPG) with UDPG-«-glucan transferase as the rate- 
limiting enzyme, whereas the degradation of glycogen to 
glucose-l-phosphate is under the influence of phos- 
phorylase. It has been shown that muscle UDPG-a-glucan 


* Recipient of a Lederle Medical Faculty Award. 
+ Recipient of a U.8. Public Health Service research career award 
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transferase exists in two forms which are interconvertible 
by a phosphorylation—-dephosphorylation sequence’; in- 
sulin acts to regulate the enzyme by increasing its activity 
when measured without glucose-6-phosphate®. Two forms 
of the enzyme phosphorylase, the interconversion of which 
involves the addition or removal of phosphorus, had been 
demonstrated previously in skeletal enuscle*. Epinephrine 
increases the active form of this enzyme‘. In homo- 
genates prepared from rat hemidiaphragms which had 
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Table 1. UDPG-a-GLUcAN “TRANSFERASE ACTIVITY OF HOMOGENATES PREPARED FROM INCUBATED RAT DIAPHRAGMS 
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Hormone in incubation None Epinephrine Insulin Epinephrine + ° 
medium (control) (6-0 x 10-5 M) oa unit/ml.) insulin : 
i 3 (mumolesjmg protein/h) 
Assay procedure + Gle-6-P* — Gle-6-P f + Glc-8-P ~ Gle-6-P + Glc-6-P — Gie-6-P + Glc-6-P — Gle-6-P 

Mean value . 573 81-4 427 28-6 588 211 545 81:8 
Mean difference from control — 146 — 52:8 +152 +130 -27-6 +05 
S.E. £374 +129 +188 +131 +299 +113 
<0-01 <0-01 >04 <0-01 ` >03 >05 


* 4+ @le-8-P denotes presence of glucose-6-phosphate. 
+ —Gic-6-P denotes absence of glucose-6-phosphate. 


Table 2. PHOSPHORYLASE ACTIVITY OF HOMOGENATES PREPARED FROM INCUBATED RAT DIAPHRAGMS. 


Hormone in incubation None Epinephrine Insulin Rpinephrine + 
medium (control) (6 x 10 M) (0-1 unit/ml.) insulin 
(amoles/mg protein/h) 
Assay procedure + AMP * ~AMPT + AMP -AMP + AMP ~ AMP + AMP -AMP ` 
Mean value 26-2 8-1 27-7 14:9 27-3 72 28-9 15-4 
Mean difference from contro} +15 +68 +11 ~O-9 +27 £73 
+ S.E. t15 ~ ALT £19 t05 +12 £17 
> 0:3 <0-01 >05 >01 0-05 <0-01 


* + AMP denotes presence of adenosine-5’-phosphate. 
+ — AMP denotes absence of adenosine-5’-phosphate. 


been incubated with epinephrine, Belocopitow® found a 
diminished UDPG-«-glucan transferase activity measured 
in the presence of added glucose-6-phosphate. It appeared 
of interest to determine whether or not epinephrine would 
also alter UDPG-a-glucan transferase activity measured 
without the addition of glucose-6-phosphate, and, further, 
whether or not the presence of epinephrine would affect 
the increase in activity produced by insulin. In the work 
recorded here it is shown that after incubating diaphragms 
with epinephrine both forms of UDPG-«-glucan trans- 
ferase were decreased. Epinephrine also modified the 
effect of insulin on UDPG-a-glucan transferase of muscle. 
Insulin did not influence phosphorylase activity, nor did 
it modify the effect of epinephrine on phosphorylase. 

Fed male rats of the Wistar strain were decapitated 
and their diaphragms were removed intact by the method 
of Kipnis and Cori®. The diaphragms were pre-incubated 
for 30 min at 37° in Gey and Gey bicarbonate buffer? in 
an atmosphere of 95 per cent oxygen—5 per cent carbon 
dioxide. They were then transferred to beakers con- 
taining: (a) Gey and Gey buffer alone; (b) 6-0 x 105 M 
L-epinephrine bitartrate in Gey and Gey buffer; (c) 0-1 
unit of amorphous insulin per ml. of buffer; (d) 6-0 x 
10-5 M t-epinepbrine and 0-1 unit of insulin per ml. of 
buffer, and were incubated for an additional 30 min. 
Glucose was not added to the buffers. In other experi- 
ments epinephrine concentrations of 5:5 x 10-° M and 
1-1 x 10-8 M were used. At the end of the incubation 
the intact diaphragms were frozen, the frozen diaphragm 
muscle was removed from the rib cage, and the frozen 
tissue fragments were reduced to a powder in a stainless- 
steel homogenizer cooled by liquid nitrogen. The powder 
was then suspended in 9 volumes of 0-05 M tris(hydroxy- 
methyl)-aminomethane (éris)-0-005 M ethylene diamine- 
tetraacetic acid (EDTA) buffer, pH 8-0, and homogenized 
in a chilled Potter-Elvehjom homogenizer. The UDPG- 
a-glucan transferase activity of the tissue homogenates 
was determined by the method of Villar-Palasi and 

, Larner’; this method is based on the measurement of 
the radioactivity incorporated into glycogen from C- 
glucose-labelled UDPG with and without added glucose- 
6-phosphate. The phosphorylase and phosphoglucomutase 
activities of a 1 : 100 dilution of the same homogenate 
were assayed according to the methods of Hers’. The 
protein concentration of the homogenates was determined 
by the biuret method. 

The data in Tables 1~3 represent the mean results from 
eight experiments in which an epinephrine concentration 
of 6-0 x 10-5 M was used. Eighteen diaphragms were 
used in each experiment; nine were incubated in buffer 


alone and three in each of the three hormone solutions.’ 


The statistical significance of differences has been analysed 
by the ¢ test of Fishes. 

Incubation of the diaphragms with 6-0 x 105 M 
epinephrine produced: a significant reduction in both the 


total activity and the glucose-6-phosphate independent 
or I-form of UDPG-«-glucan transferase in the homo- 
genate; the decrease in total activity was greater than 
that of the I-form, indicating a reduction in the, glucose- 
6-phosphate dependent or D-form*. In experiments not 
reported in detail here, incubation with 5-5 x 10-8 M 
epinephrine also decreased the J-form while a concen- 
tration of 1-1 x 10-*° M produced no reduction. With 
the smaller concentrations of epinephrine, a reduction in 
the pD-form was observed less consistently than with 
6-0 x 10° M. Incubation of the diaphragms with insulin 
(0-1 unit per ml.) increased the J-form of UDPG-a-glucan 
transferase without altering the total activity significantly. 
When the diaphragms were incubated in a solution con- 
taining both epinephrine (6-0 x 10-5 or 5-5 x 10-* M) 
and insulin (0-1 unit per ml.), the UDPG-«-glucan trans- 
ferase values were not significantly different from the 
control. When a lower concentration of epinephrine 
(1:1 x 10-§ M) was used simultaneously with the same 
dose of insulin, the J-form was intermediate between the 
control value and that obtained with insulin alone; this 
concentration of epinephrine, when used alone, did not 
alter the I-form. 


Table 3. PHOSPHOGLUCOMUTASE ACTIVITY OF HOMOGENATES PREPARED 
FROM INCUBATED RAT DIAPHRAGMS 


Hormone in Epinephrine 
incubation None Epinephrine Insulin + 
medium (control) (60x 10M) (0-1 unit/ml.) insulin 
(umoles/mg protein/h) 

Mean value 60-6 55-9 62-4 59-6 
Mean difference from -47 +18 -10 
control + S.E. t43 t24 £18 
P > 03 0-5 >05 


Phosphorylase a activity, which was assayed without 
added adenosine-5’-phosphate (AMP), was increased in 
the homogenate after incubation of the diaphragms with 
epinephrine, whereas total activity (assayed. with added 
AMP) was not changed significantly. Phosphorylase was 
not influenced by insulin alone and values obtained with 
a combination of insulin and epinephrine were similar to 
those obtained with the latter hormone alone. 

Phosphoglucomutase in the homogenate was not 
altered by incubation of the diaphragms with either 
epinephrine or insulin alone or in combination. 

The results of these experiments confirm the finding of 
Belocopitow® of a decrease in the total activity of UDPG- 
a-glucan transferase in rat hemidiaphragms incubated 
with 8-2 x 10-5 M epinephrine. They demonstrate, in 
addition, a decrease in the I-form of the enzyme at lower 
concentrations of epinephrine and a decrease in both 
I- end p-forms with high concentrations of the hormone. 
The affect of epinephrine on phosphorylase is mediated 
by adenosine-3’,5’-phosphate (cyclic 3’,5’-AMP)™. This 

* I activity is measured without the addition of glucose-6-phosphate. 


Total activity is determined in the presence of excess added glucose-6- 
phosphate. D activity is estimated by subtracting Z activity from the total. 
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compound has now been shown to diminish both the 
total’ and the J-form™ of UDPG-«-glucan transferase 
also. It has therefore been suggested that the action of 
epinephrine on UDPG-«-glucan transferase activity is 
mediated by the formation of cyclic 3’,5’-AMP*. Since 
insulin and epinephrine have opposite effects on the 
I-form of UDPG-a-glucan transferase, the question arises 
as to whether or not the action of insulin is exerted 
through a reduction in the effective concentration of 
cyclic 3’,5’-AMP. It appears from several lines of evidence 
that the effect of insulin on UDPG-«-glucan transferase 
is not mediated through cyclic 3’,5’-AMP: (1) insulin 
failed to alter phosphorylase activity when used alone; 
(2) insulin did not influence the epinephrine stimulation 
of phosphorylase activity; and (3) the p-form of UDPG- 
«-glucan transferase activity was reduced by appropriate 
doses of either epinephrine or insulin alone, but was not 
changed significantly from the control value when the 
diaphragm was exposed to these same doses of both 
hormones simultaneously. If the effect of the combina- 
tions of hormones were merely a summation of the end 
results observed when each was used singly, a reduction 
in the p-form at least as great as after either hormone 
alone would have been expected from their combined 
application. 

In summary, incubation of the intact rat diaphragm 
in a solution containing 6-0 x 10-5 M epinephrine reduced 
both the T- and the p-form of UDPG-«-glucan transferase. 
Smaller doses of epinephrine produced smaller reductions 
or no change As observed previously, insulin (0-1 unit 
per ml.) increased the T- and decreased the p-form of the 
enzyme. After incubation with both epinephrine (6-0 x 
10-5 or 8-5 x 10 M) and insulin (0-1 unit per ml.) 
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simultaneously, UDPG-a-glucan transferase was not 
significantly different from the control value. With the 
smallest dose of epinephrine and the same dose of insulin. 
the J-form was intermediate between the control value 
and that obtained with insulin alone. Insulin did not 
influence phosphorylase activity and did not modify the 
changes in phosphorylase activity produced by even the 
smaller doses of epinephrine. Phosphoglucomutase was 
not significantly altered by either hormone alone or in 
combination. These findings suggest that epinephrine may 
have a regulatory role in glycogenesis as well as in glyco- 
genolysis. 

We thank Dr. O. K. Behrens, Eli Lilly and Company, 
Indianapolis, for the insulin which was used in this work, 
which was supported in part by the Cleveland Diabetes 
Fund, by the Fund for the Study of Diabetes Mellitus and 
Related Metabolic Diseases at Western Reserve University. 
and by the U.S. Public Health Service (grants A -2366 
and AM 07656-01). 
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A FACTOR (‘RLP’) FROM SHEEP SPLEEN WHICH INHIBITS RADIATION 
LEUKAEMOGENESIS IN MICE 


By Pror. |, BERENBLUM*, Dr. G. CIVIDALLI, Pror. M. E. HODES} and Dr. N. TRAININ 


Department of Experimental Biology, Weizmann Institute of Science, Rehovoth, Israel 


CUTE and sub-acute lethal effects of whole-body 
X-irradiation (up' to about 1,100 r.) can be largely 
prevented in experimental animals by: (a) lead shielding 
of one limb or of the exteriorized spleen?, or (b) post- 
irradiation injection of cell suspensions of normal 
bone-marrow? or spleen’. Homologous and even heterolo- 
gous bone-marrow and spleen cells are also effective‘, 
and some degree of protection has been reported with 
cell-free extracts of spleen’, and with protein-free? and 
nucleoprotein® fractions of such extracts. 

The leukemogenic action of repeated, whole-body 
X-irradiation in mice, manifested many months later, can 
be similarly inhibited by spleen? or limb" shielding during 
the irradiation, and by post-irradiation injection of bone- 
marrow cell suspensions!!:??; but in this case only isologous 
tissue has been found to be effective!4, while protection by 
cell-free extracts has apparently not been attempted so 
far. 

Some confusion has arisen from two unwarranted 
assumptions: (1) that the ‘cellular theory of protection’ 
(by the repopulation of the damaged bone marrow by 
injected cells) and the ‘humoral theory of protection’ (by 
the mediation of a hormone-like produet) are necessarily 
mutually exclusive, and (2) that the same factors are 
necessarily involved in the protection against acute lethal 
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effects (produced by single large doses of radiation) and 
against the long-delayed leukeemogenic action (produced 
by repeated moderate doses of radiation). 

There is also a technical consideration which has often 
been overlooked in the search for humoral factors: 
Whereas a single injection of bone-marrow or spleen tissue 
may be adequate for protection when isologous, cell- 
containing tissue is used (the cells, after multiplying in 
situ, being presumably capable of continuing to produce 
the hypothetical humoral factor), very large doses, 
repeatedly administered over an extended period, may be 
needed for effective protection by the postulated humoral 
factor alone. 

A humoral factor, capable of protecting against radia- 
tion leukemogenesis, might, apart from its theoretical 
interest, have practical significance in relation to the 
disease in man, especially if heterologous spleen could be 
used as starting material, and if the isolated factor proved 
to be free from immunological or other harmful sidc- 
effects. i 

The investigation recorded here was undertaken to 
explore the problem, using sheep spleen as a source of 
material and irradiated C57BL/6 mice as test animals, anc 
taking into account the likely need for multiple injections 
of large doses of material for evidence of protective action. 
The results obtained seem sufficiently promising to merit 
their present publication. e 

Sheep spleens were collected from a slaughter-house 
under relatively aseptic precautions and transported to tho 
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Table 1. INOIDENCE OF LEUKÆMIA (THYMIO LYMPHOMA) IN X-IRRADIATED C57.BL/6 MICE TREATED WITH SHEEP-SPLEEN FRACTIONS 


Radiation treatment: 150 r, whole-body exposure, 4 times at weekly intervals. : 
Injection of spleen fractions: 0-25 ml. intraperitoneally, after each irradiation; then twice-weekly o at Sata (10-30 injections), 




















































Exp. 462 Exp. 466-67 Exp. 473-76 Exp. 480-82 Exp. 484~ % “ 
Fraction * | (16 mth.) (15 mth.) (11 mth.) (10 mth.) ni nee Total Rh 
~~ (control 17/17 = 100% 19/29 = 65% 32/39 = 82% 19/30 = 639 24/36 = 67Y _ 
Tonogenale x 10 11/19 = 58% 738 = 308, 3/84= 9% t P E EA EL 28/122 = 23% 69 
Supernatant x 20 9/17 =53% 2/16=12% 13/83 = 39% 11/27 =41% 9/36=26% | 44/129=34% 53 
Precipitate x 10 13/18= 72% 11/80=37% 5/24=21% t| 7/18=39% — 36/90 = 409% 45 
Filtered supernatant x 20 11/19=58% 5/16=31% — 0/28 = 36% 6/19=32% | 32/82 =39 i 47 
Boiled supernatant x 20 30/88 = 79% 9/18 = 50% 25/37 = 68% 15/30=50% 14/26=54% | 93/149= 62% 15 
Supernatant heated to 60°C x 20 — Es = 9/18=50% | 19/28=65% | 28/46 =61% 16 












*“x 10’ and ‘x 20° refer to 10 and 20 injections, respectively. Note: in experiment 473-76, the supernatant and boiled supernatant fractions were given 


x 80 
t High early mortality in these groups. 


laboratory on ice. The capsules of the spleens and the 
main blood vessels were removed, the residual spleen pulp 
mixed with 1-5 parts of Tyrode’s solution, and the mixture 
disintegrated in a ‘Virtis’ homogenizer for 2 min, and 
further ground by hand in a glass homogenizer. (Many 
samples of the homogenate were histologically examined 
for evidence of whole cells that had eseaped disintegration: 
Only an occasional intact cell was observed in a few of the 
samples examined.) A portion of this ‘crude homogenate’ 
was centrifuged for 20 min at 7,000g, to provide the 
‘supernatant’ and ‘precipitate’ fractions. Separate por- 
tions of the supernatant fraction were boiled. heated to 
60° C for 30 min, or filtered either through a ‘Selas’ type 
015 porosity filter (for experiments 462, 466-467) or 
through a ‘Millipore’ type RA filter (for the other experi- 
ments), to provide further fractions for testing (Table 1). 
The various fractions were kept in deep freeze for not more 
than 1 week, fresh preparations from new batches of 
spleens being prepared every week. 

The test animals were C57BL/6 mice, 5-7 weeks of age 
at the time of the first irradiation. The mice were irradi- 
ated in ‘Lucite’ containers, 10 per group, each in a separate 
compartment, and receiving 150 r. per exposure, once a 
week for 4 weeks, totalling 600 r. The physical conditions 
of radiation were: 200 kV, 15 m.amp, with 1 mm alumin- 
ium and 0-5 mm copper filters; dose rate: 31-35 r./min. 
(It should be noted that the dose of radiation used was 
searcely sufficient to allow the establishment of chimeras 
by depression of antibody response to foreign cells. This 
was confirmed by the absence of deaths from ‘secondary 
disease’ in any of our treated animals.) 

The sheep spleen fractions were injected intraperiton- 
eally within 4 h after each irradiation (0:25 ml. per 
injection), and then twice-weekly for several weeks, 
totalling 10-30 injections in all, over a period of 3-13 
weeks (Table 1). The animals were kept in an air- 
conditioned room at 21°—24° C, fed on ‘Purina Laboratory 
Chow’ and water ad libitum. They were examined periodic- 
ally for evidence of enlarged thymus or other signs of 
leukemia, with autopsies performed on all mice that died, 
or that were killed when found to have developed 
leukemia, and various tissues kept for histological exam- 
ination. 

This article deals with 5 consecutive experiments, 
each showing evidence of protection against leukemo- 
genesis by a number of fractions from sheep spleens 
(Table 1). The most striking inhibition (69 per cent) was 
with the crude homogenate, while the supernatant and 
precipitate fractions, separated by centrifugation, also 
showed significant inhibition, the former apparently being 
the more active. Filtration of the supernatant fraction 
(for the removal of cells that might have survived the 
initial homogenization and not been spun down by 
centrifugation) did not significantly lower activity; on 
the other hand, boiling the supernatant fraction, or even 
heating it to 60° C for 30 min, seem to have destroyed most 
of the activity. e 

The mice tolerated the repeated intraperitoneal injec- 
tions of the crude homogenate of sheep spleen, or its 


fractions, surprisingly well in most cases, with fairly good 
survival (80 per cent), and little evidence of weight loss, 
etc. The two exceptions, indicated in Table 1 with a 
dagger, may possibly be accounted for by accidental 
bacterial contamination. . 

. The preliminary results reported here provide good 

evidence for the existence of a cell-free factor (provisionally 
designated ‘RLP’—referring to ‘radiation-leukemia— 
protection’ factor) in heterologous (sheep) spleen, capable 
of inhibiting radiation leukemia induction in C57BL/6 
mice, when injected repeatedly after the X-irradiation. 
_ Little is yet known about its properties, except that it 
is heat-labile, and that it may therefore be protein in 
nature. In this respect, it would seem to differ from the 
factor”® capable of protecting against the acute and 
sub-acute lethal effects of X-irradiation. This is supported 
by other (unpublished) evidence from further experiments, 
still in progress, designed to characterize the ‘RLP’ 
factor and, if possible, to isolate it in a purified and more 
concentrated form, capable of being administered in larger, 
and presumably moro effective, amounts. 

Protective action with bone marrow cell suspension is 
known to operate during the early (‘initiating’) stage of 
radiation leukemogenesis; and the same is presumably 
the case with spleen cell suspension and with cell-free 
extracts derived from it. How long the protective treat- 
ment can be delayed after the irradiation, in order to be 
still effective, has not yet been precisely determined, 
though it is certainly a matter of days rather than hours. 

Attention should be directed to the fact that the leuk- 
emia in question is of a distinctive type characteristic 
for mice, in which the pathological lesion first appears in 
the thymus as a localized malignant lymphoma (thymoma), 
which only later. develops into a typical blood-borne 
leukemia if the mice survive long enough. Whether the 
‘RLP’ factor would necessarily be effective, in mice or 
men, in relation to other types of radiation. leukzemo- 
genesis, is still an open question. 

This work was supported by the Wolfson Foundation, 
London. ` 
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JPENICILLIN ALLERGY : ITS DETECTION3BY AN IMPROVED 
HAMAGGLUTINATION TECHNIQUE 


By Da. A. L. de WECK 


Allergy Research Unit, Inselspital, University of Bern, Switzerland 


N 1958, Ley et al.1 reported that red blood cells pre- 
incubated with benzylpenicillin could be agglutinated 

in the presence of some human sera. The incidence and 
titres of such hemagglutination were low. No definite 
correlation botween the occurrence of hemagglutinating 
antibodies and clinical hypersensitivity to penicillin was 
found. Since then, the occurrence of hemagglutinating 
‘anti-penicillin’ antibodies in low titre in some human 
sera has been confirmed by several authors?-‘. 

During the past five years, investigations have been 
undertaken to elucidate the immunochemical mechanism 
of penicillin allergy'-? and the chemical structure of the 
antigenic determinant(s) responsible for hypersensitivity 
reactions to penicillins. It was found that the penicilloyl 
group (Fig. 1) is the main antigenic determinant involved 
in such reactions, in human beings and animals experi- 
mentally immunized with various penicillins’. These 
investigations have led to the devélopment of a highly 
effective skin test reagent, penicilloyl—polylysine, to detect 
penicillin hypersensitivity in human beings®°*. 

I have shown previously*® that the antibodies 
detected by the technique of Ley (incubation of the red 
blood cells with benzylpenicillin at neutral pH) are 
specific mainly for the penicilloyl-amide structure, as 
judged by inhibition of the hemagglutination reaction. 

As benzylpenicillin does not seem to bind penicilloyl 
groups significantly to proteins at neutral pH in vitro’, 
we suggested that the compound actually responsible for 
‘tagging’ the cells by the Ley technique was not benzyl- 
penicillin itself, but a highly reactive derivative, peni- 
cillenic acid (Fig. 1), which is present as an impurity in 
dry crystalline penicillins and which occurs spontaneously 
in aqueous solutions of penicillins at neutral pH (ref. 5). 
Benzylpenicillenic acid is highly reactive with amino 
groups at neutral pH and will bind the expected peni- 
cilloyl structures*. At pH. 7-4, 50-100 times less benzyl- 
penicillenic acid is required to obtain identical hæm- 
agglutination titre than when benzylpenicillin is used for 
incubation of the red blood cells’, a fact which has been 
recently confirmed by others: 

However, this interpretation does not explain why 
some penicillins which have a very low degradation rate 
to penicillenic acid at neutral pH (for example, peni- 
cillin V) may be as effective as benzylpenicillin in ‘tagging’ 
the erythrocytes. At neutral pH, the presence of serum 
proteins or of erythrocytes does not modify the degrada- 
tion rates of various penicillins to the respective peni- 
cillenic acids in such a way that this discrepancy could 
be so explained**. Furthermore, it is difficult to reconcile 
the consistently low titres obtained with cells prepared 
by the Ley technique with the high anti-penicilloyl anti- 
body content of the sera investigated, as demonstrated 
by precipitation or passive cutaneous anaphylaxis. As 
titres remain unchanged when penicillin-incubated cells 
are washed with saline from 3 to 12 times, it seems unlikely 
that the low titres are due to partial inhibition by 
unreacted free penicillin absorbed on or into the cells. 

I found* that penicillins will bind significant numbers 
of penicilloy! groups to various proteins, polypeptides or 
amino-acids when the incubation is performed at pH 
10-11. . The reaction of penicillins with various proteins 
was examined in vitro by determining with the penamal- 
date method‘ the number of penicilloyl groups bound per 


protein molecule after various conditions of incubation 
and extensive dialysis. Various penicillins (such as CG, 
Y, O and several others) bind substantial and almost 
identical numbers of penicilloyl groups on to the free 
amino groups of various proteins at pH 10-11, despite 
the fact that these various penicillins have, at acid and 
neutral pH values, widely different rates of degradation 
to the respective penicillenie acids'***. There is no 
evidence that penicillenic acids are actually formed from 
penicillins at alkaline pH. Indeed, 6-amino-penicillanic 
acid, which cannot be converted to penicillenic acid in 
vitro, binds penicilloyl] groups to proteins under such 
conditions!#, Therefore, it seems very likely that, at 
alkaline pH, the $-lactam ring of penicillins may be 
activated in such a way that direct peptide bond forma- 
tion, without penicillenic acid as an obligatory inter- 
mediate, may occur (Fig. 1). 
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Fig. 1. Formation of penicilloyl antigen from penicilin and penicillenic 
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I observed! that the sensitivity of the hemagglu- 
tination reaction was considerably increased if one used 
red blood cells incubated with benzy€penicillin at alkaline 
pH. Various factors such as pH, penicillin concentration, 
buffer, incubation time and erythrocyte species have been 
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Table 1. Hau AGGLUTINATION ASSAY IN PATIENTS WITH AND WITHOUT PENICILLIN ALLERGY 


























o, Positive hemagglutination 
Penicilloyl- test with penicillin 
ch polylysine - treated human O red 
A Last clinical allergie skin test No. blood cells at 
Patients reaction (ref. 4) tested pH 9-0 pH 7-4 
Positive , 46 40 - 10 
i l Recent (<8 weeks) { Negative 9 6* 1 
Reliable history of penicillin allergy ed 
g 55 46 (84%) 11 (20%) 
Positive 44 9 2 
Old (>8 weeks) - {Negative 3 i ð 
52 10 (19%) 2 (3-8%) 
Doubtful history of penicillin allergy {Becent (<8 weeks) Negative 19 4 (21%) 1 &§ 2%) 
N . { Old (>8 weeks} Negative 18 0 (0%) 0 (0%) 
No history of penicillin allergy Negative 72t 24 (2 +8%) 1(1-3%) 
Unselected sera (Wassermann laboratory) I t ? 653 21 (32%) t 








* Those 6 patients were tested early (clinical allergic manifestations still present).'5 became positive to the panieilloyl—polylysine skin test later on. 


+ About half of these patients were receiving or had received penicillin without trouble shortly before the tests. The 2 positive hemagglutinations were 
from patients who had received high doses of penicillin during the 2 weeks preceding testing. » eat 


t These sera were not tested with pH 7-4 treated celis, In a previous series of 456 unselected sera, the incidence of positive hemagglutination with 


pH 7-4 treated cells was 1-3 per cent. 


investigated!*, Although we have no direct evidence that 
penicillin is actually bound to erythrocytes as penicilloyl 
groups, this is a logical assumption from the protein 
binding investigations, the demonstrated specificity of 
penicillin-tagged erythrocytes for anti-penicilloyl anti- 
bodies'® and the fact that NH,-blocking agents (for 
example, formaldehyde) prevent effective tagging of the 
red blood cells. The rise in gH should increase the 
number of penicilloyl groups bound to the red blood cells 
but it has its limitations as cells hemolyse when too 
high a pH and/or too high a concentration of penicillin 
is used. 

In the experiments reported here, human sera of 
patients with and without a history of penicillin allergy 
were investigated by the following technique: Human 
type O Rh+ erythrocytes (from whole blood kept no 
longer than 8 days in Alsever’s solution) were washed 
three times with 0-01 M phosphate-saline pH 7:4 and used 
as a 10 per cent suspension. 2 ml. of cell suspension were 
incubated with 2 ml. of benzylpenicillin, potassium salt 
(50 mg/ml. saline) solution and 1 ml. of 0-1 M veronal 

. buffer pH 9-0 for 1 h at 37° with occasional shaking. 
Cells were washed twice with 5 ml. phosphate-saline, 
resuspended as 5 per cent in 0-01 M phosphate saline 
pH'7-4, and used within 24 h. 0-05 ml. of cells was added 
to 0:5 ml. of serial two-fold dilution of serum in phos- 
phate-saline. A known negative serum, a positive serum 
of known titre and cells incubated in the same conditions 
without benzylpenicillin were included as controls. Test 
tubes were incubated for 1 h at 37° and for a few hours at 
4°. Titres were unchanged by prolonged incubation in 
the cold or at room temperature. The reactions were 
evaluated by reading hemagglutination patterns; the 
end-point was determined by the last tube still showing 
definite clumps on gentle tapping and resuspension of the 
erythrocytes. The first serum dilution used was 1/4 and 


the reaction was recorded as positive only when gross 


clumping was evident at such low dilution. 

Human sera investigated by this procedure were 
classified as follows (Table 1): ; 

(1) Reliable cases of penicillin allergy, that is, patients 
with a typical history, showing in most cases a positive skin 
test to penicilloyl—polylysine’. The hemagglutination 
reaction was frequently positive (84 per cent) with a 
relatively high titre (1/128-1/2,048) when the sera were 
investigated less than 8 weeks after the onset of the 
allergic manifestations, However, even in known allergic 
patients with positive skin tests, hemagglutinating anti- 
bodies may not be detected in the early phase (6 out of 
46). The reaction evas negative most of the time when 
the sera were investigated more than 8 weeks after the 
allergic reactions, even in patients still demonstrating a 
high level of skin hypersensitivity to penicilloyl-poly- 
lysine. Follow-up of individual patients showed that the 


hemagglutination titre diminishes rather quickly over a 
period of a few weeks. Maximal titres are observed from 
I to 3 weeks after the onset of the allergic reaction (Fig. 2). 
A positive hemagglutination may be found at a time 
when the skin reactions are still negative? (Table 1). 

(2) Doubtful cases of penicillin allergy, that is, patients 
with unreliable histories, atypical symptoms and- a 
negative skin test to penicilloyl-polylysine. Positive 
hemagglutination was exceptional in that group. It seems 
to me that many of these patients were actually not, or 
not highly, allergic to penicillin, as indicated in 14 cases 
by a negative“exposition test (200,000 units benzylpeni- 
cillin intramuscularly). However, one patient with a 
negative skin test and hemagglutination experienced a 
generalized urticarial reaction following such a procedure. 

(3) Patients not allergic to penicillin, as indicated by 
a negative history, a negative skin test to penicilloyl—poly- 
lysine and absence of an allergic reaction to subsequent 
penicillin therapy. Positive hemagglutination was quite 
seldom in that group. 

(4) Unselected sera from a hospital population (Wasser- 
mann Laboratory) where histories of penicillin allergy and 
skin reactions were not known. In 13 cases where a 
positive hemagglutination in low titre (1/4-1/32) was so 
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- Fig. 2. Hæmagglutination titres of 92 patients with Hane sonable 


penicillin allergy (penicilloyl-polylysine skin test positive) 
Titres are given as reciprocal of serum dilution, assay performed on 
sera taken at various intervals after onset of clinical allergic manifesta- 
tions. Dotted lines indicate titres found at various intervals in the 
same patient; plain line shows the average course of titre calculated 
from single assays on various patients 
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discovered and where patients could be later investigated, 
it was found that they had received penicillin shortly 
before the test. In two cases with high hemagglutination 
titre (1/1,024), the patients had actually experienced an 
allergic reaction to penicillin during the previous month. 

When the same sera are investigated with cells in- 
cubated at neutral pH, using an identical concentration 
of benzylpenicillin (20 mg/ml. in phosphate-saline'), 
highly positive sera are only weakly positive (the titre 
diminishes by 3-4 dilutions) and weakly positive sera 
become negative (Table 1). 

The human hemagglutinating antibodies are specific 
for the penicilloyl structure, as demonstrated by inhibition 
experiments!®!2:13, They have been characterized by 
ultracentrifugation as concentrated mostly in the 19 S 
fraction. In most instances, human hemagglutinating 
antisera do not elicit passive cutaneous anaphylaxis in 
guinea pigs, and preliminary experiments show that 
hemagglutinating and reaginic type activities can be 
separated by chromatography on ‘DEAE-cellulose’!*. 
Whether these antibodies have similar or different speci- 
ficities from those detected by hemagglutination with 
bis-diazotized-p-aminobenzylpenicillin-treated cells, as 
suggested by Epp‘, has not yet been determined. 

The hemagglutinating antibodies may not be respon- 
sible for the allergic manifestations, as there is no cor- 
relation between the hemagglutination titre and the skin 
hypersensitivity-level (determined by quantitative skin 
testing with penicilloyl—-polylysine), but they definitely 
accompany such manifestations (Table 1). The real 
ineidence of hemagglutinating antibodies in penicillin 
allergy is somewhat difficult to define objectively, as the 
evaluation will depend on the reliability of the patient’s 
history and on the results of the skin tests. Taking the 
less favourable guess for the reliability of the assay by 
including all recent cases of reliable or doubtful allergic 
manifestations to penicillin, 50 out of 74 (68 per cent) 
have been found positive. Taking the most but somewhat 
too favourable guess (patients only with a reliable history 
and positive skin test), 40 out of 46 (87 per cent) were 
found positive. 

Hemagglutinating antibodies may be found occasion- 
ally in the sera of allergic patients with negative skin 
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tests and in the sera of patients receiving penicillins with- 
out apparent systemic allergic manifestations. In such 
cases, the occurrence of hemagglutinating antibodies in 
low titre seems to indicate a specific immunological 
response to penicillin but is not obligatorily correlated 
with clinical allergic symptoms. 

An increased sensitivity of the penicillin hemagglutina- 
tion technique has been reported recently by Van Arsdel 
et al.13 when antisera are diluted in normal serum instead 
of saline. In preliminary experiments, we have confirmed 
these results. By using cells treated with benzylpenicillin 
at alkaline pH (as reported here) and diluting the anti- 
sera in 10-20 per cent normal serum-saline, titres of 
human anti-penicilloyl antibodies as high as 1/20,000 have 
been observed. A similar effect of pH in the hemagglu- 
tination sensitivity has also been recently reported". 

By the procedure described here, the sensitivity of the 
hemagglutination reaction has been increased in such a 
way that it can be used in a good proportion of recent 
cases to confirm the diagnosis of penicillin allergy. How- 
ever, it cannot replace skin tests as a predictive procedure 
in patients without a history of penicillin allergy or with 
the history of an allergic-reaction older than a few weeks. 

This work was supported by grants from the U.S. 
Public Health Service (RF-5), the Swiss National Science 
Foundation and the Emil Barrell Foundation. 
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EFFECT OF AN ANTIBIOTIC REGIME ON MONKEYS EXPOSED TO 
TOTAL-BODY IRRADIATION 


By Dr. J. W. BYRON, MARY V. HAIGH and Dr. L. G. LAJTHA 


Paterson Laboratories, Christie Hospital and Holt Radium Institute, Manchester, 20 


OLLOWING the experiments of Jacobson and 

Lorenz, it became apparent that healthy hemopoietic 
tissue could prevent death if transfused into rodents 
exposed to potentially lethal doses of ionizing radiation??. 
The absolute need for bone-marrow grafting in treating 
the acute radiation syndrome of primates, however, 
remains equivocal, and, based on present views of the 
mode of response of mammalian cell populations to ionizing 
radiation’, it has been suggested that, were it possible to 
maintain irradiated subjects in a healthy state for a 
sufficient length of time, autologous restoration of hemo- 
poietic tissues should occur and survival chances would 
increase‘. 

Investigations thus far reported dealing with lethally 
irradiated primates have been difficult to interpret; 
primarily due to rather complex post-irradiation treat- 
ments and to uncertainties over the absorbed uniform 
total-body dose of radiations’. For example, some of 
the X-ray doses quoted in ref. 5 (p. 164) refer to measure- 
ments of dose in air, hence the quoted 800-900 r. would 


be equivalent to about 400-450 rads uniform total-body 
dose. 

The experiments reported here using 820 rads uniform 
total-body dose represent an attempt to establish in 
primates a standard system aimed at diminishing the 
effects of bacterial infection and which might serve as a 
basis for determining the value of proposed post-irradia- 
tion treatments (for example, bone-marrow grafting). 

On the assumption that in the 500-1,000 rads dose 
range bacteriemia (primarily due to onteric micro- 
organisms) would constitute a major component of the 
radiation syndrome, an antibiotic régime was designed to 
prevent post-irradiation septicemia. Attempts were 
made to adhere to the following principles: (1) anti- 
biotics used should be effective against enteric organisms; 
(2) antibiotic treatment should begin early; (3) total 
antibiotic doses should be high and limited primarily by 
serious toxicity; (4) doses should be administered as 
frequently as is necessary to maintain effective levels 
in vivo of antibiotic; (5) when the antibacterial usefulness 
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of an agent has been exhausted (for example, through the 
development of resistant micro-organisms) another agent 
should be used having no cross-resistance with com- 
‘pounds previously administered. 

Male rhesus monkeys (Macaca mulatta, 2-5-3-0 kg) 
were exposed during a single session to 820 rads uniform 
soft tissue dose using 300-kVp. X-rays (half-value layer 
1-7 mm copper, 20 m.amp current). The dose-rate was 
6-0-9-0 rads/min. The LD,, in this system of untreated 
control animals is 600 + 24 rads. 

Monkeys were irradiated in pairs using a parallel 
opposing technique previously described by Haigh and 
Paterson’. For dosimetry calibration actual irradiation 
arrangement was simulated by filling the boxes used for 
containing monkeys with bolus material of the same type 
used to surround the monkeys for irradiation. Doses at 
an array of points throughout the’ boxes were measured 
and the mean evaluated. The variations of dose in the 
region occupied by the monkey were less than + 5 per 
cent. To ensure that both animals of a pair received 
exactly the same dose, the boxes were interchanged and 
rotated during irradiation. 

The doses quoted are for uniform tissue rads. (It should 
be appreciated that 300-kVp. radiation is more efficient 
than megavoltage radiation (that is, relative biological 
effectiveness). Hence the 820-rads soft tissue dose quoted 
here would be equivalent to a soft tissue dose of about 
900 rads wheh using megavoltage radiation.) Doses 
to the bone marrow would be expected to exceed the 
soft tissue dose due to a greater photoelectric effect in 
bone. The degree of this enhancement will vary with 
the quality of radiation used and would be expected to 
vary at different sites in the body. Hence no single figure 
could express doses to the bone marrow itself. 

One and a half days prior to irradiation, the animals 
received 30 mg/kg/day tetracycline (‘Achromycin’, Lederle 
Laboratories) orally. After total-body X-irradiation, 
tetracycline was administered intramuscularly at a dose 
of 25 mg/kg of body-weight every 12 h. This treatment 
was continued for 5-7 days. On the day of irradiation and 
on alternate days thereafter until the seventh post- 
irradiation day, each animal received 1,200,000 units of 
long-acting penicillin intramuscularly (‘Triplopen’, Glaxo 
Laboratories). 

Based on a pattern of bacterial resistance to tetracycline 
which emerged during the second post-irradiation week, 
WIN 18320 (‘Negram’, Bayer Products) was admini- 
stered either subcutaneously at a dose of 20 mg/kg/day 
(in three doses) or intravenously 20 mg/kg/day (in two 
doses) beginning on the sixth to eighth post-irradiation 
day and continuing (when possible) to the fourteenth day. 

As well as the aforementioned antibiotic treatment, a 
group of animals received a subcutaneous injection of 
typhoid—-paratyphoid A and B vaccine (TAB) within 1 h 
after total-body X-irradiation; the dose contained: 
Salmonella typhi, x 10° killed organisms, S. paratyphi 
A and S. paratyphi B, 12-5 x 10° killed organisms each. 
This procedure was instituted with the hope of hastening 
bone-marrow regeneration’. 

Table 1 presents the survivals obtained following 
treatment with antibiotics or with antibiotics and TAB. 
The difference is not significant; the pooled data in 39 


Table 1, SURVIVAL OF MONKEYS EXPOSED TO 820-RADS TOTAL-BODY 
RADIATION 
Survivors* 
Treatment Total treated % Survival 
Antibiotics 9/25 28 
Antibiotics 
+TA Bt 5/14 36 


* All non-survivors died between the 10th and 17th post-irradiation day. 
Mean survival time for survivors exceeds 10 months for both groups. 

{In three of the animals which died, histology of the bone marrow has 
shown marked regeneration of the young marrow elements. These animals 
died of pulmonary hemorrhage (due to an old lung lesion), perforated colon 
(massive tapeworm infestasion) and heart disease (frequent fainting fits 
following irradiation) respectively. 

+ Twoa sin this group received 900 rads; one died on the 10th day 
and the second survived. 
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Fig. 1. Platelet changes expressed as per cent of control following 

820-rads total-body irradiation. Vertical bar represents S.E.M. Ordinate, 

percentage pre-irradiation value; abscissa, days after 820 rads total- 
. body X-irradiation 
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Fig. 2. Changes in the neutrophil granulocytes in the blood following 
820-rads total-body irradiation. Ordinate, percentage pre-irradiation 
value; abscissa, days after 820 rads total-body X-irradiation 
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Fig. 3. Changes in the peripheral lymphocyte count following 820-rads 
total-body irradiation. Ordinate, percentage pre-irradiation value; 
abscissa, days after 820 rads total body X-irradiation 


animals are 32 per cent survival. Comparing this survival 
figure with the published data of Haigh and Paterson our 
extrapolated DD,, dose would be expected to be about 
755 rads. The blood platelet, polymorphonuclear neutro- 
phil (PMN), and lymphocyte counts of these animals are 
compared, respectively, in Figs. 1, 2 and 3. Counts are 
expressed as percentage of pre-irradiation values. The 
treatment with TAB appears to influence platelet and 
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neutrophil counts in a manner indicating both a delayed 
fall and an earlier recovery. Lymphocyte recovery 
appears, however, to lag behind that of animals treated 
only with antibiotics. Reticulocytes (not plotted) of 
survivors treated with TAB showed an earlier recovery 
and reached a higher peak than the reticulocyte counts of 
survivors treated only with antibiotics. 

During the course of these investigations four monkeys 
received 820-rads total-body X-irradiation without benefit 
of treatment. In these animals the fall of platelet 
count was steeper than in the animals treated with anti- 
biotics. In two of them the platelet values were less than 
10 per cent of pre-irradiation levels by the fourth post- 
irradiation day. All these animals died with septicemia 
due to enteric organisms, between the tenth and thirteenth 
day. 

In all untreated animals, as expected" ®, a severe diar- 
rhoea occurred beginning on the second or third post- 
irradiation day and continuing until the seventh day. 
In the 39 monkeys treated with antibiotics (with or with- 
out’ TAB), there was scarcely any diarrhea. It was also 
noted that the severe anorexia lasting several days in 
untreated monkeys was either absent, or present in & 
much milder form, in animals on the antibiotic régime: 
they were all eating a few hours after irradiation. 

Several points emerge from these investigations. 
They indicate that, at this dose-level. infection is a major 
component of the radiation syndrome of M. mulatia and 
that, by dealing with this problem through continuous 
treatment with antibiotics effective against the offending 
micro-organisms, autologous restoration of hemopoietic 
tissues will occur and long-term survivals may be obtained. 
Auto-infection appéars to be the major problem since the 
bacteria encountered were always members of the intestinal 
flora. 

The prophylactic use of antibiotics following planned or 
accidental irradiation has been discouraged in man and 
their blind use rightly contra-indicated. If, however, 
irradiation oceurs at a dose-level expected to produce 
systemic bacterial infection originating with enteric 
micro-organisms, then the early use of effective antibiotics 
is justified. Added justification for the early use of anti- 
biotic therapy is obtained if one assumes that bacterial 
invasion is most likely to occur at a time when the intes- 
tinal damage is greatest (that is, a few days post-irradia- 
tion). It should also be recalled that the antibacterial 
effectiveness of many agents is closely related to the 
availability of host defence mechanisms; for example, 
leucocytes. Accordingly, the usefulness of many agents” 
will be somewhat diminished during the post-irradiation 
period of neutropenia. The observation that the antibiotic 
régime decreases the occurrence and severity of post- 
irradiation diarrhoea further underlines the possible clinical 
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importance of antibacterial treatment. The absence of 
marked anorexia, electrolyte loss and consequently shock 
undoubtedly enhances the chance for survival. 

As shown by the experiments utilizing TAB, the anti- 
biotic system may be used as a basis for evaluating the 
effectiveness of suggested post-irradiation treatments. 
In our case, TAB did not enhance survival significantly. 
However, using this system it may be possible to settle 
the important question as to whether bone-marrow grafting 
is absolutely essential when treating primates following 
their exposure to potentially lethal doses of ionizing 
radiations; furthermore, the effectiveness of other post- 
irradiation treatments may be explored. 

The experimental conditions under which these animals 
were kept were not ideal, and very far indeed from the 
kind of sterile nursing which is possible with man. It is 
suggested that a significant proportion of the animals 
that died could have been saved by platelet-rich, fresh 
blood transfusions; such a procedure is simple in man. 


Nevertheless, the overall survival figure of about 30 


per cent or above on this régime alone compares favour- 
ably with the survival figures reported with homologous or 
low cell doses of autologous marrow grafting combined 
with symptomatic antibiotic treatment*. 

The only survival figures in monkeys significantly 
better than these are those reported with massive auto- 
logous marrow grafting combined with various symptom- 
atic treatments’. However, if extrapolation from the 
rhesus monkey to man is justified, the available results 
would indicate that an autologous marrow graft of about 
10?° cells wopld be required in man to give significantly 
better survival figures than would be possible to achieve 
with a suitable antibiotic régime and other symptomatic 
treatment. While in radiation accidents it will not be 
possible to start an antibiotic régime until some time after 
irradiation, it is suggested that a major effort be made 
to start'as soon as it is technically possible. In planned 
total-body irradiations, however, it might be considered 
to start 1 or 2 days prior to irradiation. 

We thank Mr. John Massey for making dose measure- 
ments. 
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MECHANISM OF VISUAL AUTOKINESIS 
By Dr. F. J. VERHEIJEN and H. OOSTING 


Laboratory of Comparative Physiology, University of Utrecht 


T is clear from the reviews!-? of the literature on the 

apparent smooth movements of a spot of light fixed in 
complete darkness, first described by Charpentier’, and 
termed “autokinetische Empfindung” by Aubert5, that a 
consensus of opinion about the underlying mechanisms 
is still lacking. Neither macro- nor micro-ocular move- 
ments are likely to play a direct part. The micro-oeular 
movements keep the eyes fixed on the target during 
fixation", so that macro-movements of the target image 
are absent, even when the target is moving and followed 
smoothly by the eyes’, The micro-ocular movements 
can result in another visual illusion: ‘point wobbling’®*. It 


would seom that the only reasonable theory left for 
explaining autokinesis is the oculo-muscular?:!", stating 
that variations in the efficiency of the extra-ocular muscles 
produce the illusion. If, indeed, fluctuations exist in the 
efficiency of the oxtra-ocular muscles, and, consequently. 
during prolonged fixation of a test point, some of theso 
muscles must be set on work relatively stronger in order 
to keep the visual axis directed towards the targot, then 
autokinesis can be understood on the basis of new insight 
into the central interpretation of tRe visually perceived 
world, using the outfiow theory of conscious eye position 
knowledge. For an increase in the motor innervation 
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of some extra-ocular muscles necessary in order to keep 
the image of the stationary target on the fovea must 
centrally be interpreted as a smooth following movement 
in answer to a moving target, as follows from the informa- 
tion flow structures designed by some authors!!-13. After 
a fixation light has been switched out the eye should, 
consequently, move in a direction opposite to the direction 
in which the fixation light appeared to move during the 
previous autokinetic illusion. Experiments testing this 
hypothesis are reported in this paper. 

Of eleven subjects (two female, nine male), each eye was 
tested separately. In the experimental room the only 
visible stimulus was the fixation light, a 6-V, 0-:05-amp 
lamp, 100 cm distant in the direct line of regard of the 
sitting subject. In the first series of experiments the 
fixation light was on for 7-5, 15 or 21 sec, and the subject 
was allowed to perceive the autokinetic illusion. In a 
subsequent dark period of 7-5, 15 or 21 see the subject 
was instructed to try to look in the same direction. Then 
an electronic flash illuminated a black circular disk with 
a diameter of 85 em, and divided into 8 identical sectors 
by white lines running through the centre of the disk. 
The fixation light was just in front of this contre. The 
direction of the gaze on the moment of the flash was 
determined by instructing the subject to look at a second 
fixation target switched on now. and by asking for the 
location of this fixation point in the after-image of the 
disk. In order to be sure that this second target was 
accurately fixed it was made an illuminated transparent 
disk with a diameter of 5 mm on which the subject had to 
identify an arbitrary black Jetter. In this series of experi- 
ments both eyes of one subject were alternately tested 
10 times -with the stationary fixation light. Scattered 
between these 10 tests the fixation light was moved with 
arbitrary velocities along arbitrary paths in 5 unannounced 
controls in order to leave the subject unprejudiced with 
respect to his autokinetic illusions during the tests. 

Each test resulted in 2 sector numbers: one indicating 
the direction of autokinésis, and a second for the direction 
in which the eye moved in the subsequent dark period. 
For the quantitative analysis of circular distributions— 
the determination of peak and scatter—definite pro- 
cedures are not yet available. We used the method of 
Gumbel, Greenwood and Durand (cited by refs. 14 and 
15). The results of the first series of experiments were 
analysed in 2 ways: (1) comparison of the direction of 
each of the 10 movements of one eye in the dark with the 
direction of the preceding autokinesis; (2) comparison of 
the mean direction of 10 movements of one eye in the 
dark with the mean direction of autokinesis perceived 
with this eye in 10 tests. Keeping in mind the difficulties 
in estimating significance in circular distributions, the 
results of the first series of experiments can be summarized 
as follows: (1) the significant mean directions of autokin- 
esis were all upward (17 eyes); (2) in Ll eyes the movement 
in darkness was in a direction opposite (180° + 60°) to 
that of the preceding autokinesis (8 eyes P < 0-05; 3 
eyes P > 0-05); (3) in 9 eyes the movement in darkness 
was in a direction identical (0° + 60°) to that of the pre- 
ceding autokinesis (7 eyes P < 0-05; 2 eyes P > 0-05); 
(4) only in 2 eyes did both directions seem to be inde- 
pendent of each other (P > 0-05); and (5) in 6 eyes out 
of the 8 mentioned under (2) with P < 0-05, the mean 
direction of the eye movement in the dark was in a 
direction opposite to the mean direction of autokinesis 
for this eye (an exact estimate of significance is impossible). 

Tho results (2) and (5) are consistent with the oculo- 
muscular theory of autokinesis as pictured here. The 
additional question arose how to account for tho results (3). 
We supposed that these results might be due to the 
Kohnstamm. effect?: when between two antagonistic 
skeletal muscles, for example, of the arm, a prolonged 
tonus difference is nfaintained, for example, by trying to 
displace a too heavy object, then, after taking away the 
object, the arm moves ‘automatically’ and ‘against will’ 
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through the still existing tonus difference in the direction 
in which it had tried to displace the object. Therefore, 
in a second series of experiments with the same 11 subjects, 
we determined the position of each eye at the end of a 
dark period of 7-5, 15 or 21 sec with respect to its initial 
position, determined by the fixation light during only 
l sec. The most important result of this series was that 
both eyes of one subject that had moved in the direction 
of the previous autokinesis in the first series now moved 
in the opposite direction (P < 0-05) of the mean direction 
of autokinesis. 

We think that the upward movement in darkness of the 
4 remaining eyes might be the Bell phenomenon: the load- 
ing of the eyeball by the optic nerve gives the eye the tend- 
ency to turn upward as soon as the eye muscles relax, for 
example, during sleep or narcosis (sce refs. 16 and 17). 
During visual activity this tendency is counterbalanced by 
a relatively stronger force exerted by the muscles which 
turn the eyes downward. Abraham" stated, however, 
that the tendency to upward turning is also present ““when. 
the eye is simply shielded or when in darkness without 
fixation”. Our results suggest that this phenomenon is 
more likely to be a peculiarity of some subjects than of 
individual eyes. 

The predominant upward direction of autokinesis may 
also be related to the mechanical imbalance of the eyeball. 
It would seem that in most subjects during visual activity 
but without fixation target this imbalance is over-com- 
pensated by a too strong force of the relevant muscles: the 
inactive mechanical imbalance upward is reversed into an 
active neuro-muscular imbalance downward. As pictured 
above, the adjusting motor innervation upward during 
fixation of a test light in darkness could account for the 
predominant upward direction of autokinesis. 

After this manuscript was finished our attention was 
directed “to two recent publications’®**. Gregory and 
Zangwill’® repeated some old experiments'’®*? and con- 
firmed the results: the direction of autokinesis can be 
influenced by inducing certain contraction patterns to 
the ocular and neck musculature. Their conclusion is: 
“Fluctuations in motor efficiency must be corrected by 
varying command signals in order to maintain fixation. 
These are wrongly taken to represent movement of the 
external light. This, we submit, is the origin of the 
autokinetic effect”. 

Matin and MacKinnon®® suggest from the reduced 
frequency of autokinesis in horizontal directions and the 
increased frequency of ‘no movement’ responses when the 
image of the test light was stabilized in the horizontal 
direction that ‘‘autokinesis is due to the occurrence of 
involuntary eye movements which continually shift the 
target image across the retina”. It is not clear, however, 
which type of involuntary eye movements these authors 
have in mind, and how the registration of these move- 
ments by suitable direction-sensitive neural units might’ 
causally be related to the autokinetic illusion. Our 
impression is that according to these authors the stimula- 
tion of these ‘movement-detecting units directly produces 
the illusion. In our opinion differences in the forces 
exerted by the various extra-ocular muscles—porhaps 
related to the mechanical imbalance of the eyeball— 
superimpose an asymmetrical course of the target image 
on its movements as a result of the micro-ocular fixation 
movements. The direction and velocity of the movement 
of the image as well as its position with regard to the 
fovea will be measured, and will induce changes in the 
motor innervation pattern of the extra-ocular muscles in 
order to adjust the eye position and velocity, with the 
ultimate result that there is no (macro-) image movement 
left, for-it was demonstrated by Rashbass’ that the error 
in the velocity of tracking a uniformly moving target does 
not exceed the velocity of the slow drifts in eye position 
during the fixation of a stationary target. How this 
situation leads to autokinesis can be derived from Lud- 
vigh!?: “A perceived distance from the fovea or a perceived 
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velocity results in a definite and fixed time sequence of 
innervation. Of this the individual is aware, and on this 
innervation he bases his sense of the position of bis eyes, 
correct or incorrect”. Along these lines of reasoning it can 
easily be understood why horizontal stabilization of the 
retinal image must reduce the horizontal components of 
autokinesis and increase the ‘no movement’ responses: 
horizontal deviations of the eye are no longer corrected 
because, in the absence of retinal information, they are not 
detocted, and, consequently, the motor innervation pattern 
effocting the horizontal components of the eye movements 
remains unchanged. 

When in our experiments a subject stoppod the fixation 
of the target—which means that the mechanism correcting 
the motor innervation pattern to the extra-ocular muscles 
in answer to retinal information about velocity and posi- 
tion of the target image was put out of action—his impres- 
sion was, in accordance with previous authors?®.?!, that the 
direction of regard wus kept straight forward, and that the 
target moved smoothly in a certain direction and over a 
certain distance in the field of vision. We demonstrated 
with the flash and after-image method described here that 
the eye had moved in the opposite direction and over a 
corresponding distance. After prolonged experience, 
however, some subjects had a vague idea about the actual 
movement or position of the eye, without being able to 
suppress the autokinetic illusion. This indicates that 
information from the muscle spindles in the extra-ocular 
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muscles or other ‘inflow’ information about the sctual 
position of the eye can penetrate beyond the unconscious 
integration levels where this information is generally 
used for adjusting the commanded innervation pattern 
for the extra-ocular muscles to the actual position of the 
eyes’, 
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SIMULTANEOUS MARKING OF CELLS IN TWO DIFFERENT SEGMENTS OF 
THE MITOTIC CYCLE 


By Dr. J. VAN’T HOF and HUEN-KUEN YING 


Biology Department, Brookhaven National Laboratory, Upton, New York 


HE mitotic cycle model presented by Howard and 
Pelc? has proved to be extremely useful in the study 
of cell kinetics. Such a model, illustrated in Fig. 1, 
allows certain expectations following the use of labels 
which would selectively and differentially mark two separ- 
ate groups of cells. For example, if in an asynchronous 





Fig. 1. A model of the mitotic cycle showing the location of cells marked 
with either colchicine or tritiated thymidine. G,, the period precedin; 
DNA synthesis, S, the period of DNA synthesis, and Ge, the perio 
following the completion of DNA synthesis. Hatched, cells labelled 
with tritiated thymidine; stippled, cells labelled with eolchicine 
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Fig. 2. (-)Sine and cosine curves depicting the appearance and 

disappearance of differently labelled cells in mitosis. At the time of 

simultaneous labelling the marked cells were 180° apart, (—)Sine 

curve represents the tritiated thymidine labelled cells, the cosine curse 
represents the colchicine ‘marked’ cells 


population there were two labels applied which effectively 
tagged cells at opposite points in the cell cyclo, that is, 
180° apart in the model, the appearance of these marked 
cells in division, when plotted against time, should re- 
semble (—)sine-cosine curves (Fig. 2). 

The drug colchicine and the labelled DNA precursor 
tritiated thymidine come very close to satisfying the 
requirements of two such cellulaw labels. Colchicine 
‘marks’ cells at metaphase by spindle disruption or 
inhibition. In peas, these ‘marked’ cells proceed into 
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` interphase and are observed as tetraploid cells at tho next 
division. The time-interval between colchicine treatment 
and the appearance of the tetraploid cells serves as a 
measurement of the mitotic cycle duration?. Tritiated 
thymidine, on the other hand, marks cells by means of a 
radioactive label. The cells marked with tritiated thymi- 
dine are those synthesizing DNA and they can be identified 
autoradiographically. In Pisum, metaphase and the S 
(DNA synthesizing) period are separated in time by about 
0-5 cycle durations, that is, they are approximately 180° 
apart’. 

In the experiments to be described, colchicine and 
tritiated thymidine were presented to root meristems for 
30 min. If the concentration and duration of colchicine 
treatment are utilized according to the published results?:’, 
the cells in metaphase (Cm) at the ‘time of treatment, plus 
those which pass into metaphase while colchicine is 
present, will be affected and will form clumped or balled 
metaphases’. The total number of affected metaphases 
(Na) is estimated by the following equation: 

Na = (K)(Da) + Cn (1) 
where Kis the rate at which cells are flowing into meta- 
phase and Da is the duration of the colchicine effect. The 
affected metaphases will enter the next interphase without 
eytokinesis. 

The expected number of tetraploid cells (Np) produced 
by this treatment is: 

Np = 1/2 Na (2) 
One-half of the original affected metaphases are expected 
to appear as tetraploids due to the quasi steady-state 
condition which prevails in the root meristem of Pisum, 
that is, after each division one daughter cell, on the 
average, differentiates and the other continues to prolifer- 
ate. 

The number of cells labelled in a pulse tritiated 
thymidine experiment (Ns) is: 

Ns = (K\(D,) + Cs (3) 
where K is the rate at which cells flow into the S period, 
D: is the time tritiated thymidine is available to the DNA 
synthesizing cells and C; is the number of cells occupying 
the S period at the time tritiated thymidine was presented. 
One difference between the two chemicals, in marking 
cells of an asynchronous population, is that the number 
of cells affected by colchicine (Ne) is primarily dependent 
on the rate of cell entry into metaphase (K) and the dura- 
tion of the colchicine effect (Da). The actual number of 
cells in metaphase at the time of colchicine treatment 
(Cm) is almost negligible. By the same token, the number 
of cells labelled with tritiated thymidine is almost entirely 
a function of the number of cells in S at the time of 
tritiated thymidine presentation (C;). The rate of cell 
flow into S and the duration of a tritiated thymidine 
treatment are responsible for a (K)(D:) number of labelled 
cells which, in a pulse experiment, would be small. The 
rate of cell flow through segments of the cycle in equations 
(1) and (2) is estimated by: 

K = N..fCT 


Ne is the number of cells in the mitotic cycle and CT is 


the mitotic cycle duration in hours. 

The experiments were performed in the following 
manner. Seedlings of Pisum sativum var. ‘Alaska’, 
germinated at about 21° C in vermiculite moistened with 
distilled water. were equilibrated in aerated Hoagland’s 
nutrient solution at 20° + 1:0°C overnight. On the follow- 
ing day the primary roots of seedlings were immersed 
for 30 min in a solution containing 3-76 x 10-* M colchi- 
cine and tritiated thymidine (2 uc./ml., spec. act. 5-3 x 
10° mc./mM). After washing, the seedlings were returned 
to nutrient solution and samples removed for a period of 
18 h. The samples were fixed in a mixture of 3 parts 
ethanol and 1 part glacial acetic acid and stained by the 
Feulgen method. After staining, the terminal 2 mm of 
the meristem were removed and macerated on microscope 
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Table 1. MOITOTIO INDICES OF TREATED ROOT MERISTEMS 
Mean mitotic 

Treatment Hour , index S.E. 
Tritiated thymidine 

and colchicine 3/4 58-33 4-09 

2 83-33 1-76 

4 74-66 3-38 

6 66-66 7-68 

75-00 11-59 

10 66-00 5-20 

12 63-00 3-51 

14 70:33 11-31 

16 53-33 5-83 

l! ' 18 59-33 7-31 

Colchicine 3/4 . 62-22 3-17 

2 76:33 5-45 

4 78-00 13-65 

6 79-00 6-08 

75-66 5-70 

10 67-33 3-84 

12 58-00 2-30 

14 47-66 4:97 

Tritiated thymidine 4 70-66 4:17 

12 72-66 10-33 


Table 2. RELATIVE PROPORTION OF MERISTEM CELLS LABELLED BY EITHER 
OLCHIOINE OR TRITIATED THYMIDINE 


Relative area under à 
, the curve 

Cells in the mitotic cycle 1-00 
Cells labelled with tritiated 


thymidine 0-296 
Colchicine-affected 

metaphase cells (1/2 Na) 0-145 
Polyploid cells produced 

by colchicine (Np) 0-162 


The area under the mitotic index curve formed from the data in Table 1 
was equated to 1-00 and all other areas from Fig. 3 are expressed as some 
fraction of 1-00. 
slides. For autoradiography, the slides were coated with 
Gevaert liquid emulsion and exposed for 6 days at 4° C. 

To estimate the proportion of cells labelled with either 
colchicine or tritiated thymidine, all the data were ex- 
pressed in the same manner, that is, the number of colchi- 
cine-affected metaphases, the number of tritiated thymid- 
ine labelled figures and the number of polyploid mitotic 
figures were expressed on a per 1,000 cell basis. The 
curves were then cut out and weighed, the areas under each 
curve bejng proportional to the weight. The area or 
weight proportional to the total number of cells in the 
cycle (Ne:) was taken to be that under the mitotic index 
curve formed from the data in Table 1. The time-interval 
used was 0-14 h, the dverage mitotic cycle time. It was 
assumed that the majority of cells in the cycle had 
divided once during this time period. 

The number of mitotic figures per 1,000 cells (mitotic 
index) was about 70 throughout the experiments and 
showed, no marked effect of colchicine. It is assumed, 
therefore, that coll flow was relatively unaffected by either 
label. 

The data obtained from the simultaneous treatment with 
tritiated thymidine and colchicine are shown in Fig. 3. 
They are expressed as the number of ‘adjusted’ clumped 
and scattered metaphases (1/2 Na), the number of tritiated- _ 
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Fig. 3. Measurement of the mitotic cycle time by the colchicine 
method. The adjusted clumped and scattered metaphases represent the 
actual number of affected cells divided by two (1/2 Na). The time at 
which the number of polyploid mitotic figures reaches a maximum is the 
average mitotic cycle time ' 
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thymidine-labelled mitotic figures and the number of 
polyploid (tetraploid) mitotic figures per 1,000 cells. The 
curves closely follow the theoretical (— )sine-cosine curves 
illustrated in Fig. 2. The appearance of cells affected and 
‘marked’ by colchicine resembles the cosine component of 
the curve while the cells labelled with tritiated thymidine 
are represented by the (—)sine curve. Further inspection 
of tho curves in Fig. 3 shows that the mitotic cycle duration 
at 20° C was approximately 14 h and that the S period is 
located near mid-interphase. If the results were expressed 
as the per cent mitotic figures labelled with tritiated 
thymidine or ‘marked’ by colchicine, the duration of the 
interphase periods could be determined. 

Measurement of the areas under the curves in Fig. 3 
showed that the proportion of cells synthesizing DNA 
was about 0-296. There was a relatively close agreement 
between the observed colchicine-affocted metaphase cells 
and the number of tetraploids produced. The expected 
ratio of Np to 1/2 Na is one (equation 2); the observed 
ratio was 1:12. Besides the possibility of observation 
error being the cause of the disagreement between the 
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observed and expected ratio, it is plausible that the 
duration of mitosis of a tetraploid cell may be slightly 
longer than a diploid cell. Such an increased duration 
would result in an apparent increase in the number of 
tetraploid mitotic figures. 

The experiments described here offer a method which 
should be very useful in studies concerning cell kinetics 
and the mitotic cycle. Investigations designed to ascer- 
tain the relative sensitivity or physiology of cells in the 
various interphase periods following either radiation or 
chemical treatment should find this method particularly 
applicable. 

We thank Dr. Grace M. Donnelly and Rhoda C. Spar- 
row for their advice. 

This work was carried out here under the auspices of 
the U.S. Atomic Energy Commission. 
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ANODIZED ALUMINIUM GRAINS LABELLED WITH RADIOPHOSPHORUS 
FOR MEDICAL PURPOSES 


By F. BADELLINO and L. CALDAROLA 


Divisione di Chirurgia e Centro F. Focardi Valletta dell’ Istituto di Oncologia di Torino 
AND 


G. B. FASOLO, R. MALVANO, U. ROSA and E. ZIMMER 


Società Ricerche Impianti Nucleari, Centro Ricerche Nucleari, Saluggia (Vercelli) 


NTERSTITIAL 6-therapy, by implantation in tissues of 
radioactive sources, is widely applied to the treatment 
of certain forms of human malignancies. Among the 
radio-elements proposed for this therapeutic technique, 
yttrium-90 and gold-198 are the most generally used. 
Radiophosphorus (P) shows some attractive features 
because of its suitable half-life (14-3 days) and its rather 
high-energy B-emission (maximum energy 1:71 MeV); 
but the use of this radionuclide is limited by the diffi- 
culties found in the preparation of safe solid sources. The 
only techniques we have found in the literature are those 
reported by Riechert and Mundinger? and by Rameš and 
Moravek*, who used respectively small plastic capsules 
filled with phosphomolybdic acid solution, and Ca(PO,), 
grains, labelled with phosphorus-32. These methods 
require a delicate preparative work, and, moreover, a 
large §-self-absorption effect can be expected in both 
cases. 

A new simple method for the preparation of grains 
labelled with phosphorus-32 basically consists in ad- 
sorbing labelled PO,- ions on an active aluminium oxide 
film produced by anodic oxidation of aluminium wire. 
The adsorption capacity of the oxide film for PO,?- ions 
is quite high, but the process is reversible: the phos- 
phorus-32 activity is partially desorbed, even after 
‘sealing’ in boiling water, when the labelled wire is kept 
in isotonic sodium chloride solution. 

In order to fix strongly the phosphorus-32 activity on 
anodized aluminium, a complex of PO,- ions with Cri 
is produced on the oxide film. The high ligand stability 
between PO,- ions and Cri complexes at pH 8 has 
already been noted in the investigation of a preparation 
method of a phosphorus-32 labelled radiocolloid* 4. 

Anodic oxidation of aluminium is carried out in 20 per 
cent sulphuric acid at room temperature, with a current 
density of 10 m.amp per cm?. A lead tube, as the cathode, 
surrounds the aluminium wire anode (1-3 mm diameter, 
50 mm length) rotating at 30 r.p.m. If the electrolysis 
is carried out for 60-90 min, a compact film of aluminium 
oxide, about 20u in thickness, is formed on the wire. 


After careful rinsing with cold water, the wire is placed 
in a small reaction vessel kept at a constant temperaturo 
of 60° C, containing 5 ml. of (NH,),CrO, and labelled 
Na,HPO, solution, previously adjusted at pH 8 with 
0-1 N sodium hydroxide; 0-2 g of chromate and 250 ug 
of phosphate, as a carrier of 65 mc. of phosphorus-32, are 
generally used (phosphorus-32 supplied by SORIN as 
carrier-free H,°*PO,). The wire is slowly rotated in the 
solution for 3 h, after which a maximum adsorption value 
is reached, and about 75 per cent of the activity is fixed: 
about 20 ug phosphorus per cm? aluminium, with a 
resulting activity of about 1 mc. per mm wire length, are 
adsorbed. The adsorption of phosphorus on the oxide 
film is shown in Fig. 1 as a function of time; the full line 
refers to the adsorption in the reported conditions. the 
dotted line refers to the adsorption in absence of chrom- 
ates. Phosphate adsorption is practically unaffected by 
the chromate ions. 

In order to form stable phosphate-Cr¥I complexes the 
chromate ions filling the oxide film are reduced by main- 
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Fig. 1. Adsorption of phosphates on aluminium oxide film (see text for 


experimental conditions): fullline, adsorption in presence of chromates; 
dotted line, adsorption in absence of chromates 
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Fig. 2. Desorption of phosphorus-32 activity from aluminium oxide 

film in 9 parts per thousand sodium chloride solution: full line, desorp- 

tion from Cr™ containing film; dotted line, desorption from film not 
containing Cr™ (the results reported have been divided by 10) 


taining the wire for a 5-h period in hydrazine solution at 
pH 8. A direct absorption of Cri on the film, in order to 
avoid the reduction step, was found not to be feasible. 
The labelled wire is then ‘sealed’ by boiling in water for 
about 1 h. No important losses of phosphorus-32 activity 
occur during the reduction and sealing operations. 
Stability tests to check possible losses of phosphorus-32 
activity were performed in vitro, by maintaining the 
labelled wire in a stirred solution of 0-9 per cent sodium 
chloride at 37° C. In Fig. 2 some results are illustrated ; 
the full line shows the behaviour of a wire labelled as 
previously described, whereas the dotted line refers to a 
wire on which phosphorus-32 was adsorbed in absence of 
chromates. The graphs in Fig. 2 show the inhibition of 
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the phosphorus-32 desorption when Cri is present on 
the film (less than 1 per cent activity lost in 14 days). 

The labelled wire is finally cut in 5-mm lengths; the 
activity fixed on each length is determined by counting 
in well-defined geometrical conditions by means of a 
Geiger-Miiller counter calibrated with standard phos- 
phorus-32 sources. The labelled needles are charged 
with phosphorus-32 activities up to 5 mc.; this represents 
an upper value of activity for clinical purposes, but 
probably it is not the limit value which can be reached 
by using this technique. 
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Table 1. DISTRIBUTION OF PHOSPHORUS-82 ACTIVITY, FROM TESTS in vivo 


(implantation of labelled grains in rabbit liver) 


Organs and Per cent activity found 
materials analysed Average min. max; 
Liver 0-65 +054 0-043 1-43 
Spleen 0-005 + 0-004 0:0008 0:019 
Kidneys 0-022 + 0-021 0-001 0°45 
Carcass 077 +059 0-20 1-49 
Urinary excretion 0-28 40-25 0:035 0°78 
Fæcal excretion 0-30 +028 0-042 0-91 
Labelled grain 98-0 +18 96-10 99°71 


Work is in progress on the stability in vivo of these 
grains labelled with phosphorus-32, by implantation in 
different organs of rabbits. The first data confirm the 
good. stability of the preparation as shown in Table 1, 
where the distribution of the activity is reported; the 
data refer to five rabbits, which were killed 12-15 days 
after the implantation in their livers of phosphorus-32 
labelled needles (0-15-1°5 me.). 


1 Riechert, T., and Mundinger, F., Der Chirurg., 28, 145 (1957). 

2 Rameš, M., and Morávek, F., Neoplasma, 9, 159 (1962). 

3 Bellion, B., Biichi, G., Chiarle, S., Rosa, U., and Sosi, 8., Minerva Nucleare, 
7, No. 6, 237 (1963). 


* Rosa, U., and Sosi, S., “Messa a punto di un metodo di preparazione di un 
radiocolloide di P-32 su un supporto di idrossido di cromo”, SORIN 
Internal Rep., No. R/308 (June 1883). 
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Transfer Ribonucleic Acids Specific for Serine and 
Phosphoserine : 


DMINISTRATION of cestrogen to the fowl has been 
shown to result in production by the liver of two 
new proteins (phosvitin and lipovitellin)!. Plasma phos- 
vitin, a phosphoprotein, consists of approximately 50 per 
cent serine, about half ‘of which is [phosphorylated. The 
lipovitellins contain approximately 10 per cent by weight 
of serine, and about 50 per cent of this amino-acid is 
present in the form of phosphoserine?. 

Following pharmacodynamic doses of cestrogen, liver 
weights are increased (up to 50 per cent). Total cellular 
and total nuclear RNA are also increased, but transfer 
RNA (the S, fraction) is relatively unaltered in terms of 
amount per unit weight of liver’. However, since the 
cestrogenized bird has apparently greatly modified its 
liver mechanism for the production of these particular 
proteins, it was of interest to determine whether or not a 
qualitative change in the transfer RNA fraction also 
occurs, especially in those carriers that may be specific for 
the amino-acids serine and phosphoserine. 

In recent publications three messenger codes have been 
proposed for serine (AGC, CUU and UCC)‘. This leads to 
the speculation that there may be more than one transfer 
RNA for each of the amino-acids. 

In vitro investigagions by Sueoka and Yamane, who 
used, a methylated albumin column to resolve the various 
transfer RNA’s, revealed that there are, indeed, at least 


two. transfer RNA’s for serine in rat liver homogenate’. 
To determine whether or not transfer RNA’s specific for 
serine in chicken liver could be resolved on such a column, 
cestrogenized roosters were injected (via the wing vein) 
with serine labelled with carbon-14 (0-5 mc.). One hour 
after injection, the liver was removed and the transfer 
RNA purified according to Hiatt®. In Fig. 1 may be seen 
the results of elution of chicken liver transfer RNA’s from 
a methylated albumin column (sodium chloride gradient 
0-3-0-9 M in 0-025 M tris at pH 7-2). The points on the 
curve depicting radioactivity are based on counts of 
2-5 ml. samples as obtained on a low background gas-flow 
detector. Three major peaks (Nos. 2, 3 and 4) and two 
minor peaks (Nos. 1 and 5) are present, 

Of paramount interest is the fact that in the chicken, 
in addition to the two peaks found on the trailing edge 
of the curve by Sueoka and Yamane, there also appeared 
peaks on the leading edge. ; 

Since about half the serine present in the new proteins 
produced by the liver cells is phosphorylated, speculation 
arose as to whether transfer RNA carried serine already 
phosphorylated, that is, whether or not phosphoserine is 
actually carried by specific transfer RNA’s and is thus 
incorporated into protein as phosphoserine. To answer 
these questions, 900 uc. of phosphorus-32 was injected 
into the wing veins of cestrogenized New Hampshire 
roosters 5 min prior to removal of the livers. Total 
transfer RNA was isolated and mild alkaline hydrolysis 
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Fig. 1. Elution pattern of carbon-14 labelled serine sRNA on a methyl- 
ated albumin column. 0:5 me. of carbon-14-labelled serine was injected 
Th prior to liver removal. The RNA was extracted according to Hiatt’s 
method. The starting buffer was 0-3 M sodium chloride and the final 
buffer was 0-9 M sodium chloride. The points depicting radioactivity are 
based on counts of 2-5-ml. sample as obtained on a low-background 
gas flow detector. Three major peaks (Nos. 2, 3, and 4) and two minor 
peaks (Nos. 1 and 5) are present in the radioactive curve 


was carried out. (The RNA solution was adjusted to 
pH 10 by addition of sodium hydroxide and was in- 
cubated at 37° C for 0-5 h.) It was then dialysed against 
water to remove amino-acid residues. Phosphoserine was 
found to.be present in the dialysate by electrophoresis 
and chromatography. The presence of phosphoserine on 
transfer RNA. further indicates that phosphorylation of 
the amino-acid (serine) can occur prior to its incorporation 
into protein. 

Since phosphoserine can be detected as being bound to 
transfer RNA prior to incorporation into protein, the 
question arises whether or not phosphoserine has a 
specific transfer RNA. In an experiment in which large 
amounts of phosphorus-32 were used (4-2 me.) so as to 
produce sufficiently high specifie activities, injection was 
made 10 min prior to removal of the liver. In Fig. 2, one 
can see the usual optical density curve from the methylated 
albumin column and two radioactive curves (the points 
were obtained on a low-background gas-flow counter). 
The one higher in activity represents the curve for the 
total count per 2-5-ml. sample. This curve shows the 
activity of both the RNA and the phosphoserine. The 
third curve shows the activity of the phosphoserine in 
alternate fractions. (Alternate 2-5-ml. fractions were 
subjected to mild alkaline hydrolysis and then dialysed to 
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Fig. 2. Elution pattern of an œstrogenized rooster liver sRNA on a 
methylated albumin column. 4-2 me, of phosphorus-32 was injected into 
the wing vein of a rooster 10 min prior to removal of the liver. 
The total activity per fraction was measured and appears as the curve; 
points depicting the radioactivity are based on alternate 2-5-ml. samples 
© . Alternate fractions were subjected to mild alkaline 
hydrolysis and then dialysed to obtain the phosphoserine. The curve; 
© — @ represents the plot of the phosphoserine which was chromato- 
graphed and counted on a low-background detector 
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obtain the phosphoserine. The phosphoserine was 
chromatographed and counted on a low-background 
counter.) ; 

A comparison of the three curves reveals striking 
concentration of phosphoserine in that transfer RNA 
which is on the leading edge of the elution curve. Transfer 
RNA specific for phosphoserine thus appears to be present. 
Actually, considerable phosphoserine was found in both 
the leading and trailing portions of the elution curve for 
transfer RNA. This suggests that there is more than one 
type of transfer RNA capable of carrying phosphoserine. 
Thus, there may exist a degenerate code for phospho- 
serine as well as for serine. It is impossible at this point 
to state unequivocally whether or not this degeneracy in 
code may ‘overlap’ that of serine. The carbon-14 serine 
elution curves yield five peaks (three major and two 
minor). (The peaks on the trailing edge of the elution 
curve agree with those found in rat liver transfer RNA for 
serine.) Since three distinct degenerate codes have been 
found for serine (AGC, CUU, UCC), peaks Nos. 1,3 and 4 
may be those of serine and peak 2 (which is very large in 
proportion to the others in the phosphoserino curve (Fig. 
2)), and probably some of the trailing material, consists of 
transfer RNA specific for phosphoserine. Because of 
‘smearing’ of the elution patterns it is impossible to 
determine the exact number of phosphoserine transfer 
RNA’s. 

We predict that a messenger code for phosphoserine 
separate from serine will be found to exist and that it will 
be found to be degenerate. It may or may not he over- 
lapping to some extent with serine. Work is now under 
way to isolate the transfer RNA’s specific for these two 
amino-acids. Hydrolysis of total sRNA from cestrogenized 
livers followed by chromatography and electrophoresis 
reveals the presence of unique base sequences in these 
transfer RNA’s?*. 


Differential Turnover of Transfer RNA 


CEstrogenic substances evoke the production of sevoral 
néw protein components in the plasmas of chickens? 
which also contain significant amounts of serine and 
phosphoserine?. The concentration of these proteins is 
directly related to the doss of cestrogen administered to 
the chicken. As the aforementioned serum components 
are elevated (the total serum protein concentration is 
increased at the same time) all normally occurring sorum 
components are reduced’. 

Flickinger and Rounds? demonstrated that phos- 
phorus-32 injected into the wing veins of laying hens 
moved sequentially from the liver to the protein of the 
circulation and then to the egg yolk, thus indicating that 
the liver is the site of production of these proteins. Indeed, 
when phermacodyn=mic doses of cestrogenic substances 
(Ayerst Co.) aro given to fowls the liver weights increase 
(up to 50 per cent) as a consequence of this new activity 
forced on the liver’, 

Electron micrographs of liver cells reveal that the 
endoplasmic reticula of many of them are engorged and 
have assumed many of the characteristics of actively 
synthesizing and secreting cells?. Such an organ in which 
the relative rates of protein synthesis of proteins high in 
serine content can be controlled by the amount of 
eestrogen injected is a convenient system in which to 
study turnover of transfer RNA. 

For the production of specimens of transfer RNA, 
50 mg of cestrogenic substances were injected intra- 
muscularly one week before the removal of the liver. 
Four days later a second injection of 50 mg was given. 
At varying times (5 min, 10 min, 20 min and 3 h) before 
the removal of the liver 200 pe.—4-2 me. of phosphorus-32 
was injected into the wing vein. gre liver was placed 
immediately in ice water. 

Samples of transfer RNA were separated from other 
cellular RNAs by homogenizing whole liver in distilled 
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water (1-5 times the liver weight), then centrifuging for 
9 h at 70,000g in a Beckman model L centrifuge in order 
to sediment the particulate matter. This supernatant 
material contained the RNA and.protein material. The 
RNA was freed from protein contaminations by stirring 
with 2-5 per cent sodium dodecyl sulphate solution for 
90 min. To this solution an equal volume of 90 per cent 
phenol was added and mixed for 90 min. The mixture 
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Fig. 8a. Elution pattern of transfer RNA on the methylated albumin 

column. Phosphorus-32 was injected at 5 min prior to removal of liver. 

The RNA was isolated by phenol extraction and subjected to mild 

alkaline hydrolysis to remove the amino-acids. The volume of each 
fraction was 2°5 ml, 


Fig. 3b. Elution pattern of transfer RNA on the methylated albumin 

column. Phosphorus-32 was injected at 20 min prior to removal of liver. 

The RNA was isolated by phenol extraction and subjected to mild 

alkaline hydrolysis to remove the amino-acids. The volume of each 
fraction was 2-5 ml, 


Fig. 8c. Elution pattern @f transfer RNA on the methylated albumin 
column. Phosphorus-32 was injected at 3 h prior to removal of liver. 
The RNA was isolated by phenol extraction and subjected to mild 
alkaline hydrolysis fo remove the amino-acids. The volume of each 


fraction was 25 ml. 
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was centrifuged and the aqueous phase washed three 
times with equal volumes of ethyl ether. The RNA was 
precipitated in 3 volumes of ethanol and redissolved in 
0:2 M sodium chloride—0-:25 M iris solution at pH 7-2. 

In order to remove the amino-acids from the transfer 
RNA, mild alkaline hydrolysis according to Zubay® was 
used, The procedure then involves dialysing against. 
large volumes of 0-2 M sodium chloride—0-025 tris buffer 
(pH 7-2) solution to remove excess sodium hydroxide an 
free amino-acids. 

The method chosen for resolving transfer RNA was 
elution from the methylated albumin columns of Mandell 
and Hershey® as modified by Sueoka and Yamane’ for 
liver RNA. A linear sodium chloride gradient of 300 ml. 
(between 0-2 M and 1:5 M) was used. The éluent was 
collected in 2-5-ml. fractions after passing through a. 
Vanguard model 10564 ultra-violet analyser. Radio- 
activity was measuréd on a .low-background gas flow 
counter. 

The elution of transfer RNA labelled by phosphorus-32 
injected at 5 min, 20 min and 3 h prior to the removal of 
the liver gave the activity curves shown in Fig. 3 (a, b 
and e). As can be seen from inspection of the curves 
occurring at different time intervals a progressive change 
in the shape of the radioactive curve occurs (note how 
closely the radioactivity curve fits the shape of the 
optical density curve of the column by 3 h), indicating 
that this transfer RNA is evenly labelled over the entire 
elution spectrum. (Control of liver transfer RNA shows 
even labelling at 5 min, 10 min and 3 h.) The curve, 
depicting RNA that has been exposed for 5 min, peaks 
in the areas where transfer RNA specific for serine and 
phosphoserine has been located previously (see Fig. 1). 

These results show clearly that transfer RNA specific 
for serine and phosphoserine take up phosphorus-32 more 
rapidly in’a situation where the requirement is high for 
such transfer RNA’s and hence are presumably being 
synthesized more rapidly. The demonstration of differ- 
ential turnover of RNA leads to further speculation, on 
the mechanisms involved in the formation and release of 
transfer RNA. Specifically: Is the increased production 
and turnover of transfer RNA for serine and phospho- 
serine due directly to the influence of cestrogen, or are 
they increased due to the increase in the number of times 
they are used in the formation of these proteins high in 
these amino-acids ? ; 

Further investigations are required to determine these 
possibilities. One point does appear to be clear, however, 
that is, that the sites for the production of each specific 
transfer RNA have their own control mechanism. In 
other words, each one of the transfer RNA’s specific for 
the transfer of a specific amino-acid appears to be induced 
separately so that the cell is able to change the ratio of 
the transfer RNA. for one amino-acid in relationship to 
another or perhaps even the total amount of transfer 
RNA. Thus, control over the rate of synthesis of a given 
protein may be exerted via the sRNA system as well as 
by the amount of mRNA and concentrations of substrate. 

We thank Drs. John Pierce and Paul Zubkoff for advice 
and assistance and Mr. Raymond Neutra for technical 
assistance. This work was supported by contract AT(04—1) 
GEN 12 between the U.S. Atomic Energy Commission 
and the University of California, and by U.S. Public 
Health Services training grant 571-GM—796. 
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LIQUID CRYSTALLINE NATURE OF PHOSPHOLIPIDS 


By P. BYRNE and Dr. D. CHAPMAN ` 
Unilever Research Laboratory, The Frythe, Welwyn, Herts 


HE importance of the phospholipids in biological 

systems has recently been reinforced by the studies 
of Green and associates}? in their examination of the 
mitochondria as well as in many other recent investiga- 
tions of cell systems*-*. One important feature of the 
phospholipids is their liquid crystalline nature. This has 
occasionally been commented on, but relatively few 
detailed investigations of its nature have been made. We 
are examining a variety of different aspects of this liquid 
crystalline behaviour, and this article reports results of an 
infra-red spectroscopic investigation which has a number 
of important general implications. 

The infra-red spectra of a pure DL-«-dipalmitoylethanol- 
amine has been obtained (after crystallization from chloro- 
form) in a potassium bromide disk at a variety of tempera- 
tures (Fig. 1). At low temperature (— 186° C) the spectrum 
shows @ great deal of fine structure, for example, the band 
near 720 cm-! associated with the CH, rocking mode is 
split into a doublet. At room temperature some of the 
fine structure has disappeared and there is now only & 
single band at 720 cm-'. As the temperature is further 
increased to a temperature of about 110°-120° C all the 
remaining fine structure disappears and the spectrum 
resembles that of a liquid rather than a solid. The true 
melting-point of the lipid is, however, 194°-195° C. A 
similar behaviour to this was reported’ to occur with 
anhydrous sodium soaps, for example, sodium palmitate, 
which we interpreted to indicate that the hydrocarbon 
chains have melted considerably (~ 200°) below the melt- 
ing point and that the smearing out of the spectrum is 
related to the twists of the methylene group from the 
trans’ configuration or to the occurrence of rotational 
isomerism. We believe that as the temperature increases 
from the lowest temperature the hydrocarbon moiety 
begins to flex and twist until finally melting of the chain 
occurs. The ionic end groups retain the crystalline 
character of the material until the ‘true’ melting-point is 
reached. The X-ray long spacings? are also observed to 
decrease with temperature, as do the soaps, and this is also 
consistent with our interpretation. Significantly, the 
short spacings form diffuse haloes at 4-5 A above ~ 100° © 
(the line 4-5 A is observed with liquid hydrocarbons). 
This conclusion that the hydrocarbon chains of a phos- 
pholipid can be in a liquid condition many degrees below 
its melting-point has a number of interesting implications. 

(a) With unsaturated hydrocarbon chains the melting 
of the chains will occur at a lower temperature than with 
the saturated chains so that in biologically interesting 
phospholipids containing saturated and unsaturated fatty 
acids, for éxample, oleoyl/stearoy] fatty acids, the chains 
can be in & liquid state at body temperature or room 
temperature despite the fact that the lipid has a true 
melting point of some 200° C. This probably is the reason 
why synthetic membranes prepared from natural phos- 
pholipids for examination by electron microscopy are 
quite different from those prepared from phospholipids 
containing saturated fatty acids?. Furthermore, when 
water is present this liquid character of the chains may 
be important in determining the type of phase which can 
exist at any particular temperature and be in turn related 
to permeability processes’. 

(6) The infra-red spectra of a variety of mixed saturated 
and unsaturated phospholipids have been examined and 
it has been commented that no significant difference can 


be observed between the spectra of related isomers* "9; 
for example, f-oleoyl-y-stearoyl L-«-phosphatidylethanol- 
amine and y-oleoyl-B-stearoyl 1-«-phosphatidylethanol- 
amine give identical spectra and a similar result is observed 
with other phospholipids. The reason for this is now 
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bromide disk 2 mg/300 mg potassium bromide. Spectra recorded on 
Grubb-Parsons G.S.4 infra-red grating spectrometer 
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clear. The hydrocarbon chains in these lipids are in 
liquid condition at room temperature, and examination 
of the spectra shows this. With glycerides the closely 
related isomers 1-cleodistearin and 2-oleodistearin give 
identical spectra when examined as liquids but quite 
marked differences when in the crystalline state’. The 
unsaturated phospholipids need to be cooled until crystal- 
lization of the hydrocarbon chains occurs, when differences 
are more likely to occur. We have examined some un- 
saturated lecithins in this way. The characterization of 
phospholipids obtained from natural sources?* using infra- 
red spectroscopy is also affected by these considerations, 
and changes in fatty-acid composition will not be revealed 
in the spectra if they are only examined at room tempera- 
ture. 

(c) The infra-red characterization of phospholipids 
containing saturated chains is at present in a most un- 
satisfactory position and considerable differences occur 
in the reported spectra for nominally the same material!2-18, 
Some of these differences may be related to impure 
materials or to polymorphism An additional complica- 
tion, however, can also occur with these materials. During 
the preparation of a potassium bromide disk, partial 
melting of the hydrocarbon chain may sometimes take 
place even with saturated chain compounds and the 
resulting rather slow recrystallization may cause a liquid- 
like spectrum to be observed or, alternatively, the chains 
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may then crystallize in a form having a different orienta- 
tion from that of the original unpressed material. 

(d) A phospholipid containing saturated and unsatur- 
ated fatty acids, but with a trans rather than a cis 
grouping present, will be expected to have a higher transi- 
tion temperature for the melting of the hydrocarbon 
chains. This will probably be the situation’ when water is 
present, and we are examining this. If, as has been 
suggested’, the unit membrane exists rather critically, 
on the borderline of a phase transition, sensitive to 
temperature and below which permeability processes are 
affected, then the presence of lipids of this type in a 
membrane could give rise to important physiological 
effects. 
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GASES FROM FLASH AND LASER IRRADIATION OF COAL 
By A. G. SHARKEY, jun., J. L. SHULTZ and Dr. R. A. FRIEDEL 


P.ttsburgh Coal Research Center, U.S. Department of the Interior, 
Bureau of Mines, Pittsburgh, Pennsylvania 


ECHNIQUES for the rapid heating and subsequent 
rapid cooling of coal are being investigated at the 
Pittsburgh Coal Research Center of the Federal Bureau of 
Mines. In a previous investigation at this laboratory, it 
was shown that the distribution of gaseous products by 
the flash irradiation of Rock Springs, Wyoming, low- 
volatile, bituminous (lvb) coal is different from that 
obtained by high-temperature carbonization’. The 
effects of increased energy and various atmospheres on 
product distribution were studied. Rau and Seglin have 
recently described a similar investigation which also 
included a study of the change in gas composition with the 
“rank of the coal’. 

Gases produced by the flash and laser 
irradiation of Pittsburgh seam, high-volatile 
A, bituminous (hvab) coal were examined as 
a continuation of the investigation at the 
Bureau of Mines. Laser action is different 
from both flash photolysis and flash heating 
in that it depends on the production of 
radiation coherent in time and space (single 
frequency and well collimated). Laser 
techniques have been used for the rapid 
vaporization of metals (copper, molybdenum, 
tantalum and tungsten) and graphite at 
. temperatures estimated from 7,000° to 
8,000° K (refs. 3 and 4). It was of interest to 
investigate the laser irradiation of coal be- 
cause of: (1) the essentially single-frequency 
character of the energy, and (2) the possibil- 
ity of rapidly increasing the temperature of 
a small volume of coal. 

The experimental arrangement. used in 
the laser irradiations is shown schematic- 
ally in Fig. 1. For, the flash irradiations, 
the ruby rod was removed and the sample 
tube was placed in the position shown for 
the rod. 






Energy from a 4,000-joule power supply was discharged 
through the xenon-filled lamp for the 1-msec flash irradia- 
tions. About 150 mg of through-200 mesh coal was placed 
in sample tubes 0-5 in. in diameter and 6 in. long. The 
tubes were evacuated and sealed and, just prior to flash 
irradiation, were rotated to deposit as much sample as 
possible on the inner surface of the tubes in the direct ` 
path of the energy. Based on the weight of the coal that 
adhered to the surface of the tube in several experiments it 
is estimated that 11 mg of coal was irradiated by the flash. 

A ruby crystal with an output of about 2 joules at 
6943 A was used for the laser investigations. Energy from 
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the I-msec light pulses was focused, using a 3-cm focal- 
length lens, on coal sections 1 cm in diameter and 1-5 mm 
thick (Fig. 1). The laser experiments were also conducted 
with the tubes evacuated and sealed. Craters about 
0-3 mm in diameter and 0-8 mm deep were formed. 
Gases produced by the flash and laser irradiation were 
analysed by mass spectrometry after fractionation, using 
the following baths: Liquid nitrogen, dry ice, ice water, 
room temperature, and, water at 60° C. The results of the 
analyses of total gaseous products obtained by combining 
data from the five fractions as well as the analysis of gas 
from a typical 900° C carbonization of coal are shown in 
Table 1. The temperature reached by the coal particles 
irradiated could not be determined, but, based on the 
average particle diameter and energy, the maximum 
temperature was estimated as greater than 1,000° C 
with the flash irradiation. The coal in the path of the 
focused beam of the laser light probably reached several 
thousand degrees centigrade, as the laser irradiation of 
solids under similar experimental conditions (similar size 
erater resulted also) has produced surface temperatures 
of near 7,000° K, as deduced from the Langmuir—Ssha 
equation’. 
Table 1. GASEOUS PRODUOTS FROM LASER AND FLASH IRRADIATIONS AND 
HIGH-TEMPERATURE CARBONIZATION OF COAL 


Pittsburgh seam (hvab) coal 
Energy source Ruby laser Xenon lamp Carbonization 
and/or (~2-joule (~4,000-joule at 
treatment output) input) 900° C 
Mole per cent 

Compound (H,0 free analysis) 
H: 45-4 89-2 55-6 
co 14-4 16-1 T4 
CH. 4-8 41 31-5 
GH, 20-9 7-8 0-05 (max) 
0-H. 4-9 0-05 (max) 3-4 
C-H; 0-6 0-1 1:2 
HCN 14 1-7 — 
CO: 2-0 0-5 O-4 
2 Hydrocarbons 

above C, 5-6 0-4 0-5 
Above gases, as 

weight percentage 

of coal 60* 18t 15t 


* Estimation based on volume of craters in surface following irradiation. 
t Estimated from weight of coal on inner surface of tube—see text. 


ł Carbonization product supplied by J. G. Walters, Bureau of Mines, 
Pittsburgh Coal Research Center. 


A comparison of gases from the flash irradiation and 
the high-temperature carbonization of coal confirms 
previously reported results that flash irradiation produces 
gas richer in acetylene, carbon monoxide, and hydrogen 
and poorer in methane and higher hydrocarbons}. In 
addition, hydrogen cyanide was observed in the gas from 
the flash irradiation. Hydrogen cyanide was also found 
in the previous investigation of the flash irradiation of 
coal by the Bureau of Mines, although it was not reported 
by Rau and Seglin®. Based on the estimate of 11 mg 
of powdered coal being flash irradiated, as discussed 
here, the gaseous product (exclusive of water) amounted 
to about 18 per cent of the coal irradiated. 

Gas from the laser irradiation showed higher percentages 
of acetylene, ethylene and C, and higher hydrocarbons 
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than gas from the 900° carbonization and from the flash 
irradiation. Approximately the same percentages of 
methane, carbon monoxide, and hydrogen cyanide were 
produced in the flash and laser irradiations. As shown in 
Table 2, components with molecular weights up to 130 
were found in the gas from the laser irradiation. Di- 
acetylene and vinylacetylene, recognized as pyrolysis 
products of acetylene, accounted for 2-4 per cent of the 
product. On the basis of the laser irradiation producing 
higher temperatures than the flash irradiation the per- 
centage of hydrogen was expected to increase relative to 
the product from the flash irradiation. The decrease in 
the percentage of the hydrogen is possibly related to tho 
increase in partially saturated structures such as ethylene 
and propylene. In the pyrolysis of vinylacetylene at 
700° C, Stehling, Frazee and Anderson observed increases 
in acetylene, ethylene, ethane and methane when. hydro- 
gen was added’. It is difficult to determine the amount 
of coal irradiated with the laser light. Based on the 
volume of the craters, it is estimated that 60 per cent of 
the coal irradiated produced gaseous product. However. 
this figure is not considered accurate as there is evidence 
that a portion of the coal was ‘blown’ from the craters 
and, consequently, probably contributed little gas to the 
total product. Irregular areas surrounding the craters 
were also partially carbonized and must have con- 
tributed to the gaseous product. 


Table 2. HYDROCARBONS IN GASEOUS PRODUCT FROM LASER IRRADIATION 
OF PITTSBURGH SEAM (HVAB) COAL 


Molecular 
weight Compound(s) Mole (%) 

40 Methylacetylene (propyne) 0-6 

42 Propylene (propene) 07 

44 Propane 0-2 

50 Diacetylene (butadiyne) 1-9 

52 Vinylacetylene (butenyne) 0-5 

54 Butadiene ; butyne 0-2 

56 Butene 0-2 

66 Pentenyne 6-1 

68 Pentyne; pentadiene 0-1 

76 — 0-1 (est.) 

78 Hexadiyne O01 

78,92 Benzene; toluene, 0-2 

40-130 Unidentified material* 0-7 (eat.) 
Total 5-6 

* Includes trace peaks at masses 116 and 128 corresponding to indene and 
naphthalene respectively. 


These results indicate that flash and laser irradiations 
of coal produce different distributions of gases than high- 
temperature carbonization. Further experiments are 
planned to determine if these differences are attributable 
only to different thermal conditions or possibly involve 
differences in the nature of the irradiation. 

The flash irradiations were performed at the B. F. 
Goodrich Research Center and the laser irradiations at 
Westinghouse Research Laboratories. 

1 Hawk, C. O., Schlesinger, M. D., and Hiteshue, R. W., BuMines Rep, 
Inves., 6284 (1963). 


3 Rau, E., and Seglin, L., Preprints, Div. Fuel Chem., 145th Meeting Amer. 
Chem. Soc., 7, 154, New York (Sept. 1963). 

3 Vogel, Sy, and Dulberger, Leon, Electronics, 81 (1961). 

“Honig, R. E., and Woolston, J. R., Appl. Phys. Letters, 2, 188 (19863) 

5 Honig, R. E. (personal communication). 


€ Stehling, F. C., Frazee, J. D., and Anderson, R. ©., Proc. Eighth Syan- 
Combustion (Williams and Wilkins Co., Baltimore, Md., 1962). 


AN INTENSE CONCENTRATION OF OH NEAR THE GALACTIC CENTRE 


By B. J. ROBINSON, F. F. GARDNER, K. J. van DAMME and J. G. BOLTON 
C.S.LR.O. Radiophysics Laboratory, Sydney, Australia 


E recently reported! the first detection of two of 

the 18-cm lines of OH in absorption in the spec- 

trum of Sagittarius A, the radio source believed to be at 
the nucleus of the Galaxy. For both lines the absorption 
feature corresponding to the strong atomic hydrogen 
absorption near zero radial velocity? was detected on a 
steeply sloping baseline, the origin of which was believed 


to be instrumental. However, much smaller baseline 
effects were present in observations on two other sources. 
the Crab and Orion nebula, made later the same night. 
We have now made further observations of these three 
sources with improved receiver sengitivity and covering 
a wider range of frequencies, with band-widths of 50 ke/s 
and 7 ke/s. On Sagittarius A these observations con- 
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firmed the “sloping baseline” of the earlier observations 
and established that it is part of an unexpectedly wide 
and deep absorption profile. 

The results for both OH lines, observed with 50-ke/s 
band-width, are shown in Fig. 1. The dotted line shows 
the 2l-em absorption profile observed with the same 
telescope’, plotted on the same radial velocity scale but 
with an arbitrary intensity scale. The sharp but weak 
OH absorptions near zero velocity, at —30 km/sec and 
at —52 km/sec, correspond to the main features of the 
21-em profile. However, the dominant feature of the OH 
spectrum, centred at +40 km/sec, has no marked counter- 
part in neutral hydrogen. 

It was also found that the anomalous absorption takes 
place over only a small region of the complex Sagittarius 
A source. In Fig. 2 are shown scans in declination across 
the source at right ascension 17h 43m 28s at the line 
frequency of 1,667 Mc/s. The top tracing (inverted) was 
made at a frequency corresponding to the +40 km/sec 
peak and has a width only slightly wider than that of the 
aerial beam of the 210-ft. telescope (12-5’). This shows 
that the absorption at this velocity is taking place over 
@ region not more than 4 min of arc in angular extent. 
The second tracing represents the source in the con- 
tinuum and shows that it has an extended component. 
Interferometric observations at 20 em (ref. 4) and 30 em 
(ref. 5) have demonstrated that the source consists of a 
core of between 2’ and 4’ in angular size and a complex 
extended component of about 0:5°. The lowest tracing 
(again inverted) was made at a frequency corresponding 
to zero radial velocity and has a form resembling that of 
the continuum record. 

From a series of scans in both co-ordinates, similar to 
those in Fig. 2, we have determined the position of the 
absorption peak at +40 km/sec as: 


R.A. 17h 43m 29s (1964.3) 17h 42m 35s (1950) 
Dec. —29° 00-2’ — 28° 59-8’ 
This position is 3s + Is east and 1-0’ + 0-1’ south of 
the continuum peak. 

Because of the important implications of these results 
we have carefully investigated the possibility of the 
observed effect being instrumental in origin. The Novem- 
ber 1963 and March 1964 observations show essentially 
the same velocity relationship between the zero-velocity 
line and the broad feature, although the component of 
the Earth’s orbital velocity towards the galactic centre 
had changed by 45 km/sec between the two sets of 
measurements. The close similarity of the shapes of the 
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Fig. 1. Absorption profiles for Sagittarius A at 1,667-357 and 1,665-402 
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Fig. 2. Declination scans across Sagittarius A at 1,667 Mc/s. The top 

scan was made at a frequency corresponding to a radial velocity of 

+40 km/s. The middle tracing shows the source in the continuum, 

The bottom scan shows the line absorption at 0 km/s. Both absorption 
records have been inverted for ease of comparison 


1,665- and 1,667-Mc/s absorption profiles, and the small 
angular extent found for the +40 km/sec feature, provide 
most convincing evidence for the existence of a strong 
OH concentration in the direction of the galactic centre. 

A brief search for emission adjacent to Sagittarius A 
gave a negative result, leading to an upper limit to the 
emission temperature of 0-5° K. 

Optical depths. The complex structure of the source 
makes it difficult to estimate the true optical depth at 
any velocity. The line temperature at +40 km/sec is 
78° K for 1,667 Mc/s and the peak of the continuum is 
270° K. However, it is evident from Fig. 2 that only 
part of the continuum source is being absorbed by the 


.OH at this velocity. We estimate that radiation from the 


core source contributes about half the aerial temperature 
of the continuum peak, that is, 135° K. Assuming that 
the absorbing region covers the whole core, we infer that 
the fractional absorption is approximately 0-6, corre- 
sponding to an optical depth + of 0-9. (The absorbing 
region must cover at least half the core, as the fractional 
absorption cannot exceed unity.) 

It is clear from Figs. 1 and 2 that the absorption near 
zero velocity is due partly to the wing of the 40-km/sec 
feature and partly to absorption in a different gas mass 
covering the whole source. From the line profile and a 
comparison of the zero velocity scans with the continuum 
scans, we estimate that the absorption in the cloud 
covering the whole source is about 16° K at 1,667 Mc/s, 
which would correspond to an optical depth of 0-06. The 
lower value of + in our previous measurements! arose 
from the erroneous location of the ‘baseline’ assumed at 
that time. 
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Table 1. COMPARISON OF OH AND H ABSORPTION 




















Assuming that the absorption at —52 km/sec, in the 
3 kiloparsec arm, covers the whole source, the optical 
depth there is approximately 0-015 at 1,667 Me/s. 

Location of the strong OH concentration. The three sur- 
prising properties of the +40 km/sec line are the high 
positive velocity, the large velocity dispersion and the 
absence of any marked counterpart in 2]1-cm absorption. 
The high positive velocity could be explained in terms of 
known gas motions by placing the absorbing region in the 
expanding spiral arm on the far side of the galactic centre 
and the core source beyond. However, the velocity dis- 
persion would be very different from that indicated by 
the H line emission from this region, and the OH/H ratio 
very much greater than that in the near side of the 
3 kiloparsec arm. As high velocity dispersion is a char- 
acteristic of gas motion in the vicinity of the galactic 
centre®, we consider it more likely that the OH concen- 
tration is near the centre and attribute the high OH/H 
ratio as being due to this unique physical situation. In 
this case the gas motion would be predominantly inward 
rather than outward as is determincd by hydrogen 
motions at greater distances. Inward motion might be 
avoided by a model in which the core source was situated 
to one side of the centre of a rapidly rotating gas mass. 
The asymmetrical wings of the absorption profile would 
support such a model. 

Relative line intensities. The observed ratio of the line 
intensities at 1,667 and 1,665 Mc/s is approximately 1-2 
at all velocities compared with the theoretical value of 
1:8, on the assumption of a normal population of states. 
While uncertainties in the baseline could change the ratio 
in the wings of the line, the most plausible adjustments 
to the baseline would reduce rather than increase the 
ratio. Similarly, it is difficult to account for errors in the 
ratio due to equipment calibration differences at the two 
frequencies. The only change between observations of the 
two lines was in the local oscillator frequency; the same 
calibration procedure was used in each case. 

The difference between the observed and predicted 
ratios is equally difficult to explain on astrophysical 
grounds. A possible explanation might be found in terms 
of high optical depth; an optical depth of 2-7 for the 
1,667-Mc/s line would be required to reduce the line 
intensity ratio from 1:8 to 1:2. However, in order to 
explain the same ratio over the full range of velocities, it 
would seem to be necessary to invoke a distribution of OH 
in many small condensations, each with + œ~ 2-7, and so 
small that the probability that two lie in the same line- 
of-sight is low. The observed profile of the line would 
then correspond to the distribution of the velocities of 
the condensations. 

Other alternatives are that the distribution of popula- 
tions between the levels is modified by either extremely 
low temperatures (~ 0-1° K) or by some kind of resonance 
effect leading to an excess population of one of the levels. 
All three possibilities are rather unattractive, for they 
demand extreme but similar physical conditions in at 
least three markedly different regions of the Galaxy: 
close to the nucleus, in the 3 kiloparsec arm and in 
regions nearer the Sun. 

The OH/H ratio. Taking the transition probability’ 
A = 2-66 x 10-1 sec- for the 1,667-Me/s line, the 





t 

Approximate | { 

Radial distance from sage | 

velocity galactic centre Ton ÁYon Non! Na si 

Source (km/sec) (kpe) ta (1,667 Mc/s) (ke/s) NoslT's for TS = 10°K | 

Cas. A ~-08 10 2:0 0-016 13 24 x 108 21x 10-7 | 

Cas. A — 48:2, 14 3-4 0-016 25 4-7 x 108 1:8 x 10-7 i 

Crab nebula —15 to —45 11 1 < 0002 50 <1:2 x 10° <1077 

Orion nebula, —24 11 24 < 0-005 50 <3 x 10" <1:3 x 107 

Sagittarius 4 0 8 3 -06 80 56 x 104 8 x 107 | 
Sagittarius A — 583 3 1-05 0-015 50 8-7 x 10% 1 x 10-* 

Sagittarius A +40 ~0-01 <02 -9 300 31 x 10" >1 x107 | 
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number of OH molecules per cm? in the line of sight is 
given by®: 


ae = 116 x 10" to_Av 

where Ts is the excitation temperature and Av is the 
line width in c/s. The value of Ts is very uncertain. 
From their failure to observe OH in emission, Weinreb 
et al. concluded that Ts < 50° K. In our own observa- 
tions we detected no emission greater than 0-5° K in 
regions adjacent to the source. Since the emission tem- 
perature equals +. Ts, we can set an upper limit of 
10° K on Ts for the zero-velocity feature. We have 
adopted this value in computing Nox for all the known 
absorption measurements. The H and OH absorptions 
are compared in Table 1. If the OH is in small con- 
densations of high optical depth, as considered earlier, 
the values of Noy in Table 1 will be minimum values. 
The optical depths and line widths for hydrogen are taken 
from Clark, Radhakrishnan and Wilson? and Kerr?. 

It can be seen from Table 1 that the ratio Non/Nu 
increases progressively with decreasing distance from the 
galactie centre, reaching extremely high values for the 
central concentration. It appears that the OH density 
does not follow the well-known decrease in the neutral 
hydrogen density towards the centre. If the element 
abundance does not change significantly, it would appear 
that the conditions for the formation of molecules might 
be more favourable in the central regions than in the 
solar neighbourhood. The rapid rise of the Non/Nu ratio 
towards the centre could be attributed to a large increase 
in the percentage of oxygen in the form of OH or to 
there being a considerable amount of hydrogen in other 
than the ground-state atomic form. Such hydrogen is 
likely to be in the molecular form, for observations of 
the continuum radiation indicate a deficiency of ionized 
hydrogen in the region inside 4 kiloparsec. 

Mass of the OH concentration. From Table 1 the 
number of OH molecules per cm? column for the 1.667 
Mc/s line at + 40 km/sec is 3 x 10” (taking Ts as 10° K). 
Assuming that absorption occurs over the full diameter 
of the core source (~ 12 parsec), the mass of OH pro- 
jected on the core is 4:4 solar masses. If we take the 
normal abundance of oxygen to hydrogen as 6-7 x 10-* 
and assume that all the oxygen is in the form of OH in 
the ground-state, the lower limit to the total gas mass 
projected on the core is 400 solar masses. The actual gas 
mass could be several orders of magnitude greater. 

We thank D. C. Dunn for improvements to the receiver, 
and J. P. Wild and R. X. McGee for valuable discussions 
of the results. 
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LETTERS TO 


ASTROPHYSICS 


4430 A Absorption in Magellanic Cloud Stars 


THE unidentified interstellar absorption band at 4430 A 
is well known in reddened early-type stars in the Galaxy. 
Indications of its presence have been found on micro- 
photometer tracings of Radcliffe spectra of stars belonging 
to the Magellanic Clouds, including the most heavily 
reddened known members of the Large and Small Cloud. 
A sample tracing appears in Fig. 1. The bands are, as 


usual, so wide and shallow that no precise measure of 
wave-length is possible, but from the 11 best tracings a 
mean central wave-length of 4425 + 10 A, relative to the 
stellar absorption lines, is found. The 4 deepest bands 
have central depths ranging from 6 to 10 per cent. 


Hô 


4430 





\ 


Tracing of spectrum of Small Magellanic Cloud star HD 4976 


E 


Fig. 1. 


Duke! records central depths of up to 20 per cent for 
galactic stars of low latitude, but the values fall off 
rapidly with increasing galactic latitude and beyond 
b = 32° no depth greater than 4-6 per cent is found. The 
observed depths in the Cloud stars at b = 33° (Large 
Cloud) and 45° (Small Cloud) make it extremely unlikely 
that the absorption occurs in the galactic foreground 
rather than within the Magellanic Clouds. The two 
members with strong absorption in the Large Cloud are in 
areas of nebulosity which are certainly associated with the 
Cloud and not with the Galaxy. 

The only previous indication of 4480 A absorption in the 
Magellanic Clouds (or in any external Galaxy) has been 
found by Walker*, who used interference filter methods, 
but the results were inconclusive. 

The observation of 4430 A absorption in stars belonging 
to the Small Cloud is of special interest as the absorption 
band is an indicator of interstellar dust. It has been 
believed by many writers (for example, Burbidge?) 
that the Small Cloud is essentially free of dust, and some 
evolutionary theories have been built on this hypothesis. 
The observation of the 4430 A band, together with 
Wesselink’s‘ nebular counts and photoelectric colours 
combined with spectra, provides-evidence that the dust 
content of the Small Cloud is not necessarily abnormal. 

More detailed resuljs of the measures of these stars and 
others in the Magellanic Clouds will be published else- 
where in due course. 
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RADIOPHYSICS 
Regularities in the Occurrence of Solar 
Flares 


STRIKING regularities in the occurrence of intense solar 
flares have been identified, and an investigation of these 
regularities is beginning to provide new information about 
solar disturbance events. 

On the basis of earlier work!-* the work recorded here 
began with the assumption that regular variations, with 
periodicities of the order of several days, occur on the Sun. 
The physical nature of these variations is unknown, but 
it was assumed that one manifestation of their existence 
is the occurrence of discrete solar disturbances. The 
general concept was that the probability of occurrence of 
an event, such as an intense flare, is determined by the 
phase of the assumed solar periodic variations. 

In this analysis the solar data were restricted to the 
starting times of flares listed by at least one observatory 
as of importance 22. All flares were included, regardless 
of their location on the solar disk. Six data samples total- 
ling some 24 months were selected from the period 1949-62. 
The flare lists are obviously an incomplete record of solar 
flare activity. In addition to gaps in the world-wide flare 
patrol, half the total activity occurs on the far side of 
the Sun. Nevertheless, it was found that the data could 
frequently be sorted into two distinctive types of time 
series, referred to here as series A and B. The A series 
are quasi-periodic; that is, they are characterized by time 
intervals that are approximately constant, or that have a 
constant common factor. The A series may occur alone, 
or in association with B series. The time intervals of a 
B series are not constant, but tend to increase regularly 
in consecutive integral multiples of the first interval of 
the series. The occurrence of the A series is not inconsis- 
tent with the initial assumptions, but the occurrence of the 


Table 1, TYPA B ‘Tum SERIES (1940-62)* 


Initial . 
Time interval ‘Total No, Missing 
‘gin origin (days) of terms terms 
t 
Jan. (15:28) 0:27 10 3 
Feb. 10:14 1-32 qT 1 
April (23-61) 1-45 5 1 
April 24:44 1-45 5 0 
May 26-28 3-12 6 0 
July 29-69 0-68 5 0 
1951 
May 17:75 0-33 6 6 
1956 
Feb. 20-81 0:75 7 0 
Feb. 28-46 3°05 6 8 
apu 6:25 2-21 7 0 
June 23-29 2-82 6 0 
1960 
Mar. 29-28 0-36 6 0 
Sept. 21-56 3-36 7 0 
1962 
) 17:81 4-62 5 0 


* This is a partial list only, obtained from six data samples. When the 
first term of a series is missing, the computed time origin is shown in 
parenthesis. 
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Fig. 1. Normalized time-intervals between consecutive terms of the 
B series listed in Table 1. The first interval of each curve is normalized 


to equal one day, and this establishes the origin of the vertical scale for 
that curve 


B series was entirely unexpected. So far, the B series 
has always been found to occur in association with one 
or more A series. Each B series appears to have a dofinite 
time origin, as listed in Table 1. The initiel intervals of 
these B series cover a wide range, 0:27-4:62 days, and in 
order to facilitate comparison the time scale of each series 
was normalized to make the first interval] equal to one day. 
The normalized time intervals are plotted in Fig. 1. This 
diagram illustrates the tendency for the time intervals in 
a B series to increase in multiples of the first interval; at 
the same time it shows occasional marked deviations from 
linear behaviour. ` 

Two examples of B series will now be considered in more 
detail. The nth term, Bn, o£ a B series may, in principle, 
be computed from the first two terms. However, because 
the pattern of a given series is occasionally perturbed as 
in Fig. 1, best results were obtained by computing each 
term from the observed values of the two preceding terms, 
according to the empirical equation: 


Ba= Bret (2—3)(Bri—Br-s)) n>3 1) 


Analysis of the first example (Table 2) hinges on the 
identification of Jan. 16-10 and 18:03 as 
the 3rd and 5th terms in a B series. 
Equation (1) was used to compute the 
times of hypothetical solar events corre- 
sponding to the missing Ist, 2nd and 4th 
terms, and to predict later terms in the 
series. These prediction errors are rela- 
tively small until after the occurrence of 
two major flares (underlined in Table 1) 
on Jan. 23-04 and 25-12. The average 
rate of oceurrence of flares 22 is only 
about one per day during January, and 
there is only a small probability that a 
random distribution of these flares could 
account for the existence of the B series. 
Moreover, once the B series has been 10 
identified, the remaining flares automatic- 

ally form an A series, with an average 

interval of 2:06 days. There is one 

residual flare, on Jan. 23-00, in close 

proximity to an important 3 flare, the 


3:0 


2:0 


Time-interval (days) 
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Table 2. TIME SERIES FOR FLARES 22 
- Series B Other flares 
Observation _ Series , 
Term Predicted anrd Error Series interval Residual 
No. date computation (days) A (days) flares 
1949 Jan. 
1 (15-28) 
2 (15-55) 
3 16-10 16-10 
4 (16-93) 1-98 
5 08 18-03 
6 19-41 19-43 0:02 2417 
20-20 
7 21-11 21-09 —6-02 2-21 
22-41 
. 23-00 
2:06 
8 23-03 23-04 0-01 
24-47 
9 25-27 25-12 —0-15 1-94 
26-41 
10 27-46 27-40 —0-06 2-05 
28-48 
Table 8. Ture SERIES FOR FLARES 22 
Series B Other flares 
Mar. 1—April 15, 1962 
Series g 
Term Predicted Error Series interval Residual 
No. date Observation (days) (days) flares 
1962 Mar, 
1-69 
13-61 
21-28 
16-16 
- 1-28 
17-4 
1 17-81 2x1-34 
20-1 
1-41 
21-52 
` 22-43 1-41 
22-93 
` 21-32 
25-58 
3 31-67 31-79 0-12 
April 13-36 
4 14-83 14-80 —0-03 
May 
5 3-48 3:27 —0-21 


also increased. The average rate of occurrence of flares 
22 was one every three days, and there is again only a 
small probability that a random distribution of flares 
could account for the B series. Most of the remaining 
flares from March 1 to April 15, 1962, form an A series 
(with several missing terms) having an average interval 
of 1:3 days. (19 flares occurring between April 18 and 
May 3-48 are not shown in Table 3. Most of the omitted 
flares form three short A series; and each of these series 
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8th term of the B series. 15 20 2 15 20 25 25 30 5 10 
In the second example (Table 3) the Jan. 1949 Feb. 1956 June ¢ July 1958 


initial interval of the B series is an 
order of magnitude larger than in the 
first series, and the prediction errors are 


series. 


Fig. 2. Time-intervals between the starting times of flares arranged in A- and B-type time 
Harmonics and sub-harmonics of the series A intervals are also shown. 
hypothetical flare times, listed in Table 2, are included in the B series of January 1949) 
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has an average interval of about 1-0 day. No flares >2 
are listed during May 4-21.) 

When the rate of occurrence of flares > 2 is much greater 
than one a day, it becomes difficult to sort the flares into 
regular time series that include nearly all the flares. 
The identification of B series is usually quite straight- 
forward due to the definite starting time of the series; the 
major difficulty is to make unambiguous identifications of 
the possible A series. 

The observation that the B series appears to have a 
definite time origin, and to occur within the same time 
interval as one or more A series, suggested that some form 
of interaction might occur between the two types of 
series. In particular, interaction might occur under 
‘resonance’ conditions, when the quasi-period associated 
with an A series is either equal or harmonically related to 
an analogous parameter of the B series. In the absence of 
a physical model it is difficult to specify the relevant 
parameter of the B series. 

However, it seemed worth while to search for evidence 
of interaction effects near the dates when: 


(225) (Bra- By-n)®(Ani—Awe) (2) 


where k or ljk is a small integer. 

Fig. 2 shows some of the initial results of such a search. 
Three sets of associated A and B series are shown. In 
each case the first flare observed in the B series is also a 
member of the A series. The observed time intervals are 
plotted at the mid-points of the onsets of the relevant 
solar events. Additional A series curves are plotted, with 
time intervals that are either twice or one-half the observed 
values; these curves are labelled 2A and A/2 respectively. 
The following intersections occur: 


(1) Jan. 17-0, 1949 ; intersection with A/2 


(2) Jan. 23-5, 1949 ; a » A 
(3) Feb. 22-5, 1956 ; i „n 4l 
4) June 27-0, 1958 : a n A 
(5) July 7-5 1958; 5 » 24 


The accuracy of these intersections depends on the spacing 
of data points in the time series, and estimated probable 
errors for the three examples are 0-3, 0-6, and 1-2 days 
respectively. The onsets of three terrestrial polar cap 
absorption events’, caused by solar cosmic rays, occurred 
during these time series; on January 23:6 (1949), February 
23-2 (1956), and July 7-1 (1958). The intersection dates 
(2), (3), and (5) precede the terrestrial events by 0-1+ 0-3, 
0-7+0-6 and — 0-4 + 1:2 days respectively. No additional 
polar cap absorption events are listed during the total 
time (about 50 days) plotted in Fig. 2. Therefore, on at 
least these three occasions, the application of equation (2) 
has yielded the dates of major solar disturbances. Addi- 
tional examples have been investigated, but it is not yet 
clear what criteria determine whether or not a specific 
date of intersection will coincide with the onset of a solar 
cosmic ray event, or possibly with lesser solar disturbances. 

This analysis is now being extended to cover the entire 
period 1949-62. A more comprehensive report on the 
occurrence of regularities in solar disturbance events is in 
preparation, and this report will consider some of the 
implications of these regularities in the investigation of 
Sun—Earth relations. 

I thank the staff of the Radio Physics Laboratory for 
their advice during this investigation. 

; Irvine Pacuis 
Radio Physics Laboratory, 
Defence Research Telecommunications 
Establishment, 
Defence Research Board, 
Ottawa 4, Ontario. 


1 Paghis, I., May, C. A., and Jelly, D. H., Pree. Symp. Physical Processes 
an the Sun—Earth Environment, 27 (Ottawa, 1959). 
2 Paghis, I., Nature, 192, 38 (1961). 
3 Paghis, I., J. Phys. Soc. (Japan), 17, Supp. A-1, Part 1, 21 (1962). 
< Tors Şe Jelly, D. H., and Matthews, A. G., Canad. J. Phys., 38, 35 
1961). 
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Anomalous Reception of Very-low-frequency 
Signals in Australia and New Zealand 


ROHAN et al.1 have observed, at Salisbury, Australia, 
what they describe as a ‘peculiar phenomenon’ when 
monitoring signals from Station GBR, Rugby, England, 
on 16 ke/s. The normal beat frequency, derived from the 
comparison of the received signal with a locally generated 
high-stability oscillator, on four specified dates suddenly 
increased for periods lasting 8-30 min. These disturbances 
were not observed by the British Post Office at Dollis 
Hill; the signal transmitted by GBR must therefore be 
assumed to have been normal. Furthermore, Station 
NBA, Panama Canal Zone, operating on 18 ke/s, compared 
with the same locally generated source, did not exhibit the 
same phenomenon. Alan? confirms that very similar 
results were also obtained at Lower Hutt, New Zealand, 
on at least two of the dates mentioned, and anomalous 
records were obtained at the Wellington Time Service 
Observatory on the two remaining dates. Typical 
frequency deviations from normal on these occasions 
ranged from 4 to 13 parts in 10%, and the amplitude of the 
anomalous signal is quoted as 4-5 times greater than 
normal. Allan concludes that a powerful and frequency- 
stable transmitter, situated relatively near Australia 
and New Zealand, is able to operate on 16 ke/s. 

Allan has more recently reported’ three instances of an 
interfering signal operating on the frequency of 18 ke/s, 
Station NBA, with a frequency deviation of 6 parts in 
10’, that is, producing a beat periodicity of approximately 
100 sec. The U.S. National Bureau of Standards, 
Boulder Laboratories, did not observe any abnormality in 
the signals transmitted by NBA on the dates given. Allan 
makes the point that the performance of very-low- 
frequency navigation and standard frequency devices may 
be degraded as a result of this interference. 

Round et al.4 have described the work of K. W. Tremel- 
len, who, as senior member of the 1922 Marconi Expedition 
to the Antipodes, made observations in Australia, New 
Zealand and aboard ship on low-frequency and very-low- 
frequency stations situated in many parts of the world. 
Among his many interesting observations he reported the 
frequent reception of beat frequencies on very-low- 
frequency transmissions. There seems to be some 
uncertainty about the periodicity of these beats, for it is 
not quoted precisely, but vaguely described as similar to 
‘slow Morse sending’, by which it can be deduced that 
the periodicity was of the order of a second or possibly 
less—much faster than those now reported by Allan. 
Tremellen further observed that on occasions the Morse 
signals were mutilated to the extent of being unreadable. 
That both phenomena were due to the simultaneous recep- 
tion of bi-directional great circle transmissions around, the 
world was proved conclusively with the aid of a loop 
antenna in combination with a vertical sensing element to 
provide a cardioid diagram, by which each route could be 
selected to the practical exclusion of the other. Under 
these uni-directional conditions of reception the beats and 
the mutilation of the signals were eliminated. 

Eckersley, co-author with Round, discussed at some 
length the cause of the beats observed by Tremellen, and 
suggested that a beat with a periodicity of 30 sec might be 
produced by differential movements of the ionosphere 
along ‘the two separate great circle routes. The faster 
beats, Eckersley suggested, might be caused by a rapid 
drift of positively charged particles along one route; such 
movement, he stated, would tend to produce a change in 
the measured frequency of the ray which passed through 
the drift. As an alternative, and the one he favoured most, 
he suggested that frequency instability of transmission 
could cause the effect observed, and he madethepointthat, 
while no beat would in theory be observed at the Antipodes 
from this cause, for a given change in frequency of trans- 
mission the rapidity of the beats would be proportional to 
the distance of the receiver from the Antipodes. Since 
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the reception of fast beats does not appear to have been 
reported since the introduction of high-stability techniques 
of transmission, it seems reasonable to assume that 
frequency instability was in fact the cause of this particular 
phenomenon. On the other hand, beats of the order of 
100 sec periodicity which Allan has observed may well 
have been overlooked by Tremellen because he had no 
means of recording signals automatically, and particularly 
because his programme included time-consuming aural 
observation on 20 other transmitting stations. 

The interesting point concerning the use of very-low- 
frequency transmissions for navigation and frequency 
standardization which emerges from Tremellen’s investi- 
gation is his demonstration that the signal propagated by 
the long route may at times compare equally with the 
short route even when the ratio of distances is as great 
as 3: 1, and that, unless care is taken to select one route 
at a time by a uni-directional receiving antenna, differen- 
tial propagation conditions along both routes may, in 
combination, introduce anomalous results into the 
receiving system. 

Provided that all possible instrumental causes of the 
recently observed disturbances have been satisfactorily 
eliminated, and unless more direct evidence is forthcoming 
to support Allan’s suggestion that a second transmitter 
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near Australia is causing interference on very-low- 


frequencies, it would seem desirable to seek an explanation 
of the ‘peculiar phenomenon’, observed independently by 
Rohan and Allan, in terms of changes in propagation 
conditions over one or both great circle routes. 


G. A. ISTED 
Radio-Wave Propagation Group, 
Marconi Research Laboratories, 
Great Baddow, Essex. ; 
? Rohan, P., Anderson, L. L., and Cooke, D. J., Nature, 187, 783 (1963). 
2 Allan, A. H., Nature, 199, 582 (1963). 
3 Allan, A. H., Nature, 201, 1016 (1964). 


t Round, H., Eckersley, T. L., Tremellen, K. W., and Lunnon, F. ©., J. 
Inst. Elect. Eng., 83, 933 (1925). 


GEOPHYSICS 


Three-dimensional Seismic Models with 
Continuously Variable Velocity 


ReEcENTLY, several efforts have been made to complete 
our knowledge of the structure of the Earth’s upper 
mantle by detailed observation of seismic body waves, 
especially by their amplitude—distance curves!?. During 
these investigations difficulties appeared in the interpreta- 
tion of observed results. This is, first of all, caused by the 
fact that theoretical investigations, which are mostly 
limited to the application of the ray theory,.do not at 
present allow for the solution of some basic problems of 
the propagation of elastic waves in inhomogeneous 
media*.4, 

For this reason, measurements on appropriate seismic 
models seem desirable. Nevertheless; measurements of 
this kind meet with fundamental difficulties in producing 
models with continuously variable velocity. The problem 
has already been attacked by the two-dimensional 
modelling technique®’*. These investigations, however, 
have met with serious technological difficulties, especially 
in fabricating a model with negligible horizontal variation 
of the vertical distribution of velocity. Moreover, the 
possibilities of modelling the high-frequency range of 
wave spectra of body waves are rather limited. It is 
questionable, in principle, whether the representation of 
the wave propagation in three-dimensional space by that 
in a plate is a sufficient approximation of actual conditions. 

Therefore, we tried to develop a method of producing 
three-dimensional models, in which the continuous varia- 
tion of velocity was realized by a large number of thin 
horizontal layers with negligible velocity differentiation 
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Fig. 1. Velocity dependence for three-component system ,4 gop of water, 
glycerol, photogelatin. Velocities vp in km/sec at 1 Me'sec; concentra- 
tions 7 and j in weight percentages 
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between the individual layers. In this case, the modelling 
medium must satisfy the following necessary conditions: 
sufficient range of velocity variation, possibility of pro- 
ducing very thin layers of constant thickness on a rela- 
tively large surface, ideal contact between individual 
layers and between medium and pick-ups of the modelling 
apparatus, homogeneity of elastic properties in the hori- 
zontal direction, relatively small attenuation of elastic 
waves in 1-Me/s frequency range which must be used to 
keep models within reasonable dimensions. The medium 
must naturally be in the solid state during measurement. 

We have found that the foregoing properties could be 
obtained by multi-component gels. In the work recorded. 
here, a three-component system of water, glycerol and 
photogelatin characterized by the symbol 14°F was 
applied; here ¿ denotes the concentration of glycerol in 
water, j the concentration of gelatin in the glycerol- 
water mixture, vp the velocity of longitudinal waves and « 
the coefficient of attenuation. In a medium of this type 
the velocity range was between 1-5 and 1-9 km/sec (Fig. 1). 
The required velocity can be obtained by different com- 
binations of the three components, which in a certain 
range permits controlled attenuation. The influence of 
the time variability of gels due to their ageing and desic- 
cation can be minimized by a suitable experimental 
technique. 


4m (em) 











Fig. 
section (A,vp) = 
(530, 9°85), (690, 9°85); depth A in km, vp in km/jsec. A, Maximum 
amplitude in P-wave group; Am, epicentral distance on the model in cm; 
A, actual epicentral distance in degrees. Source in the ‘crust’. No cor- 
rections for the actual Earth’s crust and curvature are introduced 


2. Amplitude-distance curve of P waves for the upper mantle 
(0, 8-1), (30, 8-1), (60, 825), (110, 8-24), (430, 9°17), 
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To demonstrate the applicability of the foregoing 
medium for models of the upper mantle the amplitude- 
distance curve of P waves for one of the possible velocity- 
depth distributions is given in Fig. 2. The model consisted 
of 63 layers 1-5 mm thick characterized by i = 0-64:8 
per cent, j = 10 per cent and vp = 1-51-1-84 km/sec. 
Ultrasonic apparatus’, supplemented by a thyratron pulse 
generator, was used. Only longitudinal waves were 
studied applying a lead titanate zirconate piezo-ceramic 
transmitter with free frequency of 1 Mc/s and a special 
splinter receiver of the same material for recording the 
vertical component of P waves on the surface of the model. 
Thus, considering the velocity—depth distribution given in 
the top left corner of Fig. 2, the following scale factors 
were obtained: Svp = 0-187, sp = 1 x 10-6, 8, = 1:87 x 
10-7 (T—wave period, )—wave-length). 

The shape of the amplitude curve, except the distance 
range up to 10°, is consistent with seismological observa- 
tions. Even the oscillatory character, typical for the 
fine structure of amplitude curves in the 20° distance range, 
can be seen. Further investigations into the models of 
several possible variants of the upper mantle structure 
are now being carried out. 


J. VANEK 
L. WANIEK 
Z. Pros 
K. Krima 
Geophysical Institute, 
Czechoslovak Academy of Sciences, 
Prague. 
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Even Zonal Harmonics in the Earth’s 
Gravitational Potential 


Tur Earth’s gravitational potential U at an exterior 
point distant r from the Earth’s centre, and having 
geocentric latitude », may be written in a series of 
spherical harmonics as: 


U= eh - 3 Jo 2)" Palin )} (1) 


where G@ is the gravitational constant, M the mass of the 
Earth, and R the Earth’s equatorial radius. P,(sin 9) 
is the Legendre polynomial of degree n and argument 
sin p, and the Jn are constant coefficients. Equation (1) 
does not take into account the small variation of U with 
longitude, and represents an average over all longitudes. 

In ,1963 a method was’ described! for evaluating the 
coefficients of the first seven even harmonics, Jz, Ja... 
Ju. from the changes in the orbits of artificial satellites, 
and sets of values of the even J, were obtained by apply- 
ing the method to the orbits of seven satellites chosen 
with the view of sampling the gravitational field as widely 
and uniformly as possible in latitude. 

Much more accurate orbital information has since 
become available for certain near-polar satellites and the 
method has, therefore, been applied again, using Midas 4 
(1961 œ ò 1) and Transit 4A (1961 o 1) instead of Samos 2 
and Transit 2A. he seven satellites used in the new 
determination, with the inclinations of their orbits to the 
equator, are: Explorer 11 (28-8°), Vanguard 2 (32-9°), 
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Explorer 9 (38-8°), Echo 1 rocket (47-2°), Ariel 1 (53-8°), 
Transit 4A (668°), and Midas 4 (95-9°). Each satellite 
yields one linear equation between Ja, J a J,...and these 
have been solved in the manner described in ref. 1. The 
results should be considerably more accurate than in 
ref. 1. 

The gravitational field experienced by the satellites is 
most closely approximated by taking the following set of 
coefficients : 


10°J, = 1,082-70 
10°J, = — 1-40 
10J, = 0-37 (2) 
10°J, = 0:07 
10°J,, = — 0-50 
10°Ji = O81 


with Jiu Js... assumed zero. The standard deviations 
in equations (2) should be taken as about 0-2, except 
perhaps for 10°J,, for which 0-1 may be appropriate. 

If the potential is to be represented by fewer coefficients, 


the best number is probably three, and the values obtained 
are: 


1087, = 1,082°76 + O1 
10°J, = — 1:56 + 02 (3) 
1087, = 0-39 + 0-2 

with Js, Ji, ... assumed zero. 


The values obtained for Ja, J, and J, must, of course, 
be expected to change as higher Jn are evaluated, and the 
errors given in equations (3), like those for equations (2), 
are intended to take account of the effect of evaluating 
higher Jn. If such effects were ignored the errors in J, and 
J, in equations (3) would be much smaller: the root mean 
square scatter in the 16 sets of values of Ja, J, and J, 
which were evaluated was 0-06 for 10%J., 0-04 for 10°J, and 
0-21 for 108 J,. ` 

The values given above differ significantly, on average 
by 1-4 standard deviations, from those of ref. 1: if we 
assume that the new results are correct, the satellite 
previously giving discordant results was Samos 2, the 
error in its orbit being about 1:5 times the standard 
deviation assigned in ref. 1. 

In five determinations of Ja» J, and J, by different 
authors prior to the publication of ref. 1 (and quoted in 
ref. 1), the means of the values were: 10°J, = 1,082-75, 
10°7, = — 1-6, 10°J, = 0-7. These values are close to the 
set in equations (3), except for Js, which is appreciably 
lower in (3). 

To complete the potential, the values of odd Jn are 
required. In four recent determinations the means of the 
values were: 108°J, = — 2-54, 1087, = — 0-01, 1087, = 
— 0-45. 

D. G. Krnc-HEete 
G. E. Coox 
H. MARGARET WATSON 


Royal Aircraft Establishment, 
Farnborough, Hants. 


1 King-Hele, D, G., Cook, G. E., andjRees, J. M., Geophys. J., 8, 119 (1963). 


PHYSICS 


Ball Lightning 


Onz of the difficulties about ball lightning is to explain 
the relatively large and stable diameter of the balls which 
would appear to be around 10-20 cmt, which is large 
relative.to the dimensions of the main high-temperature 
and high current-carrying regions of these high-current 
discharges at atmospheric pressure. The purpose of this 
communication is to suggest that the lightning channel 
may, so to speak, ‘spring a leak’ at a ‘joint’, and allow 
an escape from it of the jet of hot gas which flows along 
it?, because of the decrease in current and current density 
in the return stroke from ground to cloud’. 
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The Boys camera investigation of the stepped leader 
stroke made by Schonland et al. showed that a considerable 
change in direction can occur at the beginning of a step. 
As the return stroke current retraces the leader channel 
there will be a considerable concentration of the magnetic 
field on the inside of such a bend in the leader channel, 
and a corresponding field-deficiency on the outside. The 
latter will constitute a ‘hole’ in the magnetic sheath formed 
_ by the discharge’s own magnetic field and allow an escape 
of the high-pressure electrically charged jet of hot gas. 
The escaping and expanding gas is flowing across the 
magnetic field, and so there is a good chance that it will 
be rolled into a vortex ring or ball containing a high 
proportion of activated nitrogen and oxygen. This may 
decay quite slowly, if the ring is undisturbed, or explosively 
if it is disturbed and fresh oxygen is able to penetrate it. 

The velocity of the jet at a discharge temperature of 
about 30,000° K will be about 10° cm/sec and the duration 
of the high-current period can be several msec‘, so that 
the amount of gas which could escape through a square 
ceritimetre ‘hole’ would be several litres, that is, of the 
order required to explain the size of the balls. 

With a particle energy of 2~12 eV the quantity of energy 
stored in such a ball of 10 cm diameter could be at least 
10°10" ergs. The theory would at the same time explain 
the points of prolonged luminosity in Boys camera 
photographs of the lightning and long spark discharges. 
An examination of both sets of photographs shows that 
these occur at bends in the discharge channel. 

C. E. R. BRUOE 
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METALLURGY 


Effect of Post-irradiation Heat Treatment on 
the Elevated Temperature Embrittlement of 
Irradiated Stainless Steel 


Tue effect of reactor irradiation on the mechanical 
properties of structural materials at elevated temperatures 
is of importance to nuclear reactor technology. ` 

Recent work indicates that the effect of irradiation on 
the elevated-temperature deformation has significantly dif- 
ferent characteristics than the effect at low temperature. 
Post-irradiation deformation at low temperatures produces 
increased strength properties with decreased elongation 
and small decreases in reduction of area!. Deformation at 
elevated temperatures (above 500°-600° C) results in no 
change in the strength properties and large decreases in 
ductility®. Roberts and Harries? observed that the changes 
at low temperatures correlate with fast neutron flux and 


at elevated temperatures with thermal neutron flux. 
NN 
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The low-temperature effect is consistent with possible 
processes of hardening due to the point defects and defect 
clusters produced by fast neutron interactions in the 
alloy. Annealing at temperatures as low as 400° C removes 
the hardening*’. 

The investigation reported here was made to determine 
the annealing characteristics of the elevated-temperature 
ductility effect. Tensile samples of type 304 stainless 
steel, having the composition shown below, were irradiated 
at 290° and 550° C to 7 x 10% neutrons/em? (> 1 MeV) 
and an equivalent thermal flux. Composition of A.T.S.I. 
type 304 stainless steel: 


Element Per cent by weight Eloment Per cent by weight 
c 0-057 P 0-019 
Mn 1:56 5 0-016 
Si 0-51 Mo 0-24 
Cr 18-2 Cu 0-10 
Ni 95 N 0-04 


Some of the samples were then heat treated for 1 h at 
982° C before testing at 20° and 843° C. The results of these 
experiments are shown in Table 1. The elevated-tem- 
perature embrittlement due to the irradiation has been 
increased by annealing, and the low-temperature radiation 
effect tends to be removed by the annealing. 

The fracture process at 843° C in this steel involves grain 
boundary separation in both unirradiated and irradiated 
samples. Since the stress-strain curves for the two 
materials are similar, it appears that the radiation effect is 
local to the grain boundary and tends to cause initiation or 
propagation of the grain boundary fracture early in the 
deformation process. The result is the observed embrittle- 
ment that annealing serves further to enhance. 


W. R. MARTIN 
J. R. WER 
Metals and Ceramics Division, 
Oak Ridge National Laboratory *, 
Oak Ridge, Tennessee. 


* Operated for the U.S. Atomic Energy Commission by the Union Carbide 
Corporation. 


1 Schreiber, R. E., The Mechanical Properties of Irradiated Stainless Steels : 
A Compilation of the Literature, DP-579 (Sept. 1961). 

? Hughes, A. N., and Caley, J. R., J. Nucl. Mater., 10 (1), 60 (1963). 

3 Roberts, A. C., and Harries, D. R., Nature, 200, 772 (1963). 

* Balley, R. E., and Silliman, M, A., Effects of Irradiation on the Type 347 
Stainless Steel Flow Separator in the EBR-1 Core, Symp. Radiation 
Effects on Materials, 3, A.S.T'.M. Spec. Tech. Pub. No. 233 (1958). 


‘Murr, W. E., and Shober, F. R., Annealing Studies on Irradiated Type 347 
Stainless Steel, BMI-1621 (March 1963). 


Dual Role of Boron in the Elevated Temperature 
Embrittlement of Irradiated Complex Heat- 
resistant Alloys 


In a recent communication, Roberts and Harries? 
discuss some investigations which were made on elevated 
temperature embrittlement induced in 20 per cent 
chromium: 25 per cent nickel: niobium-stabilized 
austenitic steel by irradiation with thermal neutrons. 
Similar observations? were noted by us in the case of 
precipitation hardening and also solution strengthened 


Table 1. PoST-IRRADIATION HEAT TREATMENT OF IRRADIATED TYPE 304 STAINLESS STEEL 




















Strength (ksi) 
H Per cent ' 
, be 0-2 elongation K 
Deformation 2 Trradiation* per cent measured in 1 in. ; 
temperature ž Post-irradiation temperature offset True — [e —__—- 1 
CO) Pre-irradiation heat treatment heat treatment (°C) yield Ultimate tensile Uniform Total i 
20 Annealed 1 h at 1,036° Cin H, None 290 41-3 87-6 135-8 554 | 664 | 
20 Annealed 1 h at 1,036° C in H, Lh at 982° Ct 290 25:8 81-2 144-5 77-9 851 | 
20 Annealed 1 h at 1,038° C in H, None (un-irradiated) 28-4 85-3 156-2 835 | 89-5 ! 
843 As-received None 550 18-9 20-2 20-8 2-7 73 5 
843 As-received 1h at 982° Ct 550 17-2 18- 18-9 2-2 i 3-68 i 

843 Annealed 5 h at 1,260° Cin Hs None 550 9-9 15-7 16-9 7-4 | 10-6 

843 Annealed 5 h at 1,260° C in H, 1 h at 982° Ct 550 9-5 14-9 15-5 39 | 47 

843 Annealed 5 h at 1,260° C in H, None (un-irradiated) 9-7 15-2 17-7 16-5 i 25-1 

Š e 





x 
* Material irradiated to an approximate fast and thermal flux of 7 x 10** neutrons/cm?. 


+ Material annealed In argon. 


i 
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alloys, which were either irradiated at pile ambient or at 
elevated temperatures and afterwards post-irradiation 
tested at elevated temperatures in conventional creep- 
rupture testing equipment. The high-temperature 
brittleness was further observed! for irradiation conditions 
in which the fast neutron and thermal neutron dosages 
were as low as 8 x 10 nvi and 4x 1015 nut, respectively. 
This thermal neutron dose, for example, is about a factor 
of 19x 10° lower than those reported by Roberts and 
Harries. 

The mechanism responsible for this type of embrittle- 
ment is now being investigated by testing: (a) specimens 
fabricated from split heats of an iron base precipitation 
hardening alloy containing different amounts of natural 
boron; (b) testing specimens which were simultaneously 
irradiated with and without a cadmium cover. For the 
purpose of this communication, we will consider two of the 
heats used in the first experiment (a) containing the 
extremes in boron concentration and having the chemical 
analysis as given in Table 1. 


Table 1. ANALYSIS OF 4-286 ALLOY 
Element B Cc Cr Ni Ti Al Mo 
A-—Heat, wt. % 0-0009 0-053 1473 2484 2-16 0-16 1°26 
J—Heat, wt. % 0-010 0-082 14:80 24:56 2-22 0-20 1°35 
Element Mn Si Vv Co S P Fe 
A—Heat, wt. % 1-40 0-62 0-26 013 0008 0-008 Bal 
0—Heat, wt. % 1-40 0-62 0-26 015 0-008 0-008 Bal. 


Creep-rupture properties of the contro] and irradiated 
test specimens at one given stress and temperature are 
shown in Table 2. There was very little difference in the 
time to rupture for the two unirradiated test specimens. 
The irradiated specimen containing the least amount of 
boron showed about a factor of 6 reduction in the time to 
rupture and more significantly the specimen containing 
the greater amount of boron ruptured within 25 per cent 
of the corresponding unirradiated specimen. Similar 
trends were also observed when these materials were 
tested at other stresses (that is, 35-2-49-2 kg/mm). 


Table 2. COMPARISON OF THE STRESS-RUPTURE PROPERTIES OF UNIRRA- 
DIATED AND IRRADIATED A-286 ALLOY aT 660° C 


Reduc- 

Boron Speak > St Rupture Blon: tion in 
‘Heat No. content pecimen Tess i] gate area 
' (wt. %) condition (kg/mm?) (h) (%) (%) 
RV403-54 00009 Unirradiated 42:5 106-3 17-7 22-2 
RV403-5C 0-010 Unirradiated 42-1 98-8 21-5 33-1 
RV403-54 0:0009 Irradfated* 42-2 18:0 1-9 ~4 
RV403-5C 0-010 Irradiated* 42-7 76-9 28 ~7 


* ETR irradiations: 49 x 10 nef (fast); 6:2 x 10% nef (thermal); 


reactor ambient temperature. 


Although the irradiation seriously reduced the time to - 


rupture only of the specimens containing the least amount 
of boron, irradiated specimens from both heats, however, 
did show significant reductions in the elongation and 
reduction of area parameters. In addition, the specimens 
containing the larger amount of boron still exhibit slightly 
greater ductility than the specimens containing the least 
amount of boron. 

The investigations of Decker and Freeman® demonstrate 
the importance of trace quantities of boron and zirconium 
on the ductility and rupture-life of complex heat-resisting 
alloys. The material having essentially no boron or 
zirconium, for example, leads to rupture at low strains 
whereas trace ‘quantities (~ 0-009 per cent boron) increase 
the elongation and the time to rupture by factors of about 
5 and 8, respectively. 

This apparent competing effect of boron which in one 
case improves the ductility of high-temperature alloys 
and in the other case embrittles the material when it is 
irradiated is at present being investigated at our labora- 
tory. It appears that under irradiation the boron which 
is assumed to be primarily in the region of the grain 
boundaries: (1) mey partly diffuse away from these 
boundaries and therefore not be available to participate 
in the mechanisms described by Decker and Freeman; 
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(2) may, through the slow neutron (n, «) reaction, create a 
large number of vacancy clusters in the region of the grain 
boundaries which could harden the grain boundary and 
also act as nucleating sites for grain boundary hardening 
phases such as M,,C,. In addition, these vacancies may, 
together with the helium which is formed, condense on to 
the grain boundaries and under stress be driven towards 
the transverse grain boundaries (that is, normal to the 
axis of tension) leading to premature rupture. 

This communication originated from work sponsored. 
by the Fuels and Materials Development Branch, Atomic 
Energy Commission, under contract AT(40-1)-2847, 
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J. Morerr 
F. D. KINGSBURY 
A. J. LOVELL 
General Electric Co., 
Advanced Technology Laboratories, 
Nuclear Materials and Propulsion Operation, 
Cincinnati, Ohio. 
* Roberts, A. C., and Harries, D. R., Nature, 200, 772 (1963). # 


* Robertshaw, F. O., Moteff, J., Kingsbury, F. D., and Pugacz, M. A. 
A.S.T.M. Spec. Tech. Pub. No. 341, 372 (1963). 


7 see F. C., and Collins, C. G., A.S.M. Trans. Quarterly, 65, No. 3 


t Moteff, J., Kingsbury, F. D., Robertshaw, F. C. (to be presented at A.ILA.A. 
Ann, Meeting, 1964). 


š Decker, R. F., and Freeman, J. W., Trans. A.I.M.E., 218, 277 (1960). 


MINERALOGY 


Formation of Neumann Bands in the Reed 
City and Hammond Township Meteorites 


METALLOGRAPHIO examination of samples from the 
British Museum collection confirms the fact? that 
Neumann bands exist only in regions near to the original 
surface of the Reed City meteorite (B.M. 86426); and 
also reveals their presence in association with the deep 
cracks which follow the massive phosphide crystals in the 
Hammond Township meteorite (B.M. 67447). Both 
these meteorites have been thermally metamorphosed to a 
considerable extent and, apart from the instances quoted 
here, both are free of Neumann bands. 

One of the difficulties which arises in the study of 
deformation structures in iron meteorites is the possibility 
that the deformation may have been produced by human 
agency; particularly since several meteorites are known 
to have been deliberately hammered at some stage. 

Both the Reed City and Hammond Township speci- 
mens show heat-altered zones at their original surfaces; 
this surface heat-alteration arises from the ablation 
processes as the meteorite penetrates the Earth’s atmo- 
sphere and it is easily distinguishable from, and post- 
dates, the deep-seated thermal metamorphism which is 
characteristic of these two bodies. 

The sub-surface Neumann bands in the Reed City 
meteorite show unambiguous evidence of a progressive 
recrystallization as the heat-altered zone is approached, 
and it is thus possible to conclude that (at least some of) 
the sub-surface Neumann bands in the Reed City meteorite 
pre-date the final stages of the ablation period and, there- 
fore, cannot have been produced by human agency. It is 
less easy to be certain about the precise mechanism which 
did produce these Neumann bands, but it is reasonably 
probable that they were formed when the rapidly moving 
meteorite ‘hit’ the upper layers of the Earth’s atmosphere. 
It is interesting to note that a slightly greater amount of 
ablation would have removed the evidence completely. 

In the case of the Hammond Township meteorite a 
careful examination of the whole 30 cm? of available 
surface shows that the Neumann bands are restricted in 
location to the major cracks. There is no general pattern 
of sub-surface Neumann bands as in the Reed City 
meteorite, but there is one small area where Neumann 
bands associated with a crack approach the heat-altered 
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zone. In this area the Neumann bands again show 
progressive recrystallization as the heat-altered zone is 
approached. Thus it is possible to conclude that (some 
at least of) the extensive cracking which is characteristic 
of the Hammond Township meteorite predates the final 
stages of ablation. However, the extent of deformation of 
both phosphide crystals and metallic matrix is so great 
in relation to the total number of Neumann. bands that it 
seems not unreasonable to postulate for the Hammond 
Township meteorite a much earlier period of a very drastic 
deformation before the onset of deep-seated thermal 
metamorphism. 

I thank the Keeper of Minerals and Dr. Max Hey for 
assistance and for allowing me to examine the British 
Museum collection. 

H. J. Axon 


Department of Metallurgy, 
University of Manchester. 


1 Maringer, R. E., and Manning, G. K., W.A.D.C. Tech. Rep. 59 (April 1959) 
and personal communication. 
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Infra-red ‘Investigation of the OH Bonds in 
Chlorites 


INFRA-RED spectroscopy has shown that only a small 
proportion of the external OH groups of kaolinite contri- 
bute to the bonding mechanism between layers and also 
that these interlayer hydrogen bonds are very weak 
(absorption bands above 3,600 em-) (ref. 1). 

In chlorites, sheets of hydroxyls and oxygen face 
each other in a disposition similar to that of kaolin 
minerals; but the important difference is that the 
hydroxyls are all members of octahedra which are occupied 
by metal cations, affording three metal ion neighbours 
to each. It is stated that the forces which bind successive 
mica-like and brucite-like layers are partially electrostatic 
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Fig. 1. Infra-red spectra in the 3.800-3,000 cm~? spectral range of a 
flake of clinochiore for two different angles of incidence: (a) 0°, (b) 40° 
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and partially a consequence of hydrogen bonds. It seemed 
interesting, therefore, to estimate the strength of these 
O—H ... O bonds and compare the results with those 
obtained in kaolinite. 

A sample of clinochlore from Chester Co., Pennsylvania 
(U.S. Nat. Museum No. 79021), was used. From the sample 
a flake of appropriate thickness was separated and the 
spectrum recorded with a Perkin-Elmer 221 spectro- 
photometer, 

In Fig. 1, the infra-red spectrum of the clinochlore flake 
for two different angles of incidence is given in the region 
between 3,800 and 3,000 cm-. Three absorptions are 
observed at 3,680, 3,565 and 3,427 cm-!; all three bands 
show significant increases in intensity with the angle of 
incidence. 

The absorption band at 3,680 cm! is similar to those 
observed. in trioctahedral micas? and must be assigned to 
the OH groups of the mica layers, which are directed 
perpendicular to the flakes, toward the hexagonal holes of 
the tetrahedral sheets. 

The two broad absorption bands which appear at lower 
frequencies (3,565 and 3,427 cm) indicate OH groups 
which participate in hydrogen bonds. These OH 
groups must be those of the brucite layers which are 
associated with the basal tetrahedral oxygens of the 
adjacent mica layers. For both, the directions of bond 
axes are also nearly normal to the flake and for the 
3,427 cm- frequency the bond axis is more nearly normal 
than is the other. 

The presence of two maxima indicates two kinds of 
hydrogen bonds of different energies which must corre- 
spond to two O—H...O distances. From the relation 
derived by Lippincott and Schroeder? between O-—-H ... O 
distances and frequency shifts, distances of 3-02 and 2-88 
A are obtained for the hydrogen bonds represented by the 
two infra-red absorptions. 

The infra-red evidence of two O—H .. . O distances is 
in good agreement with Steinfink’s analysis of a mono- 
clinic chlorite+ and with the chromium-bearing chlor- 
ite analysed by Brown and Bailey’. Steinfink found 
two O—-H ...-‘O bonds very near normal at 2-88 and 
2-91 A and one more inclined O—H . . . O bond at 2-97 A. 
In Brown and Bailey’s analysis, two nearly norma! baonds 
are at 2-87 and 2-88 A and the third is at 2-94 A. 


J. M. Serparosa 
J. M. Vitas 


Laboratorio del Transporte y Mecanica del Suelo, 

Instituto de Edafologia, C.S.I.C., 

Madrid. 

1 Serratosa, J. M., Hidalgo, A., and Viñas, J. M., Nature, 185, 486 (1962). 
* Serratosa, J. M., and Bradley, W. F., J. Phys. Chem., 62, 1164 (1958). 
3 Lippincott, E. R., and Schroeder, R., J. Chem. Phys., 28, 1099 (1955). 
t Steinfink, H., Acta Cryst., 11, 191 (1958). 
ê Brown, B. E., and Bailey, S. W., Amer. Mineral., 48, 42 (1963). 


CRYSTALLOGRAPHY 


Crystal Structure of Dicinnamyl Disulphide 


Drommamyz disulphide (C,H,.CH.CH.CH,.8.8.CH,.CH.- 
CH.C,H,) crystallizes in the orthorhombic system as long 
needles, needle axis beinge. The cell dimensions as derived 
from zero layer Weissenberg photographs area = 17:42 + 
0-024, b = 34:18 + 0-02 Å, c=5-42 + 0-01 A. Thedensity, 
measured by flotation in aqueous potassium iodide 
solution, is 1-22 + 0-01 gje.c. compared with a theoretical 
density of 1-228 g/e.c. for 8 molecules/cell. Space group 
was uniquely determined as Fdd2. 

In view of the short c axis, a partial structure determ- 
ination has been attempted which has revealed some 
unexpected features of the molecule. The intensities of 127 
independent non-zero hkOQ reflexion® were measured by 
visual comparison with a calibrated scale using multiple 
film methods. No absorption correction was made, and, 
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after correction for the usual Lp factors, the data were 
used to calculate the Patterson projection P(u,v). A 
Wilson plot was also made to derive the scale factor and 
isotropic temperature factor B. 

Since there are 8 molecules in the cell, each molecule is 
lying on a two-fold axis with all the atoms in general 
positions. Both infra-red and nuclear magnetic resonance 
indicate that the molecule is trans across the double bond 
which is planar with respect to the benzene ring. 

Approximate co-ordinates of the S atom were quickly 
obtained from the Patterson map, but a number of trial 
structures based on an extended molecule were un- 
successful (RhkO > 45 per cent). On reconsideration 
of the molecule itself a more compact form was indicated 
and in the structure factor calculations and Fo syntheses, 
based on this model, the value of the R-factor fell 
rapidly to 20 per cent. After small variations in the tilt 
of the benzene ring the final value of R was 13-8 per cent, 
using a single overall isotropic temperature factor of B= 
6-1 A?. As no least-squares refinement programme was 
available, further cycles were not contemplated and the 
unrefined co-ordinates are as listed in Table 1. An 
(fo-—Fc) difference map failed to reveal the positions of the 
hydrogen atoms which were excluded from all the calcula- 
tions. Within the range of measured reflexions, there were 
twelve reflexions the intensities of which were estimated 
as zero, and of the calculated structure factors for these 
reflexions, only three exceeded the threshold value of 
observed intensity. The value of R if these reflexions are 
included is 15-1 per cent. 


Table 1. ATOMIC CO-ORDINATES 


& y 
S 0-0182 0-0278 
C1) 0-084 0-031 
(8; Ri 0-144 —0-001 
[KE] 0-147 —0-025 
[t 3} 0-200 —0-059 
Ge 0-256 0-062 
C s) 0-307 —0-094 
Sis 0-300 —0:119 
(è; 8 0:243 —0-117 
c@ 0-195 —0-085 


Isotropic temperature factor for all atoms B=6-1 AS, 


The molecule (Fig. 1) is curled on itself in a highly 
compact form so that the carbon atoms C(2) and C(3) of the 
double bond are both nearly equidistant (~ 3 A) from each 
sulphur atom. The hydrogen atom, associated with C(2), 
is also in close proximity to both sulphur atoms, but the 
stability of the molecule in this configuration is probably 
not due to sulphur hydrogen bonds, which were not 





Fig. 1. Dicinnamy! disulphide 
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observed with nuclear magnetic resonance, and in any 
event are known to be weak. It is suggested therefore that 
stability arises from overlap of the x-orbitals of the double 
bonds with the lone pair electrons of the sulphur atoms 
and is further aided by overlap arising from the planar 
arrangement of the double bond and the benzene ring. 
By varying the position of atoms C(5), C(6), C(8) and C(9), 
the angle of tilt of the plane of the benzene ring to the 
ab plane was investigated over an angular range of 
65°-52°. The lowest value of R (13-8 per cent) correspon- 
ded to a tilt angle of about 57° which is thought to be 
correct to within +1°. 

During the structure factor/Fourier cycles it was noted 
that the y co-ordinate of the S atom remained sensibly 
constant at 0-0278 while the x co-ordinate decreased 
continuously from a starting value of about 0-0201 to 
the final value of 0-0182. These latter co-ordinates yield an 
S—S distance of 2:00 A which is somewhat shorter than the 
usually quoted values of 2:05-2:08 A (ref. 1). Such a low 
value of the S—S bond suggests a certain amount of double 
bond character, though as the structure is unrefined the 
difference may not be significant. 

All the calculations were made on the Elliott 803 
computer using structure factor and Fourier synthesis 
programmes written by Mr. D. J. Smith and Mr. N. 
Hannon respectively. The compound was prepared by 
Mr. K. Allum, whom wé thank for advice. We thank the 
Chairman and Directors of the British Petroleum Co., 
Ltd., for permission to publish. 


G. W. SMITH 
P. E. WHYMAN 


British Petroleum Company, Ltd., 
B.P. Research Centre, 
Chertsey Road, 
Sunbury-on-Thames, 
Middlesex. 
Abrahams, S. C., Quart. Rev. (London), 10, 419 (1956). 


Definition of Topotaxy 


THE term ‘topotaxy’ was defined by Lotgering and 
Gorter! to include “all chemical solid state reactions that 
lead to a material with crystal orientations which are 
correlated with crystal orientations in the initial product”. 
Mackay? described several. reactions occurring in the 
hydrated iron oxides as topotactical and extended the 
definition to include structural transformations. He stated 
the necessary conditions for topotaxy to be: (1) a three- 
dimensional accord between the reactant and product; 
(2) the majority of atomic positions remaining fixed. In 
a review of topotaxy, Bernal? defined the term so as to 
include transformations in which all or some of the axes 
of symmetry of the original crystal are retained in the 
product. Taylor et al.4 recognized the problem of the 
definition of topotaxy and took a position intermediate 
between that of Lotgering and Mackay. They refer to 
topotaxy as the conversion of a single crystal into oné or 
more products which have a definite crystallographic 
orientation with respect to the original crystal, with the 
added requirements that the conversion occur throughout 
the entire civstal and that there be three-dimensional 
accord betweéu the initial and final structures. 

A recent investigation of the anatase-rutile trans- 
formation® revealed an example which showed preferred 
orientation of the product relative to the reactant but 
did not meet the restrictions of Mackay or Bernal. It is 
not clear that such cases, in which poor three-dimensional 
accord exists and oriented products still form, could be 
classified as topotaxy according to Taylor’s definition. It 
seems preferable, therefore, to place more emphasis on 
experimental evidence than on an interpretation of the 
mechanism, thus allowing for a complete gradation of 
topotactical conversions based on the degree of orientation. 
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One would then include under the broad category of 
topotaxy all oriented conversions except those considered, 
to be epitactical. 

From experimental data one may describe a continuum 
of degrees of topotaxy depending on the amount of 
preferred orientation. A list of criteria as in Table 1 might 
help predict or explain the degree of orientation within a 
continuum of topotaxy. 
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Table 1. 


CRITERIA USED IN INTERPRETING TOPOTAOTICAL REACTIONS 

High degree Criterion Low degree 
Displacive transforma- Type of reaction or Reconstructive trausforma- 
tions transformation tions or thermal decom- 


=> positions or dehydrations 
of some minerals 


Retention of symmetry Symmetry New directions of sym- 
axes > metry not coinciding with 
the old 
Small displacement—no Atomic displacement Large displacement—rup- 
primary bonds broken > ture of primary bonds 


Small amount of shrink- 
age ~ less than 2 per 
cent 

None or very small 


Large shrinkage or expan- 
ee ~ more than 30 per 
cen! 

High activation energy 
necessary to break bonds 

Polycrystalline diffraction 
pattern showing preferred 
orientation—the degree of 
preferred orientation de- 
noting the degree of topo- 
taxy 


Volume change 
> 


Activation energy 


Single-crystal diffraction 
pattern from product of 
the reaction 


—> 
Diffraction patterns 
> 


Displacive transformations such as the «—ß quartz 
transition? should exhibit the highest degree of topotaxy, 
while reconstructive changes such as the quartz—> 
cristobalite transformation’ should exhibit almost no 
orientation. The titania system illustrates two cases of 
intermediate topotaxy. In the brookite—rutile transition’ 
completely ordered rotating crystal patterns were found 
in which the rutile [100] remains parallel to the brookite 
[100], whereas rutile [001] is parallel either to brookite 
[001] or to brookite [010]. The anatase-rutile trans- 
formation, involving a greater shrinkage and a higher 
activation energy, results in a relatively low degree of 
topotaxy. 

Two chemical reactions showing nearly perfect topotaxy 
are the lepidocrocite+maghemite and the goethite— 
hematite dehydrations?. Electron diffraction patterns of 
single crystals resulted in good single-crystal patterns of 
the products. Lower degrees of topotaxy were indicated 
in the dehydration of Mg(OH), and Ca(OH), in which the 
[111] direction of the product coincided with [0001] of 
the reactant’. In the case of Mg(OH), the MgO [110] 
was found to be parallel to the a-axis of the reactant, while 
in the case of Ca(OH), the product orientation about the 
[111] was random indicating a lesser degree of topotaxy. 

A degree of topotaxy based solely on diffraction patterns 
may prove to be misleading. What may appear to be 
perfect topotaxy by electron diffraction performed on 
small crystals may be shown to have a much lower degree 
of topotaxy by X-ray diffraction on macrocrystals. A 
good example of this difference is seen in Mackay’s data 
on the lepidocrocite-maghemite reaction®»* in which the 
electron diffraction patterns show sharp reflexions, 
whereas the X-ray patterns show relatively diffuse 
reflexions. 

A. distinction between topotaxy and epitaxy should be 
made. Topotaxy requires the transformation or conver- 
sion of the reactant crystal into a new oriented phase, 
whereas epitaxy refers to a second phase overgrowth 
oriented with respect to a substrate. The overgrowth 
may be an oriented deposition or an oriented product of a 
reaction with the substrate. In a reaction with the 
substrate, the host crystal must be converted into another 
phase by the gain or loss of atoms. If this new phase is 
also oriented with respect to the host, a topotactical 
reaction also results. An example of this type of reaction 
is the solid-state reaction between sapphire and periclase’®. 
An overgrowth of spinel is formed oriented with respect to 
the sapphire and, as a result of the reaction, the sapphire 


NATURE 


1001 


itself is converted into spinel. The spinel overgrowth 
formed from periclase provides an example of an epitactical 
product layer, and the sapphire-grown spinel represents 
a topotactical conversion. 

We thank Prof. Adolf Pabst for his advice. 

This work was carried out under the auspices of the 
U.S. Atomic Energy Commission under contract W—7405- 
eng-48. 

ROBERT D. SHANNON 
Ronardb C. Rossı 
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CHEMISTRY 


Position of Hydrogen in the Periodic System 
of Elements 


Forrowrne Mendeléev’s lead, the majority of 
authors on the subject since his time have represented 
hydrogen as belonging to the Group I elements. However, 
there have been some noteworthy exceptions to this 
representation. Thomsen! and Bohr? depicted hydrogen 
in a central position with a lineage relationship to both 
the alkali (Group I) and the halogen (Group VIT) elements. 
Remy? grouped hydrogen as the first member of the halo- 
gen series. Ramirez-Torres' has presented a block form 
table with hydrogen placed in an isolated group unrelated 
to either the alkali or halogen elements. Thus, the placing 
of hydrogen has been a controversial question. In the 
main, this has been due to the varying properties of 
hydrogen. 

It is a sommon inference, from its Group I position, that 
the chemical properties of hydrogen are predominantly 
related to those of the alkali metals. From the point of 
view of chemical homology its properties are more closely 
related to those of the halogens. Hylleraas® showed that 
hydrogen forms a stable negative ion (H-) with an 
ionization energy of 0-715 eV. It thus possesses an 
electronegative character. The alkali hydrides (lithium 
hydride, etc.) are ionic salts similar to the halides and, 
unlike the latter, the hydrogen halides are non-conductive, 
covalent gases. These facts supply a satisfactory enough 
reason for homologously relating hydrogen to the Group 
VII halide elements rather than the Group! alkali elements. 
Yet from the point of view of atomic structure hydrogen 
correctly belongs to Group I. Since all chemical periodicity 
derives from atomie structure, how is this paradox 
resolved ? 

Fortunately, theré is a conclusive and unambiguous 
answer to the problem. Structurally, the only position 
that can be assigned to hydrogen is Is', that is, position one 
of the s orbital belonging to the first (n= 1) quantum shell. 
This has been well established by quantum mechanics. 
Any other assignment would simply contradict the funda- 
mental energetics that apply to atomic structure. Dash* 
has demonstrated the consistency of this position with the 
second order energy constant (CED value) of the hydrogen 
isoelectronic series (Fig. 1 and Table 2 of ref. 6). The 


1002 NATURE 








[2.95 - 
- T ELEMENTS 
ki FAMILY n 
225 A . | 1 [eef H to He | 
vy 1 |2 [oe] li to Ne | 
Ai k, (3| e-e| NatoA | 
200-7 mah [eeo] k to Kr_| 
lek IS\ [Sle [Rb toxe 
a y75-1 \ AN eS 
E * Sn i 4 
£ \ BAA 
» 150 ek EOR, P 
a 1 ji Oat Bo” 
9 a 1 ` g- 2 
ac 1,25 Nee” Hy oe ae ee 
‘ U 
Q \ Wd 
Q b 
7 1.00 NF 
p 
< 
75 
50 














25 cup Lt 
Electron |1 2/1 2 3/4 5 61/1 23 4 51678 9 10 
Position TRIAD A | TRIAD B! PENTAD A PENTAD B 
Orbital 
Group P d 














Fig. 1 


ls position can fully account for all the chemistry of the 
hydrogen atom. As emphasized by Ramirez-Torres‘, the 
high stability of the 1s orbital imparts significant differences 
between hydrogen and the higher (n > 1) s orbital elements. 
This stability is quantitatively characterized by the CED 
values, 27-2 eV for n=1 as contrasted with 6-8 eV or less 
for orbitals belonging to quantum shells n>1. This 
stability imparts a uniqueness to the first quantum shell 
which applies to helium as well as hydrogen. Since the 
chemistry of helium is that of a rare gas, its position in 
the group form table has been linked with that of the 
other rare gases. From the point of view of chemical 
periodicity this is entirely correct, but totally incorrect 
from the point of view of atomic structure. Unlike all 
the other rare gases, which belong to pë orbitals, helium 
belongs to an s? orbital. This is structurally related to the 
alkaline earth elements. It is significant that none of 
these elements in their ground state (paired s electrons) 
form any spectroscopically detectable homonuclear 
diatomic molecules. However, the alkaline earths can be 
readily excited to higher energy levels with resulting 
compound formation (2-8 eV for beryllium, 27 eV for 
magnesium, 1-9 eV for calcium, 1-8 eV for strontium, and 
1-2 eV for barium). This ready excitation of the paired 
electrons of the alkaline earth elements is extremely 
important to the theory of valence. The energy required 
to similarly excite helium is considerably greater (over 20 
eV), which accounts for its marked stability in contrast to 
the alkaline earth elements. 

The uniqueness of the first quantum shell resides in the 
peculiarity that while hydrogen and helium both belong 
to s orbitals, they exhibit chemical properties typical of 
p orbitals. As indicated by the CED values, this unique- 
ness derives from the energetic aspects. The validity of 
this uniqueness is revealed by some very interesting 
relationships shown by the atomic radii and boiling points 

* The data in both Figs 1 and 2 have been compiled from: (a) Hodgman, 
C. D., (ed.), Handbook of Chemistry and Physics, 44th ed., 3513 and 2387 


(Chemical Rubber Pub., 1962-63); (b) Lange, N. A., (ed.), Handbook of 
Chemistry, 100 (McGraw-Hill, 1961). 
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of the elements. In Fig. 1* the atomic radii are plotted 
as a family of curves dependent on the principal quantum 
number, n. It is readily seen that the hydrogen—helium 
line follows the same general slope as that of the halogen- 
rare gas group and is the reverse of the slopes for all the 
other s orbital elements. This is quite understandable 
since hydrogen and helium complete the first chemical 
period and stand in the same relation to each other as 
generally do the halogens to the rare gases. This relation- 
ship explains the unusual chemical homology of hydrogen 
and helium, and is markedly significant for the organiza- 
tion of a block form periodic system of elements based on 
atomic structure. It is of interest to note that Fig. 1 
reveals the same triad division of the p orbitals as was 
indicated by the ionization potentials (Fig. 1, ref. 6). There 
is an approximate minimum point in the plot that divides 
the p orbitals into two groups. In accordance with Hund’s 
rule of multiplicity, electrons will completely fill triad .A 
before filling triad B. An approximate pentad division 
of the d orbitals also appears evident in Fig. 1. 

In Fig. 2, the boiling points of the representative main 
group elements (those belonging to s and p orbitals) are 
likewise plotted as a family of n dependent curves. As in 
Fig. 1, a similarly significant hydrogen-helium slope is 
revealed in Fig. 2. The ease of excitation of an s to a p 
orbital (see foregoing discussion on alkaline earths) carries 
through to the boron and carbon series of elements and 
provides the rationale for hybridized sp orbitals. The 
natural division of the hybridized sp orbitals into tetrads 
is clearly evident in Fig. 2. The A and B tetrads correspond 
to the series of singly and doubly occupied orbitals 
respectively. The maximum boiling point for each 
quantum shell is without exception identified with that 
element which has the highest number of singly occupied 
orbitels, namely, position 4. This fact, when applied to 
carbon, furnishes an appropriate explanation for its 
special role in living matter. Why does carbon, and only 
earbon, among all the known elements possess this special 
role ? The answer is supplied by quantum and molecular 
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orbital theory. Of all the elements, carbon possesses the 
highest probability of forming the greatest number of 
compounds (covalent or ionic); from an energetic point 
of view, the carbon compounds possess the dual require- 
ment of stability and reactivity; the x-electron system of 
the conjugated carbon compounds (and all known forms 
of life contain such compounds) permits an almost 
instantaneous distant-site transfer of energy. These 
factors briefly, but adequately, summarize the basis of 
carbon’s special role. 

The sine gua non among the carbon compounds on which 
life depends is the protein molecule, the variability of 
which with respect to structure and properties is supported 
by hydrogen bonding. It is the hydrogen bonding which 
imparts to the protein molecule just the appropriate 
lability and stability so essential to its function in genetics, 
immunology, enzymology, etc. These all-important roles 
of hydrogen, with its concomitant energy and entropy 
relationships, stem from the uniqueness of its structure- 
property characteristics. Thus, the position of hydrogen 
in tHe periodic system of elements is fundamental to biotic 
processes. 
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Interaction of Alkali Earth Metals with 
Water 


One of us has recently? proposed a quantitative theory 
of spontaneous interactions between metals and polar 
(particularly aqueous) electrolytes. When a metal is 
dipped, its surface ions become solvated at calculated 
initial rates, leaving electrons behind and thus charging 
up the double layer at the interface between the metal 
and the electrolyte. When dissolution of ions cannot be 
offset by simultaneous deposition, the field at a smooth 
interface increases until it reaches the smaller of two 
possible steady values, E, E, defined as follows: 

(1) #, is large enough to permit energy conservation in 
transitions of electrons tunnelling from the Fermi-level 
in the metal (work function f) to the ground-state of the 
nearest solvated protons (at a distance of one diameter, 
2a, of the water molecule). The hydrogen ionization 
potential, Ig, is gained, the proton solvation energy, 
Wu, is lost in the transition: 2eeH,~f+WH—TZJn. 
Dissolution then continues with hydrogen evolution at 
zero net current, ion transitions being the slow step because 
of the large quantum mechanical transmission coefficient 
for electrons. 

(2) E, saturates the orientational polarizability of the 
dielectric, pH,/kT 3 approximately, u being the dipole 
moment of the water molecule, k Boltzmann’s constant 
and T the absolute temperature. The dielectric constant 
ery 80 of water is reduced to esat 3, whereby the calculated 
dissolution rate? is reduced so radically that the metal 
appears to be stable. 

Continued spontaneous dissolution with hydrogen 
evolution thus corresponds to E, >E, or, with measured 
values at 300° K, f<23 eV, in agreement with the 
instability of alkali metals. The reversal of the inequality, 
E, > E, is the condition of stability. If the effect of satura- 
tion (which is actually attained in this case) on Wy is 
neglected as a first approximation! *, f> 2-3 eV is obtained 
in contradiction to the behaviour of some alkali earth 
metals, As a second approximation we therefore consider 
the correction, AWy, which must be subtracted from the 
measured bulk value Wy~12 eV in order to estimate the 
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proton solvation energy when the orientational polariza- 
bility of water is removed by saturation. 

Solvation energy may be. regarded as the loss (with 
respect to vacuum) of electrostatic field energy, caused by 
the presence of the dielectric. For a charge e in a medium 
of dielectric constant ¢ that loss is e?(1 — 1/e)/2b outside a 
spherical shell of radius b with the charge at its centre. 
We chose b, so that the dielectric inside the shell is 
saturated anyhow, by the field of the charge itself: 
3kT /umvelesatd?, bes 4-8 x 10-8 cm. Now, if saturation sets 
in outside the shell as well, the total (measured) solvation 
energy is reduced by: 


AW. eS 
ES Bh a. 


œ — 0-5 eV 
for the proton in water. 

This reduction has a simple effect on stability because 
a real interface is not smooth; the average field EF is 
concentrated by protrusions of the solid to some value 
E+«H, «>0. If, in the course of dissolution, the growing 
field reaches the state E< HE,< H+ aH, ions still dissolve 
at appreciable rates everywhere except at the protrusions, 
where now AWy must be included in the computation of 
E,, If tunnelling of electrons from protrusions does not 
occur, so that overall saturation (E =E) is eventually 
reached, then E, + «E, < E, and hence E, < E or, including 
AWn, f>28 eV at 300° K. The converse follows only if 
al: if f> 2-8 eV and the interface is sufficiently smooth, 
then ns metal is stable. These results are in agreement 
with observations of beryllium and magnesium (f> 2-8 eV} 
and consistent with observations of barium, calcium, 
cerium, strontium (2-3 eV <f<2-8 eV); predictions about 
the latter group would require the investigation of the 
effects of partial saturation. Thus, in the second approxi- 
mation, our treatment not only predicts the dissolution of 
alkali metals, but also is consistent with the actual inter- 
actions of all pure metals with water. 

Very slow dissolution is, of course, possible even for 
metals regarded here as stable, since a few electrons have 
energies above the Fermi-level even at room temperatures. 
Electron transitions, not ion transitions, are the slow step 
in such dissolution and a finite, if slight, corrosion is 
obtained regardless of local galvanic elements. 

It is to be noted that the foregoing considerations, as 
well as the entire theory’, involve in their formulation 
only quantities measurable on the two phases in their pure 
states. Statements about interface phenomena then 
appear as deductions which are predictive in a deeper and 
more convincing sense than propositions involving, in 
their very formulation, quantities measurable only after 
the two phases have been brought into contact. 
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Separation and Determination of Argon and 
Oxygen in High-purity Nitrogen Streams by 
Gas Chromatography 


Tue analysis of high-purity nitrogen streams derived 
from air separation plants is usually limited to quantita- 
tive measurement of the oxygen content, often using a 
Hersch oxygen meter’. Argon, which may be found in 
various concentrations, depending on the design of the 
air separation plant, cannot be analyged on these meters. 

The technique of gas-solid chromatography has recently 
been adapted for use in the analysis of argon, oxygen and 
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nitrogen by Lard and Horn*. We have confirmed this 
low-temperature method, using a column length of 1-5 ft. 
of 30-40 mesh activated molecular sieve 5 A with a helium 
flow of 100 ¢.c./min, as compared with the 3 ft. column 
of 30-70 mesh used by Lard and Horn. We obtained 
excellent separation of argon and oxygen with shorter 
retention times than those published. However, the 
method was found unsuitable for application to process 
streams, where simplicity of operation and rapid analysis 
are of importance. 

_ In the method now to be described a Perkin-Elmer 
Fractometer, model 451, was used fitted with a thermister 
detector having a cold resistance of 8-10 k ohms. 

Two 3 ft. lengths of standard 0-25 in. outer diameter 
copper tube, inner diameter 0-15 in., were used, 30-40 
mesh molecular sieve 5 A, activated at 400° C for 60 min 
and allowed to cool in a desiccator, was filled into the 
columns leaving an unpacked length of 2 in. at one end. 
This length in column A was filled with 200-240 mesh 
5 per cent palladium on carbon (approximate weight 0-4 g), 
and the corresponding space in column B was filled with 
an equivalent volume of 200-240 mesh of an inert material. 
It was essential to fill the columns very carefully since 
equal carrier gas flows must be attained through each 
column so that exactly equal retention times result. In 
fact the catalyst is still effective if dispersed throughout 
the sieve. 

An improvement on this method would be the use of a 
single molecular sieve column, preceded by a catalyst bed 
fitted: with a by-pass, the by-pass consisting of a capillary 
restriction of sufficient length to balance the pressure 
drop of the catalyst bed. 

A. valve was constructed from a spring-loaded 1-2 mm 
double oblique borosilicate glass tap, lubricated with 
‘Apiezon. L’ grease. Connexions throughout were made 
in 0-125 in. outer diameter stainless steel coupled by com- 
pression ring fittings. In the case of the glass to metal 
connexions, the compression rings were replaced by 
silicone rubber washers. A direct connexion between the 
outlet of the standard Perkin-Elmer gas sampling valve 
and the single inlet of the glass tap enabled various sample 
sizes to be used. The twin outlets from the glass tap were 
then passed into the oven and connected to columns A 
and B. A common outlet for both columns was used, 
connecting directly into the detector block. In this way 
the flow was switched almost instantaneously from 
column A to B and vice versa. The system was leaktight 
up to pressures of 30 Ib./in.*. 

Nitrogen was separated from the argon-oxygen mixture 
on column B in the usual way, using a carrier gas flow of 
30 c.c./min of hydrogen. When the flow is switched to 
column A the oxygen present reacts with the hydrogen 
carrier gas over the palladium catalyst to form water, 
which is absorbed on the sieve. The sample now separates 
into argon and nitrogen, the argon peak occurring at 
exactly the same retention time as that of the argon- 
oxygen mixture. From a direct comparison of the peak 
heights obtained from columns A and B, referred either to 
calibration charts or, if areas are measured, to the molar 
response factors of Messner et al.’, the argon and oxygen 
content can be determined. This method was employed 
for over 200 h, sampling at half hourly intervals, without 
deterioration of the columns. 

The method described was specifically developed for 
the analysis of high-purity nitrogen streams from air 
separation plants. In this particular case peak heights 
were measured and compared on calibration charts, since 
it onabled plant operators to record the argon and oxygen 
levels regularly. It was possible to attain a total analysis 
time of 6 min. 

The method is sensitive to 20 v.p.m. of argon and oxygen 
using a 1 ml. sample. The air-separation plant used in 
this investigation i$ capable of producing nitrogen with 
an oxygen content well below 20 v.p.m., and it would be 
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desirable to investigate this method using a more sensitive 
detector of the type described by Berry. Future modifica- 
tions could consist of two’ standard gas sampling valves 
fitted into the nitrogen stream, with independent carrier 
gas circuits for each column. In this way the total analysis 
time would be reduced to 2 min. This modified technique 
could be applied to the closed loop control of air separatio 
plants. : 
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Random Pyrolytic Carbon 


Tar unique properties of pyrolytic carbon have made 
it useful for many high-temperature applications. Because 
of the anisotropy of the physical and mechanical properties 
of the individual crystallites, the properties of macroscopic 
specimens depend strongly on their preferred orientations. 
For certain applications, such as thermal shields, high 
anisotropy may be desirable; on the other hand, other 
applications (those requiring good thermal shock resis- 
tance) would benefit from isotropic properties resulting 
from a random structure. 

Previous work! has shown that material deposited on 
graphite rods in the temperature range 1,500°-1,700° C has 
a rather low preferred orientation. The concentration of 
layer plane poles per unit solid angle at angles of 0°, 45°, 
and 90° with the normal to the substrate for the most 
random of this material has been shown to be in the 
ratio 100 : 80 : 55. Even more isotropic material is 
sought for certain nuclear applications. 
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Fig. 1. Integrated intensity of (002) reflexion versus angle of reflecting 

plane with surface. O, Deposited at 1,900° C from a 1 : 10 mixture 

of methane and helium (density = 1-84 g/c.c.; Le = 60 A); C de- 

posited at 1,900°C from a 1:40 mixture of methane and helium 
(density = 2-06 gje.¢.; Le = 90 A) 
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The work now in progress here shows that a completely 
random, pyrolytic carbon structure can be deposited at 
1,900° © in a fluidized bed. Material was deposited at 
1,900° C on graphite disks from 1 : 40 and 1 : 10 mixtures 
of methane in ‘helium at atmospheric pressure. Pole 
figures for these materials obtained by the Bacon tech- 
nique? are shown in Fig. 1. The density and apparent 
crystallite size for each deposit are indicated on the figure. 
(Calculated from the formula Le = 0-892/6 cos 0 from the 
(002) reflexion. Jc is the apparent crystallite size, à is the 
wave-length of the radiation used (copper Ka), B is the 
line broadening, and 6 is the Bragg angle. Data were 
corrected for instrument broadening.) 

Other experiments showed that the orientation depends 
on deposition temperature, the partial pressure of the 
hydrocarbon used, and the geometry of the fluidized bed. 
The influence of the structure of pyrolytic carbon on its 
mechanical properties and its behaviour under radiation 
are being examined. Also, the influence of structure on 
diffusion is being examined. 

This work was supported by the U.S. Atomic Energy 
Commission under contract A7(04-3)-167, project agree- 
ment 12. 
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1 Rappencau, J., ef al., presented in Proc, Sizth Biennial Conf. on Carbon 
ittsburgh, 1963). 
* Bacon, G. E., J. App. Chem., 6, 477 (1956). 


Initiation of Polymerization by Ferric 
Chloride 


Ir has recently been reported! that in dimethylforma- 
mide solution, ferric chloride can photo-initiate the 
polymerization of acrylonitrile. We, also, have found 
during the course of another investigation that in aqueous 
solution ferric chloride can initiate the radical poly- 
merization of acrylamide. The mechanism of initiation in 
this case is not necessarily photochemical, although 
presumably it could be so since no special precautions 
were taken- to exclude light from the reacting system. 

Over the limited range of concentrations investigated, 
the rate of polymerization, Rp, wasfoundto beindependent, 
within, the limits of experimental error, of the concentra- 
tion of ferric chloride present as shown in Table 1. These 
results indicate that the rate of initiation itself is directly 
proportional to the ferric chloride concentration since it 
is known? that in the presence of a suitable concentration 


of a ferric salt, radical polymerization of acrylamide is ` 


terminated by a reaction which is first order with respect 
to that salt. In the presence of ferric chloride, therefore, 
the rate of polymerization is given by %p[m,]h,/k, where 
kp, kı and k, are the overall velocity coefficients for 
propagation, initiation and termination. respectively and 
{m,] is the monomer concentration. ` Of these velocity 
. coefficients, kp is known? to be 18x10! l./mol sec at 
25° C, so that k/k, is 0-94 x 10-1? mol/l. 


Table 1 
TACI) = 0-122 MI [m.] = 1M Temperature, 25:0° C 
105; [FeCl,} mol/l.) 2-58 3:72 6-00 7-43 11:2 
_ 104 Rp (mol/l. min) 1-00 0-97 0-89 1-18 1:03 


Mean Rp = (1°00 + 0-06) x 10 mol/l. min. 


On the assumption that the initiation of chains like 
termination involves reduction of the ferric salt, then the 
rate of production of ferrous ions under steady-state 
conditions becomes 2 k,{FeCl,]. From measurements of 
the total rate of production of ferrous ions under various 
experimental conditions, we have calculated k, to be 
7-7 x 10-® see- at 25° C and hence k, is 8-2 x 104 1./mol sec. 
This latter value is slightly larger than that of 4-5 x 104 
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1./mol sec calculated for solutions 0-122 N in chloride ion, 
from the kinetic data reported by Dainton et al.?. 

Neither ferric perchlorate nor ferric sulphate in solutions 
containing decinormal acid can initiate the polymerization 
of acrylamide, although both can terminate polymeriza- 
tion when a suitable initiator is present. The ionic species 
present in ferric chloride solutions, which is responsible 
for initiating polymerization, must, therefore, be onc 
which does not exist in solutions of either of the other 
ferric salts, that is, it cannot be the aquated ferric ion, 
Fe*+.6H,O, but must presumably be the inner sphere 
ionic complex’, FeCl*+’. 5H,0. f 

If 8 is the fraction of ferric chloride present as the inner 
sphere complex, then the rate of polymerization will be 
given by: 

Rp = kplm Jen B/ {kao (1-8) thar B} 

where k, and k,, are the velocity coefficients appropriate 
to termination by Fe*+.6H,O and FeCl*+.5H,O respect- 
ively and k,, is the velocity coefficient for initiation by the 
inner sphere complex. The value of 8 is, of course, 
dependent on the chloride ion concentration, but not 
significantly on that of the ferric salt because of the 
relatively high concentrations of chloride ions used in our 
experiments. Rp might, therefore, be expected to vary 
with variation in chloride ion concentration. However, 
ka is at least 30 times as largo? as ky). As a result of this 
large difference in rate constant an increase in the value 
of B from, say, 0-2 to 0-6 would produce an increase in Rp 
of not more than 10 per cent, so that over the range of 
concentrations examined, the rate of polymerization has 
been found to be independent of the chloride ion concen- 
tration, within the limits of experimental error, as shown 
by the results given in Table 2. 


Table 2 
H;*O0] = 0122M [m] = 1M [Fech] = 7-43 x 105M Temperature 
25-0° 
10. [C1] (mol/I.) 0-73 1-22 2-44 3-66 
10‘, Rp (mol/l. min) 0-94 1:13 1-02 1-08 


Mean Rp = (1:04 + 0:07) x 10~ mol/l min. 
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A Method of Preparative Electrophoresis in 
Horizontal Gels 


ELECTROPHORESIS in horizontal gels (starch, agar, 
acrylamide, etc.) has been widely used as an analytical 
tool but has ‘not been very successful for preparative 
purposes. The recovery of the separated material from 
the gels is cumbersome and usually incomplete. We have 
tried to overcome these difficulties by means of the device 
schematically represented in Fig. 1. It combines, in a 
single run, the electrophoretic separation of the sample 
and the recovery of the resolved components by continuous 
elution. 

Two troughs are cut on the gel across the direction of 
the electrical field. One of them, the starting reservoir 
(Fig. 1, R), is filled with the material to be separated. The 
other, the anodic collecting reservoir, serves for the elution. 
A continuous flow of electrolyte from a container runs 
through the trough to a fraction collector (Fig. 1). When 
a potential difference is applied across the gel, all negatively 
charged molecules move toward the anode and progros- 
sively approach the collecting troug&. As they reach the 
latter, they are drained off the gel by the flow of the 
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Fig. 1. Schematic representation of the apparatus used for preparative 
electrophoresis in a horizontal gel 


200 


< 





Hig, 2, The surface of the agarose plate with the two troughs in position. 
R, Starting reservoir; 4, Baar collecting reservoir. Distances are 
n mm 





100 


25 o 50 75 
Tube No. 
Fig. 3. Preparative electrophoresis of three adenosine nucìcotides 


NATURE 


` 


June 6, 1964 


electrolyte and finally can be recovered in separate 
fractions by a fraction collector. 

The critical point of the experiment is the distance 
between the two parallel troughs. This distance must be 
long enough to ensure a good resolution of the mixture, 
but short enough to permit the majority of the constituents 
to reach the collecting reservoir in a reasonable period of 
ae (that is, up to 8h). A prior analytical run must be 

one. 

When, in the sample, positively as well as negatively 
charged molecules are present, a second trough parallel 
to the starting reservoir can be cut on the cathodic side 
and used for elution in the same manner as the anodic 
collecting reservoir. Uncharged molecules or molecules 
with very low electrophoretic mobility will remain in the 
vicinity of the starting reservoir and can be recovered from 
the gel only by conventional methods. . 

A potential gradient up to 8 V/em is permissible for 
horizontal gels no more than 8-10 mm thick. With special 
cooling systems, these limits can probably be increased. 

The amount of material used in each experiment 
depends on the size of the gel plate. Using a starting 
reservoir of 40 em long, 0-5 wide and 0-8 cm thick, up to 
500 mg of material can be separated in a single run. 

The experimental -conditions and the results obtained 
in a typical run using the. method outlined are given 
below. 

Preparative electrophoresis of . adenosine nucleotides. 
Buffered agarose gel. Agarose 0:8 per cent in sodium- 
citrate citric acid buffer 0-025 M, pH 4-8 (agarose powder 
was purchased from Industrie Biologique Frangaise, 
Genevilliers, Seine, France). Horizontal gel plate. Enough 
melted agarose solution was poured on a glass plate to 
obtain a horizontal layer of 8 mm thick. A scheme of 
the plate surface is shown in Fig. 2. Connecting bridges 
with electrode vessels. Buffered agarose gel bridges are 
preferable, but filter paper strips covered with agarose or 
any other similar connexions can be used. Specimen. A 
mixture of mono-, di- and tri-phosphate adenosine 
nucleotides (AMP, ADP and ATP respectively), A 
solution containing 5 mg/ml. of AMP and 2 mg/ml. of 
ADP and ATP was prepared. Equal parts of this 
solution and melted agarose (1:6 per cent agarose in 
sodium-citrate buffer 0:05 M, pH 4-8) were mixed and 
poured on the starting reservoir. Hluent. Sodium-citrate 
buffer (as the foregoing). The rate of elution was 1-5 
ml./min. Electrophoretic run. A potential gradient of 5 
V/cm. as measured at the edges of the agarose plate, was 
applied during 4 h. The experiment was performed in a 
cold room. (as + 5° ©). 

The separation obtained is shown in Fig. 3. 
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BIOCHEMISTRY 


An Ambiguity concerning the Mechanism of 
the Cytochrome c- Cytochrome Oxidase 
Reaction 


On the basis of kinetic investigations dealing mainly 
with the order of reaction, two quite different types of 
mechanisms for the cytochrome c—cytochrome oxidase 
reaction have been suggested!-*. I wish to point out here 
that the consequences of these two mechanisms in terms 
of rate expressions are identical or so similar that present 
results appear inadequate to decide between them. 

. It is well established that the kinetics of the cytochrome 
c-cytochrome oxidase reaction are first order both in 
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time (integral expression) and in concentration (differential 
expression) with respect to ferro-cytochrome ct". The 
first-order rate constant decreases with increasing total 
concentration of cytochrome c, and the one appears to be 
an inverse function of the other approximately, at least 
over the range 10-§-10-4 M total cytochrome e. The 
reaction also appears to be first order with respect to 
cytochrome oxidase concentration. 

It has been suggested that the reaction is bimolecular 
rather than enzymatic and that cytochrome c, typical of 
other basic proteins and without regard to its oxidation— 
reduction state, inhibits the reaction by interfering with 
the reactivity of cytochrome oxidase!-. 

To account for the additional fact that the reaction 
typically exhibits enzyme kinetics in systems where 
cytochrome c undergoes cyclic oxidation—reduction events, 
Hollocher* suggested that the kinetic expression in the 
simplest case should have the form: 


a Ie (C,) (At) k (Cr) (At) 
. OTS KG) + (GC) ~ 1+ Kn (Gy) 


where v is the rate of oxidation of ferro-cytochrome c, k is 
the second order rate constant, (Cz), (Cr), (Co) and (Az) 
are the concentrations of total cytochrome c, ferro- 
cytochrome c, ferri-cytochrome c and total cytochrome 
oxidase, respectively, and K» is the association constant 
related to an inactive binary complex between cytochrome 
c and cytochrome oxidase. Kn» seems to have a value of 
order 105 M-1, but appears to vary somewhat with ionic 
strength, pH, buffer composition and cytochrome oxidase 
preparation‘. ‘ 

Recently, McGuinness and Wainio®* found by extra- 
polation that the initial reaction is not first order in 
concentration with respect to ferro-cytochrome c. The 
values reported lie between 0-7 and 0 order and are a 
function of two parameters considered, pH and total 
phosphate concentration. Following the ideas and 
observations of Laidler®»®, these workers favour the view 
that a higher order with respect to time than to concen- 
tration indicates that products are interfering progressively 
with the course of the reaction. Specifically they consider 
the reaction to have an enzymatic mechanism in which 
the reaction product, ferri-cytochrome c, acts as an 
inhibitor of cytochrome oxidase. 

While McGuinness and Wainio®* do not offer explicit 
mechanisms and their related kinetic expressions. it can 
be shown that several variations of enzyme mechanisms 
wherein the reaction product serves,as an inhibitor fulfil 
the required condition: that of leading to a kinetic 

_expression having a higher order in time than in concen- 
tration. 

It does not seem to have been appreciated, however, 
that these kinetic expressions show a close resemblance to 
equation 1 in form and can become homologous with it in 
some instances. An example is the simple competitive 
inhibition of cytochrome oxidase by ferri-cytochrome c: 





(1) 


K ks 
~ Cr+ ASd,-A>CO,+ A 


Er (2) 
Oot ASC- A 


where K and Ky are the dissociation constants for the 
two equilibria shown. No attention is given to the cyclic 
oxidation—reduction changes of cytochrome oxidase; it is 
assumed that reoxidation by oxygen is so rapid that 
cytochrome oxidase is maintained almost entirely in the 
oxidized state at all times’. The resulting rate expression 
is: 
ks Ky (Cr) (Ae) 

KK + (0,) Ky + (CJE 
If one assumes! that the net charge difference of one 


between C, and C, exerts little influence on the dissociation 
constants so that K=Ky, equation 3 becomes: 





v = 


(3) 
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eee key (C+) (As) z ky (C3) (Ae) (4) 
~ K+ (C,) + (G5) ~ K + (C2) 
which is now homologous with equation 1 with ks=k’Kn 


and K=1/Kn. 

Under initial conditions where (C,)=0, the order of the 
initial reaction with respect to concentration can vary 
between 0 and 1, depending on the relative magnitudes of 
the constant and the (C,) terms appearing in the 
denominators of equations 1 and 4. At fixed total concen- 
trations of cytochrome ¢ both expressions are first order 
in time and in concentration, as found, and both will 
exhibit a decrease in apparent rate constant with increasing 
total concentration of cytochrome c. 

Present results do not seem adequate to make a unique 
choice between the two types of mechanisms discussed 
here: (a) Bimolecular mechanisms in which ferri- and 
ferro-cytochrome ¢ form inactive complexes with cyto- 
chrome oxidase with equal effectiveness; (b) enzymatic 
mechanisms in which ferri-cytochrome ¢ alone forms 
inactive complexes with cytochrome oxidase. 
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Changes during Storage in Chemically 
Determined Lysine Availability in Soybean 
Concentrate 


THERE are indications in the literature that protein-rich 
foods from animal sources! such as milk powder?’ or its 
models‘ and fishmeal*,? deteriorate in protein nutritive 
value on storage because of loss of lysine availability. This 
loss may be due to blocking of the c-amino group of the 
lysine by reactive carbonyl groups from reducing sugars? 
or from secondary fat oxidation products’. The latter 
mechanism has been identified in a protein/oxidized- 
soybean-oil system rich in secondary fat carbonyls’. 

It is assumed? that the oxidized fat/lysine-binding 
reactions become significant under less-rigorous time- 
temperature conditions compared with the sugar amino 
condensation type. Moreover, the latter type has been 


‘observed in foods with a close quantitative relation 


between lysine and reducing sugars, such as milk powders 
and model mixtures with free reducing glucose content 
stoichiometrically equivalent to the total free amino 
groups of the protein. i 

In order to obtain, in a relatively short storage experi- 
ment, indications of the values to be expected in practi- 
cally fat-free systems of vegetable origin such as soybean 
meal, we prepared a material with a high lysine/reducing 
sugar ratio, containing as a result of the method of pro- 
duction approximately 20 per cent of the stoichiometri- 
cally-necessary amount of the latter relative to the lysine 
content. 

A soybean protein concentrate, produced from un- 
toasted defatted soybean flakes, was used as test material. 
The flakes were extracted with distilled water at 50° C 
for 1 h, protein was precipitated with hydrochloric acid 
at pH 4-5 and the precipitate washe@ several times with 
water at the same pH. After filtration, the residue was 
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dried for 1.h in thin layers on trays in a tunnel at an air 
temperature of 40°-45° C. 

In order to find out whether a further. decrease in free 
e-amino groups, relative to the carbonyl concentration, 
would. affect the reaction rate between the two constit- 
uents, one portion of the dried concentrate was subjected 
to additional 15-min heat treatment in an autoclave 
(121° ©). Table 1 shows the composition of the two con- 
centrates used in our experiments.” 


Table 1. COMPOSITION OF SOYBEAN PROTEIN CONCENTRATE USED IN THE 
D-STORAGE EXPERIMENTS 
Per cent 

Moisture 9-1 
Protein (N x 5-7) 82-0 
Reducing sugars 21 
Crude fibre 14 
Ash 47 
Total lysine (ref. 10) in protein 6-2 
Available lysine (ref. 11) in protein, dried 5'1 

dried and autoclaved 4-1 


The concentrates were stored in a refrigerator (4° C) 
and in two thermostatically controlled and light-shielded 
drying cabinets (30° C and 50° C, respectively). Sample 
size and form of the receptacles (hence, air contact con- 
ditions) were identical throughout. Samples for available 
lysine determination were taken at the beginning of the 
experiments and after 2, 4 and 8 and 12 weeks storage. 
oe given in Table 2 are averages of four replicates 
eac 


Table 2, CHANGES IN AVAILABLE LYSINE CONTENT IN SOYBEAN PROTEIN 
CONCENTRATE FOR DIFFERENT STORAGE PERIODS AND TEMPERATURES 


Available lysine at Air-dried and auto- 


beginning of Air-dried concentrate claved concentrate 

experiment 5-1 per cent 4-1 per cent 
Storage temperature 4° co 30°C 00 4°C 30° 0 50°C 
Storage period j 

2 weeks 50 4:8 4:2 4'1 4:0 3-7 

4 weeks 5-0 45 4:0 41 3°75 35 

8 weeks 5-0 4-5 3-95 41 3-8 3-4 

12 weeks 5-0 4:2 3-7 40 87 8-2 


Analysis of variance showed highly significant influence 
of the storage temperature on the available lysine content 
in both cases. The influence of storage time on loss of 
available lysine was found. significant in the case of the 
air-dried concentrate and insignificant in the other. It 
seems that for the latter case the statistical chance of a 
carbonyl-c-amino group interaction was rather remote. 

The relatively high decrease in the available lysine 
(maximum of 35 per cent—as against 20 per cent stoichio- 
metrically-reducing sugars present in the system) indicates 
another path of blocking of the c-amino groups in addition 
to’ sugar amine condensation. It can be explained’? by 
formation of peptide-like bonds with free carboxyl groups 
of glutamic and aspartic acids. 

This work was supported by the U.S. Department of 
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Antigenicity of Hapten Conjugates of 
Poly-D-lysine and of Poly-L-lysine in Strain 2 
Guinea Pigs 


Harten conjugates of poly-L-lysine are antigenic in 
about 25 per cent of random bred Hartley guinea pigs and 
in 100 per cent of the highly inbred strain 2 guinea pigs 
provided that the conjugates are not too highly coupled}-%, 
This communication compares the antigenicity of lightly 
coupled benzylpenicilloyl conjugates of poly-p-lysine and 
of poly-L-lysine in strain 2 guinea pigs. Parker and Thiel* 
have recently reported, in abstract, that a lightly coupled 
benzylpenicilloy] conjugate of poly-D-lysine was non- 
antigenic in 35 random-bred guinea pigs. , 

Poly-p-lysine HBr with an average degree of polymer- 
ization (D.P.) of 144 (PDL) and poly-t-lysine HBr, 
D.P. = 286 (PLL,,,), were purchased from Pilot Labora- 
tories, Watertown, Massachusetts. Average D.P.’s were 
calculated from intrinsic viscosity measurements (manu- 
facturers’ analysis). Crystalline potassium benzylpenicillin 
(KPG) was a gift of Bristol Laboratories, Syracuse, New 
York. The benzylpenicilloyl (BPO conjugates of polylys- 
ines, BPO.—-PDLiy4, and BPO,-PLLasa were prepared by 
reaction of the polylysines with 0-25 molar equivalents 
(with respect to —NH,) of KPG in aqueous solution, 
25°, maintained at pH 11-3 + 0-1 for 90 min in a pH-stat. 
(Subscripts refer to average numbers of groups per mole 
conjugate.) The conjugates were purified by dialysis 
against four changes of 2 M sodium chloride and three 
changes of 0:005 M phosphate buffer, pH 8-2. Average 
number of BPO groups per mole were calculated from 
Kjeldahl and Penamaldate analyses of conjugate solu- 
tions®*, Strain 2 guinea pigs were obtained from: the 
Institute of Allergy and Infectious Diseases, National 
Institutes of Health, Bethesda, Maryland, through the 
courtesy of Dr. M. Brandriss. Animals of both sexes 
weighing 400-500 g were immunized. Skin-tests were 
performed as described previously?. PCA analyses were 
done on sera diluted 1/10 with 0-15 M sodium chloride by 
the method described by Ovary’ using 500 ug of succinyl- 
ated BPO, PLL, as antigen. Passive hemagglutina- 
tion analyses of sera were performed on 1/10 and higher 
dilutions of sera which had been inactivated at 56° for 30 
min and absorbed thrice with sheep red blood cells 
(SRBC). SRBC were sensitized by reaction of a 5 per cent 
suspension in an aqueous solution of 0-08 M sodium 
barbital and 0:07 M KPG, pH 9-5, 37°, 1 h. Sensitized 
SRBC (0-05 ml. of 1 per cent sispension) were mixed 
with 0:2 ml. of the-serum dilution and centrifuged at 
1,000 r.p.m. for 1 min. Positive tests (macroscopic 
clumping) were specifie for the BPO haptenic group, ‘as 
complete, specific inhibition of these positive tests by 
the univalent hapten, BPO-aminocaproate (2 x 10- M), 
was observed. 

Two groups of 5 animals were immunized, one group 
with 100 pg of BPO, -PDL; and the other group with 
1:0 ug of BPOw-PDL,4,. The conjugate was emulsified 


in 0-2 ml. of complete Freund’s adjuvant (Difco Labora: - 


tories, Detroit, Michigan) and 0-2 ml. of 0-15 M sodium 
chloride; 0-2 ml. of the emulsion was injected into each 
hind foot pad. All animals were skin tested on day 14 
with 10 ug of the conjugate; they were bled from the retro- 
orbital space on day 20, and they were skin tested again on 
day 21. It was found that none of the 10 animals respon- 
ded immunologically to BPO-PDI,4,. The animals did 
not exhibit arthus or delayed skin reactions (tests on days 
14 and 21) to the conjugate, and their sera did not contain 
anti-BPO antibodies detectable by PCA or by passive 
hemagglutination. On day 23, the same 10 guinea pigs 
were re-immunized by injection of 100 pg of BPO y~PLLegs 
in adjuvants in the front foot pads. They were bled on day 
37 and skin tested with 10 ug of BPO,-PLLess on day 38. 
All 10 guinea pigs exhibited immune responses to BPO s- 
PLL. The animals showed strong arthus and delayed 
skin reactions, and their sera contained anti-BPO anti- 
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bodies detectable by PCA (titres, 1/50-1/200) and by 
passive hemagglutination (titres, 1/160—1/640). 

These results demonstrate that a hapten conjugate of 
poly-p-lysine is non-antigenic in strain 2 guinea pigs, 
whereas a homologous conjugate of poly-L-lysine is 
antigenic. In experiments to be reported elsewhere’, it 
was found that a aline extract of strain 2 guinea, pig 
spleens was incapable of degrading a lightly coupled 
fluorescein-PDL conjugate. These findings may be con- 
sidered to support the view? that macromolecular antigens 
must first be degraded in vivo in order to induce an immune 
response. However, it is possible that even sufficiently 
low molecular weight hapten-PDL peptides may still not 
be antigenic because of their inability to undergo a subse- 
quent specific metabolic step which is necessary for the 
induction of the immune response. 
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Hepatotropic Effect in Mice by an Aqueous 
Extract of Ultra-violet-irradiated Linolenic 
Acid I 


Toxic materials are obtained by oxidation of highly 
unsaturated fatty acids, and significant effects are pro- 
duced by these products on biological systems. Methyl 
linoleate and methyl linolenate are readily oxidized on 
exposure to ultra-violet radiation to yield products which 
inhibit enzymatic reactions and cellular respiration? and 
interrupt division of yeast cells?. Other consequences of 
the autoxidation of lipids are detailed in a recent sym- 
posium'. This communication deals with an in vivo 
response of the mouse liver to an aqueous extract of ultra- 
violet-irradiated linolenic acid. 

5 g of linolenic acid (99 per cent purity, Hormel 
Foundation, Austin, Minn.) were irradiated with ultra- 
violet light for 18 h, extracted with water and processed 
according to the procedure described previously’. Wash- 
ing with organic solvents, however, was omitted. The 
extract gave a characteristic pink coloration with the 
thiobarbituric acid (TBA) reagent®. The pink coloration 
increased. linearly with the duration of the period of 
irradiation, of lipid up to 18 h”. Therefore, in the present 
work linolenic acid, after irradiation for 18 h, was ex- 
tracted with water. The extract after concentration by 
lyophilization gave a TBA. value of approximately 
50 absorbance units per ml. at 532 my. Such an extract 
was injected intraperitoneally into mice at an approx- 
imately LD»; level. Similarly, an extract of non-irradiated 
linolenic acid was also prepared. 

Thirty-seven one-month-old CAF, female mice, fed 
Purina Laboratory Chow and water ad libitum, were given 
two injections of 0-3 ml. of the extract of irradiated 
linolenic acid at 4 h apart. Two control groups (37 mice 
each) received similarly two injections of 0-3 ml. of the 
extract of non-irradiated lipid or distilled water. 

The group of mice injected with extracts of irradiated 
lipid showed. a transient loss in weight of approximately 
10 per cent during the first week. No losses in weight 
were observed in the other groups; by the end of two 
weeks, all mice were of comparable weight. At least 
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four animals from each group were killed at various 
intervals by breaking their necks. 
No gross changes were noted in the appearance of the 
animals, although 10 out of 37 mice died during the first 
96 h after the injection of the extract of irradiated lipid. 
Eight days after the injection of the extract of irradiated 
lipid, the livers appeared slightly swollen. After 20 days, 
the two- major lobes were distinctly swollen and the 
margins of the lobes were thick and rounded. Both theso 
lobes had fused in mice killed within 30 days after in- 
jection and by 50 days the median, right, and left lateral 
lobes were fused. These animals showed loss of hair in 
a small area of the skin (1 cm? approximately) near tho 
site of injection. The fused liver lobes in three mice showed 
adhesions to the spleen and right kidney, but the peri- 
toneum was unaffected. The weight of the liver in per- 
centage of the body-weight of all the mice killed after 
the injection of the extract varied from 6-4 to 7-5, but 
such variations were also observed with the animals killed 
from the control groups. 
Microscopically, these livers showed irregular size of 
hepatic cells with crowding of trabecule and enlarging 
of the individual lobules. The nuclei varied greatly in 
size, shape and staining characteristics. The cytoplesm 
of most of the cells was coarsely granular. Many of the 
liver cells had double nuclei in either mitotic or amitotic 
divisions; distortion of the structure of the liver and 
compression of the sinusoids were evident. The altera- 
tion of liver cells was accompanied by a greater prom- 
inence of Kupffer cells. In general, these livers exhibited 
hypertrophy and hyperplasia of both cell types. 
The sections of fused livers showed the two lobes were 
separated by a septum. The disarranged trabecular 
pattern representing each of the fused lobes was entirely 
different. The septum appeared thin and discontinuous 
in fused livers of mice killed from 50 days and on- 
wards after the injection of the extract. In some instances 
the interrupted areas in the septum were occupied by 
the hepatic cells. 
Other organs (spleen, kidney, heart and brain) of mice 
in this experimental group failed to show distinct patho- 
logical changes. Similarly, livers from mice injected with 
either the extract of non-irradiated linolenic acid or 
distilled water exhibited no such changes. 
It appears. therefore, that the ultra-violet-irradiated 
linolenic acid contains water-soluble materials which 
possess the property to induce hyperplastic changes in 
the liver and destructive changes in the connective tissue 
of the liver capsule. The exact nature of the materials 
responsible for these effects is not known; however, the 
presence of carbonyl compounds and peroxides has been 
ascertained. 7 
The Principles of Laboratory Animal Care as promul- 
gated by the National Society for Medical Research were 
observed during this work, which was supported in part 
by a contract from the Army Medical Research and 
Development Command, U.S. Army, Washington, D.C. 
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‘Solubilization’ of Carcinogens with Nucleic 
Acid Solutions. The Interaction of 
p-Dimethylaminoazobenzene with Ribonucleic 
Acids 


PHENOMENA of ‘solubilization’ of carcinogens in nucleic 
acid solutions have been previously described). For 
example, Boyland and Green? reported that native DNA 
solubilizes more benz(a)pyrene than heat-denaturated 
DNA does. A slight bathochromic effect of 10-nm and 
quenching of the fluorescence were taken, following Steele 
and Szent-Gyorgyi®, as evidence of amolecular interaction. 
However, Giovanella, McKinney and Heidelberger* ques- 
tioned the interpretation of these findings and claimed 
that they were entirely due to a phenomenon of stabiliza- 
tion of the colloidal suspension of benz(a)pyrene by the 
nucleic acids. They concluded that no non-enzymatic 
interaction between the carcinogenic hydrocarbons and 
DNA could be proved. 

The general problem of a possible interaction between 
carcinogens and nucleic acids is of the utmost importance 
because of obvious genetic implications. It is shown here 
that there are cases in which such an interaction can be 
demonstrated clearly although part of the carcinogen is 
present under a micellar form. 

The ‘solubilization’ of p-dimethylaminoazobenzene 
(butter yellow) in an aqueous solution of nucleic acids is 
easily achieved at temperatures in the range of 32°~45° C. 
If the incubation mixture is filtered cither on Whatman 
No. 1 paper or on a fine porosity fritted glass, a liquid, 
coloured and optically void to the naked eye, is obtained. 
With most of the samples there is no opalescence and the 
filtrate has the same appearance as a solution of the dye in 
an organic solvent, except for its viscosity. However, the 
ultrafiltration of such a filtrate on a membrane of pore 
size 0-45 + 0-02u (‘Millipore’ membrane type HA) leaves 
a sediment of very fine yellow particles on the filter. This 
demonstrates that part of the butter yellow is under a 
micellar form. If such an experiment is made using a 
ribonucleic acid with few nucleotides (such as the ‘Ribose 
Nucleic Acid’ sold by Nutritional Biochemical Corpora- 
tion), a red solution is obtained after filtration on What- 
man No. 1 paper, but the sediment on the membrane of the 
ultrafilter is yellow. 

Tt is known! that the molecule of butter yellow can exist 
in two forms, an azoid form which is yellow and a quinoid 
form which is red; with mineral acids and aliphatic acids 
of small chain-length, the two forms are part of a reversible 
equilibrium described by the equation: 


It can be assumed, as was implied by Hartley® in his 
examination of long-chain salts on indicators, that the 
colours observed are indicative of the same electronic 
configuration as in a non-colloidal environment. Then, 
the observed colour change demonstrates the existence of 
an interaction between the carcinogen and the RNA used. 
All samples of RNA tested gave such a reaction which is 
practically independent of the ionic strength of the 
medium. Although the phenomenon is best demonstrated 
with RNA of low molecular weight, samples of highly 
polymerized RNA of yeast (Worthington, lot No. 6141) 
show a definite colour change. 

Furthermore, it is possible to show a size-effect in the 
interaction between*¢RNA and butter yellow. Table 1, 
which relates the sizes of the particles to the electronic 
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Table 1. Correlation of sizes and colours; the sample used was an 
aqueous solution of ‘Ribose Nucleic Acid’ (Nutritional Biochemical Cor- 
poration) incubated with butter yellow and filtered on Whatman No. 1 
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paper 
Sizes of the particles 
0-45 + 0-02 0-45 + 0-02 
Azoid colour + ? 
Quinoid colour ? + 


configuration of the dye in the case of the filtrate obtained 
with Whatman No. 1 paper, leads one to suppose the 
existence of a correlation between. the size of the particles 
and the electronic configuration of the dye, most, if not 
all, of the large particles being yellow and most, if not all, 
of the small ones red. In these conditions, the interaction 
involves only small micelles and dispersed molecules of 
butter yellow. This finding suggests the existence of a 
critical distance of approach between the reacting 
constituents. , 

The mechanism of interaction is at present unknown. 
Be it an intercalation of dispersed molecules of tho dye in 
the molecule as Boyland and Green suggested for carcino- 
genic hydrocarbons in the case of DNA, or more related 
to micelle interaction, it seems that the concept of ‘solubil- 
ization’ must be revised. It is of interest to note, in this 
context, that Tobolsky and Ludwig’? came to the same 
conclusion after their study of a system less complex from 
a physicochemical point of view. 
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Effect of Synnematin B on Brucella 


In view of the high percentage of relapses in cases of 
brucellosis treated with the antibiotics now in use, we have 
examined the in vitro effect of synnematin B on Brucella. 
This antibiotic is unique among: the penicillins in that it 
possesses remarkable activity against a narrow spectrum 
of Gram-negative organisms. Synnematin B has proved 
capable of controlling experimental infections in mice 
caused by Salmonella and Proteus* and natural infections 
in man‘-*. Cultures of mouse fibroblast cells infected with 
Salmonella typhosa have been. freed regularly of infection 
by treatment with synnematin’. Bacteriostasis of Brucella 
by 1-2 units/ml. of the antibiotic and bactericidal action 
against Brucella abortus with 100 units/ml. have been 
reported®-*, No other reports are known. 


This communication reports the effect of synnematin B > 


on Brucella in liquid and solid media and intracellular 
Br. abortus in bovine tissue cells. Additionally the effect 
of synnematin combined with tetracycline has been 
probed. 

Synnematin B (327 units/mg) was supplied by the 
Michigan Department of Health. Typical, smooth virulent 
strains of Brucella were used. Strains 3076 and 1359 


Í 
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(carbon dioxide-dependent) of Br. abortus were isolated 
from a human being in 1960 and from a cow in 1961, 
respectively. Br. abortus 2308 (carbon dioxide-indepen- 
dent) is a stock strain which is widely used for various 
laboratory purposes. Brucella melitensis 2515 and Brucella 
suis 1854 were isolated from human beings in 1961. 

To determine the effect of synnematin B on Brucellae 
on solid medium, tryptose agar (Difco) plates were seeded 
with 10‘ organisms, and 0-05 ml. of synnematin B at 
various concentrations was added to paper disks (12-7 mm, 
Schleicher and Schuell No. 740 E) which had been placed 
on the agar. The diameter of the zone of inhibition was 
measured after incubating the plates for 4 days at 37°C. 
Zones less than 20 mm were ill-defined and considered 
negative. As the sizes of the zones presented in Table 1 
indicate, 1:5 units of synnematin inhibited the carbon 
dioxide-dependent strains.of Br. aborius and strain 2308 
when grown in carbon dioxide. When strain 2308 was 
grown in air, 0-75 units produced equivalent inhibition. 
The difference in sensitivity of carbon dioxide-independent 
strains when incubated in air and in carbon dioxide was 
first noted with the stock strain 2308. Afterwards a carbon 
dioxide-independent mutant was isolated from strain 3076; 
it also proved more sensitive to synnematin when the 
culture was incubated in air. Br. melitensis and Br. suis 
were inhibited by 3-0 units but not by 1-5 units of synne- 
matin. Br. melitensis was definitely more sensitive to 
synnematin than Br. suis. 


Table 1. MEAN ZONE OF INBIBITION BY SYNNEMATIN B OF Brucella GROWN 
A ON TRYPTOSE AGAR 


Synnematin B, units 
1-5 3-0 


Species Atmosphere 0-75 
mm mm mm mm 

Br, abortus 

Strain 1859 and 3078* cog <20 26 44 

Strain 2808 ¢ Air 26 40 47 

Strain 28087 CO, 21 32 36 

Strain 3076] Air <20 27 45 

Strain 3076t CO, <20 <20 35 
Br, melitensis Air <20 29 86 
Br, melitensis CO, 21 29 37 
Br, suis Air <20 23 33 
Br, suis co, <20 23 31 


* CO,-dependent. 

+ CO,-independent, stock strain. 

ł CO,-independent, recently isolated strain. 
§ 5 per cent CO, in air. 


Since tryptose broth (Difco) supports rapid growth of 
Brucellae, it was used to examine the effect of synnematin. 
B in a serum-free liquid medium. Tubes containing 5 ml. 
of the medium and the antibiotic were inoculated with 
104 or 10° Brucellae per ml., incubated at 37°C, and the 


Geometric mean—-Brucellae per ml. 





Fig. 1. Effect of synnematin B on the growth of Brucella abortus in 


tryptose broth 
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number of Brucellae determined by colony count at 24 h 
intervals. Fig. 1 represents the mean of results obtained 
with several strains of Br. abortus. (Strain 2308 was slightly 
more sensitive than recently isolated strains.) Only a 
transient or slight effect was observed with 0-5 units/ml. 
of the antibiotic. Synnematin B at 1 and 2 units/ml. was 
bactericidal, reducing the initial 10 and 10° Brucellae at 
about the same rate. After 48 h the count levelled off, 
presumably duo to lability of the antibiotic. When a 
second unit/ml. of synnematin was added at 48 h to 
cultures which initially contained 10° organisms, the 
number of Brucellae was at least one log less at 96 h than 
with 1 or 2 units/ml. at 0 h only (not shown). 

Inhibition curves similar to those with Br. abortus were 
obtained when Br. melitensis and Br. suis were exposed 
to synnematin at 2 or 4 units/ml. (not shown). At 1 
unit/ml., the antibiotic occasionally was less effective 
against Br. melitensis than Br. abortus, and it was only 
bacteriostatic against Br. suis. 

Prior to use of a tissue cell system for investigation of 
intracellular action of synnematin, alone and combined 
with tetracycline, the effect of the antibiotics on Brucedlae 
in the tissue-growth medium was determined. The data in 
Table 2 illustrate the bactericidal effectiveness of synne- 
matin B in this semi-synthetic, serum-enriched medium. 
At 2 units/ml. the antibiotic was bacteriostatic and below 
1 unit/ml. growth occurred. However, even 0-2 unit.ml. 
reduced growth somewhat for 48 h. To examine the com- 
bined effect of antibiotics, synnematin and tetracycline 
were used at less than 1 unit/ml. and 1 ug/ml., respectively. 
Multiplication of Brucellae did not occur with either 
antibiotic alone much above these levels. The results, 
shown in Table 2, demonstrate that combinations of 
synnematin at 0-2-0-8 units/ml. and tetracycline at 0-12 
and 0:25 ug/ml. were more effective than either alone in 
inhibiting the growth of Br. abortus. 


Table 2. INBIBITORY EFFEOT OF COMBINED SYNNEMATIN B AND TETRA- 
CYOLINE ON THE GROWTH OF Brucella abortus 2308 IN HAGLE’s MEDIUM" 


No. of Brucellae per ml, at 48 ht 


Rees Tetracycline, zg/ml. 
Units/ml. 0 0-12 0:25 0-5 

0 2-6 x10° 1-9x10* 4-9 x10! 7-210? 
0-2 5-8 x10° 6-0 x10? 6-5 x10? 8-0 x10 
0-4 1-7x10° 2-0 x 10° 8-9 x10" 1-1 x10? 
0-8 8-7x10 7-0x10* 2-6x108 2-2 x 108 
2-0 3:5 x 10° 

4:0 70x10 


* Kagle’s minimum essential medium in Puck’s saline F with 15 per cent 
calf serum. 5 per cent CO. 


+ 2x10‘ Brucellae per ml. at 0 h. 


The effect of synnematin on intracellular Br. abortus 
has been probed by a method used to investigate the 
synergism of streptomycin with other antibiotics on 
intracellular Brucella in vitro. The results of preliminary 
trials with different strains and varying numbers of 
Brucellae have been surveyed and will be mentioned. 
Briefly, bovine feetal-skin and adult testicular cells in 
primary monolayer culture were exposed to Brucellae for 
5 h. The medium was then replaced with one containing 
synnematin alone, tetracycline alone, or the two in 
combination. At 42 h after addition of the antibiotics. 
the tissue cells were washed, lysed, and the number of 
intracellular Brucellae determined by serial dilution and 
colony count. Under these experimental conditions, 
synnemaztin alone had little effect on intracellular Brucellae. 
It required approximately 50 units/ml. in the medium for 
bacteriostasis of carbon dioxide-dependent strains and 
100 units/ml. to reduce the initial number of intracellular 
Brucellae one log unit. Synnematin at 4-10 units/ml. 
combined with tetracycline at 1 pg/ml. proved more 
effective than either antibiotic alone. The intracellular 
count was reduced approximately 1 log unit with combined 
antibiotics as compared with the nunsber with either anti- 
biotic alone. 
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Combined synnematin—tetracycline would seem worthy 
of trial in experimentally infected animals. For some 
micro-organisms synnematin has proved more effective 
in vivo than in vitro? A high percentage of relapses occur 
in treatment of brucellosis with a combination of tetra- 
cycline and streptomycin, the therapy of choice for severe 
infections. Also toxicity of streptomycin presents a 
problem. Like the other penicillins, synnematin is 
relatively non-toxic. Blood-levels of 5-10 units/ml. can’ 
be achieved in human beings. At this concentration 
synnematin is bactericidal for extracellular Brucellae and 
it enhances the activity of tetracycline on intracellular 
Brucellae in vitro. ' 

This work was supported in part by a grant (&8829) 
from the National Science Foundation. 
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Synthesis of Double-stranded RNA in 
.RNA-phage Infected E. coli Cells 


Tue reproduction of RNA-containing bacteriophages is 
independent of host DNA and DNA-synthesis!-*. An 
understanding of the underlying processes thus should 
lead either to the detection of a double-stranded form of 
RNA, which would be an analogue to the replicative form 
of single-stranded DNA‘, or to a novel mode of single-strand 
replication. To check for an RNA-intermediate of phage- 
RNA replication, extracts were prepared from E. coli 
cells infected with the RNA-containing phage fr (refs. 6-8). 
On stepwise elution? from a methylated albumin (MAK) 
column”, two RNA-fractions separated which were not 
detected in extracts from non-infected bacteria: one 
fraction, eluting at 0-70 M sodium chloride, resembled the 
RNA extracted from purified fr-particles. The other 
fraction, eluting at 0-60 M sodium chloride, will be desig- 
nated at 0-6~RNA and was prominent by its resistance 
towards digestion with RNase. 

To prepare the latter fraction, Æ. coli K 12 F+, grown in 
tryptone medium at 37° C, was multiply infected with fr 
and collected 35 min later. The infected cells, after being 
suspended in sodium chloride 0:15 M, EDTA 0-1 M (pH 
7-6), were lysed by warming in 2 per cent lauryl sulphate 
10 min to 60° C (ref. 11). The suspension was shaken by 
hand twice with phenol and extracted with ether. After 
treating with RNase (2 ug/ml, 30 min at 22° C) the 
solution was made 0:3 M in sodium acetate and 0-54 vol. of 
isopropanol was added. The fibrous precipitate which 
formed was collected on a glass rod and redissolved in 
sodium chloride 0-1 M, tris-hydrochloric acid 0:02 M (pH 
7-6). RNase 2 ug and, after 10 min, magnesium acetate 
5 uM and DNase 10%g were added per ml. After 30 min 
at room temperature the digest was extracted twice with 
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phenol and finally with ether. From the mixture 0:6~-RNA 
was isolated either by reprecipitating several times with 
acetate-isopropanol or by fractionating on MAK. 

If obtained by the digestion-isopropanol precipitation 
procedure without further purification on MAK, 0:6-RNA 
sediments as an extremely sharp band with S,, = 14:5, 
followed by varying amounts of minor material. Assuming 
that the hydrodynamic properties of the 14-5 S form are 
identical to those of double-stranded DNA, one calculates 
the molecular weight to be!? 2-4 x 108, which corresponds 
to twice the molecular weight of single-stranded RNA 
extracted from purified fr-phage particles (1-2 x 10°). 

The ultra-violet absorption of 0-6~-RNA has a ratio 
E max/E min(258/232 mu) of 2-2. The molar ratios of 
adenylic acid, uridylic acid, guanylic acid and cytidylic 
acid, (1:00/1-02/1-03/1-05) were obtained by radioactivity 
counting from a sample, labelled with phosphorus-32 and. 
subjected to alkaline hydrolysis and paper electrophoresis. 
It should be pointed out that base ratios close to one hold 
also within the single-stranded RNA extracted from fr- 
phage particles’. > 

The sedimentation behaviour of 0-6-RNA remains 
unaltered on prolonged incubation with DNase or pancreas 
RNase in sodium chloride 0-1 M at 22°C. 0-6-RNA labelled 
with phosphorus-32, treated with RNase, was completely 
converted to an acid-soluble form after being heated in low 
salt (10 min to 100° C in sodium chloride 0-005 M). This 
finding excludes DNase-resistant, RNase-resistant DNA- 
RNA, hybrid molecules" as a major contaminant of the 
unheated extracts. 

The heating-digestion experiment was repeated in a 
more quantitative form using uracil-(14C)-labelled material. 
The loss of acid precipitable “C-activity, resulting from 
combined heating and digestion, was plotted against the 
temperature applied. A melting-digestion curve results 
which indicates a sharp increase of RNase-sensitivity on 
heating 0-6-RNA above 82° C. The midpoint of transi- 
tion (Tm), estimated from the curve (Fig. 1), is 87° ©. 
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20 40 60 80 100 
Temperature (° 0) 
Fig. 1. Curve a: uracil(“C)-labellied 0-6 RNA was heated stepwise in 


sodium chloride 0-006 M, 10 min at each temperature step. Samples 
were diluted in sodium chloride 0-1 M, éris-hydrochloric acid 0-02 M, 
EDTA 10 M (pH 7-6) and treated with RNase (0-3 ug, 20 min at 37° C). 
Acid precipitable “C-activity was collected on membrane filters and 
counted. Ordinate: lossof acid precipitable “C-activity after combined 
heating and digestion in percentage of the precipitable C-activity 
of a heated, non-digested control. Abscissa: temperature applied. 
Curve b: same experiment with **P-labelled RNA extracted from 
purified fr-phage particles 
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Tenipetature abhor bent relation of 0-6-RNA. @, In sodium 
chloride 0°15 M, sodium citrate 0-015 M; b, in sodium chloride 0-005 M; 
c, same as b, after heating for 10 min to 100° C 


Further evidence for a highly ordered secondary struc- 
ture comes from the absorbance-temperature relation 
(Fig. 2). Tm of the steep increase, which 0-6-RNA. under- 
goes on heating in 0-005 M sodium chloride, coincides 
with that of the melting-digestion experiment. In 0-2 M 
sodium ion the temperature-absorption curve extrapolates 
to give Tm at 102° C, which is 12° C above the temperature 
expected for DNA of an analogous base composition. 
It should be recalled that both species of naturally occur- 
ring double-stranded RNA isolated so far, reovirus 
RNA: and the replicative form of encephalomyocarditis 
virus RNA", show midpoints of optical density transition 
above 95° ©. The relative gain in optical density of 0-6- 
RNA (50 per cent) should be compared with the hyper- 
chromic effect obtained with helical 7A U-copolymers 
(65-70 per cent'’). On melting 0-6-RNA and chilling, 
the temperature absorption curve is altered to give the 
broad transition characteristic for incompletely paired 
polynucleotide molecules (Fig. 2). 

Formaldehyde (1-8 percent) does not react with 0-6- 
RNA dissolved in 0-1 M sodium phosphate at pH 7-0 
within 8 h at 37° C, as judged from the unaltered ultra- 
violet absorption of the mixture. Single-stranded RNA 
from fr-phage, under such conditions, gave a 26-per cent 
hyperchromic effect. Non-reactivity with formaldehyde 
may be taken as further evidence that 0-6-RNA molecules 
are intimately paired, probably in the form of polynucleo- 
tide double strands’. 

The buoyant density of 0-6-RNA in cesium sulphate”® 
is 1-612 g cm-?, that of single-stranded RNA from fr-phage 
1:632 cm-?. Solutions were centrifuged to equilibrium in 
an SW 39 rotor, Spinco centrifuge model L at 33,000 r.p.m. 
at 25° ©. 

In the experiments carried out so far, 0-6~RNA was 
non-infectious on E. coli spheroplasts*!, even after carefully 
melting the 14-5 S form at 80° C in dimethylformamide. 
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Lack of infection may have been a consequence of degrad- 
ation of originally infectious molecules, but the possibility 
is not excluded that the 14-5 S form represents the unde- 
graded replicative form of phage RNA. which, for inherent 
reasons, cannot start an infectious cycle on the bacterial 
host. 

As judged from the yield of the chromatographic frac- - 
tionation on MAK, 0-6~RNA accounts for 3 per cent of the 
total RNA 35 min after fr-infection. This corresponds to 
150 molecules, each of 2-4 x 10° mol. wt., per infected 
cell. Perhaps it is not coincidence that this figure approx- 
imates the number of fr-particles which are released per 
division cycle from an individual infected Æ. coli cell under 
conditions of non-lytic infection??. 

Note added in proof. Evidence for the formation of a 
double-stranded form of phage-RNA has been obtained 
also from investigations of in vitro synthesis of RNA 
(Weissmann, C., and Borst, P., Science, 142, 438; 1963). 
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HA:MATOLOGY 


Determination of Total Blood Volume from 
Measurements of Total Red Blood Cell Mass 
and Plasma Volume, using Simultaneously 
Injected Isotopes 


In both clinical practice and experimental research, 
isotope dilution methods!~’ are being used routinely for 
the determination of total blood volume. The isotopes 
most commonly used are chromium-51 (labelled red blood 
cells) and iodine-131 (serum albumin), both y-emitting 
isotopes. Chromium -51-labelled red blood cells are used 
to obtain the total red blood cell circulating mass, which, 
in conjunction with the hematocrit, allows for an indirect 
determination of the total blood volume. Conversely, 
radioactive iodinated serum albumin gives a measure of 
total plasma volume and, with the hematocrit, an indirect 
measurement of the total blood volume. The use of either 
of these methods alone is subject to criticism, since the 
final calculations for total blood volume are based on the 
assumption that the peripheral hematocrit is the same 
as, or represents, a constant percentage of the total body 
hematocrit. It has been demonstrated that these assump- 
tions are not valid'-1*, The ideal method for excluding 
hematocrit error would be to measure the red cell portion 





1014 


2 


NATURE 


June 6, 1964 


VoL. 202 


Table 1. MEAN VALUES (+ S.E.) FOR PLASMA, RED CELL AND TOAT BLOOD porog (IN ML, AND PERCENTAGE BODY-WEIGHT) OF 11 90-DAY-OLD MALE 
SORER Rats . 
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and the plasma portion of the vascular compartment 
separately, the total blood volume then being the 
sum of these two independent measurements. Several 
methods*)"15.15 have appeared utilizing chromium-51- 
tagged red cells and radioactive iodinated serum albumin 
in the same subject for measurements of total circulating 
red cell mass and total plasma volume, respectively. 
Some methods" have combined repetitive injections of 
the respective isotopes; whereas others, the simultaneous 
injection of both. In those methods'® where the isotopes 
are injected separately, it is necessary to obtain repeated 
samplings of the subject’s blood, which in clinical practice 
may be only a slight inconvenience to the patient, but is, 
with small animals, a significant handicap. Repeated 
bleeding and intravenous injecting of small laboratory 
animals are not only difficult but also may create stress in 
the animals which could influence the results in the final 
determinations. 

The other methods**-14, in which the isotopes are injected 
simultaneously, also necessitate multiple blood samplings 
and, furthermore, require corrections for the presence of 
both isotopes in the sample. Unfortunately, chromium-51 
and iodine-131 have overlapping energy spectra, making 
it impossible, even with a pulse height analyser, to dis- 
tinguish between two isotopes, in the same sample, when 
they are counted at energy settings which record their 
maximal y-emissions. In order to determine the contri- 
bution of chromium-51 y-emissions, in whole blood or 
plasma samples being counted for iodine-131 and vice 
versa, several experimental samples and multiple dilutions 
of standards containing both isotopes must be counted at 
different energy settings, after which fairly elaborate 
mathematical computations are required to arrive at the 
correct activity of the isotope in question. 

We have evolved a method in which the contribution of 
chromium-51 to the count-rate of samples being analysed 
for iodine-131 has been effectively eliminated in both whole 
blood and the separated plasma of animals injected with 
both isotopes, regardless of the red cell hemolysis. 
Iodine-131 contamination in the counting of chromium-51 

- in packed red cells has also been eliminated. The method 
offers the simplicity of a single injection containing both 
isotopes, the lack of repeated blood sampling, and the 
elimination of involved mathematical calculations to 
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compensate for cross-contamination of the two isotopes in 
samples. 

Most important, however, is the derivation of total 
blood volume, exclusive of the use of the venous hema- 
tocrit, by simple addition of the values obtained from the 
total red blood cell mass and the total plasma volume. 
The method, furthermore, also allows for the determination. 
of the total body hematocrit. 

In our method, advantage is taken of the fact that a 
second peak in the y-radiation spectrum of iodine-131 
occurs at approximately 0-600 MeV, at which point, the 
contribution of chromium-51 to samples containing both 
iodine-131 and chromium-51 is eliminated. This is 
illustrated in Fig. 1. In practice, 10 c.c. of whole blood is 
obtained from donor animals; 40 me. of chromium-51 
(chromotope sodium, Squibb) and 2 ml. of ACD solution 
are added to the blood and 30 min is allowed for tagging. 
The mixture is then centrifuged for 5 min and washed 
three times with normal saline. 

Three ml. of the packed, labelled red cells is placed in a 
separate container containing 20 me. iodine-131 serum 
albumin (human, Squibb) and sufficient saline to bring 
the volume to 6 ml. An aliquot of the dual-tagged blood 
is set aside for an iodine-131 standard and an aliquot of 
the originally labelled chromium-51 packed red cells for 
a chromium-51 standard. The weight of the host animal 
is recorded and 0:2 ml. of the dual-tagged blood injected 
via cardiac puncture. A minimum of 15 min is allowed 
for circulation and mixing, after which the animal is 
anesthetized and exsanguinated by cardiac puncture. 
From the withdrawn blood, samples are taken in replicate 
and represent aliquots for the determination of iodine- 
131 in whole blood and blood for 3 micro-hematocrits. The 
remaining portion of the blood is then centrifuged for 
10 min, -from which plasma is removed to determine the 
radioactivity of iodine-131 in plasma, and the packed red 
cells then washed three times with normal saline to remove 
trapped plasma containing iodine-131. Aliquots are then 
taken for the determination of chromium-51 in packed 
red cells. Whole blood and plasma are analysed for 
iodine-131, using a well-type scintillation counter, set at 
0-610 MeV (window-width 100). 
chromium-51 in the packed red cells is determined at a 
setting of 0-310 MeV (window-width 10). AU samples are 
counted three times and for a minimum of 10,000 counts. 
Hematocrits are obtained, using the usual micro- 
hematocrit methods, and are the average of three 
determinations for each animal. 

The values for the total plasma volume and the total 
red cell mass are obtained in the usual fashion by dividing 
the radioactivity recorded in these two parts of the vascular 
compartment into their respective standards. Total blood 
volume is then simply the sum of the total plasma volume 
and the total packed red cell volume. 

Table 1 is an example of the multiplicity of results which 
can be obtained using our method. It emphasizes the 
differences in the results obtained when the total blood 
volume of an animal is calculated solely on the basis of 
plasma volume or red blood cell mass, in conjunction with 
the venous hematocrit. 

We consider that the blood volume, expressed as the 
sum of the plasma volume and the red cell mass, independ- 
ent of the hematocrit, represents a more accurate measure 
of the true in vivo value of the total blood volume of 
animals. 


The radioactivity of: 
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Effect of Phenol - Water Extracts from 
Human Erythrocytes on the Rh System 


A TOTAL lipid extract from human erythrocytes some- 
times does not bind Rh antibodies in vitro though it can 
bind them in vivo in both rabbits and sensitized 
Rh-negative women. This effect, however, proved to be 
regularly not reproducible, even when the same lipid pool 
was used. The results varied individually in both animals 
and human beings between complete binding and no effect. 

For further experiments, therefore, an extract was used 
prepared from human Rh-positive and Rh-negative 
erythrocytes by the phenol-water method according to 
Westphalt. 

The binding efficacy of those extracts, that is, its 
inhibiting power, was proved by the Halban—Landsteiner- 
inhibition test? using human incomplete Rh-antibodies. 
Following addition of 500y extract from Rh-positive 
erythrocytes in each tube of a 1/2 dilution series, the 
homologous erythrocytes no longer agglutinated. With 
anti-D sera 10 tests were performed with the following 
results: in 5 tests there was complete inhibition; one 

. test showed that the titre decreased by 4 steps, one test 
by 5 and two tests by 3 steps; one test showed no inhi- 
bition. Of 6 tests with anti-C sera 3 caused complete 
inhibition, one decreased in titre by 3, and 2 tests by 
2 steps (within the limits of error). With anti-D serum 
2 tests were carried out using the same dose, that is, 
500y, of phenol-water extracts from Rh-negative erythro- 
cytes for the inhibition test; in one test inhibition was 
complete and in the other agglutination decreased by 
5 steps. With anti-C sera, 3 tests were performed using 
the same dose, that is, 500y, from extract of Rh-negative 
erythrocytes with the result of total inhibition in one 
serum, and decrease in titre to 3 steps in the other 2 tests. 
It seems worth pointing out that the degree of inhibition 
appeared to depend on the phenol-water extract charge 
and not on the serum quality. In other words, using the 
same sera and the same test erythrocytes, the phenol- 
water extracts from different human erythrocytes— 
altogether from erythrocytes of 90 different human beings— 
show different results in the agglutination inhibiting test. 

The phenol-water extracts were further tested by the 
passive hemagglutination technique of Neter® with the 
following results: all incomplete anti-D and anti-C sera 
so far tested gave positive hemagglutinations in the 
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bovine serum albumin test when using O-Rh-negative 
erythrocytes coated with phenol—-water extract as antigen. 
Of such tests 56 were made with anti-D and 52 with anti-C 
sera. Each kind of serum was tested 5 times with phenol- 
water extract from Rh-negative erythrocytes. Some of 
these tests showed a prozone phenomenon and in many 
tests the agglutination titre exceeded by 3 and more 
steps those obtained when using the homologous complete 
antigen, that is, O-Rh-positive erythrocytes. 

It seems remarkable that the phenol-water extract 
from human Rh-negative erythrocytes shows the same 
property in both, the agglutination inhibition and the 
passive hemagglutination, as the phenol-water extract 
from Rh-positive erythrocytes regarding the property of 
binding anti-D as well as anti-C antibodies. Thus it 
seemed advisable to test these extracts with regard to 
their absorbing property. 

After evaluating the human anti-C and anti-D sera 
with homologous erythrocytes in the albumin test, the 
sera were absorbed by Rh-negative erythrocytes coated 
as by the technique used for rendering them antigenic for 
the hemagglutination test, as mentioned above, with 
phenol—water extract from Rh-positive erythrocytes. The 
absorption was done at a ratio of 1: 1 for 30 min at 37° C 
and 2h at 5°C. After absorption the sera were titrated 
in the albumin test with the same homologous intact 
erythrocytes that had served for their primary titration. 

Incomplete anti-C and anti-D sera, 5 times absorbed by 
Rh-negative erythrocytes coated with phenol—water 
extract, showed in a total of 16 experiments, after but a few 
absorbing procedures, a nearly complete loss of antibodies 
compared with the observation that in most absorption 
tests some traces of antibody activity against intact 
Rh-positive erythrocytes remained in the first tube. In 
two cases after absorption the titre decreased but for 
3 steps only. Differences in the absorption experiments 
with the same sera were observed when using different 
phenol—water extract charges. 

For further examination of the phenol—-water extract 
efficiency anti-C and anti-D sera were repeatedly absorbed 
using intact erythrocytes of group O of both Rh-positive 
and Rh-negative type. The absorption was repeated 
4 times and even a fifth time in case the first tube of the 
dilution series should still show a trace of antibodies left. 
Of the sera thus absorbed by Rh-positive erythrocytes. 
37 out of 44 showed no hemagglutinating activity in the 
20 per cent bovine albumin test. Out of the 29 anti-D 
and, anti-C sera 3-5 times absorbed with intact Rh-nega- 
tive erythrocytes, 20 reacted positively with Rh-negative 
erythrocytes coated with phenol-water extracts in the 
same way as with intact Rh-positive erythrocytes; 9 of 
these sera, however, did not react with the modified 
erythrocytes. 

Considering these results, it appears that there aro 
differences not only in the phenol-water extracts from 
individually different blood cells but also in the capacity 
of the Rh-negative erythrocytes to adsorb the phenol- 


` water extract. Concerning the Rh-receptor, there can be 


no doubt that the phenol-water extracts do not contain 
the Rh-complexity since Rh-negative erythrocytes modi- 
fied by this extract, though agglutinable by all human 
anti-D and anti-C sera, are, though but few as a rule. 
completely able to absorb these anti-Rh antibodies. 
Apparently the phenol-water extract contains some but 
not all parts of the Rh compound. 

The phenol—water extracts, therefore, seem to possess a 
certain amount of specificity since in passive hemag- 
glutination Rh-negative erythrocytes coated with this 
extract no longer react with anti-Rh sera previously 
absorbed by intact homologous erythrocytes. 

The finding by Boyd‘ that the agglutinating property of 
anti-D sera can be neutralized by unnatural left-rotating 
carbohydrates and, furthermore, mye observation that 
by boiling sheep erythrocytes in distilled water they 
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become completely able to absorb the antibodies of an 
anti-D serum, both point to the possibility that certain 
atom-groupings are responsible for these facts; atom 
groups such as these are not only to be found in 
Rh-positive human erythrocytes. 

These atom groups in human erythrocytes were not 
extractable by trichloroacetic acid. 

It has been demonstrated in this communication that 
Rh-negative erythrocytes, if coated with material extracted 
by the phenol~water method from human erythrocytes, 
undergo such change as to get similar or equal to intact 
Rh-positive erythrocytes. Immunization experiments are 
proceeding. 

Furthermore, the remarkable observation can be made 
that material extracted with the same phenol—water 
method but from Rh-negative erythrocytes shows the 
same serological behaviour. This seems to confirm 
Murray’s findings? that Rh-negative erythrocytes also 
possess human D antigen though not lying in the surface 
membrane as supposed, with the Rh antigen. According 
to Coffin and Pickles’ the responsible atom groupings can 
also be demonstrated in the interior of the blood cell. 

The fact that phenol-water extracts of erythrocytes 
from different individuals vary in their serological 
behaviour, a difference which cannot be explained by the 
homozygotic or heterozygotic phenotype, points to the 
possibility of considering individual quantitative differ- 
ences within the Rh structure—a consideration which 
seems appropriate to an electrophoretic demonstration 
of allotypic human serum proteins’. 

This examination of the serological properties of phenol- 
water extracts began in 1960 and has been mentioned in a 
preliminary communication together with Thiele’. 
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PATHOLOGY 


Carcinogenic Activity of Aflatoxin to Rats 


Tae observations)? that toxic groundnut meal when 
fed to rats will lead to the development of liver cancer 
have been amply confirmed*-*. It remained necessary, 
however, to demonstrate that the mould product, afla- 
toxin, which is responsible for the acute toxic effects of 
contaminated meals? is also responsible for the carcino- 
genic activity. 

In March 1962, Dr. P. C. Spensley, of the Tropical 
Products Institute, supplied us with 30 mg of aflatoxin 
batch CCB. On subsequent analysis this was shown to 
contain 80 per cent aflatoxin of which nearly all was 
aflatoxin B, and G,, with G, present in rather greater 
amounts than B, (ref. 7). This material was added as a solu- 
tion in arachis oil to give a final concentration of 1-75 p.p.m. 
aflatoxin in diet 41B powder. This was fed to 8 young rats 
for 89 days during which one rat was killed because of loss 
of condition. Another was killed at the end of 89 days for 
liver histology. The liver of this rat showed a normal 
lobular pattern exq@ept for occasional small ill-defined 
hyperplastic nodules. Scattered throughout the liver 
were a few large parenchymal cells with hyperplastic 
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nuclei. The remaining 6 rats were returned to diet 41B 
cubes. 

A. second smaller quantity of aflatoxin became available 
and 15 days later 3 of the rats were returned to a diet 
containing 1-75 p.p.m. aflatoxin. Two of these three rats 
died from intercurrent disease during this second period. 
The first, dying after 7 days, showed a normal liver and 
the second after 196 days showed many of the hyper- 
chromatic liver cells but no regenerative nodules. The 
diet was enough to feed the single survivor for a further 
24 days. This rat was killed 96 days after it had returned 
to diet 41B cubes and found to have a large hepatocellular 
carcinoma. 

Of the three rats that received the diet containing 1-75 
p.p.m. aflatoxin for 89 days, one was killed 316 days after 
its return to a normal diet and found to have a nodule 
1:5 cm diam. which was histologically similar to the 
trabecular hepatocarcinoma described previously’. The 
other two were killed 485 days after return to a normal 
diet. Both rats showed multiple large necrotic masses, 
maximum diameter 3-5 cm. Histologically these were 
trabecular hepatocarcinomas with adenomatous areas. 
Multiple small pulmonary metastases were seen in one of 
the rats. Some of the smaller nodules were benign 
cystadenomas. 

Thus 3/3 rats receiving a diet containing 1-75 p.p.m. 
aflatoxin for 89 days ultimately developed liver cancer 
after a further 300 or more days on a diet that produces 
no liver changes in control rats. The rats ate on average 
16 g of the food containing aflatoxin each day, so that it 
is possible to calculate that the carcinogenic dose of 
aflatoxin for rats is certainly not greater than 2-5 mg per 
rat. 

The possible hazard to human health from the consump- 
tion of food containing this toxic contaminant certainly 
merits very serious attention. 

The work of one of us (W. H. B.) was carried out 
during the tenure of the Graham scholarship. 
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Antigenic Conversion of Established 
Leukæmias by an Unrelated Leukæmogenic 
Virus 


THE cytotoxic test has been applied to the definition 
in vitro of new cellular antigens in several classes of mouse 
leukemia. Three distinct antigenic systems have been 
identified in this manner with cytotoxic anti-sera prepared 
in the mouse—G@ (leukemias induced by Gross virus); 
FMR (leukemias induced by Friend, Moloney* or 
Rauscher’ viruses)**; and TL (spontaneous leukemias, 
leukemias induced by a variety of agents, normal thymus 
of certain mouse strains)!*. The use of letters to designate 
these antigens was suggested in a recent review. 
Particularly in relation to the Œ and FMR systems, it 
might be assumed that the presence of the specific antigen 
in a leukemia is invariably related to the virus responsible 
for its induction. However, there is also the possibility 
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Table 1. ACQUISITION OF THE RAUSCHER ANTIGEN BY ASCITES apt ae igo (C57BE) AS A RESULT OF GROWTH IX BALB/e MICE INFECTED WITH 
AUSOHER VIRU 
Cytotoxic test* with Anti-serum dilution 
EL4 leukemia cells Anti-serum = 
passed in 1/2 1j4 1/8 1/16 1/32 1/64 1/128 1/256 
Per cent dead cells (stained by trypan blue) 
Normal C57.BL/6 3 (control) <10 <10 <10 <10 <10 
BALB/c 9 infected with Rauscher typing serum 
Rauscher virus (C57 BL{69 anti-C57BL/69 86 >95 82 72 51 28 18 1 
| Normal C57B 1/6 g—1st Rauscher leukemia 1 
passage of line R/E LA No. 2) 85 89 T7 72 53 26 l4 11 
Normal C57 B L/86 g—6th 
passage of line RJE L4 93 91 81 78 50 30 <10 <10 
BALB]e anti- 
Normal C57BL/6 8 C57 BLI6 (H-2b) >95 >95 >95 >95 
(control) 57BLI8 anti- 
BALB/c (H-28) <10 <10 <10 <10 
BALB/c anti- 
Normal C67BL/6 g—6th C57 BL{6 (H-2b) >95 > 95 >95 >95 
passage of line RJE L4 C57BL/6 anti- 
BALB/c (H-2å) <10 <10 <10 <10 














* Equal volumes (0-03 ml.) anti-serum dilution, cell suspension (2 x 10*/ml.) and pooled absorbed guinea pig serum (diluted 1/3) incubated for 45 min 


at 37° C. 


stained, For full details of technique see refs. 10 and 12. 


Diluent : Medium 199. Controls (omitted from Table) : cells incubated with either anti-serum or guinea pig serum alone showed <15 per cent 


Table 2. ACQUISITION OF THE RAUSCHER ANTIGEN BY ASCITES LEUKEMIA BALBI & U15 AS A RESULT OF GROWTH IN BALB/c Mick INFECTED WITH 
AUSCHER VIRUS 





























Cytotoxic test* with Anti-serum dilution 
BALBicg 015 leukemia Anti-serum 
cells passed in 1/2 1/4 1/8 1/16 1/32 1/64 1/128 1/256 1/512 
Per cent dead cells (stained by trypan blue) 

Normal BALBje& (control) <10 <10 <10 <10 R 
BALB/e 9 infected with Rauscher typing 

Rauscher virus (line RI U15) | serum (C57BL/69 | >95 91 90 8s 76 60 53 24 16 
Normal BALB/e 9—1st anti- alta g 

passage aor Une R/U15 Raus 86 >95 >95 78 60 30 12 10 <10 
Normal BALB/e <—4th leukæmia No. 2) 

passage th line R] U15., >95 86 88 82 77 61 40 25 11 
Normal BA LB/e S (control) TL typing serum 68 51 44 30 lt <10 <10 

BALB/c 9 infected with (C57BL/6 9 anti- 

Rauscher virus (line E U15) | ASL1 absorbed in 72 50 44 35 14 <10 <10 
Normal BALB/c 9—4th vive in normal A 

passage of line ri 015 strain mice) (ref. 18) 67 52 47 44 34 22 17 15 11 




















* See footnote to Table 1. 


that an established leukemia may become infected with a 
leuksemogenic virus that played no part in its origin. In 
this event the leukemia cells might acquire the antigenic 
specificity characteristic of leukemias induced by the 
unrelated virus, and thus become sensitive to cytotoxic 
anti-sera directed against that class of leukwemias. 

We have approached this question by exposing a variety 
of transplanted ascites leukemias and sarcomas, none of 
which possesses FMR antigen, to the Rauscher leukemo- 
genic virus. This was accomplished by inoculating the 
ascites cells intraperitoneally into BALB/c mice that had 
been infected 5-16 days previously with Rauscher virus. 
During the early splenomegalic phase of infection with 
Rauscher virus there is intense viremia in mice of this 
strain’. The tumour cells were recovered at various inter- 
vals after inoculation into infected mice and were tested 
for their sensitivity to a Rauscher typing serum, either 
immediately or after further passage in uninfected hosts. 
The Rauscher anti-serum was prepared in C57BL/6 mice 
by immunization with an antigenic C57BL/6 transplanted 
Rauscher leukemia’. 

The following tumours have been examined: Ascites 
soukemias; C57BL HL4 (chemically induced), BALB/c 3 
U15 (induced by urethan), AKR K36 (spontaneous), 
BALB/c 3 Gross No. 2 (induced by Passage A Gross 
virus). Ascites sarcomas; O3H BP8, BALB/e Meth A, 
A strain Sal. With the exception of the long-transplanted 
tumours #4, BP8 and Sal, these tumours arose or were 
induced in mice of our inbred colonies?®. 

Results obtained with two leukemias, EL4 and BALB/c 
3 U165, are presented in Tables 1 and 2. To obtain 
progressive growth of EL4 (C57BL) in infected BALB/c 
mice, 70x 10° HL4 cells were injected intraperitoneally. 
Ascites cells recovered 9-11 days later and washed 3 times 


were found to have acquired the Rauscher antigen 
(Table 1). A line initiated from one of these animals. 
line R/EL4, was then passed serially in C57BL/6 mice and 
the lst, 4th and 6th transplant generations were re-tested 
with Rauscher anti-serum. There was no decline in 
sensitivity in comparison with the cells originally recovered. 
from the infected BALB/c mouse. The reactions of 
R/EL4 cells with H-2 anti-sera (Table 1) establish their 
C57BL origin. 

Acquisition and persistence of Rauscher antigen in 
similar circumstances were observed also with the urethan- 
induced leukemia BALB/c g U15 tested in its 7th 
transplant generation (Table 2). Line R/U15 was initiated 
by inoculating U15 into an infected BALB/c mouse and 
was maintained in passage in BALB/e. Transplantation 
of R/U15 cells was invariably accompanied by the 
development of characteristic generalized Rauscher 
disease. The two features which identified the R/U15 cells 
were their growth in the ascites form and the presence of 
TL antigen (Table 2). (U15 is TL+ whereas the cells of 
BALB/c mice infected with Rauscher virus are TL — .) 

The cells of a third ascites leukemia, BALB/c $ 
Gross No. 2, also acquired Rauscher specificity when 
passed in infected BALB/c mice. The other ascites 
leukemia, K36 (AKR), and the three ascites sarcomas 
showed little or no sensitivity to Rauscher anti-serum 
after similar passage in infected BALB/c mice. 

It is improbable that adsorption of virus is alone 
sufficient to account for the sensitivity in the cytotoxic 
test of the converted cells. This explanation seems 
particularly unlikely in the case of R/HL4, in which 
antigen persists during passage in gult C57BL/6 hosts 
which are highly resistant to infection with Rauscher 
virus and do not exhibit the early splenomegalic disease. 
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If it should prove possible to obtain permanent antigenic 
conversion. in vitro of established culture lines of EL4 and 
other mouse leukemias by infecting them with Rauscher 
virus, this will support the interpretation that virus is 
replicating within the leukemia cells themselves. 

In considering the possible use of cytotoxic anti-sera as 
a means of determining the etiology of naturally occurring 
leukemias, it is important to recognize that certain 
transplanted leukemias can acquire the antigenic speci- 
ficity dictated by an extraneous leukemogenic virus as a 
result of experimental infection under favourable con- 
ditions. It remains to be seen whether antigenic conversion 
will in fact be encountered as a result of fortuitous infection 
in the laboratory. 

This work was supported by grants from the American 
Cancer Society, and by grant C-6338 from the National 
Cancer Institute, National Institutes of Health, U.S. 
Public Health Service. One of us (B. S.) is the recipient 
of a NATO fellowship. 
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IMMUNOLOGY 


Cellular Location of Antigen - Antibody 
Reaction in Anaphylactic Cytolysis 


Tr has for long been presumed that for cellular anaphyl- 
axis to occur, the interaction of antigen and antibody 
must occur on, or very near, the cell surface’. The mast 
cell ig the main site of tissue histamine and can be used 
for observing the release of histamine under various 
experimental conditions?. 

Recent experiments. in vitro have shown that cytolysis 
and a release of histamine follow the addition of anti-rat 
y-globulin serum (ARGG) to isolated rat peritoneal mast 
cells, providing that certain heat-labile serum factors are 
also presentèt. The heat-labile factors in many ways 
resemble hemolytic complement. Since the antiserum is 
highly specific and virtually all its activity disappears 
following absorption or precipitation of the antibody with 
purified rat y-globulin, its action must be specifically due 
to anti-rat y-globulin’; moreover, rabbit anti-rat 
albumin serum has no such effect®. The hypothesis that 
the y-globulin reacting with this antibody is adjacent to 
the cell membrane is supported by the observation of 
Humphrey et al.2; these authors demonstrated that 
exposure of rat mast cells to ARGG for a sufficient length 
of time in the cold, when uptake of antibody into the cell 
would be negligible? results in complete desensitization. 
The work recorded here was aimed at clarifying the 
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Table 1. CYTOLYSIS AND PEROSNTAGH RELEASE OF HISTAMINE FROM 
IsOLATHD RAT MAST CELLS UNDER VARIOUS EXPERIMENTAL CONDITIONS. 
ALL MIXTURES INCUBATED FOR 10 MIN AT 87°C BEFORE BEING ASSESSED 


Pereentage of Final comple- 


Cytolysis total histamine ment titre 
released (C’ Heo) 
Mec + ARGG (unheated), 10 per 
cont + 80 — 
Mc + ARGG (heated), 10 per 

cent - (0) — 
Me + RS (20 per cent) + ARGG 

(heated), 10 per cent - 0 21 
Me + PS (7 per cent) + ARGG 

(heated), 10 per cent + 80 40 
Mc + RS (20 per cent) + PS $ 

(7 per cent) + ARGG (heated) 

10 per cent - 2 41 
Mo + RS (20 per can - 0 110 
Me + RS (20 per cent) + PS 

(7 per cent) - 0 140 


Mc, Mast cells; ARGG, anti-rat y-globulin; PS, pig serum; RS, rat 
serum. 


conditions necessary for cytolysis to occur following 
antigen-antibody reaction. in vitro. 

For this purpose, a model system consisting of isolated 
rat peritoneal mast cells and heat-inactivated antj-rat 
y-globulin serum (30 min, 56° C) was used®. In this system, 
the interaction of these reactants does not result in 
cytolysis and the release of histamine or other biologically 
active substances. For these decisive reactions the addi- 
tional presence of heat-labile serum factors is necessary*. 

If, now, instead of a complement donor from another 
species, the antigen itself is included, the incubation of 
20 per cent rat serum and 10 per cent ARGG results in a 
precipitin reaction which is visible macroscopically, 
indicating that interaction between rat serum and ARGG 
has occurred; and, following incubation of these reactants, 
complement activity (C’ H,,) is also reduced. However, 
neither cytolysis nor the release of histamine occurs 
(Table 1). It could be argued that the foregoing result is 
due to a lack of complement since rat serum is poor in 
complement. This possibility was excluded by adding pig 
serum to the incubate since pig serum is active as comple- 
ment donor in the present in vitro system‘. If 1-20 per 
cent rat serum, 7 per cent pig serum, 10 per cent ARGG 
and mast cells are incubated at 37°C for 10 min, an 
antigen-antibody reaction occurs as judged by the forma- 
tion of a precipitate and the consumption of complement; 
yet again, neither cytolysis nor a release of histamine 
can be observed (Table 1). When the concentration of 
normal rat serum falls below 1 per cent, cytolysis now 
occurs (Fig. 1). 


100 
90 


80 


Histamine release (per cent) 





0-601 O01 06-05 01 0-5 1 
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Fig. 1. Effects of different concentrations of fresh rat serum on hist- 

amine release in a system consisting of isolated rat peritoneal mast 

cells, heat-inactivated ARGG (10 per cent) and 7 per cent fresh pig 

serum. With higher concentrations (2-20 per cent) of rat serum no 
release of histamine could be observed 
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The foregoing experiments thus demonstrate that, in 
the presence of ARGG (10 per cent) and pig serum (7 per 
cent) as a complement donor, rat serum over a wide dose 
range (1-20 per cent) allows the antigen-antibody reaction 
to occur in the surrounding medium, under which condi- 
tions neither cytolysis nor a release of histamine will 
occur. The results thus indicate that under the conditions 
of these experiments, the complement-binding antigen- 
antibody reaction must take place on, or very close to, the 
mast cell membrane to lead to mast-cell disruption and a 
release of histamine. 
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A Third Antigenic Type of Human y-Globulin 


Bots Mannik and Kunkel? and Fahey? have shown that 
there are two antigenic types of human y-globulin, which 


differ in their light chains. Type I light chain bears the - 


antigenic determinant characteristic for Bence-Jones 
protein group I—the same holds for type IT light chains 
and the Bence-Jones protein group IT antigenic determ- 
inant. With some antisera, the immunoelectrophoretic 
pattern of human y-globulin shows two precipitin lines: 
these lines are parallel and approximately of equal length ; 
one corresponds to type I y-globulin, the other to type IT. 

Our rabbit antiserum 199, prepared with a mixture of 
several group II Bence-Jones proteins (probably con- 
taminated by normal urinary y-globulin), has given a 
different diagram: it shows, with normal pooled y-globulin, 
the usual single long precipitin line, and, further from the 
antibody trough, a weak short internal line (Fig. 1). This 
internal line is seen better after staining for protein by 
amidoblack. We obtained the same pattern with y-globu- 
lins prepared, by ethanol precipitation (commercial Cohn 
fraction II), by chromatography on DEAE cellulose, with 
a cruder preparation obtained by ammonium sulphate 
precipitation, or even with whole human serum. Both the 
external and the internal lines are less intense or disappear 
in an identical fashion when y-globulins are heated at 
various temperatures and for various times prior to 
migration. We absorbed antiserum 199 by increasing 
amounts of y-globulin; the intense éxternal line given 
by type II y-globulin disappears after addition of 0-1 mg 
of y-globulin per ml. of antiserum, but 2-0 mg of y-globulin 
are required to absorb out the antibody responsible for 
the internal line. Identical results have been obtained 
when whole human serum is used for absorbing. The 
antibody which gives the internal line can be absorbed 
out by fraction O of papain-degraded y-globulin, or by 
light chains obtained from mercaptoethanol-treated 
y-globulin; it is also absorbed out by £,A-globulin 


(3 mg/ml. were used) or B.M -globulin (5 mg/ml.). 





mixture of sera 199 and 118 


NATURE 





co of EPIA. VPE 


Fig. 1. In the reservoir, normal y-globulin 10 mg/ml, Above, serum 199; 
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With another rabbit antiserum (No. 113) y-globulin 
gives two parallel precipitin lines, that is, it reveals types 
I and II. A mixture, vol./vol. of antisera 113 and 199. 
reveals three globulin precipitin lines, two of equal length 
and parallel, one internal and shorter (Fig. 1). 

This interhal line thus reveals a third type of y-globulin 
or more exactly a third type of light chain. We propose 
to call it type III. It probably represents a much smaller 
proportion of the light chains than the two other types 
since a large amount of y-globulin is necessary to absorb 
out the antibody against type III (this antibody is 
probably present in low titre, otherwise the internal 
precipitin line would be denser). Type ITI specificity has 
been found in 12 sera of patients without dysglobulinemia, 
and in 9 of 10 myeloma sera. 

The pattern given by antiserum 199 seems to be similar 
to that obtained by Dray? with primate sera against 
human y-globulin and with the horse serum ‘Blue Boy’ 
against human serum?*. Dray called his internal line 
y 0. We have examined comparatively the patterns given 
by antisera 199 and ‘Blue Boy’. The two internal lines 
have different mobilities, ‘Blue Boy’s’ is a little faster. 
On mixing vol./vol. ‘Blue Boy’ and 199, we have obtained 
a single interna] line, which is longer than that given by 
each serum used separately. It thus appears that the 
antigenic determinant corresponding to our 199 internal 
line is in all probability different from that revealed by 
‘Blue Boy’s’ internal line (y C) but that both may be 
situated on the same light chain. 
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Separation of an Antibody Molecule by a 
- Specific Reaction with an Antigen-coated 
Latex Particle 


A QUANTITATIVE demonstration of an antibody mole- 
cule in a known fraction of antiserum is the primary step 
to examine the development of antibody molecule in the 
heterologous population of serum proteins and to under- 
stand the molecular basis of antibody formation. 

During the examination of antibody formation in spleen 
cells!?, it was found that a polystyrene latex particle 
coated with antigen was a sensitive indicator for demon- 
strating the antibody molecule either in the solution or 
bound to the microsomal particle. In this communication, 
the immunological specificity of an antigen-coated latex 
particle was applied to the separation of antibody mole- 
cule from antiserum by the specific association and subse- 
quent dissociation of antibody-antigen-latex particle 
complex. 

The coating procedure of antigen on the latex particle 
has already been described*. The antigen in work recorded 
here was Escherichia coli Og, polysaccharide and the anti- 
serum was prepared in rabbit by the repeated injections 
of E. coli antigen. The precipitin titre was 512 against 
saline solution of antigen. The antiserum was twice 
fractionated by 50 per cent saturation of 
ammonium sulphate and followed by the 
dialysis against saline. The globulin fraction 
thus obtained was diluted in 0-05 M tris 
buffer, pH 7-6. The latex particle previously 
coated with antigen was introduced to the 
globulin solution and the reaction mixture 
was incubated at 37° for 1 h. After the 
incubation, the reaction mixture was spun 
at 6,000g for 20 minjand the resulting 
supernatant was removed to determine the 
amount of non-specific globulin not associa- 
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ted with the antigen on latex particle. The sedimented 
fraction, antibody—antigen—latex particle complex, was 
once washed and resuspended in tris buffer followed by 
30 min incubation at 37° to ensure whether the antibody 
molecule was really associated with the antigen on latex 
particle. Then the complex was again spun at 6,000g and 
resuspended in the buffer solution to bring about the 
elution or release of antibody molecule from antibody— 
antigen—latex particle complex. 

The formation of antibody—antigen—latex particle com- 
plex was determined by the specific decrease of optical 
density reading of globulin solution at 280 mu before and 
after the antigen-coated latex particle treatment, and it 
was shown that about 8 per cent of the total globulin was 
associated with antigen-coated latex particle to form 
antibody—antigen—latex particle complex. Moreover, it 
was found that no globulin was released from the com- 
plex when it was suspended and incubated in tris buffer. 
The globulin molecule showing antibody activity was 
released from the complex only after the following two 
treatments: heating of the complex at 56° for 30 min; 
brief treatment of the complex in 0-01 N hydrochloric 
acid. Two treatments were offective in resolubilization 
and reactivation of antibody molecule and about 80 per 
cent of the adsorbed activity was recovered by the former 
treatment. No alteration of antibody specificity was 
recognized as judged from the agglutination specificity of 
recovered antibody against antigen-coated latex particle. 

It has already been shown that the latex particle coated 
with globulin fraction having antibody activity was the 
sensitive adsorbent for detecting and isolating a specific 
antigen from the mixture of multiple antigens. These 
observations suggest the wide-range application of antigen- 
or antibody-coated latex particle to fractionate the 
immunologically specific molecule. 
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RADIOBIOLOGY 


Labelling of Eggs by Injection of Tritiated 
Thymidine into Asellus aquaticus Females 


In several animal species a discrepancy has been 
observed in the DNA contents of the gametes!-'. Whereas 
the amount of DNA in a single sperm is in accordance 
with its haploidy, that of the mature egg appears to be 
appreciably higher. Also, in a number of cases, it has not 
been possible to demonstrate an increase in total DNA 
in developing fertilized eggs during the early cleavages‘~’. 
This has led to the assumption that the oocyte would 
contain an excess of DNA to be drawn on by or for the 
new cleavage nuclei *-5.”, The investigation recorded 
here was an effort to attack this intriguing question. 

Females of Asellus aquaticus selected alive for bearing 
ovaries with nearly mature oocytes were injected with 
2 uc. tritiated thymidine (Schwarz BioResearch, spec. act. 
3¢./mM). These animals were thereupon kept in aquaria in 
normal circumstances until, 3-6 days later, the eggs were 
‘seen in the breeding pouch. These eggs are normally 
fertilized and commence to develop immediately. As the 
animals were observed every weekday at the same hour, 
the eggs had been developing between 0 and 48 h when 
collected. Females and eggs were then fixed for 1 h in 
ethanol-acetic acid 3:1 and 5y paraffin sections were 
‘prepared. Stripping film (Kodak, ‘A R10’) autoradiographs 
were prepared according to common practice with 2-4 
weeks’ exposure. 
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Fig. 1, a, Autoradiograph of an egg of an Asellus aquaticus female in- 
jected with tritiated thymidine (x c. 290); b, labelled yolk granule 
surrounded by unlabelled granules (x e. 1,166) 


In the majority of cases, labelled eggs were obtained. 
The label was found in the germinal disk as well as in the 
yolk. In the germinal disk no special labelling of nuclei 
was evident, but the yolk-free cytoplasm appeared to be 
strongly labelled all over. Individual yolk granules were 
found to be labelled to varying degrees, from practically 
zero to very strongly, weakly and strongly labelled 
granules being intermingled in an apparently random 
fashion. The radioactivity of any single yolk granule wes 
uniformly distributed throughout its material and no 
accumulation at the circumference or the centre was 
evident (Fig. 1). 

As was expected, in autoradiographs of the body tissues 
taken, from the adult females, only the nuclei were 
labelled. 

Sections of labelled body tissues and of labelled eggs 
were treated with DNase (Light and Co., 0-05 mg/ml. in 
tris buffer of pH 7 with 0-2 M MgSO,; 24h at 37° C) and 
afterwards autoradiographed. Whereas in the body 
tissues no label remains in the cell nuclei, in all eggs 
radioactivity in the yolk granules as well as in the yolk- 
free cytoplasm appeared to be DNase resistant.. 

As in the body tissues the label was found only in the 
nuclei and this label was completely removed by DNase, 
it does not seem likely that the tritiated thymidine 
administered to the Asellus female is metabolized into 
another compound within this animal. Provided that the 
same applies to the label taken up by the oocytes it would 
seem, therefore, that the labelled precursor is incorporated 
into some macromolecule -resistant to DNase, which is 
distributed in the cytoplasm, and a possibly similar 
macromolecule is built into the yolk granules. The 
asynchronous formation of the latter would then explain 
the differences in labelling. 





June 6, 1964 


The identity of the label found in the eggs, its way of 
entry during oogenesis and its fate during further embry- 
onic development are now being investigated. 
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Measurement of the in vivo Degradation 
of Carbon-14-labelled Thymidine and Its 
Halogenated Analogues in Man by Continuous 
Monitoring of Expired Carbon-!4-Carbon 
Dioxide 

Tue rapid phosphorolytic cleavage of 5-bromodeoxy- 
uridine (BUdR) and 5-iododeoxyuridine (IUdR) in vivol? 
greatly limits the clinical usefulness of these thymidine 
analogues as antineoplastic agents*, radiosensitizers‘, 
systemic antiviral compounds’, or detectors of malignant 
tissue. ‘ Investigations in man with halogen-labelled 
analogues have indicated that a greater amount of BUdR 
is probably retained by the body than is IUdR under non- 
loading conditions?. We have devised a rapid and con- 
venient method which permits one to make a direct com- 
parison of the rate and extent of degradation of thymidine 
and its analogues in the same subject, and to examine the 
effect of loading doses, depot administration®, and the 
influence of 5-fluorodeoxyuridine’, or agents designed to 
reduce nucleoside phosphorolysis’? on the degradation of 
the analogues. 

As a consequence of thymine or uracil catabolism, 
carbon 2 of the pyrimidine rings is oxidized to carbon 
dioxide®. The rate and extent of degradation of 2-4C- 
thymidine (TdR), 2-4C-BUdR, and 2-4C-IUdR have 
been compared in 11 adult patients after the intravenous 
administration of 10-uc. doses of each compound, with 
specific activities of 30, 20, and 11 mc./mM, respectively, 
utilizing an apparatus (General Measurements Corp., 
Garnerville, New York) which continuously monitors and 
records content of carbon dioxide and activity of carbon-14 
in the expired breath. The injected materials and carbon 
dioxide and oxygen gas mixtures containing varying 
amounts of CO, were calibrated against standard 1C- 
carbonate sources obtained from the National Bureau of 
Standards. 

Measurements were made for a period of 60-90 min 
after injection of the labelled compound, and occasionally 
at later times. The digital output data from the detectors 
were analysed manually and were also programmed for 
computer analysis. During the first hour after injection, 
the carbon-14 expired in the breath, expressed, as per cent 
of administered dose, was calculated from planimetric 
measurement of the area under the carbon-14 output 
curve or could be derived by computation from the 
digital data. The curve of decline in “CO,/##CO, specific 
activity with time could be resolved into two exponentials, 
the slower of which had a mean half time of 84 min for 
TdR and about 60 min for BUdR and IUdR. From this 
value and the carbon-14 content of the breath at 60 min, 
further extrapolation of the carbon-14 curve to zero 
values could be derived mathematically or graphically. 
The cumulative carbon-14 output after 1 h was added to 
the 1 h value to obtain the total carbon-14 expired. The 
mean. percentage carbon-14 recoveries in the breath in the 
11 subjects during the first hour after injection were 
39 + 2, 36 + 2, and 43 + 2 (S.H.), for TAR, BUGR, and 
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IUdR, respectively. The total mean carbon-14 re- 
coveries, usually complete within 8h, were calculated to be 
89 + 4,63 + 3, and 90 + 3(S.Z.), respectively. In every 
patient the total recovery of carbon-14 after injection of 
carbon-14-BUdR was lower than that after TdR or 1UdR 
administration. The urinary excretion of carbon-14, 
measured at the end of the experiment by liquid scintilla- 
tion spectrometry, was low after injection of each of the 
labelled compounds, averaging about 2 per cent of the 
administered dose, with a range of 0-1-5-3 per cent. The 
calculated mean net bodily retention of TdR, BUdR, and 
IUdR under these non-loading conditions was, therefore, 
about 9, 35, and 8 per cent, respectively. The radiation 
dose to the bone marrow and gonads incurred in any 
subject by performing the studies with these three 
carbon-14-labelled compounds has been estimated not to 
exceed 600 mr./year at a concentration of 0-0006 uc./g 
(maximal) assuming that, of the carbon-14 retained, 50 
per cent will be distributed into the deoxyribonucleic 
acid (DNA) of the gastrointestinal tract, 20 per cent to 
bone marrow and gonads, and 30 per cent to the skin, and 
assuming a bone marrow and gonad weight of 1,500 g 
and permanent residence of the carbon-14in DNA. (The 
total retained carbon-14 activity is less than 1/50th of the 
maximum. permissible body burden’.) 

These results have important implications for the 
systemic use of the halogenated thymidine analogues as 
anti-virus agents or as radio sensitizers. While these 
investigations do not provide evidence that all the retained 
earbon-14 is incorporated into DNA, there is ample 
evidence that the halogenated analogues have the 
capacity to replace thymidine during DNA synthesis®:*°. 
Each of the analogues has radiosensitizing!! and anti- 
viral’? properties. The fact that BUdR is retained in 
4-fold greater amount than is TUdR, therefore, suggests 
that greater clinical emphasis should be given to the 
former as a potentially useful chemotherapeutic agent. 

This work was supported by U.S. Public Health Service 
grants CA 06135-03 CY and C 5838. 
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Relative Radiosensitivities of the Maternal 
Reproductive Tract and the Fertilized Ovum 


Tue loss of pregnancy which oceurs when an animal 
is subjected to large doses of irradiation has generally 
been ascribed to the radiosensitivity of the ova. However, 
an. indication that the reproductive tract of the mother 
may be injured has been provided by Chang and Hunt}, 
who showed that pseudopregnant mbbits subjected to 
400 r. had an increased incidence of embryonic mortality 
when ova which had not been irradiated were transferred 
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to them. Further, Glasser? has presented evidence that 
placental dysfunction is a major cause of pregnancy 
wastage in irradiated rats. The present experiments were 
designed to determine whether or not the lethal effects 
on ova resulting from irradiation of a pregnant animal 
might occur as a result of harm to the maternal reproduc- 
tive tract. 

Adult Sprague-Dawley female rats were mated to 
males of proved fertility. During the morning that sperm 
were found in the vagina (day 1 of pregnancy), the females 
were subjected to 800 r. of X-irradiation. The source of 
the irradiation was a Picker X-ray unit operating at an 
output of 260 kV and 15 m. amp with 2 mm of aluminium 
filtration. Dosimetry utilized a Victoreen dosimeter 
placed at the level of the rats’ uteri in the restraining 
chambers. The doses of irradiation stated, therefore, are 
those received by the dosimeter in air, and do not take 
into account absorption of irradiation by the rats’ tissues. 
To prevent death from the radiation, each rat received 
an intravenous injection of 5-10 million rat spleen cells, 
prepared according to the method described by Billingham 
and Silvers. 

In connexion with these and other experiments we 
have examined the uteri on day 8 or day 9 of pregnancy 
of more than 100 rats irradiated as described, and in no 
case have we seen implantation occur. Examination of 
ova recovered on day 4 of pregnancy has revealed that 
most were in the 2-cell stage, and occasional ova were in 
the 4-cell stage. The ova of normal rats at the same 
stage of pregnancy are in the 16-cell or 32-cell stage. 

In an effort to determine whether or not such 4-day 
irradiated ova were viable, we transferred them to the 
uteri of non-irradiated rats. The recipient rats were 
made pseudopregnant by mating with vasectomized 
males on the same day as the irradiated rats became preg- 
nant. All the ova recovered from one irradiated rat 
were transferred to the uterine horns of one pseudopreg- 
nant recipient rat. 

The results are summarized in Table 1. Implantation 
of 55 per cent of the ova occurred when neither the rat 
supplying the ova nor the pseudopregnant recipients 
were irradiated. Irradiation of the rat supplying the ova, 
but not the pseudopregnant recipient, resulted in an 
implantation rate of 13-5 per cent. No ova implanted 
when. they were removed from rats which had not been 
irradiated and were transferred to pseudopregnant 
recipients which had been irradiated. 


Table 1. RELATIVE EFFECTS OF IRRADIATION ON OVA AND PSEUDO- 
PREGNANT RECIPIENTS 


No. of ova No. of Percentage of 
transferred implantation sites implantations 
Normal ova to normal 
recipients 104 53 55 
Irradiated ova (800 r.) 
to normal recipients 74 10 13-5 
Normal ova to irradiated 
recipients (800 r.) 102 0 0 


Thus the complete loss of pregnancy which occurs in a 
rat subjected to high doses of irradiation on the first day 
of pregnancy appears to be caused by the failure of the 
maternal reproductive tract, for some of the ova are 
capable of further development when transferred to a 
normal pseudopregnant rat. In the experiments recorded 
here only the ability of such ova to implant has been 
observed. Further investigations will be necessary to 
determine the effects of irradiation on the later develop- 
ment of the foetuses. 

The fact that some irradiated ova in the 2-cell and 4-cell 
stage were able to implant when transferred to 4-day 
pseudopregnant recipients is particularly interesting. The 
work of Noyes and Dickman‘, and Yoshida’ shows that 
the successful transfer of ova does not occur when there is 
too great a differewce in the times of pregnancy of the rat 
which supplies the ova and the rat which receives them. 
In these experiments, the days of pregnancy and pseudo- 
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pregnancy of the ova donors and recipients were the same 
{day 4), but the ova appeared to be in a stage of develop- 
ment normally occurring on day 2 of pregnancy. It appears 
possible that irradiation of the mother may have caused a 
separation between the physiological stage of the ova, as 
indicated by success in transfer to a 4-day uterus, and the 
morphological stage of the ova, as indicated by the number 
of cells normally occurring on day 2 of pregnancy. 

This work was supported by grant HD-00055-01 from 
the National Institute of Child Health and Human 
Development, U.S. Department of Health, Education and 
Welfare. 
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BIOLOGY 


Role of Eosin in Romanowsky Staining of Malaria 
Nucleus 


ACCORDING to Bakert, the nucleus of the malaria parasite 
was scen for the first time in 1891. This was made 
possible by Romanowsky’s invention of eosinate of 
methylene blue. Later other workers brought out modifi- 
cations of this compound dye. They came to be known 
collectively as Romenowsky stains. All of them were 
prepared from eosin and methylene blue. Two or three 
of them were definite compounds formed by the inter- 
action of methylene blue, a basic dye with eosin (tetra- 
bromofluorescein disodium salt), an acid dye. Others (for 
example, Leishman stain) were prepared by the interaction 
of a polychrome methylene blue (prepared under controlled 
conditions) with eosin. The polychrome methylene blue 
is a hybrid mixture of azurs A, B, C, with methylene 
violet (Bernthsen) baso and chloride with lower oxides of 
methylene blue. The latter make up the bulk of the 
polychrome methylene blue while the azurs and methylene 
violet are present only in minute quantities. 

Some years after Romanowsky’s discovery, Giemsa 
prepared a dye which he called azur I. He made this by 
less mild oxidation of methylene blue, under controlled 
conditions. Azur I consists principally of a hybrid 
mixture of azurs A and B. It also contains traces of 
azur C and methylene violet chloride and base. 

He then established the fact that when a solution of his 
azur I was applied to smears of malaria-infected blood the 
nucleus of the parasite was stained a feeble violet. Simi- 
larly}, polychrome methylene blue will stain this nucleus 
only a feeble violet. 

In the presence of eosin, however, either azur I or 
polychrome methylene blue will stain the protozoal 
nucleus a deep red or carmine colour, which is not the 
same as that normally imparted to tissue-elements which 
accept eosin. 

According to Bakert, it was suggested by Nocht in 
1902 that eosin might act as a mordant. This idea appears 
to be feasible since eosin carries two electronegative 
charges on its dye ion. It is theoretically possible for one 
of these charges to bind the dye to a basic tissue element, 
leaving the other negative charge free to form a link with a 
positively charged (basic) dye-ion such as methylene blue 
or one of its derivatives. Presumably Nocht had the 
idea that the methylene blue ion would be wholly or 
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partially decolorized in the process and it would have a 
bathochromic effect on the tissue-bound eosin radicle. 

Baker! says that Nocht had reason to suppose that 
resorcinol might replace eosin and that the idea was 
further developed by Unna in 1922. In that year Unna 
found that potassium tribromophenolate, a colourless 
substance, could replace eosin. 

Both eosin and resorcinol could, in theory, act as 
mordants between basic dyes and basic elements of tissues 
because both eosin and resorcinol each have more than 
one acidic group. 

But, although Unna apparently considered that his use 
of potassium tribromophenolate provided evidence in 
support of his own and Nocht’s idea that eosin acted as a 
mordant in the (red) staining of the nucleus of the malaria 
parasite, both were obviously mistaken. Potassium tri- 
bromophenolate cannot act as a mordant. It has only 
one acid group and no basic groups. Therefore it could 
attach itself either to a basic tissue element or to a basic 
dye, but not to both at the same time. Yet it can replace 
eosin in the (red) staining of the malaria nucleus with 
azur I or polychrome methylene blue. 

It has been reported elsewhere? that, contrary to the 
generally held belief, many dyes have a marked effect on 
the pH of water in which they are dissolved. I have 
carried out a long series of experiments on the pH of 
more than 300 water-soluble dyes. Azur I, azur A, 
polychrome methylene blue and methylene violet 
chloride raise the pH of the water in which they are 
dissolved. Eosin lowers it slightly, while azur B does not 
cause any change and azur C causes a sharp fall in the pH, 
as does methylene blue. 

Recent tests carried out personally have shown that if 
equal amounts of eosin, resorcinol and potassium tribro- 
mophenolate are made up into separate solutions, of the 
same strength, in distilled water of the same pH and the 
same temperature in each case, each lowers the pH of the 
solvent to the same extent as the other two. It would, 
therefore, seem that the role of eosin in the staining of the 
nucleus of the malaria parasite is to reduce the pH of the 
staining solution to a degree at which staining by methy- 
lene violet is permitted. 

The red staining might be due to the alleged meta- 
chromatic effects of methylene violet chloride (which is an 
oxidation-reduction indicator changing colour from bluish 
violet to reddish mauve’) or it might be due to methylene 
violet base. The latter is a non-ionic dye which dissolves 
in certain lipid substances and organic solvents to impart 
a bright red or carmine colour. If the red colour imparted 
to the malaria nucleus is due to methylene violet chloride 
(acting metachromatically or as an oxidation-reduction 
indicator), then probably the substance(s) is acidic. If, 
on the other hand, the red staining is due to methylene 
violet base, the substance(s) could be lipid or lipid- 
complex. 

This is a point which could easily be tested, by the use 
of lipid solvents, by histochemists interested in malari- 
ology. It would appear, however, that Unna’s notion 
that the red colour is not acidic chromatin! but the highly 
basic protein, protamine, is probably false since it seems 
doubtful if the role of eosin is that of a mordant; it 
appears to act merely as a weak acid which reduces the 
pH of the staining solution, thereby permitting staining 
by one of the two methylene violets which are present in 
minute quantities. 

Methylene violet chloride will not by itself, nor in the 
presence of eosin, stain chromatin at all’. But in the 
presence of methylene blue it will stain the chromatin of 
leucocytes but not that of malaria parasites. 

Methylene violet increases the pH of neutral distilled 
water to 9-25, eosin decreases it to 6-7 and methylene 
blue? to 2-5. It seems, therefore, that the effect of the 
methylene blué on an aqueous solution of methylene 
violet is to reduce the pH to a level which permits staining 
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of leucocyte-chromatin. But the pH is too low to permit 
staining of the malaria nucleus. Eosin by itself cannot 
reduce the high pH of methylene violet solution sufficiently 
to permit staining of either leucocyte or malaria chromatin. 
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Functional Transformation in Mammalian 
Cell Culture Systems 


Recent literature contains many examples of mammal- 
ian cell culture transformation mediated by RNA, DNA, 
and viruses. Most of these cell culture systems, construc- 
ted to detect transformation, differ in one or more general 
properties from bacterial transformation. The intention 
of this communication is to suggest and define two 
basically different kinds of transformation which have 
been observed in mammalian cell culture. 

Criteria for bacterial transformation are: (a) a heritable 
alteration in phenotype resultant on exposure of 
recipient bacteria to DNA isolated from appropriate 
strains of donor bacteria’; (b) transformants can act us 
donors of transforming DNA ad seriatum; (c) genetic 
analyses of linked factors demonstrate that transforming 
DNA fragments are rescued and integrated within the 
genome of recipient bacteria®:3, 

Szybalska and Szybalski* have recently reported trans- 
formation in human cell culture systems mediated by DNA 
from inosinic acid pyrophosphorylase (IMPPase) positive 
to IMPPase negative recipient cells. The characteristics 
of their system are closely analogous to bacterial trans- 
formation regarding DNA specificity, transformation 
efficiency, and dependence on DNA. concentration. 

Other cell culture transformation systems differ 
markedly from the IMPPase and bacterial transforma- 
tion systems discussed above. Niu, Cordova, Niu, and 
Radbill’ observed that mouse ascites and hepatoma, cells 
acquired liver-specifie proteins and enzymes (serum 
albumin, tryptophan pyrrolase, glucose-6-phosphatase) 
when exposed to RNA extracts from mouse liver cells: 
tumour and yeast RNA was inactive. This type of RNA 
transformation resulted in the alteration of the phenotype 
of a large proportion of recipient cells which persisted after 
transforming RNA was removed. Kantoch and Bang‘ 
have devised experiments in which mouse hepatitis- 
resistant macrophages may be made sensitive by 
exposure to a DNAase-labile fraction obtained from 
sensitive macrophages. Efficiency of this transformation 
was as high as 80-90 per cent. Dixon, Bettie, and Schabel’ 
demonstrated that nucleic acid extracts from neoplastic 
animal cells or from human cells cultured in vitro were 
carcinogenic for mice. 

Dulbecco and Vogt’, and Shein, Enders, Levinthal, and 
Burket’, elicited high-efficiency neoplastic and morpho- 
logical transformations mediated by polyoma or SV’ 40 
viruses. In Dulbecco’s system, neoplastic transformants 
released virus slowly, while in the case of SV—40 trans- 
formants no infective virus could be recovered. 

With the exception of Szybalska’s system‘, cell culture 
transformations bear certain common properties distinct 
from bacterial transformation. First, only an alteration in 
recipient cell function (enzyme synthes™, virus sensitivity. 
etc.) has been observéd. Secondly, compared to bacterial 
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systems, the response of recipient cells is massive when 
the ratio of transformed cells to input nucleic acid mole- 
cules is computed. Thirdly, although specific, either DNA 
or RNA, of cellular or viral origin is capable of inducing 
transformation. Last, there is no evidence to indicate 
whether the transforming principle is or is not directly of 
genomic origin. 

Due to the differences between bacterial and mammal- 
ian systems it would seem appropriate to recognize the 
existence of both genetic and functional transformations. 

Let us define genetic transformation as a phenomenon in 
which donor and recipient genomic DNA molecules 
interact by recombination to generate a genotypically 
altered cell. In contrast to genetic, functional transforma- 
tion exists when phenotypic changes are manifested by a 
large proportion of recipient cells in response to specific 
exogenous nucleic acids which are not of direct genomic 
origin, 

To discriminate between genetic and functional mam- 
malian cell transformations the two most pertinent 
criteria are frequency of response of recipient cells and 
direct genomic origin of transforming agents. For genetic 
transformation, relatively few recipients are transformed 
and genetic analyses of linked factors strongly suggest 
genomic rescue of transforming principle. Szybalska’s 
IMPPase system begins to fulfil these requirements. For 
functional transformation a large proportion of recipients 
of multiple characters should be independent. The systems 
of Shein eż al.*, Niu et al.5, and others mentioned, above, 
appear to fit this category. Of interest would be auto- 
radiographic localization experiments on systems which 
appear to be manifesting functional transformation to 
ascertain whether labelled functional transforming prin- 
ciple attains cytoplasmic, nuclear, or chromosomal 
sites. 

This work was supported by a research grant (G-459) 
from the U.S. National Science Foundation. 
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Copper as a Factor in the Onset of Ascidian 
Metamorphosis 


Precoctous metamorphosis of certain species of ascidian 
larvee can be initiated by increasing the copper content of 
sea-water!?, Furthermore, Glaser and Anslow? observed 
that’ various materials that cause an acceleration of the 
onset of ascidian metdmorphosis have an unusually high 
copper content; they concluded that the copper content of 
sea-water is causally related to the onset of natural 
metamorphosis. While this theory has not been generally 
accepted’, it has never been experimentally disproved. 

A suitable.means of investigating this problem would be 
to use a chelating agent to remove copper from the 
organism and its surrounding sea-water. A number of 
tyrosinase inhibitors, structurally related to thiourea, 
including sodium diethyldithiocarbamate and phenyl- 
thiourea (PTU), have been used to block melanin formation 
in the’sensory structures of developing ascidian embryos*-’. 
These agents are believed to act by chelating copper which 
is required as a co-factor for tyrosinase function’. Their 
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effectiveness as chelators of copper is indicated by the 
complete blockage of in vivo melanin synthesis at low 
inhibitor concentrations. Of this group of inhibitors, PTU 
is the least toxic and causes the least distortion of larval 
development. By choosing a concentration of PTU that 
will completely inhibit copper-dependent tyrosinase 
activity (that is. melanogenesis), one assumes that most 
of the free copper has been rendered, unavailable to the 
organism. If this assumption is correct, then rearing 
ascidian embryos in PTU should result in a failure or delay 
in the onset of larval metamorphosis if free copper ion is 
actually necessary. Sub-lethal concentrations of disodium 
‘Versenate’ (EDTA), a commonly used chelating agent, 
will not prevent melanogenesis in ascidian embryos. Since 
‘Versenate’ provides no direct evidence of rendering copper 
biologically unavailable, it is unsuitable for such investi- 
gations. 

Embryos of Styela partita (Stimpson), reared from the 
2-4 cell stage onward in 3x10-* M of reagent grade 
1-phenyl-2-thiourea (Eastman), formed no melanin. Larve 
reared in this way and afterwards left in PTU solution 
began to resorb their tails not later than controls but 
several hours sooner. The principal event in the onset of 
metamorphosis in most ascidian species is the resorption 
of the larval tail®. Larve reared in PTU do not initially 
attach to the sub-stratum, as do controls, before beginning 
the ‘disruptive’ or tail resorption phase of metamorphosis. 
However, somewhat later when the 4 ampulle are produced 
they become firmly attached and in some cultures will 
develop into miniature adults while still in the inhibitor 
solution. Control] larve placed in 3 x 10-4 M PTU immedi- 
ately after hatching will likewise metamorphose sooner 
than. untreated controls. 

These results are in partial agreement with the findings 
of other investigators. Minganti® noted that larve of 
Phallusia mammillata (Cuvier) reared in 3x 10- M PTU 
had an accelerated ‘disruptive’ phase of metamorphosis 
but that no further progress of metamorphosis took place. 
Lynch! found that liberated Amaroecitum constellatum 
Verrill larve placed in 0-2 M thiourea were still able to go 
through the first stages of metamorphosis. Contrary to 
these observations are those of Bell®, who found that 
Ciona intestinalis L. larve hatched from eggs reared in 
6x10- M PTU remained unchanged after hatching for 
up to 5 days, whereas control larve had usually begun 
metamorphosis within 24 h. 

Embryos of Ciona intestinalis were investigated in an 
attempt to confirm the results of Bell. Larve reared in 
three concentrations of PTU, 6x 10-5.M, 3x 10-* M and 
6x 10-4 M. were found to begin the ‘disruptive’ phase of 
metamorphosis at about the same time as untreated 
controls. In these experiments, the two lower concentra- 
tions of PTU interfered with melanin synthesis but did 
not completely inhibit its formation. However, the 
apparent disagreement with the findings of Bell raises a 
moot point, since non-toxic Jevels of cupric chloride in 
sea-water had no accelerative effect on the onset of Ciona 
metamorphosis. 

Copper is assumed to be generally unavailable to the 
Styela larva in the presence of sufficient chelator (PTU) 
to prevent tyrosinase activity. Since an equilibrium 
constant does not seem to be known for the copper- 
phenylthiourea reaction, the calculation of the amount of 
uncomplexed copper under these experimental conditions 
is not possible at present. An indirect means of investi- 
gating the PT'U-copper equilibrium has been attempted 
in the following manner. Grave? showed, that the addition 
of 5x10-¢ M cupric chloride to sea-water caused a 
precocious metamorphosis of Styela larvae. -When this 
amount of cupric chloride was added to sea-water con- 
taining 3x 10-+ M PTU, metamorphosis of Styela larvæ 
placed therein began at the same time as in PTU-sea-water 
without added copper. In sea-water to which cupric 
chloride only had been added metamorphosis began much 
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earlier. Thus, in the presence of PTU and 20 times more 
copper than the usual content of Woods Hole sea-water?, 
the uncomplexed copper is insufficient in amount to affect 
metamorphosis of Styela larvee. Hence it seems reasonable 
to assume that the equilibrium position of the chelate 
reaction jis in the direction of a negligible amount of 
uncomplexed copper. 

Chelating the copper available to Styela tadpoles causes 
no delay in the onset of metamorphosis. The significance 
of these experiments with PTU rests on the validity of the 
assumptions concerning its action as a copper chelator 
and the equilibrium position of the chelate reaction. 
However, the results are consistent with the idea that 
copper is not a controlling factor in the onset of ascidian 
metamorphosis‘. Other instances in which copper has 
been suggested as the natural means of inducing larval 
metamorphosis, as in the American oyster", might be 
investigated by similar means. 
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Conidial Release in some Helminthosporia 


As a rule, dispersion of the Curvularia and Helmintho- 
sporia, two related groups of fungi, is accomplished 
principally by means of conidia, although ascospores have 
been shown to be important for the dissemination of a few 
species, such as Drechslera bromi (Died.) Shoem.!. The 
manner in which the conidia spread is of interest in the 
examination, of epidemiology of plant diseases. 

Meredith? investigated the mode of conidial discharge 
in Curvularia geniculata (Tracy and Earle) Boed. and 
C. lunata (Wakker) Boed. He found that less than 5 per 
cent conidia of these species are forcibly released from 
their conidiophores when the sporulating fungi are re- 
moved from humid surroundings and exposed to dry condi- 
tions. The activating force responsible for this ejection he 
surmised to be a gas phase that was observed to appear 
suddenly in cells of the conidia which had quickly become 
desiccated. O. lunata possesses spores with an innate 
hilum? and those of C. geniculata a protuberant hilum. 

More lately, Meredith‘ also found violent release in 
conidia of one of the Helminthosporia, Drechslera gigantea 
(Heald and Wolf) Ito; this phenomenon was associated 
with the sudden development of a gas phase in the 
conidiophore. D. gigantea differs from all other members 
of the Helminthosporia (which include the genera 
Drechslera Ito and Bipolaris Shoemaker, both with conidia 
with innate hila, and those species with fusiform conidia 
bearing protuberant hila, such as Helminthosporium 
turcicwm Pass.) in a number of respects: the conidia are 
easily the most massive, germination is often in groups of 
three or four germ tubes from end cells, and the host 
range encompasses both sub-families of Gramineae, 
Pooideae and Panicooideae, rather than only Pooideae, as 
is normal in other Drechslera species. Of possible greater 
consequence to the subject of spore release, it is the only 
known species of the Helminthosporia with a minute, dark, 
apicular projection at the tip of the basal cell’ and which 
Meredith‘ states fits into a depression in the centre of the 
scar on the conidiophore. 
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I had frequently noticed that Petri dishes, in which 
heavily sporulating cultures of various Helminthosporia 
were grown on agar media, could be held upside down, for 
months without any deposit of conidia forming on the 
upper (now lower) lid of the dish. A sharp tap on the 
dish, however, or a strong air current blowing across the 
open dish would suffice to dislodge many conidia from 
their conidiophores, regardless of whether the conidia 
were turgid or desiccated. These fungi also behaved in 
this manner when they were allowed to sporulate on 
natural substrates, for example, infected leaves or culms. 

Investigations were undertaken to ascertain whether or 
not the Helminthosporia possess a mechanism for active 
ejection of conidia when turgid conidia are suddenly 
subjected to dry conditions. The fungi investigated were: 
Drechslera teres (Sacc.) Shoem., D. poae (Baudys) Shoem.. 
D. avenacea (Curt. ex Cooke) Shoem., D. erythrospila 
(Drechs.) Shoem., D. diciyoides (Drechs.) Shoem. f. sp. 
dictyoides, Bipolaris sorokiniana (Sace. in Sorok.) Shoem., 
B. cookei (Sacc.) Shoem., B. tetramera (McKinney) Shoem. 
and Helminthosporium turcicum Pass. 

Each species was sown in a Petri dish containing a 
shallow layer of tap-water agar. Circles were punched in 
the agar medium with a 7-mm biscuit-cutter and the agar 
within each circle was removed. The fungus continued to 
grow sparsely across these gaps and a fair degrev of 
sporulation occurred within the circles, directly from the 
glass. When the Petri dish lid was raised and the culture 
examined under a stereoscopic microscope at times 100 
magnification, using strong transmitted light, conidia and 
conidiophores could be observed to dry out within a few 
seconds. Evidence of violent release of the spores was 
sought by choosing fields and counting the number of 
conidia present on the conidiophores before and after 
removing the lid, as well as by searching for conidia lying 
loose within the circles. When the lid was replaced and the 
microscope lamp turned off, the conidia and conidiophores 
again regained turgor. The treatment was repeated in 
this way a number of times a day, for a number of days. 
Two other methods were used: (1) growing the fungi on 
glass microscope slides previously dipped in molten tap- 
water agar and placed in Petri dishes containing a shallow 
layer of tap-water agar to keep the humidity high; (2) 
inducing sporulation on infected natural substrates such 
as leaves, by placing them in Petri dish moist chambers. 
Observations were carried out as in the first method 
described. 

The results were at variance with those of Meredith--! 
for the fungi he had examined. I did not find any forcible 
release in any of the species mentioned here. Detached 
conidia of B. tetramera and H. turcicum could very 
occasionally be found at the base of the conidiophores in 
cultures. In the former, it was observed that the short. 
narrow conidiophores often bent as they dried, so that the 
numerous conidia they bore at or near the apex would lic 
in contact with the substrate. A very few might become 
detached when conidiophores regained turgidity and 
straightened out again. H. turcicum in culture tended to 
produce long, narrow sporophoric filaments rather than 
typical robust conidiophores; on drying, they often came 
in contact with each other, and sometimes conidia would 
be brushed off. 

On infected barley leaves in moist chambers, J. 
sorokiniana sporulated in such great abundance that 
conidia from two different conidiophores would often be 
in contact with each other, held together by watcr 
droplets in the moist chamber. On drying, the conidio- 
phores would frequently bend in opposite directions, an: 
as the surface tension of the droplet was stronger than th: 
tenuous attachment of conidium to conidiophore, one 
spore would be wrenched free, to lie bound to the other. 
These loose conidia did not fall free from the other after 
the droplets dried up completely, and“none could ever be 
found on the damp filter paper disks at the bottom of the 
dish. 
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From the results of the aforementioned observations, 
I conclude that forcible release of conidia is not operative 
in the members of the Helminthosporia we have examined. 
Whether the conidium possesses a protruding hilum or an 
innate hilum does not appear to be a factor in its ability 
to be forcibly released. 

Strong air currents were observed to dislodge conidia 
of Helminthosporia, and there is apparently no need for 
a mechanism to exist for ejecting the spores to any distance 
into the wind stream. The effect of water was investigated. 
It was found that drops of water pipetted from a few 
inches above a sporulating culture of D. teres being 
observed under the microscope removed most conidia 
from their conidiophores. If two drops were carefully 
placed, one on the other on the agar so that the water 
slowly spread out to come in contact with conidiophores 
and conidia, spores were torn loose from the conidiophores 
at the instant of contact, through surface tension. It was 
noticed that those spores within the drop which had not 
been dislodged remained undisturbed within the drop for 
over 48 h, demonstrating that water per se is not respon- 
sible for their release, but rather, the force of the water. 

The roles of water (rain) and wind, alone and in concert, 
in the dissemination of net blotch of barley, caused by 
D. teres, will be dealt with in another paper. 

This investigation was carried out at the Department of 
Plant Science of the University of Manitoba, under a 
Canadian National Research Council post-doctorate 
fellowship. Thanks are due to the Canada Department of 
Agriculture Research Station, Winnipeg, for the facilities 
made available to me. 


R. KENNETH 


Department of Plant Pathology, 
National and University Institute of Agriculture, 
Rehovot, 
Israel. 
? Chamberlain, D. W., and Allison, J. L., Phytopath., 35, 241 (1945). 
4 Meredith, D. 8., Ann. Bot., N.S., 27, 39 (1968). 
? Luttrell, E. S., U.S. Dept. Agric. Plant Dis. Rep., 40, 57 (1956), 
‘Meredith, D. S., Trans. Brit. Mycol. Soc., 46, 201 (1963). 
* Drechsler, C., J. Agric. Res., 24, 641 (1928). 


Relative Activity of Gibberellins and their 
Derivatives on Barley 


GIBBERELLIC acid (gibberellin A,) (I) is used extensively 
.in the malting industry to accelerate the germination of 
barley (see Briggs! for review). but there seems to be no 
mention of the use of other gibberellins in this connexion. 
This communication reports the comparative behaviour of 
gibberellins A,, As, Ay, As, Ay Ag and A, and of gibberel- 
lenic acid (II), allogibberic acid (III), gibberic acid (IV) and 
epiallogibberic acid (V), which are derivatives of As, on 
barley. The derivatives do not always show biological 
activity on plant tissues (see below). We find that 
gibberellenic acid (II) and allogibberic acid (ITI) stimulate 
the germination of barley as do all the gibberellins named 
above, ‘whereas gibberic acid (IV) and epiallogibberic 
acid (V) do not. The germination tests? were carried 
out using 100.corns of dormant barley in a 9-cm 
Petri dish containing solutions (4 ml.) of the com- 
pounds named above (0-5 p.p.m.), and activity was 
based on the number of corns exhibiting visible 
signs of germination in 72 h. From the results of 
these tests the order of activity was found to be 
A, > A, > Ay > A; > Ag > gibberellenic acid > A, 
> allogibberic acid > A, > gibberic acid and epial- 
logibberic acid (inactive). No simple relationship 
was apparent between dose and response, but the 
order of activity was unchanged at higher (2 p.p.m.) 
and at lower (0-1 p.p.m.) dose rates than that stated 
above. The ordef o f activity differs from that found 
by Brian, Hemming and Lowe? for lettuce seedlings, 
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and it now appears probable the seeds of different species 
respond differently to the various gibberellins. 

In the germination tests, accelerated germination 
involves stimulation of the embryot. Recent work®:*, how- 
ever, has shown that in barley the principal site of stimu- 
lation by gibberellin A, is the aleurone Jayer which thus 
yields «-amylase and other enzymes’ even in the absence 
of the embryo. Accordingly the test compounds (0-5 
p-p-m.) in water (2 ml.) were added to tubes containing 
dehusked barley grains’? which had been cut in half and 
the embryo portion discarded. The tubes and contents 
were incubated at 25° C under sterile conditions. After 
40 h the «-amylase found in the grains was determined by 
heating them to 65° C for 30 min and then estimating® the 
reducing sugars formed. By this method amylases both in 
the supernatant fluid and in the grain are estimated 
together through their action on indigenous starch. 
Results revealed that all six gibberellins behaved in a 
similar manner to gibberellin A, in stimulating de-em- 
bryonated barley to release g- amylase. Gibberellenic 
acid (II) and allogibberic acid (III) also promoted 
a-amylase synthesis, but gibberic acid (IV) and epiallo- 
gibberic acid were inactive. The order of activity relative 
to gibberellin 4, was as follows: 
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A, = Á, gibber- gibberic 
> ellenic > A; = verie > Á, > Á, > and epial- 
= A, = A; acid acid logibberic 
acids 
Relative 
activity 100 75 40 30 20 0 inactive 


This order differs from that found for the stimulation of 


~ germination in the intact seed. The results of both series 


amplify the findings of various investigations using dwarf 
beans and other materials** that plants of different 
species show widely different responses to the individual 
gibberellins. The results recorded here show that the 
responses are further differentiated in the case of barley 
with respect to different parts of the grain. 

The observation of activity induced by gibberellenic 
acid (II) and allogibberie acid (III) and of the failure of 
gibberic acid (IV) and epiallogibberic acid (V) to effect 
any stimulation prompts reconsideration of the molecular 
requirements for activity. Inspection of Figs. I~V fails 
to reveal a particular minimum requirement. 

There has been uncertainty in the past as to whether 
compounds IT and III possess general activity towards 
plants. Thus Brian eé al.1* found that pure gibberellenic 
acid had no activity in the dwarf bean test. Murfet and. 
Barber, however, reported that allogibberic acid had no 
action on stem elongation in dwarf peas but delayed 
flowering. Gibberellenic acid had weak activity in these 
tests, but this was attributed to traces of gibberellin. In 
the present work, both gibberellenic acid and allogibberic 
acid, after examination by thin-layer chromatography’, 
were not visibly contaminated by any gibberellin. It is 
unlikely, though not impossible, that other highly active 
impurities may be present. 
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Relative Effectiveness of Different 
Gibberellins in the Induction of 
Parthenocarpic Development in Rosa 


GIBBERELLIC acid (gibberellin A;) has been shown to be 
ctive in setting parthenocarpic fruit in Rosa':*. The 
slative activity of gibberellins A,, As, Ay, As, A, and A, 
1 this respect was determined in April 1962 with two 
lones of R. spinosissima growing in a cool greenhouse, by 
utting off the ‘disk’ (carrying with it the calyx, corolla, 
tamens and stigmas) from unopened flower-buds and 
pplying the gibberellins in 1 pl. of 25 per cent ethanol to 
ae cut surface. This gave better results than injecting 
ae solution into the cavity of the receptacle. Controls, 
1 which ethanol alone was used, abscissed within 2 weeks. 
n average of c. 15 buds (with individual tags) was used 
x each treatment and their growth in diameter was 
ompared with that of a sample of 104 normal buds, by 
leasurement at 2-weekly intervals. With A,, quantities 
nging from 0-01 to 10 ug per bud were used: with the 
ther gibberellins, 0-1 and 1-0 ug per bud. 

The relative pattern of response to the different gibber- 
lins was roughly similar at the two concentrations, but 
t 0-1 ug per bud the amount of growth was reduced, and 
ae percentage fruit-set even more so. In Table 1 the 
»sults for the treatments with 0-1 ug per bud are therefore 
mitted, except in the case of As. 

If the size of the hips at maturity (12 weeks) is taken as 
ae criterion of effectiveness in stimulating growth, the 
ibberellins fall into the series: 


ASAA, >AS A> As 


ı which A, is virtually ineffective since no fruit persisted 
> maturity. Wittwer and Bukovac? have examined the 
fect of different gibberellins on the induction of partheno- 
arpic growth in tomato ovaries, in terms of the increase 
ı diameter after 9 days. As was found to be the most 
stive of the gibberellins when they were applied at 
proximately 0-1 ug per ovary; it is one of the less 
fective ones at both 0-1 and 1:0 ug per bud with R. 
ainosissima. 

The initial rate of fruit growth may not, however, 
etermine the total yield of mature fruit, since the latter 
spends both on the final fruit size and on the proportion 
f fruits which persists to maturity. The highest initial 
ites of growth were found with A,, A, and A,, and these 
-bberellins certainly formed the largest mature hips. 
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Table 1. DEVELOPMENT OF NORMAL FLOWERS OF R. spinosissima AND OF 
EMASCULATED BUDS TREATED WITH DIFFERENT GIBBERELLINS 


Treatment Weeks after Percentage Percentage increase 
treatment of fruit-set in diameter * 
None 2 15 21 
4 6 46 
12 3 132 
A: 2 20 1 1 
1-0 bud 4 0 
ra, 12 80 227 
16) A B2 100 
10 ug/bud 4 2 
ua 12 82 164 
A;: 2 109 28 
T0 ud 4 5 
reg 12 69 146 
ot A 40 10 
0-1 wg/bud 4 
usl 12 10 130 
As: 2 27 ao 
0-01 bud 4 27 2 
fe! 12 9 126 
Ag: 2 100 84 
1-0 ug/bud 4 100 122 
12 100 200 
Ay: 2 30 38 
1-0 bud 4 72 
= 12 20 120 
A;: 2 80 20 
1-0 zg/bud 4 10 39 
12 0 — 
Ay: 2 72 54 
1-0 pe/bud 4 43 117 
vas 12 36 200 


* The average increase in diameter of those fruits which will persist to 
maturity, expressed as a percentage of their average, initial diameter. 


A, and A, also produced a high rate of survival, but only 
about one-third of the buds treated with A, persisted to 
maturity. On the other hand, although the initial rate of 
growth and final fruit size with A, were less than with As. 
almost twice as many mature fruits were produced. It 
would seem that the ability to stimulate growth and to 
induce survival do not necessarily march hand-in-hand: 
the two effects may to some extent be separated if time- 
curves of growth are constructed for only those fruits 
which will reach maturity, so removing from the curves 
the dead hand of those which will perish on the way. 

It has been noted that A, has a more prolonged effect 
than A, on the stem growth of Meteor dwarf peas’; this 
was again not observed with hips. With the three most 
effective gibberellins, the rate of growth was most steadily 
maintained by A, (where the shape of the growth/time 
curve came nearest to that of fertilized hips), whereas 4, 
produced, an initial burst of growth during the first 2 
weeks which was then quickly lost; after week 4 the rate 
was similar to that with A,. An intermediate pattern was 
formed with A, As mentioned above, however, A, was 
one of the least effective of the gibberellins tested in 
inducing survival of the hips to maturity. 

The experiment was repeated with R. sherardii, where 
the order of growth-stimulating activity was: 


AmA, SA, > A> A> A, 


The percentage fruit-set was higher throughout than in 
R. spinosissima, and ran in roughly the same order as 
growth-stimulating activity. 

These results are in general agreement with the sugges- 
tion made by Wittwer and Bukovac that, with the 
exception of A,, differences among the gibberellins in the 
promotion of fruit growth are quantitative rather than 
qualitative. Differences are, however, greater in terms of 
the percentage of fruit which reaches maturity; the 
application of greater amounts of gibberellin per bud may 
have disclosed optimal concentrations at which these 
differences were reduced. 

We thank Prof. P. W. Brian and Dr.. MacMillan for a 
gift of the gibberellins other than 4, and Imperial 
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VIROLOGY 


Increased Susceptibility to the Mite Vector 
(Phytoptus ribis Nal.) caused by Infection 
with Black Currant Reversion Virus 


Reversion virus of black currant (Ribes nigrum L.) 
is transmitted by the gall mite Phytoptus ribis Nal. It is 
now known that the relationship between virus and vector 
is unusually complex and that infection with reversion 
virus increases the host’s susceptibility to mites. This was 
demonstrated by exposing healthy and virus-infected 
bushes of the variety ‘Wellington XXX’ to mites spread- 
ing from adjacent bushes. 

In March 1963, 24 yearling bushes were planted 1 ft. 
apart in each of six rows 8 ft. apart, with large infested 
bushes at the ends of each row. Healthy bushes alternated 
in the rows with others propagated from sources infected 
with a virulent isolate of reversion virus. All the yearling 
bushes had been grown in an isolated nursery kept free of 
mites by spraying. The complete absence of mites was 
confirmed by microscopical examination of buds removed 
when the bushes were cut back after planting. 

Mites invaded the buds of new growth in late April, 
May and June, causing shoots infested at the apex to 
develop malformed leaves!. By July, most of the shoots 
with reversion symptoms were affected, but few others 
(Table 1). This distribution explains why the effects on 
leaves, now known to be due to mites, were regarded 
previously as symptoms of reversion virus’. By October, 
there were fewer galls on virus-free plants than on 
infected, ones (Table 1). Seven bushes, propagated from 
an. infected. source, presumably escaped virus infection as 
they were symptomless and behaved like the healthy 
bushes in their resistance to mites (Table 1). - 


Table 1. INOIDENCE OF THE BLACK CURRANT GALL MITE (Phytoptus ribis 
Nab.) ON HEALTHY AND VIRUS-INFECTED BUSHES EXPOSED EQUALLY TO 
INFESTATION IN 1963 


Healthy Virus-Infected ‘Escaped’ 
Observations bushes (72) bushes (65) bushes (7) 

Percentage of shoots with 

mite-affected foliage (July 

1963) 15 81-9 2-6 
Mean No. of galls per bush 

(October 1963) 5-0 67-3 8-9 
Percentage of buds infested * 

(October 1963) 70 70-2 8-3 


* Based on dissections of all buds on a sample of one shoot from each bush. 


Mites are dispersed passively by wind and insects. There 
is no evidence that they select suitable host plants or that 
they discriminate between suitable and unsuitable bushes. 
The data indicate, therefore, that healthy bushes of 
‘Wellington XXX’, generally considered to be very 
susceptible to mites, have considerable resistance. Indeed, 
the known association between the incidence of mites and 
reversion’ is partly explained by the observation that on 
healthy bushes more mites failed to reach or to enter 
susceptible buds than on virus-infected bushes. The 
heaviest infestations of mites are found on reverted bushes, 
and are difficult to eradicate. By comparison, mites rarely 
cause serious damage when reversion is absent and usually 
remain at a low level which fluctuates with season and the 
effectiveness of control measures. 
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An obvious difference between healthy and reverted 
black currants which affects susceptibility to mites is in 
the hairiness of leaves and young stems. The density of 
these hairs differs between varieties and is always much 
less on reverted bushes than on healthy ones. This facili- 
tates infestation with mites which are impeded by hairs 
during the spring dispersal period. Hairs on the stipules 
and at the bases of the petioles are particularly effective in 
protecting the most susceptible buds, which are in the 
axils of young expanding leaves. The importance of 
hairiness was indicated also by comparing the susceptibility 
of different varieties; the very hairy ‘Seabrooks Black’ 
being the most resistant of eight varieties tested and the 
relatively glabrous ‘Goliath’ the least. 

The effects of reversion virus on black currants are 
obviously beneficial to the mite vector; hairs are sup- 
pressed, whereas vegetative growth is unaffected or even 
increased. It is therefore very important to eradicate 
infected bushes in nurseries and plantations. Moreover, 
the health of bushes should be considered more carefully 
than hitherto in the design and analysis of field experi- 
ments on the spread and control of mites. The sensitivity 
of such experiments may be increased greatly by using 
virus-infected bushes. 

Beneficial effects of plant viruses on their arthropod 
vectors have received little attention, despite suggestions 
that they may be of considerable ecological and evolu- 
tionary significance’5. Aster yellows virus extends the 
limited host-range of a leafhopper®. Furthermore, some 
leafhoppers’ 8, thrips’, aphids?’-15 and perhaps mites" live 
longer or multiply more rapidly on virus-infected plants 
than on healthy ones. Reversion virus appears to be 
unique in breaking down a natural resistance mechanism 
which decreases colonization by mites and their subsequent 
build-up. 
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Use of Electron Autoradiography for 
investigating Viral Infection in Tissue Culture 


ELECTRON autoradiography has recently been used in 
biological investigations'*, We attempted to use the 
electron microscope in combination with the autoradio- 
graphic method for examining myxovirus infection in 
tissue culture. 

A dermo-muscular tissue of human embryos was grown 
on object glasses placed in Petri dishes and after 4-5 
days was infected with FPV (fowl plague virus), strain 
Wei, 10 ZD per cell. Infected cultures were incu- 
bated in the 199 medium with 10 per cent calf serum 
and 0-4y. Cu “C-adenine per 1 ml. In 30 min after infec- 
tion the cultures were fixed for 40 min in 1 per cent osmium 
tetroxide with Palade balanced solution* at 4° C and 
pH 7-5; then they were treated with alcohol solutions of 
increasing concentrations and placed for 35 min in a mix- 
ture of absolute alcohol with butyl methacrylate (1 : 1) and 
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for 40min in butyl methacrylate without benzoyl peroxidate. 
Preparations of cultures on the glasses were covered with 
metallic rings, a mixture of butyl methacrylate and methyl 
methacrylate (2:1) with 1 per cent benzoyl peroxidate 
added. Polymerization occurred at 60° C within 24 h. 
Sections of 270-300 A thickness were prepared with LKB 
Productor ultratome, stained for 20 min with 1 per cent 
aqueous solution of uranyl acetate, dried and covered with 
a thin layer of photograph emulsion M diluted in distilled 
water, using a hair loop. After exposure for 5 days at 
room temperature the emulsion was developed-in an 
amidole developer for 5 min, fixed with sodium thio- 
sulphate and washed with distilled water. Dried sections 
were examined in the electron microscope YEM 5Y. The 
controls wore: (1) sections of non-infected cultures of 
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Fig. 1. Electron micrograph of normal dermo-muscular tissue culture 

(human embryo) with the 'C-adenine in culture medium. a, Auto- 

graphs resembling ‘thread tangles’; g, autographs resembling round- 
shaped grains (x e. 5,330) 





Fig. 2. Electron micrograph shows the cell infected with FPV (80 min 
after injection). N, Nucleus; guc Sue a, autographs (x c. 
1900 
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Fig. 3. Electron micrograph of the cell infected with FPF (3 h after 
Infection). N, Nucleus; nuc, nucleolus; a, autographs (x e. 8,000) 





dermomuscular tissue of the human embryo grown in the 
medium without adding the isotope; (2) sections of the 
same cultures incubated with the isotope and covered 
with photograph emulsion. 
A section of normal culture of dermo-muscular tissue of 
human embryo covered with photograph emulsion (Fig. 1) 
shows a random distribution of autographs wherein one 
can distinguish structures of two kinds: round-shape 
grains and ‘thread tangles’. { 
Electron radiographs of cultures within 30 min after 
infection with the virus show that the maximum of 
autographs is concentrated in nucleoli and at the nucleus 
membranes (Fig. 2) while after 2—3 h of infection the virus 
is distributed in the nucleus and cytoplasm (Fig. 3). It is 
probable that the virus, after penetrating into the cell. 
accumulates in the nucleoli where the synthesis of its 
RNA occurs, which can be shown by an intensive inclusion 
of 4C-adenine into the nucleoli of infected cells. 
V. M. Zapanov 
G. A. Kuisenxo 
V. M. Sraxwanova 
Y. M. ZHANTIEVA 
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GENETICS 


Prevention of a Genetically Determined 
Congenital Eye Anomaly in the Mouse by 
the Administration of Cortisone during 
Pregnancy 


THE mouse is normally born with its eyelids fused. Thix 
fusion occurs on approximately the 17th day of gestation 
(full-term 19-20 days), and the eyelids do not open again 
until approximately 14 days after birth!. If fusion does 
not occur, the eye of the new-born animal is exposed tu 
injury and infection which result ig abnormalities of 
structure and function in adult life. Thus, ‘eyelids open 
at birth’ constitutes a congenital defect in the mouse. 
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The occurrence of thè condition ‘eyelids open’ has been 
reported several times under various names?-*. In some of 
these instances, the defect is unaccompanied by any other 
malformation? *-?, while in others it is associated with 
anomalies such as hare lip®*, wavy hair*4, hydro- 
cephalus’»11, and myelencephalic blebs'?. In one instance, 
the defect is determined by a dominant gene with incom- 
plete penetrance which is lethal when homozygous!®. A 
simple genetic mechanism seems to underlie the defect in 
some cases*»®, whereas in the remainder the genetic factors 
appear to be more complex. 

The purpose of the present communication is to report 
another occurrence of ‘eyelids open’ and the results of 
some experiments designed to modify its penetrance by 
pre-natal treatment. 

‘Eyelids open at birth’ which is not associated with any 
other obvious anomaly was first noted in the 03H/Ml1 
strain of mice in March 1960. The background of this 
strain has been presented elsewhere. Other than noting 
the sporadic occurrence of the anomaly, no detailed record, 
of its incidence was kept until June 1961. Since then, data 
relating to the presence and laterality of the defect have 
been recorded for all animals born in the colony. This 
colony comprises all descendants of one pair of affected 
animals mated in May 1961. As of March 1, 1963, 414 of 
the 590 animals (70 per cent) born in the colony expressed 
the defect. A significant majority of the affected animals 
have the defect bilaterally—291 of 414 new-born animals 
(P<0-001). Of the 123 animals affected unilaterally, a 
significantly greater number have the defect in the 
left eye than in the right—89 as opposed to 34 
(P < 0-001). 

The sporadic occurrence of the defect, and its absence in 
successive generations prior to June 1961, suggest that 
the condition is not determined by a dominant gene. The 
absence of affected animals in the F, generation of out- 
cross matings supports this impression. The presence of 
affected animals in the first back-cross generation, the 
high frequency of the defect in the progeny of the first 
mating between affected animals and the rapid increase 
in the frequency in successive generations indicate a 
relatively simple genetic mechanism. It is postulated that 
the defect is determined by a single autosomal recessive 
gene. 

It has been possible, through the kindness of Dr. L. B. 
Russell of the Oak Ridge National Laboratory, to obtain 
a mutant with a similar phenotype. Tests indicated that 
this mutant ‘lid gap’, symbolized lg (ref. 15), and the 
mutant in the C3H/MI strain are alleles. Therefore, the 
mutant in the C3H/MI strain will be symbolized lg. 

_ Not all the offspring of lg lgxlg lg matings have the 

defect. Since these non-affected animals produce affected 
offspring with a frequency similar to that of their affected 
littermates, it can be concluded that penetrance is 
incomplete. 

The pedigree data have been analysed for a number of 
factors which might conceivably influence the frequency 
and/or expression of the defect. Results of these analyses 
indicate that sex, litter size and litter seriation have no 
significant effect. At present, however, it does appear that 
the frequency of the defect is increasing with succeeding 
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generations, suggesting the presence of modifiers in the 
genetic mechanism. 

The evidence from the breeding data mentioned here 
indicates that the gene lg failed to penetrate in approxi- 
mately 30 per cent of the animals who possessed it. In an 
attempt to increase the penetrance, a teratogenic agent 
was administered to pregnant females since this procedure 
had proved effective in other situations’*’. It was 
decided, to try cortisone which has been shown to be 
effective as a teratogenic agent in the production of cleft 
palate with treatment begun as late as the 14th day}. 
Each pregnant female was given a single injection of 0-1 
ml. cortisone (2-5 mg cortisone acetate (Merck) ), intra- 
muscularly in the flank, on each of the 14th, 15th and 16th 
days of pregnancy, the first day of which was determined 
by the presence of a vaginal plug. The animals used were 
all descendants of lg Ig x Ig lg matings. 

The results of the foregoing treatment are shown in the 
first line of Table 1. Rather than increasing the frequency 
of the defect, the cortisone treatment resulted in a 
significant decrease. However, the treatment produced 
two undesirable effects: cleft palate in approximately 
19 per cent of the offspring and death of all new-born 
mice during the first day of life. The latter is probably the 
result of a milk let-down failure in the dam”. 

In an attempt to eliminate cleft palate, the treatment 
was reduced to two days (15th and 16th). Line 2 of Table 1 
shows that this treatment was effective in closing the eyes 
without producing cleft palate; however, all new-born 
animals still failed to survive the first day of life. A single 
dose on the 16th day (line 3) was not so effective as were 
the two previous groups of treatment in reducing the eye 
anomaly. A single dose on the 15th day (line 4) appears 
to be effective in correcting the defect without producing 
cleft palate, although many animals still die soon after 
birth. Administration of half the original dose, that is, 
1-25 mg on the 15th day, lowered the mortality rate of the 
new-born mice, yet corrected the eye defect (line 5). The 
use of cortisone vehicle alone has been shown to have no 
significant effect on the penetrance of the defect (line 6). 
The frequeney of the defect among animals born in the 
colony to untreated females during the course of the 
foregoing experiments is shown in line 7. Unfortunately. 
the manner in which the results were collected did not 
permit determination of neo-natal mortality rates for the 
last two categories, but our impression is that these rates 
approximate that observed in the offspring of females 
treated with the 1:25 mg dose of cortisone. 

To our knowledge, the only other report of protection 
against a spontaneously occurring congenital defect is 
that of Woollam and Millen**. By the administration of 
thyroxine on the 11th and 12th days of pregnancy, they 
produced a slight but significant decrease (from 12-1 to 
4-4 per cent) in the frequency of hare lip in the Strong 
A strain of mice. There are several reports of partial 
protection against induced malformations in the 
chick16:21:22, and in the mouse®*. The findings reported in 
the present communication are significant in that the 
defect appears to be determined by a relatively simple 
genetic mechanism, probably a single autosomal recessive 
gene. 


Table 1. EFFECT OF CORTISONE ADMINISTERED TO PREGNANT FEMALE MICE ON THE PENETRANCE OF lg GENE IN THEIR OFFSPRING 














$ 





No. of No.of | No. with | Per cent 
Day(s) treatment litters progeny | open eye | open eye Comment 
1. 14th, 15th, 16th 8 57 2 4 Approximately 19 per cent with cleft palate; 100 per cent 
neonatal mortality . 
2, 15th, 16th 9 31 0 0 No cleft palate; 100 per cent neonatal mortality 
3. 16th 8 48 16 33 
4, 15th Full dose (2-5 mg in 0-1 ml.) 13 55 0 0 70 per cent neonatal mortality 
5. Half dose (1-25 mg in 0-05 ml.) 9 35 0 0 15 per cent neonatal mortality 
6. 15th Cortisone vehicle (0-1 ml.) 25 99 69 70 
7. *Control 76 437 338 77 











* Animals born to untreated females in the colony during the course of these experiments. 
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The nature of the mechanism by which cortisone inter- 
feres with the action of the lg gene is a matter of specula- 
tion at present. Walker and Fraser*, in their work on the 
mechanism of secondary palate closure in the mouse, have 
suggested that ‘cortisone may inhibit the growth of the 
elastic fibre or ground substance of connective tissue. 
Walker® reported that, although there is no elastic fibre 
present in the head of a 15-day embryo, there is a large 
concentration of mucopolysaccharide in the head region at 
this time. He suggests that the change of mucopoly- 
saccharide to a more stable state may be the force in 
normal palate closure and that cortisone may interfere 
with, this change. 

Fraser** has suggested that the open eye condition 
associated with wavy hair®-4 is a result of abnormal skin 
tension in the region of the eye. It may be that all ‘eyelids 
open at birth’ phenotypes, with or without association of 
wavy hair (with the possible exception of hydro- 
cephalus’! and myelencephalic blebs!* in which open 
eye appears to be secondary to these defects), result from 
abnortnal skin tensions around the eye. This tension may 
result from an over-abundance of connective tissue. A. 
series of injections of cortisone into a rat has been shown 
to cause a decrease in the ratio of hexosamine-containing 
mucopolysaccharide to collagen in connective tissue*’. 
This decrease is greater in the skin than in other body 
tissues. The action of cortisone on the lg gene may then 
be to inhibit the formation of mucopolysaccharide to such 
a degree that the eyelids close. 

We thank Prof. I. McT. Cowan, head of the Department 
of Zoology, and Prof. Bruce D. Graham, head of the 
Department of Pediatrics in the University of British 
Columbia, for making it possible for the senior author to 
undertake this project; Prof. A. J. Wood, director of the 
Central Animal Depot in the University of British 
Columbia, for providing research facilities and for his 
advice; Prof. F. C. Fraser of McGill University, for his 
advice; and Mr. Perey Cunningham, pharmacist in the 
Vancouver General Hospital, for providing the cortisone 
and preparing the vehicle. 

This work was supported by a grant from the Medical 
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PSYCHOLOGY 


The Time it Takes to Name an Object 


Waen an individual gives the name of an object 
presented to him, he is producing a word in conditions 
which require the processing of a greater quantity of 
information than when the same word is evoked in the 
course of a sentence, where the constraints of grammar, 
syntax and theme limit the ensemble of possible choices. 

Particular interest is attached to the object-naming 
task for a number of reasons, among which are the follow- 
ing: (1) In language disorders associated with damage to, 
or disease of, the cerebral hemispheres, a very prevalent 
difficulty lies in object-naming, and this is detectable even 
in patients whose language functions appear otherwise 
intact. In such cases, it is notable that words which 
cannot be evoked in naming an object often can be freely 
produced in sentences. It has, further, been established 
by Rochford and Williams! that different objects present 
consistently different degrees of difficulty. (2) The object- 
naming task raises general problems of the organization of, 
and retrieval from, the cerebral ‘word store’ in a specific 
form. In particular, various views might be entertained 
as to the different times required to gain access to different 
items, which in turn might be reflected in different dis- 
tributions of latencies in the naming task. A complete 
absence of organization—that is, the independent storage 
of different items and the existence of no classificatory 
principles and no ‘key’ to the store—would suggest zero 
variance in the latency distribution. (This would be 
comparable with contemporary computer practice.) 
Effective functional economy, on the other hand, might 
consist in a classificatory system being so constituted that 
the more commonly required items were situated ‘higher 
up’ than those less frequently needed, so that fewer steps or 
decisions were involved in reaghing them and less time 
taken. In this case, variance would be introduced into the 
response latencies. The conventional botanical key 
provides an example from another field. Here a classifica- 
tion in terms of traditional morphological characteristics 
is used, and this affords a system which is scarcely economi- 
eal in the sense of common species taking less time to 
identify than rare ones. It is clear that the problems of 
the organization of such storage systems possess a general 
interest. and importance extending far beyond questions 
of the organization of nervous processes in the brain. 

With these considerations in mind, we have examined 
the time taken to name, from simple outline drawings, a 
number of objects the frequency of usage of whose names. 
as given in the Thorndike—-Lorge Word Count*, varies 
throughout the range of frequencies. Two different sets of 
pictures of 26 objects, drawn by two different artists, 
were used on two different groups of experimental subjects 
(mostly university graduates and undergraduates). Laten- 
cies, that is, times taken to name each object, were 
measured, using a voice key and associated circuit which 
discounted the varying initial acoustic energies of different 
words. The results of this experiment are shown in Fig. 1, 
where mean latencies are shown plotted against log 
frequency. It will be seen that the two experiments, 
using different pictures and different experimental sub- 
jects, agree closely, the product-moment correlation 
between them amounting to 0:74, P < 0-001. The laten- 
cies in the two experiments, moreover, are independently 
correlated with log frequency to the value of — 0-80 and 
— 0-89. Two-way analysis of variance shows that, while 
there is substantial variance contributed by differences 
between the individuals used as subjects, the greater part 
is due to differences between objects. Kendall’s coefficient 
of concordance W, which measures the agreement between 
subjects in regard to the ordering of objects in respect of 
their latencies, has the value W = 0-70, P < 0-001. It 
seems, therefore, to be clearly estaBlished: (1) that 
different objects take different times to name, the range 
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Fig. 1. Response-latency in naming objects versus logi frequency of 
occurrence of the name in English. @, Picture set 1; (1, picture set 2 


extending over a ratio of three to one; (2) that there is a 
closely followed linear relation between latency and 
logarithm of word-frequency. The bearing of this par- 
ticular relationship is not clear, though it may be noted 
that it would be generally consistent with the kind of 
word-commonness frequency distribution found empiri- 
cally by Zipf?. It might be thought that one reason why 
objects with rare names take longer to name than those 
with the more common is that there is, as is well known, a 
marked tendency for rarer words to be longer than 
common ones. It might be suggested, therefore, that the 
greater latency is due to greater time being required to 
organize the motor patterns of speech. So far as our 
results are concerned, however, this factor plays no signifi- 
cant part. The correlation fry z between x (log frequency) 
and y (latency) keeping z (number of syllables) constant is 
Taye = 0-618, P < 0-001, while 72, z (latency versus syl- 
lables, log frequency constant) = + 0-200, P < 0-4. 

Rough experimental tests we have carried out on the 
effect of practice on the naming-latencies show that for the 
same set of objects re-presented (in different random 
orders) on two subsequent occasions, the latencies pro- 
gressively diminish by a fairly large amount (35 per cent) 
for the least common names and by a small amount (16 
per cent) for the most common. This presumably reflects 
the effects of increasing familiarity with the ensembles of 
stimuli, there being less scope for improvement in the 
shorter reaction-times. 

This work was supported by the Medical Research 
Council. 
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‘Natural History of Aggression 


In the report of the recent symposium of the Institute 
of Biology on the “Natural History of Aggression” it is 
surprising that no consideration appears to have been 
given to field sports among possible substitutes for war 
(Dr. A.. Storr’s paper). 

Modern man, gs opposed to primitive man, does not 
stand in a natural predator/prey relationship to what he 
kills, so exclusion of modern human predation from 
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interspecific aggression (Mr. J. Fisher’s paper) need not 
here apply. If this is accepted, field sports, with elaborate | 
rules in direct ratio to efficiency of technique and inverse , 
ratio to utilitarian value, seem explicable in terms of a - 
slight extension of Storr’s thesis that aggression is a deep- | 
seated drive in mankind which needs to be satisfied. Such ' 
rules as reflect the desire to preserve as well as destroy 
might perhaps be analogous to his postulated vital 
‘assumption of similarity’ in the intraspecific context. 

In view of Dr. Freeman’s suggestion of man’s inheritance 
of a carnivorous psychology from remote ancestors, it is ' 
not surprising that the predatory instinct has survived the 
comparatively few generations since domestication re- 
moved much of its utilitarian value, and it seems 
unrealistic to ignore it. In present-day England, however, 
views on field sports are usually subjective and tend to be 
focused on the prey species. The importance of under- 
standing human aggression and possible outlets for it, 
alternative to war, brought out by the symposium, would 
seem to warrant serious objective investigation of the 
psychology of the subject. s 
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ARCHÆOLOGY 


Thermoluminescent Dating of Ancient 
Ceramics 


Most clays contain a few parts per million of uranium 
and thorium and a few per cent of potassium, so that 
the body of an ancient pot receives a radiation dose of 
the order of 1 r./g/yr., mainly from ¢-particles. Some 
of this energy is stored in the constituent minerals of 
the clay either by the creation of new lattice defects or: 
by the filling of existing impurity traps. On heating, 
some of this energy is emitted as visible light. In the 
majority of cases the pot will have been fired to about. 
800° C in antiquity when it was made, so that accumula- 
tion of stored energy begins anew from that time, and 
there is the possibility, first suggested by Daniels et al.}, 
that the thermoluminescent glow observed from ancient 
pottery could be used as a measure of its age. Thermo- 
luminescent study, in the dating of lava flows? and lime- 
stones’, for example, is fairly well known as a geological 
tool, but little has been heard of its archeological ex- | 
ploitation since an announcement by Kennedy and: 
Knopfft in 1960 and a description of technique - by! 
Houtermans, Grégler and Stauffer’ in 1960. The present. 
communication reports the results obtained on potsherds: 
ranging back to 8,000 years in age and widely spread in: 
provenance. i 

The thermoluminescence was detected with a photo-' 
moultiplier (E.M.I. 62558/A) having maximum spectral’ 
response at 3500 A, using a blue filter to reduce black- 
body radiation. The sample, in the form of 15 mg of, 
potsherd, ground-up to less than 150y diameter, was 
spread over a 0-8 cm? area in the central region of a 
1-mm thick graphite plate. The temperature of this plate 
was raised at about 25° C/sec by passing a current of' 
several hundred amps directly through it. Curve N of: 
Fig. 1 shows a typical glow curve. Curve B represents! 
the black-body radiation, obtained from a second heating, 
of the sample. The natural thermoluminescent glow is, 
the difference between these two curves. The glow curves: 
are taken in an atmosphere of nitrogen, since it was found’ 
that in air there was appreciable glow from a recently 
fired pot—or a re-fired ancient potsherd—and it is clearly 
important that zero glow should be obtained for zero age. 
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Also, &fter grinding-up, the samples were exposed to a 
minimum of light; exposure to even reduced laboratory 
lighting (fluorescent) can result in reduction of thermo- 
luminescent glow by 20 per cent or more within an hour. 

The natural «-radioactivity of each sample was 
measured with a 2-in. diameter zinc sulphide screen and 
photomultiplier as described by Turner et al.*. Although 
«-particles predominate, in all cases being responsible for 
more than 70 per cent of the réentgen dose received, the 
contributions of the 1-36-MeV 8-particles from potassium 
are not insignificant and these were- estimated from 
spectroscopic determinations of the latter element. 

Finally, the susceptibility of each sample to the 
acquisition of thermoluminescence was measured by 
irradiation with a standard artificial radioactive source. 
If one defines the ‘specific glow’ of a sample as: 


(natural glow) 
(artificial glow) x (natural radioactivity) 


this specific glow should be proportional to age and 
independent of the nature of the clay. The principal 
assumptions involved are that the accumulation of 
natural and artificial glow is linear with dose, and that 
there is no decay of acquired glow with time. 

Curve § in Fig. 1 is a typical thermoluminescent 
glow-curve resulting from a 10-min irradiation with a 
small B-source (40 me. of "Sr + *Y). The absence of 
glow in curve N below 200°C indicates that the traps 
being emptied in this temperature region have too short 
a half-life to accumulate an appreciable population from 
the low dose-rate provided by natural radioactivity. At 
higher glow temperatures the trap half-life becomes long 
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compared with the archeological age, and curves N and B 
should then have the same shape. For a typical sample 
(see Fig. 1) there is good correspondence between N and 
B in the 350°-450° C range. 

The artificial glow produced by y-irradiation has also 
been measured for some samples; the glow obtained 
when the potsherd is irradiated before grinding is not 
significantly different from that obtained from irradiation 
in the powdered form, thus affording evidence that the 
grinding process does not reduce the natural glow or 
enhance the artificial. 

The ‘specific glow’ within the temperature region 
350°-450° C has been determined for 18 pottery frag- 
ments for which archeological or carbon-14 evidence can 
place limits on the age. Fig. 2 shows the results obtained; 
the straight line has been drawn from the origin to the 
average value of the five sherds from the oldest archæo- 
logical context. Although there is considerable dis- 
persion from the presumed. linear dependence on age, the 
broad validity of the method appears to be established 
as far back as the beginning of pottery-making, thus 
including a period in which even crude dating evidence 
can be of archeological value. Further investigations 
are in progress to see whether a dating tool of more useful 
precision can be developed. 

This work was supported by the Department of Scientific 
and Industriel Research. 
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STATISTICS 


Measurement of Natural Selection in Natural 
Populations 

Van Vareni has proposed a measure of natural selec- 
tion intensity as an extension of Haldane’s? measure of 
intensity I and applied this to data on fossil horses. Van 
Valen’s measure, at least in the example given, is actually 
a special case of Haldane’s I. Van Valen wrote: “The 
intensity Ip of natural (or artificial) selection by means of 
differential viability, relative to statistical parameter or 
set of parameters p, may be defined as the minimum 
reduction of the original population that would yield a 
population with specified values of the parameter or set of 
parameters’. For a single normally distributed character 
this corresponds to the truncation area, of a normal curve 
necessary to shift the mean and standard deviation to the 
new observed values under directional selection. Haldane’s 
measure of intensity is defined as: 


(1) 


where 8, is the survival percentage at the optimum pheno- 
type or genotype and & is the overall survival percentage. 
Haldane has shown that (1) can be written: 


Falo) 
Fi(®o) (2) 
where f,(a) and f,(%) are the probability densities of the 
characters at the optimum value x, before and after 
selection, respectively. Furthermore, iff (x) and f(x) are 
normal densities (the notation of Rao? is used throughout): 


I= loge & 


I = loge 
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When f,(x) is normal and f (x) is a truncated normal, 
that is: 


then I= loge at y Van Valen’s statistic may then be 
written: 

Ss— 8 

el 3o 





The assumption of a normal distribution before selection 
and a truncated normal after selection leads to the least 
mortality (Ip) possible to explain the shift in parameters 
after selection. A more realistic assumption about the 
distribution after selection as in equation (3) will lead to a 
greater lower limit of mortality. 

Table 1 gives Haldane’s I using equation (3) assuming 
normality before and after selection for Van Valen’s data 

oo 

À a 1 gives the 
minimum mortality under these assumptions, and can be 
compared to the truncation Ip required to shift the mean 
by the observed amount (called Im by Van Valen). 





on Merychippus primus. The quantity 


Table 1, INTENSITIES OF pees PAGED ON DATA FROM VAN VALEN 
REF. 
Character Haldane’s 7 e— i1 Ip = Im 
using (3) el (from Van Valen) 

t DP? 6-92 0-60 0:20 
w DP? 0-66 0-48 0-34 
w DP? 0-69 0-50 0-29 
w DP 0-04 0-61 0-34 
w DP, 0:36 0-30 0-17 
w DP; 031 0-27 0-10 
w DP, 0-42 0:34 O14 


The minimum mortality assuming normality after 
selection is up to three times as large as Im. A minimum 
tT — 1 

mortality somewhere between I, and £ al 





is probably 


more realistic. Its actual value would depend on the 
form of the distribution after selection as well as before. 
Van Valen’s minimum intensities (Ip) are certainly much 
lower than those obtained under more realistic assump- 
tions. This implies that more intense directional selection 
was operating in the population of Merychippus primus 
than is indicated by Ip. 

Van Valen also gives a formula for the combined selec- 
tion intensity of two characters as Icompinea = Jt + 
In(1 —- r?), where I; and I, are the intensities for the two 
characters (Ir < In) and r is the correlation between the 
characters before selection. Application of this formula to 
Van Valen’s data gives values of Icombinea < In. Icombined 
should always be greater than or equal to Ia. For example, 
the value of Im for w DP? is 0-29 while that for w DP4 is 
0:34 and the correlation between the two characters before 
selection is 0°96. Igombinea 18 0°32 which is less than Fm for 
w DP‘. A more satisfactory measure for combined 
selection is obtained by computing Mahalanobis’s D? (ref. 
3) between the means before and after selection for two (or 
more) characters. The sample before selection is used to 
estimate the variance-covariance matrix A. The observed 
value of D can be used as a univariate normal statistic to 
compute Jy, using tables of the truncated normal‘. For 
the example given here, D = 0-574, and the combined 
selection intensity Ip = 0-35. The use of D will always 
make Icombined > Ta. 

Haldane’s I can also be extended to multivariate distri- 
butions. If a set of characters represented by the column 
vector v is jointly®normally distributed before and after 
selection, a multivariate form of (3) is: 


1 t acl 
5 (Za — Ue)’ A 2 (Co — He) (4) 


where # = (AY — AI) (Alu, — Ardy.) is the 
optimum value of the phenotype in the multivariate space. 
The value of I given in equation (4) would be tedious to 
compute and is reasonably defined orly for |A,| > |Ael, 
which is not observed for the data given by Van Valen. 
The assumption of multivariate normality before and after 
selection seldom may be realized with actual data. 

The component of selection for changes in correlation 
alone for two characters with stabilizing selection can be 
obtained from (4) and is: 


1 
I= 5 loge 


where 7, and r, are the correlations before and after selec- 
tion. Again the minimum mortality explained by af shift 


: el — 1 Nee 
in r can be computed by a for 7, < rz. This is not 


applicable to Van Valen’s data as 7, > 7, in every case. 
Lesr F. Marcus 
Department of Statistics, 
Kansas State University, 
Manhattan. 


1 Van Valen, L., Nature, 197, 1181 (1963). 
? Haldane, J. B. S., Proc, Ninth Intern. Cong. Genetics, Supp. to Caryologia, 
480 (1954). 


z Rao, aa Advanced Methods in Biometrical Research (Wiley, New York, 


+ Pearson, K., Tables for Statisticians and Biometricians, 2 (Cambridge Univ. 
Press, 1931). 


Dissimilarity Analysis: a new Technique of 
Hierarchical Sub-division 


Iw hierarchical classifications each sub-group may be 
formed from the splitting into two parts of a larger 
group, or alternatively from the union of two smaller 
groups. Both these procedures are repetitive, and in 
either case ‘false’ decisions (arising from the statistical 
variability of the data) made in the early stages of the 
analysis will distort its subsequent course. For this 
reason, divisive methods, which start with the whole 
sample, are in general safer than agglomerative methods. 
In the past, one attraction of agglomerative methods has 
been their flexibility; any two sub-groups could be con- 
sidered for possible combination. With divisive methods, 
in all but the simplest cases some restriction is necessary 
on the possible subdivisions considered, since there are 
2n-1 — ] ways of dividing n individuals into two groups. 
One procedure! is to consider only monothetie subdivi- 
sions, that is, those definable in terms of the possession or 
lack of a single attribute by the individuals concerned. 

In the present communication we describe a technique 
which combines the three advantages of being divisive 
rather than agglomerative. polythetic rather than mono- 
thetic, and computationally manageable even on a fairly 
large scale. Between any two individuals or groups a 
coefficient of dissimilarity is defined. This is discussed 
below. We denote the dissimilarity so defined between 
two individuals or groups X and Y by f{X, Y}. Denote 
the dissimilarity between an individual or group X and 
the rest of a group Z which originally contained X by f{ X, 
(Z — X)} where (Z — X) represents the group consisting 
of all members of Z other than X. Let the whole sample 
be Ay. For every individual X calculate f{ X, (de — X)}. 
Choose the individual for whom this is greatest and denote 
him by B,. Write A, — B, = A,. For each individual X in 
A, calculate f{ X, (A, — X)} — J{ X, B,}. Choose the new 
individual X for whom this is greatest and combine him 





a AcE AAA ATES CT EE ET ET TE TE TOES. 


June 6, 1964 


with B, to form Bẹ, Write A, — X = A,. Similarly 
transfer another individual from A, to B, (thus forming 
A, and B) and continue so long as an individual X can be 
found in the remaining group A, for whom f{ X, (An — X)} 
— f{ X, Bn} > 0 (that is, X is more like Bn than he is to the 
rest of An). When no such individual can be found the 
sub-division of A, terminates and we embark in the same 
way on the sub-division of éach of the two resulting groups. 
The whole process is terminated in accordance with any 
suitable stopping-rule. : 

When this method has been programmed for a computer 
it will be possible to investigate various probability-based 
and other coefficients of dissimilarity, and to select one 
with the necessary logical and empirical properties. How- 
ever, for hand-computing the method is laborious (though 
very much less so than any other divisive polythetic 
method known to us*-4) and the only coefficient so far 
used has been the ‘objectively weighted squared Euclidean 
distance’ of a previous communications; if in groups A 
and B proportions wa; and æ»; possess the jth observed 
attribute, the dissimilarity between A and B is 


5 
j 
the combined group A + B. (In the new method now 
being described, the xi are calculated for A,, not recaleu- 
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2 
[ (ees — 2) E j7 |, where the Xi are calculated for 


lated separately for A, and B,, 4, and Ba, ote., but recaleu- 
lated at each fresh branching of the analysis.) We have 
already discussed’ the rationale of this coefficient, and in 
particular the non-probabilistic use of y? calculations. For 
quantitative data (variables instead of attributes) 


= = 2 
7 [Eu z ta) je | might perhaps be used, although 


it is not an exact equivalent of the form above. 

In the trials so far made we have slightly modified the 
procedure; provided that f{ X,(An — X)} — f{X, Ba} > 0 
we chose the X for whom f{ X, Bn} was minimum and did 
not use the more logical but more laborious method of 
taking the maximum of f{ X, (An — X)} — HX, Bu} as 
our selector. 

The process has been tested (for attribute-data only) on 
the Beaulieu Road plant community already analysed 
monothetically® and agglomeratively®, and gives results 
which differ from both the earlier classifications. This 
might be expected since one of these was monothetic and 
the other used a constant distance-measure, while with the 
new method, in the case of the particular dissimilarity 
coefficient used, the distance-measure changes as each 
sub-group splits into two. The implications of this are 
still to be considered. However, the method has also been 
tested on a two-dimensional artificially constructed com- 
munity with points clustered about the vertices of a 
triangle. From these two tests, one natural and one 
synthetic, we have formed the impression that with a 
suitably developed coefficient the method may prove to 
be the most powerful at present available for elucidating 
the internal structure of a heterogeneous population. 


P. MAONAUGHTON-SMITH 


Home Office Research Unit, 
Thames House South, 
Millbank, London, S.W.1. 


W. T. WILLIAMS 
M. B. DALE 
L. G. Mocxzurr 


Department of Botany, 
University of Southampton. 


> Williams W. T., and Lance, G. N., Nature, 182, 1755 (1958). 
* Cochran, G., and Hopkins, C. E., Biometrica, 17, 10 (1961). 


? Rescigno, A., and Maccaccaro, G. A. in Symposium on Information Theory 
(Butterworth, London, 1980). 


‘Edwards, A. W. F., Fifth Intern. Biometric Conf., Cambridge (1963). 


* Williams, W. T., Dale, M. B., and Macnaughton-Smith, P., Nature, 201, 
426 (1964). i 


° Williams, W. T., and Lambert, J, M., J. Ecol.: 48, 689 (1980). 
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An ‘Air Wall’ Incubator for Microscopy 


THE need for maintenance of incubation temperatures 
while observing tissue cultures under the microscope has 
led to the development, in this laboratory, of an ‘air wall’ 
incubator. The method makes use of downward dirccted, 
heated air which passes over the microscope stage, thus 
providing a warm field within which incubation tempera- 
tures are maintained. The apparatus was fashioned from 
inexpensive equipment. It eliminates the need for the 
customary bulky enclosures, and therefore permits 
unhindered access to the microscope. It is independent of, 
and easily adaptable to, any microscope and is now in 
continuous use in this laboratory on a Cooke, Troughton 
and Simms inverted microscope. A stage-level tempera- 
ture of 37° +0-5°-C has been maintained for as long as 
6h. There is no reason why such temperatures cannot bo 
maintained indefinitely. 

The apparatus required (Fig. 1) is: (a) a heavy duty 
laboratory-type heat gun (Master Appliance Co., Racine, 
Wisconsin) equipped with 3-5 in. of automobile heater 
hose (1-25 in. outside diameter) which has been wedged 
within the heat port and securely taped in place with 
adhesive tape; (b) a metal, bowl-shaped deflector with a 
side opening to accommodate the heater hose. A. common, 
one-bulb, metal teble-lamp shade serves admirably; 
(c). a heat-sensor thermostat; the long-type, designed for 
large ovens, is used here; (d) a powerstat (Superior Electric 
Co., Bristol, Conn.); (e) a thermometer; (f) a glass or 
‘Plexiglass’ plate large enough to cover a maximum of the 
microscope stage area; (g) two laboratory stands; 1 
mounting ring, 2 large 3-finger adjustable burette-holding 
clamps. 








Fig. 1 


The deflector is supported 8-5-9 in. above the microscope 
stage via the large burette clamps and laboratory stands. 
The heat gun is seated within the mounting ring and 
secured to a laboratory stand in a position to allow 
entrance of 0-5-0-75 in. of heater hose into the deflector 
opening. The deflector is angled and positioned to provide 
a maximum of directed air flow on to the centre of the 
stage. The thermostat is wired in series to the heat gun 
and the thermostat control box is fixed to the laboratory 
stand via electrical tape. The free end of the thermostat 
(sensor) is wound in-a flat helix within the circumference 
of the deflector and hung 1-5-2 in. below the deflector in 
the direct path of the bulk of heated air passing to the 
stage. The glass plate is secured to thé’stage to cover the 
light port, This serves to prevent the chilling of the culture 


s 
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dish bottoms. A thermometer is attached to the glass 
plate to provide temperature references. A powerstat 
utilized with the heat gun prevents off-on heat surges and 
when set at 85-90 V gives satisfactory heated air volume 
at the 8-5-9 in. distance at laboratory temperatures of 
25°-26° ©. Laboratory temperatures less than 25° C will 
require one or more of the following adjustments: (1) 
increased powerstat settings; (2) partial closure of heat 
gun air intake vents; (3) shortened distance between 
deflector and stage. 

The final thermostat setting should be made only 
after the microscope, which plays an integral part in 
temperature maintenance, is equilibrated to the desired 
temperature. To do this the unit should be turned on at 
the selected powerstat setting and allowed to operate 
for 1 h while the thermostat setting is adjusted ito 
maintain the desired stage temperature. This procedure 
will prevent creeping overheating of the stage. Regular 
checks of stage temperature should be used while observing 
cultures. 

It is suggested that the unit be pre-heated for 1 h prior 
to placing cultures on the stage and that the unit be shut 
down temporarily while photographs are being taken in 
order to obviate vibration if long exposures are required. 
Such short off-periods do not disturb temperature equili- 


eno HERBERT P. GORDON 
Laboratory of Histology and Embryology, 
University of Pennsylvania Dental School, Philadelphia 4. 


Calculation of Exposure Times for Successive 
Autoradiographs 

AUTORADIOGRAPHIC investigations often require very 
large numbers of exposures. It is, therefore, necessary to 
have a rapid method for calculating the exposure times 
for the successive specimens of a series. Stowell, 
in a communication directing attention to the value of 
special purpose slide rules, has described one on which the 
calculation may be made very rapidly. 

The calculation is necessary because a radioactive 
isotope may lose a large part of its activity in the time 
taken to prepare the later specimens. For constant 
exposure (that is, radiation dose), the exposure times used 
must satisfy the equation: 

J — ohl = ent — els 


where the zero of time is taken at the start of the first, or 
standard, exposure which ends at time és, and any other 
exposure beginning at i, ends at tẹ» A is equal to 0-693 
divided by the isotope half-life. 

Stowell’s rule has a time-scale, calibrated according to 
the function (1 ~ e-4), and a cursor bearing two lines 
(1 — e-4) apart. The values of à and ts are fixed once the 
rule has been calibrated and, although several scales 
might be included on the rule, it cannot be considered as a 
general purpose instrument in this field: The time-scale 
is calibrated in clock time so that it is easy to find ex- 
posures that begin and end during working hours. There 
is, however, the disadvantage that the time zero is thereby 
fixed at one time of the day. 

The best solution to this problem would be a calculator 
that required no further modification to cover all possible 
calculations of this type. A graph showing exposure time 
(tg — t) as a function of delay time (¢,) appears to be the 
simplest method of presenting the data. A single curve 
will cover all possibilities if the time delay scale is movable 
so that its zero can. be put at the point where the exposure 
time is equal to tz. Unfortunately, this is only possible 
with a linear scale; the same result could be obtained with 
other scales by adding a constant to all delay time read- 
ings, but this would be very inconvenient. For constant 


reading accuracy logarithmic scales are necessary, so that. 


a family of curves Must be plotted with different values of 
` fa. A set of such curves is shown in Fig. 1, where the value 


NATURE 





June 6, 1964 VoL. 202 


of ta for each curve is equal to the asymptotic value of 
(fa — t) as t; tends to zero. The lowest curve gives 80 
per cent of the dose given by the noxt curve and this is 
the largest difference for the set shown. It will usually be 
possible to use one of the curves, but for intermediate 
values of ¢; the errors involved in interpolation can 
normally be considered insignificant. 


Exposure tinie (f,—¢,) in.half-lives 





0-01 0-1 1 10 
Delay time ¢, in half-lives 


Fig. 1. Iso-dose curves and approximate curve 


Since the curves are to be used for isotopes with various 
half-life times, the scales are calibrated directly in one 
half-life units and it is necessary to multiply the scale 
readings by the half-life of the isotope in use. The multi- 
plication may be avoided with the aid of a transparent, 
two-dimensional, logarithmic graticule, with decade 
widths equal to those of the graph (for example, a sheet of 
log-log graph tracing paper). The graticule may be 
calibrated in any convenient time units, and is placed 
over the graph so that the one half-life co-ordinates of the 
graph are aligned exactly with the co-ordinates of appro- 
priate value on the graticule. The graph may then be read. 
directly on the graticule in whatever time units have been 
chosen. 

Extension of the curves in any direction except to 
smaller values of t seems unnecessary. For all exposures 
less than 0-028 half-life the curves lie within 1 per cent of 
the value given by: 

ty — ty = bs ert 

This function, with ¢; = 0-01 half-life, is shown on the 
right in the figure, in the region where it differs from the 
lowest of the exact curves by more than 3 per cent. Thus, 
for shorter exposures, this curve may be used simply by 
displacing it downwards to the required extent, without 
any loss of accuracy: An analysis has been made of the 
errors involved in the use of the approximate equation. 
The results suggest a further approach to the problem, 
which is being prepared for publication. 

The only disadvantage of this calculator appears to be 
that the times read from it will not be actual clock times 
but time durations. There is, however, no restriction on 


‘the time zero for the experiments. 


I thank Prof. R. A. Buckingham and the staff of the 
University of London Computer Unit for their help in the 
calculation of the data for the graph. ; 
M. Fimn* 

Institute of Laryngology and Otology 

(University of London), 
330/332 Gray’s Inn Road, London, W.C.1. 

* Present address: The Biological Laboratory, Harvard University, 
Cambridge, 38, Mass. 

2 Stowell, E. C., Nature, 198, 318 (1983). 
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FORTHCOMING EVENTS 


Monday, June 8—Tuesday, June 9 


INSTITUTE OF RURAL LIFE AT HOME AND OVERSEAS (at the Department 
of Technical Co-operation, Eland House, Stag Place, London, S.W.1), at 
10.30 a.m. daily—-Conference on ‘International Co-operation in Develop- 
ment Programmes”. 


Tuesday, June 9 


ZOOLOGICAL SOCIETY OF LONDON (at the Zoological Gardens, Regent's 
Park, London, N.W.1), at 5 p.m.—scientific Papers. 


Wednesday, June 10 


SOCIETY FOR ANALYTICAL CHEMISTRY, MICROCHEMISTRY GROTP (at “The 
Feathers”, Tudor Street, London, E.C.4), at 6.80 p.m.—Discussion Meeting 
on “The Analysis of Organo-Metallic Compounds introduced by Mr. G. 
Ingram. 


Thursday, June II 


Roy ocity (at Burlington House, Piccadilly, London, W.1), at 
ise pan eran rt Hoyle, wens. and Mr. J. V. Narlikar: “A New 
Theory of Gravitation”. 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, Westminster, 
London, §.W.1), at 5.30 p.m.—Annual General Meeting. 


CuEwmoaL Soorery (in the Large Chemistry Lecture Theatre, Imperial 
College of Selence and Technology, London, S.W.7), at 6 p.m.—Prof, Cc. 
Djerassi: “Applications of Optical Rotatory Dispersion and Circular Di- 
chroism in Stereochemistry’’ (Centenary Lecture), 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before 
the dates mentioned: 

CuExasr (with a first- or second-class honours degree and preferably 
some postgraduate research experience), to undertake investigations in the 
field of soil/plant nT and to develop laboratory techniques to be 
used in conjunction with field investigations—The Secretary, The Grassland 
Research Institute, Hurley, Maidenhead, Berkshire (June 10). i 

RESEARCH ASSISTANT (with a degree in psychology and interests in the 
experimental study of perceptual and/or cognitive function) IN THE DEPART- 
MENT OF PSYCHOLOGY concerned with the comprehensibility of engineering 
drawing information—The Registrar, University of Bristol, Senate House, 
Bristol 2 (June 10). . 

VEGETATION SURVEYORS (2) (honours graduates in botany or geography), 
to assist with field work m utland Wales—The Registrar, University College 

f Wales, Aberystwyth (June 13). 
A CHAIR oF "AGRICULTURAL CHEMISTRY—The Registrar, The University, 
Leeds 2 (June 15). g 7 . 

RESEARCH ASSISTANT (graduate in agricultural botany or botany) in 
connexion with a study of clonal structure in natura] populations—ihe 
Registrar, The University, Leeds 2 (June 15). 

RESEARCH ASSISTANT (science graduate preferably with some knowledge 
of biochemical methods), for laboratory work related to coronary thrombosis 
—The House Governor, The London Hospital, London, B.1 (June 15). 

RESEARCH FELLOW (preferably with the degree of Doctor of Philosophy 
in physiology or zoology, with specialization in embryology) IN ANIMAL 
SoruNoE—The Registrar, The University, Nottingham (June 15). _ 

RESEARCH FELLOW (with a Ph.D. in metallurgy or physics or equivalent 
qualifications together with some research experience in physical metallurgy 
or metal physics, and preferably experience with modern electron micrc- 
scopic or X-ray crystallographic methods) in the newly established D.S.1.R. 
under the direction of the Professor of Physical Metallurgy——The Registrar, 
The Research Group on the structure and properties of alloy steels, 
The University, Sheffield (June 15). 

STAFF TUTOR (with a good honours degree in biology, botany, zoology 
or geology or in a related field of study) IN NATURAL SCIENCE IN THE DE- 
PARTMENT OF EXTRA-MURAL STUDIES—The Registrar and Secretary, Uni- 
versity of Bristol, Senate House, Bristol 2 (June 15). 

ASSISTANT LECTURER IN MATERIALS IN THE DEPARTMENT OF ENGINEER- 
InG—The Registrar, The University, Leicester (June 17). 

TROHNICAL ASSISTANT (man or woman graduate) IN THE UNIVERSITY 
BOTANIC GARDEN-—-The Registrar, The University, Leicester (June 17). 

TUTORIAL ASSISTANTS in the following Departments: Geography, Mathe- 
matics, Politics and Sociology--The Registrar, The University, Leicester 

June 17). 

í A LECTURER or LECTURER (preferably with research interests 
in X-ray crystallography) IN THE DEPARTMENT OF CHEMISTRY—The Regis- 
trar, The University, Keele, Staffordshire (June 19). i 

SENIOR DEMONSTRATOR (with an honours or higher degree in science or 
agricultural science with specialization in botany) IN BOTANY at the Univer- 
sity of Queensland, Australia—The Secretary, Association of Commonwealth 
Universities (Branch Office), Marlborough House, Pall Mal), London, S.W.1 
(London and Brisbane, June 19). i ; 

HEAD (man or woman graduate with good qualifications and experience) 
OF THE EDUCATION DEPARTMENT, Brighton Training College——The Director 
of Education, Brighton Education Committee, 54 Old Steine, Brighton, 
Sussex (June 20), 

LECTURER/SENIOR LECIURER (interested either in fundamental genetics 
or the application of genetics to animal breeding) IN GENETICS; and a 
RESEARCH FELLOW IN THE DEPARTMENT OF PHYSICS, University of New 
England, Armidale, New South Wales, Australia, to take part in a pro- 
gramme of research into the properties of arc and spark discharges being 
conducted by Prof. J. M. Somerville—The Secretary, Association of Common- 
wealth Universities (Branch Office), Marlborough House, Pall Mall, London, 
§.W.1 (Australia and London, June 20). 

LECTURERS (2) IN THE SCHOOL OF MINERALS ENGINEERING (onc post is 
concerned with the application of chemical engineering principles to mineral 
processing and extractive metallurgy; the other with physical chemical 
and general aspects of extractive metallurgy)—The Assistant Registrar 
(Science), The University, Birmingham 15 (June 20). . i 

PosT-DOCTORAL RESEARCH FELLOW, for work on relaxation time measure- 
ments in solids by spin-echo techniques—Dr. F. A. Rushworth, Department 
of Physics, St. Salvator’s College, University of St. Andrews, St. Andrews, 
Scotland (June 20). 
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PROGRAMMER IN THE COMPUTER UNIT (Assistant Research Officer gtu-le) 
—The Registrar, University College of Wales, Aberystwyth (June <0). 

RESEARCH ASSISTANT (with a good honours degree in physics or engin: er- 
ing and a Ph.D. or equivalent experience) IN THE BUILDING SCIENCE 1AB- 
ORATORIES, to work under the direction of Dr. G. H. Tattersall, on the 
compaction of concrete by vibration—The Registrar, The University, 
Sheffield (June 20). i . , 

RESEAROR FELLOWS (honours graduates in an appropriate subjict oud 
at least two years postgraduate experience in either academic or industrial 
work) in the following fields: Electronics (A.T.V. Research Fellow); Solid- 
State Electronics; or Radar Systems-~The Assistant Registrar (Science), 
The University, Birmingham, 15 (June 20). ie 

SENIOR ASSISTANT IN RESEARCH (with suitable training in physic» sud 
an interest in electronics) IN TRE RADIOCARBON DATING LABORATORY o. 
the University Sub-Department of Quaternary Research—Dr. H. L. K. 
ea Botany School, The University, Downing Street, Cambricxe 

une 24). 

: SENIOR LECTURER or LECTURER IN CLINICAL PSYCHOLOGY IN THE IE- 
TARTE OF PSYOHILATRY—The Registrar, The University, Leeds 2 

une 24). 

LECTURER (graduate in metallurgy and industrial and/or researeh «\- 
perience in the field of fabrication or engineering metallurey) IN PHYSICAL 

ETALLURGY-—The Secretary, Sir John Cass College, Jewry Street, Londen, 
E.C.8 (June 26). 

ASSISTANT EXPERIMENTAL OFFICER/EXPERIMENTAL OFFICER (graduate 
in biochemistry or chemistry and biology), to assist in the DEPARTMENT 
OF CELL BloLoay—tThe Secretary, The John Innes Institute, Bayfordbury, 
Hertford, Herts (June 30). A 

ASSISTANT LECTURER (preferably with interests in bicmetrical and ] o} e- 
lation genetics) IN THE DEPARTMENT OF GENETICS—The Assistant Registi. r 
(Science), The University, Birmingham 15 (June 30). 

LECTURER (science graduate) IN THE DEPARTMENT OF BACTERIOLOUY- 
The Registrar, The University, Liverpool, quoting Ref, CV/179 (June 8u.. 

PROFESSOR, SENIOR LECTURERS, LECTURERS, and ASSISTANT LECTURERS 
IN MATHEMATIOS at the University of Lagos, Nigeria—The Secretary, Inter- 
University Council for Higher Education Overseas, 33 Bedford Plac, 
London, W.C,1 (June 30). 

RESEAROH FELLOW or SENIOR RESEARCH ASSOCIATE (with either a Phir. 
degree in chemistry, chemical technology or chemical engineering, or suit- 
able postgraduate research experience) IN THE DEPARTMENT OF CHEMIC 4: 
ENGINEERING, for work in the formation of polycyclic aromatic hydr.- 
carbons in diffusion flames and in diesel engine combustion—The Assistant 
Registrar (Science), The University, Birmingham 15 (June 30). 

RESEARCH FELLOW (with a good honours degree with geology and « 
physics as major subjects, and preferably some geophysical or geologier! 
experience) IN THE DEPARTMENT OF PHYSICS, University College of Rhuder:.- 
and Nyasaland, in connexion with a research project in paleomagnetisnm- 
The Secretary, Inter-University Council for Higher Education (Oversea:. 
83 Bedford Place, London, W.C.1 (June 30). 

SENIOR FELLOW, a FELLOW, a SENIOR RESEARCH FELLOW, and . 
RESEARCH FELLOW IN THE DEPARTMENT OF NUCLEAR Puysics, Institute 
of Advanced Studies, Australian National University—The Secretary. 
Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, 8.W.1 (Australia and London, June 30). 

SENIOR LECTURER (medical graduate) IN THE DEPARTMENT OF BACTYRIO- 
Toor ae Registrar, The University, Liverpcol, quoting Ref. No. CV, lbu 
{June le 

SENIOR LECTURER (with a degree in chemistry or biochemistry and 
extensive experience in clinical chemistry) IN THE DEPARTMENT OF CLINICAL 
CuEsasTry—The Secretary, The University, Edinburgh (June 30). 

SENIOR LECTURER (with experience as an applied geophysicist and preion- 
ably with a strong background in geology) IN GEOPHYSICS at Victorin 
University of Wellington, New Zealand—The Secretary, Association oi 
Commonwealth Universities (Branch Office), Marlborough House, Pall Mall, 
London, 8.W.1 (New Zealand and London, June 80). 

SENIOR LECTURERS/LECTURERS (2) IN THE DEPARTMENT OF MATHL- 
Mattes (Pure and Applied) at Rhodes University, Grahamstown, South Africa 
—tThe Secretary, Association of Commonwealth Universities (Branch Office). 
Mariborough House, Pall Mali, London, S.W.1 (South Africa and London, 

une 30). 

SENIOR LECTURER (with a university degree or an equivalent qualificatie») 
IN MEDICAL Puysics--The Registrar, The University, Newcastle upon 
Tyne 2 (July 10). 

SENIOR LECTURER or LECTURER IN MATHEMATICAL STATIST S in the 
School of General Studies of the Australian National University— ‘The 
Secretary, Association of Commonwealth Universities (Branch Office). 
manborough House, Pall Mall, Londen, S.W.1 (Australia and London, 

y 13). 

SENIOR LECTURER IN VETERINARY MEDICINE (Small Animals) IN THE 
DEPARTMENT OF VETERINARY CLINICAL SCIENCE, University of Melbourne, 
Australia—The Secretary, Association of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mall, London, S.W.1 (Australia and 


-London, July 31). 


ASSISTANT LECTURER or LECTURER IN THE DEPARTMENT OF ANATOMY— 
Prof. D. V. Davies, Department of Anatomy, St. Thomas’s Hospital Medical 
School, London, S.E.1. 

ASSISTANT MASTER (honours graduate prepared to assist in out-of-school 
activities), TO TEACH MATHEMATICS to “A” level~-The Bursar, Welbeck 
College, Workscp, Nottinghamshire, i 

CHAIR OF STATISTICS within the DEPARTMENT OF MATHEMATK >-- The 
Registrar, University of Bristol, Senate House, Bristol 2. 

RADUATE CHEMISTS FOR THE ORGANIC USER AND TECHNICAL LAB- 
ORATORIES (projects include the synthesis of gelatine derivatives, the assess- 
ment of new uses for derivatives, the preparation of hardened films using 
new reagents, testing and analytical investigatione and information work) 
—The Director of Research, Gelatine and Glue Research Association, 2a 
Dalmeny Avenue, Holloway, London, N.7. 

JUNIOR TECHNICIAN/TECHNICIAN (with appropriate experience), to assist 
with biochemical studjes in an expanding Pro: essorial Obstetric Research 
Unit—The House Governor, Charing Cross Hospital, London, W.C.2. 

LECTURER or SENIOR LECTURER (with good academic qualifications and 
research experience) IN PHysics—The Secretary, Royal College of Advanced 
Technology, Salford, quoting Ref. P./15. 

LECTURER (with a good honours degree in mathematics and suitable 
teaching experience) IN MATHEMATICS, to teach some branches of the sub- 
ject up to the standard of the General B.Sc. and Special B.Sc. Degrees—- 
Clerk to the Governing Body, Northern Polytechnic, Holloway, London, N.7. 

LECTURER (with an honours degree in physics or equivalent, and reseaich 
or industrial experience in some branch of apflied physics, preferably 
involving a practical knowledge of high vacuum techniques) IN Puysics— 
The Secretary and Registrar, Bristol College of Science and Technolcgy, 
Ashley Down, Bristol 7, quoting Ref. CST.64/54. 
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MASTER TO TEACH PRYSICS fo Advanced Level, with some share of general 
sclence—-The Headmaster, Royal Russell School, Ballards, Addington, 
Croydon, Surrey. 

MASTER TO TEACH PHYSICS WITH SOME MATHENATICS—The Headmaster, 
Whitgift School, Haling Park, South Croydon, Surrey. 

RESBAROH ASSISTANTS (with the degree of B.Sc. or Ph.D.) IN CANCER 
AND ALLERGY IN THE IMMUNOCHEMISTRY UNIT, Department of Bacteriology 
—The Registrar, The University, Liverpool 3, quoting Ref. CV/184/N. 

RESEARCH OFFICER (with an honours degree in botany and/or zoology, 
and also a Ph.D. or equivalent research experionce in a biological subject) 
IN RADIATION BIOLOGY at the Paterson Laboratories—The Hospital Secre- 
tary, Christie Hospital and Holt Radium Institute, Withington, Man- 
chester 20. 
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SCIENCE AND FOREIGN AFFAIRS 


N discussing the functions of the Minister for Science, 

in its report on the organization of civil science, the 
Trend Committee recommended that the Minister for 
Science should be responsible for the Government’s inter- 
national relations’in scientific matters (Nature, 200, 
1029; 1963). For this purpose it was recommended that 
the Minister should appoint and control the scientific 
attachés and nominate the representatives of the Govern- 
ment on international organizations, and at international 
conferences, concerned with civil sciences. The Trend 
Committee recognized that often these representatives 
woulé be appropriately supplied by the research agency 
or agencies concerned. However, it was suggested that, 
where Government commitments are to be, or may be, 
contracted, the Government representatives should 
normally be, or be accompanied by, a member of the staff 
of the Minister for Science. While, where an international 
project was the predominant or exclusive concern of 
another Government department, that department would 
naturally supply the Government’s representative, the 
Minister for Science should be associated with the pre- 
paration of the Government’s case, and with the selection 
of the Government’s spokesman. : 

While it is thus clear that the Trend Committee visual- 
ized the Minister for Science as playing a positive part in 
international relations where scientific matters were 
concerned, the Report did not discuss further the broad 
issues arising to-day from the impact of science in inter- 
national relations. Nothing, in fact, has so far appeared 
in Britain comparable with the report of Dr. L. V. 
Berkner on Science and Foreign Relations, which was 
published in the United States in the spring of 1950 
(Nature, 166, 81, 87; 1950). Although the Plowden 
Report on Represeniational Services Overseas* includes 
a note on scientific attachés and shows some awareness of 
the importance of science in international affairs to-day, 
these issues are only very briefly noted. Moreover, beyond 
a reference by Lord Shackleton to the importance of 
recruiting more economists and scientists for the overseas 
services, and of broadening the basis of recruitment, as 
well as encouraging more interchange between Govern- 
ment departments and industry, they were largely 
ignored when the Report was discussed in the House of 
Lords on April 7. i 

The Plowden Committee was appointed by the Prime 
Minister in 1962 to review the purpose, structure and 
operation of the services for representing the interests 
of the United Kingdom Government overseas both in 
Commonwealth and in foreign countries and to make 
recommendations, having regard to changes in political, 
social and economic circumstances in Britain and overseas. 
While its principal recommendation is for a unified 
Service to take on the duties, personnel and posts of the 
present Foreign Service, Commonwealth Sorvico and 
Trade Commission Service, no reasonable interpretation 
of such terms of reference could ignore tho influence of 
scientific and technological factors. Nor could it, in fact, 
be suggested that the Committee took too narrow a view 

*Report of the Committee on Representational Services Overseas 
appointed by the Prime Minister under the Chairmanship of Lord Plowden, 


1962-63, (Miscellaneous No, 5, 1964. - vi+ 176. (Crond. 2276.) (London: 
H.M.S.O., 1964.) 10s. net. a =e a (Tondon 


here. However, it is curious that for all the recognition 
that the provision of aid and technical assistance plays an 
increasingly important part in Britain’s overseas relations, 
the position of the Secretary for Technical Co-operation, 
like that of the Minister for Science, is scarcely discussed. 

This is defended in the Report on the grounds that the 
Department of Technical Co-operation lay outside the 
Committee’s terms of reference, though, nevertheless, the 
Report goes on to point out that officers engaged on 
technical assistance work overseas have five main func- 
tions. They act as a link between the Department of 
Technical Co-operation and Governments who wish to 
have technical assistance; they keep in day-to-day touch 
with the thoughts and plans of Ministries in overseas 
countries—the kind of close contact that is most likely 
to lead to the discovery of suitable projects for technical 
assistance, as well as facilitate the administrative task 
of applying for assistance. They do all they can to help 
the progress of technical assistance schemes and to see that 
British experts are used to best advantage. Much time 
is spent on assisting British experts abroad in adminis- 
trative matters such as housing and transport, and they 
provide a link with the aid-giving agencies of other coun- 
tries and those of international organizations like the 
United Nations. These links need strengthening and this 
work can only be done effectively on the spot in tho 
recipient country. 

The Plowden Committee recommends that technical 
assistance work overseas should be regarded as an integral 
part of the tasks of the new Service and that, wherever 
possible, such staff should be regular members of the 
Service, though there is scope for secondments from 
the Department of Technical Co-operation. Only where the 
volume of technical assistance is considerable does the 
Committee think it will be necessary to have an officer 
concerned solely with it. It admits that the Department 
of Technical Co-operation should be consulted about 
appointments to full-time technical assistance posts or to 
posts where technical assistance occupies a major part 
of an officer’s time. However, the Committee does not 
appear to have considered the implications of its recom- 
mendations either for the Scientific Civil Service or for 
the recruitment for scientific posts overseas in general. 
Under present conditions, the whole tendency is for 
scientific officers to look rather on service overseas as an 
interim period in their scientific career; it is to their 
profession and its institutions in Britain that they must 
look for a career to-day rather than to an overseas Service. 

This has important implications which call for considera- 
tion and clarification quite as much as the dividing line 
between the field of operation of some representatives of 
the British Council and those of the Department of Tech- 
nical Co-operation stressed in the Report. Nevertheless. 
the Plowden Committee recognizes that the need for 
efficient overseas representational services is likely to 
increase rather than decrease. The welcome admission 
that major developments in science and technology have 
had and will have an appreciablo influence on Britain’s 
foreign policy is reflected in its view t&at the Diplomatic 
Service will need to recruit a higher proportion of men 
trained in science. Although foreign affairs have an increas- 
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ing scientific content, at present only 27 members of 
the Foreign Service have degrees in science and allied 
subjects. 

The Plowden Committee believes that this figure is too 
small and that science could afford to spare the relatively 
small number of men needed to ensure an adequate 
supply of officers capable of appreciating the implications 
of scientific developments for the work of the new service. 
Much of the Report is concerned with the changes needed 
not only to encourage such recruitment but also to ensure 
the maintenance of high standards among the staff gener- 
ally, to facilitate interchange, for example, between the 
Diplomatic Service and Home Departments, particularly 
the Board of Trade, and to ensure that career and promo- 
tion prospects are satisfactory. In this the conception 
that the Service and its overseas representatives have a 
major and constructive part to play in helping to determ- 
ine policy on financial aid, and in other fields, should 

‘also assist. 

While the Committee is satisfied that there are posts in 
both foreign and Commonwealth countries which require 
the full-time services of experts qualified in certain highly 
technical subjects, it is opposed, on career grounds, 
to the multiplication of such posts. At large missions 
it considers that the Diplomatic Service should con- 
tinue to rely for such technical expertise on officers 
specially detached from the Armed Forces and from 
home departments. It considers that the present scale 
of attachment is about right—there are at present 
twelve scientific attachés or advisers, accredited mainly 
to scientifically advanced countries—but it proposes 
that in future all civilian staff selected for service at 
Foreign Office or Commonwealth Relations Office posts 
should be sent out on secondment and not on attachment. 
This would enable them to be more easily regarded in all 
respects as full members of the staff of the Ambassador 
or High Commissioner. 

Under these proposals scientific attachés would become 
‘Counsellor (Scientifie)’ or ‘First Secretary (Scientific)’. In 
reviewing the present duties of scientific attachés, the 
Committee firmly rejects the view that such attachés 
should be expected to have any direct responsibility fot 
promoting sales of British exports. That should be the 
responsibility of the Commercial Section of a mission and 
in no way derives from the attachés’ duties in cultivating 
wide contacts among scientists in the academic field and 
in non-governmental organizations. They have algo the 
increasingly important task of advising high commis- 
sioners and reporting on scientific and technological 
trends. Besides keeping scientific opinion in Britain in 
touch with scientific and technological developments in 
the countries within their spheres, they would arrange for 
visits by scientists. 

At present, scientific attachés are normally selected 
from the Government’s scientific staff, but the Plowden 
Committee suggests that on occasion posts as scientific 
attaché or adviser might with advantage be held by 
eminent scientists from outside the Government Service. 
It has in mind scientists who have earned a wide reputa- 
tion but whose days of active research are over and who 
are prepared to accept a post which involves a sub- 

’ stantial amount of administrative work. Such men, the 
Committee rightly observes, would enhance the influence 
of their posts. The suggestion is sensible and should 
perhaps be the eagier to implement if, as the Trend Com- 
mittee recommends, the prime responsibility for such 
appointments rests with the Minister for Science, or, to 
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give him his new title, the Secretary of State for Education } 


ar.d Science. 


t 


Two other matters discussed in the Report are also of | 


some general scientific interest. The Committee accepts 
as statements of geueral principle the four principal 
recommendations of the Drogheda Committee on Over- 
seas Information . Services: 
important and essential part in support of overseas 
policies; the work must be done well, continuously 
and on an adequate scale; to meet these requirements 
increased expenditure on these services is needed; and 
changes are required in the pattern of work to bring it 
into line with Britain’s political, strategic and commercial 
needs. 
relate information work to specific British interests. It 
gives no support to the idea of information. service as an 
end in itself and it agrees with the Drogheda Committee 
that Britain’s efforts should concentrate on reaching ‘the 
influential few’. 

While it recommends that the Information Executive 


Department of the Foreign Office and Information Ser- , 


vices Department of the Commonwealth Relations Office 
should be brought into a single Department, it proposes 


that separate Information Policy Departments should be | 
maintained in the Commonwealth Relations Office and ` 
Likewise, it recommends that the ' 


the Foreign Office. 
research and library facilities of the two Offices should 
be integrated. A single research department should be 
possible within the next few years, but for a sano 
unified library new premises must be built or found. 

Meanwhile, tho standard of equipment in the present 
libraries should be improved and modernized. 

The Planning and Research Unit of the Commonwealth ` 
Relations Office, established in 1959, at present com- , 
prises only four research posts, as against more than forty 
in the Research Department of the Foreign Office, of 1 
which about thirty are reserved for members of a special ' 
Research Cadre, formed in 1957. The planning functions ; 
will be of increased importance if the Committee’s recom- ! 
mendation that ‘policy-planning’ work should be developed : 
and related to policy-making in the overseas departments , 
and within Whitehall as a whole is adopted. Policy plan- 
ning is discussed at some length in the Report, and in the 
Lords debate on April 7 Lord Plowden said that the 
Committee attached special importance to this question, 
along with questions of recruitment, training and con-| 
ditions of service, and the unification of the Foreign’ 
Service, the Commonwealth Relations Service and the: 
Trade Commission Service. Besides a combined Policy’ 
Planning Department for the two Offices, it believes that 
a Central Planning Committee in the Cabinet Office would 
need staff of its own, apart from that of the regular’ 
Cabinet Secretariat. It might be noted here that the 
Plowden Committee also recommends a margin of man- 
power of about 10 per cent to permit of proper manning, 
of posts, adequate training and reasonable periods of 
travel, leave and sick leave. 

The Plowden Committee is satisfied that its proposal 
for a unified service will not conflict with any arrange- 
ments which might be made for the future of the Colonial 
Office and the Department of Technical Co-operation, 
but it was left for Lord Ogmore, Lord Strang and Lord 
Dilhorne, the Lord Chancellor, to make it clear, as the 
Report does not, that the Government has already com- 
mitted itself to the merging of the Colonial Office with 
the Commonwealth Relations Office by July 1, 1965., 
Lord Dilhorne added that, when the merger took place, 
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The Plowden Committee insists on the need to ' 
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staff doing a particular job in the Colonial Office would 
continue for a time to do the same job in the Common- 
wealth Relations Office with the longer-term option to 
join the Diplomatic Service or to be transferred to home 
departments of the Civil Service. Apart from Viscount 
Amory’s endorsement of the importance attached to com- 
mercial work in the Report, the Lords debate added little 
of interest, and no one besides Lord Shackleton referred 
specifically to scientific work. : 

Nevertheless, the significance of the Committee’s 
recommendations in regard to recruitment and training 
were widely recognized. It is true that the Plowden 
Committee is much more restrained in its recommenda- 
tions for the use of scientists in such posts as scientific 
attachés than was Dr. Berkner. In regard to recruitment 
and training, however, it goes at least as far. The main 
criticism that could have been made is that the Report 
does not refer to the importance of educational policy 
generally. This could have a decisive influence, not so 
much on the availability of suitably qualified scientists 
and technologists as recruits to the new Service, but still 
more on the recruitment generally of administrative and 
other staff with some real appreciation of the significance 
of scientific factors in foreign affairs. 
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LIFE WITHOUT GERMS 


Germfree Life and Gnotobiology 
By Thomas D. Luckey. Pp. xii + 512. (New York and 
London: Academic Press, 1963.) 125s. 


E, like other multicellular organisms, are in effect 

convenient habitats for a host of bacteria, some 
viruses, often protozoa and worms. ‘These are mostly 
harmless creatures inhabiting our mouths, throats and 
alimentary canals. Some may be not only harmless but 
also beneficial. How animals would get along without their 
internal fauna and fiora is an intriguing question. The 
term ‘germ-free life’ conveys a clear meaning to most of us, 
but it is not satisfactory to the worker in this field. Having 
obtained his germ-free animals he often wants to introduce 
micro-organisms into them and then the subject of his 
study is no longer ‘germ-free life’. So the word ‘gnoto- 
biology’ is used, meaning “‘the study of organisms living 
by themselves or in association with other known species 
in the absence of all other living organisms”. 

This book by one of'the pioneers in the field gives a 
comprehensive account of the present state of knowledge. 
The author begins with a philosophical approach to 
his subject, considering germ-free conditions in Nature 
and how far we are from attaining complete biological 
isolation in that killed, yet still antigenic, germs are likely 
to be present in the food of any germ-free animals. Dr. 
Luckey is evidently one of those who loves new words. 
Not content with gnotobiology, gnotobiotic and other 
derived words, he uses many other strange ones, most 
but not all of which are defined in a glossary. We read 
this sort of thing: “gnotophoric animals include mono- 
inoculated germ-free animals which have a monoflora 
and are therefore dibiotic’. This is carrying jargon to 
extremes. And why has a dog carrying two species of 
worms to be called ‘difaunated’? The opposite condition 
to germ-freeis ‘conventional’ (the usual term), ‘classic’ or 
‘polycontaminated’ (how he loves Juatin-Greek hybrids !), 
and the process of restoring a germ-free animal to 
ordinary polycontaminated life is ‘conventionalization’. 

A full historical account of the subject begins with 
references to propagation of bacteria in pure culture 
(this is gnotobiology, but not germ-free life), and carries 
on to the point where germ-free kids, lambs and even 
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monkeys have been obtained. Hatching sterile chicks 
is fairly easy, but with mammals it is mostly necessary to 
start with Cesarean section and laborious feeding with 
pipettes. Second generations of germ-free rodents have 
been obtained, so this complication need only be troublo- 
somo at earlier stages. 

There are descriptions, with many photographs, of types 
of apparatus used to rear germ-free animals, from the very 
complicated to the relatively simple. Then there follows a 
chapter on nutrition; some diets are given in an appendix. 

The heart of the book is Chapter 5, on the charac- 
teristics of germ-free animals; and there are numerous 
tables, some of them extending over several pages, giving 
details of chemical analyses of various viscera, intestinal 
contents and so forth, at different ages. Anatomical 
differences between conventional and germ-free animals 
are described; rather surprisingly the differences were m 
general not great. There were two exceptions to this: 
“organs in continuous intimate contact with micro- 
organisms were enlarged or more active in conventional 
than in germ-free animals”; this applied particularly to 
lymphoid tissue in the intestine and elsewhere. There was 
correspondingly æ deficiency of lymphocytes and ot 
globulins in the germ-free. More dramatic and serious 
was the great enlargement and distension of the cecum 
in germ-free mammals, though not in birds. This inter- 
fered with reproduction and not infrequently caused 
premature death, sometimes following torsion. ‘Con- 
ventionalization’ quickly restored the cecum to normal 
size. It is believed that the distension is caused by 
muscular atony, though how absence of germs could have 
that result is obscure. 

The final chapter deals with gnotophoric animals, that 
is, germ-free animals inoculated with, or infected by. 
bacteria, viruses, protozoa or worms. Only too often. 
however, these obtained access by accidental contamina. 
tien rather than design. Most attention is directed to the 
establishment of intestinal bacteria in germ-free chicks. 
rats and guinea pigs. It is scarcely surprising that some 
ordinarily harmless bacteria, were lethal to previously 
germ-free animals, while others were not. The studies 
so far reported on viruses are disappointingly meagre. 
Indeed, the author grants that though germ-free animals 
are free from virus disease, it is hard to be sure that they 
are freo from occult viruses. 

There are more than 800 references, of which 47 are to 
papers by J. A. Reyniers, with whom the author was closely 
associated at the University of Notre Dame; 31 are from 
Dr. Luckey himself. . 

I cannot help feeling a little disappointed that despite 
the enormous amount of work carried out and despite the 
methodical uncovering of the basic facts of germ-free life. 
nothing spectacular or revolutionary in our notions of 
biology has come to light. Perhaps that was too much to 
hope or perhaps it is for the future. 

CHRISTOPHER ANDREWHS 


PROGRESS IN PLANT PATHOLOGY 


Annual Review of Phytopathology 

Vol. 1. Edited by James G. Horsfall, in association with 
Kenneth F. Baker. Pp. vii+469. (Palo Alto, Calif.: 
Annual Reviews, Inc., 1963.) 8.50 dollars. 


HE editorial committee of this new annual publica- 

tion looks on it as a journal of synthesis, critical 
review and perspectives, in which the phytopathologists 
of the world can take the assembled facts from original 
publications and “meld them into an evocative and 
provocative intellectual structure”, whatever that may 
mean. The contributors were asked for an integration 
of knowledge in addition to a critical evaluation and 
summary of the literature. In a brief opening chapter 
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on the future of plant pathology, J. C. Walker expresses 
quite simply what may or may not be the samo idea. 
He foresees more and more fragmentation of plant 
pathology into specialized cults of chemotherapista, mole- 
cular biologists, microbial geneticists and the like which 
will gradually ‘lose’ plant pathology. He therefore wants 
the annual review to be a medium through which the 
new specialists can offer one another new ideas and help 
plant pathologists in general by preparing reviews which 
evaluate and summarize present-day advances in their 
own areas of work, and which are written not merely as 
annotated bibliographies for the convenience of the few, 
but-as sound interpretations of the subject and in language 
which those in other areas of plant pathology can under- 
stand and appreciate. But here, as so often elsewhere, 
authors have gone their own way. Some contributions, 
notably. those. by Hepting, Cadman, Park and Cruick- 
shank, conform closely with Walker’s concept, while some 
are little more than annotated bibliographies or seem to 
be addressed, primarily to specialists in the same field of 
work. None the less, the editors are off to a good start. 

Nine of the seventeen reviews in this volume come 
from the United States; two are from Britain, two from 
Japan and one each from Canada, Australia, Germany 
and Sweden. In all there are 2,500 literature references, 
about three-quarters of them to work published in the 
decade 1953-62 and only a handful to more recent pub- 
lications. There are helpful author and subject indexes. 

Every pathologist should find something of interest in 
the varied fare provided in this volume. Four of the 
subjects covered have a direct or indirect bearing on soil 
pathogens. In an admirable essay on fungus soil ecology, D. 
Park has tried to interpret much that has hitherto been 
confused; and he underlines the need for further in- 
vestigations on the behaviour of parasites in the soil in 
the absence of their hosts. J. D. Menzies reviews tech- 
niques used in the direct assay of fungi, actinomycetes 
and bacteria in soils, and W. A. Kreutzer discusses the 
toxic effects of chemicals on soil micro-organisms in their 
natural habitat. His suggestion that organo-phosphorus 
compounds might prove to be good selective soil fungi- 
cides as well as valuable insecticides may not appeal very 
much to some of those who are concerned about the toxic 
hazards of chemicals to man, animal and wild-life. Many 
will welcome C. H. Cadman’s appraisal of soil-borne 
viruses and his bold attempt to group them according 
to their modes of transmission. Two other chapters are 
devoted to plant viruses: one to host cell relations 
(K. W. Mundry) and the other (T. O. Diener) to the 
effects of virus infection and multiplication on the 
physiology of the host. 

Four chapters are concerned with the reactions of 
plants to infection by pathogens. The physiological and 
biochemical aspects of defence reactions are reviewed by 
K. Tomiyama, and I. A. M. Cruickshank discusses the 
part in disease resistance played by toxins or antibiotics 
(phytoalexins) produced within plants after infection has 
occurred. On narrower fronts M. Shaw deals with host- 
parasite relations of rust fungi and L. R. Krusberg with 
host response to infection by nematodes. 

J. R. Parmeter and others have endeavoured to assess 
the state of knowledge about heterokaryosis, chiefly in 
plant pathogenic fungi, and its possible effect on variabil- 
ity. They conclude that the significance, or even the 
existence of this phenomenon among Phycomycetes, 
Ascomycetes and imperfect fungi in Nature is almost 
entirely hypothetical. D. C. Erwin and others have sum- 
marized present-day knowledge about variation in the 
genus Phytophthora. 

In an interesting chapter on climate and forest diseases 
G. H. Hepting is concerned not so much with the specific 
effects of individual meteorological factors as with the 
influence of broa® climatic changes—such as the general 
warming trend in North America since 1900—on patho- 
genic and physiogenic diseases. 
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The remaining chapters are devoted to growth regu- 
lators, with particular reference to their presence and 
behaviour in diseased tissues (L. Sequeira); to literature 
published during the preceding five years on the degrada- 
tion of cellulose in the soil and in the plant (B. Norkrans) ; 
to bacteriophages of plant pathogens (N. Okabe and 
M. Goto); and to a review for specialists of the present 
state of knowledge of fungicidal mechanisms in relation to ' 
chemical principles, with an indication of the problems , 
that remain to be solved for a proper understanding of į 
toxicity mechanisms (R. G. Owens). W. C. MOORE 


FRESHWATER ECOLOGY 


Freshwater Ecology ; 
By Dr. T. T. Macan. Pp. x4+338. (London: Longmans, 
Green and Co., Ltd., 1963.) 35s. net. > i 


r: li book, although commendably short and com- 
pact, is deeply scientific and not one to be picked 
up lightly. Gone are the days when ecology could be 
equated with organized natural history: for observation 
of organisms living in natural or semi-natural environ- 
ments is now sufficiently far advanced to give way to 
experimentation. Itis not much good conducting experi- 
ments, especially in field conditions, without a good idea 
of purpose, so a really professional background to 
ecological research is becoming ever more important. 

Land ecology and water ecology have developed on : 
somewhat different lines, though owing much to each : 
other. This is made clear in a witty introductory chapter - 
where the main theme is defined: “. . . freshwater animals 
are limited by several factors that do not operate else- : 
where and the study of such factors is a logical entity’’. 
This line, chosen by the author, is illustrated by numerous 
examples which range widely. They are by no means 
limited to the United Kingdom, although many of them 
will be appreciated best by those with knowledge of the 
environs of Wray Castle and Ferry House. More than 
half the book is devoted to invertebrate animals, though 
fish come in for a share and likewise the botanical elements 
of the habitat. 

In discussing freshwater communities near the beginning 
of the book a warning is sounded that the thin stream of 
narrative may get lost in a swamp of species lists. Indeed, 
it tends to here, but at least no doubt is allowed as to 
what species are referred to, for each chapter is followed, - 
not only by a useful summary, but also by a list of 
synonyms. 

There is a useful chapter on the transport and move- | 
ments of organisms, and a rather thin one on behaviour, ( 
for the study of ethology has not penetrated far into . 
aquatic habitats as yet. A chapter on the interrelation- ' 
ships between organisms considers predation, competition | 
and a variety of other factors which are connected with | 
the contro] of the distribution and numbers of species 
and of populations, including the secretion of toxic sub- . 
stances by some algae. In the course of this discussion , 
there is a passage or two on the ecology of African lakes 
which is not very satisfying in that it gives only one 
corner of the story. i 

Then follows what is perhaps the most important part 
of the book, a series of six chapters packed with factual | 
material and arranged under the headings of the physical : 
and chemical factors, such as water movements and ' 
desiccation, temperature, oxygen, salinity and calcium. ' 
Each of these and several other factors are taken apart, 
appropriate examples of ecological research are slotted | 
in—not a few of them by the author himself—and then | 
they are put together again. Thus the distribution of fiat- | 
worms, Gammarus and Simulium, is explained in terms ! 
of current speed and substratum; the study of tempera- ` 
ture in isolation is deplored because ecological factors ' 
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neatly always operate in conjunction with others to 
produce their effects; the effects of salinity provide 
the key to the invasion of freshwaters by marine 
organisms. 

The final chapters are devoted to biological productivity 
of freshwater (here called production) and methods of 
ecological research are particularly timely in relation to 
the present stage of preparatory work for the Inter- 
national Biological Programme. The end comes rather 
abruptly for, after a discussion of ways in which popula- 
tions of organisms can be estimated, the last sentence 
reads ‘Cellulose paint is used to mark insects.”——and you 
turn the page expectantly only to find the list of references, 
which runs to some 35 pages. A summing-up chapter 
would have been welcome, but perhaps that will come 
from Dr. Macan later, for his philosophy is summarized 
as follows on p. 167: “The study of ecology is like climb- 
ing a rounded mountain; the horizon retreats as the 
climber ascends”. E. B. WORTHINGTON 


ENZYME INHIBITION 


Enzyme and Metabolic Inhibitors 

By J. Leyden Webb. Vol. 1: General Principles of 
Inhibition. Pp. xxi+ 949. (New York: Academic Press, 
Inc.; London: Academic Press, Inc. (London), Ltd., 
1963.) 186s. 


HE ubiquity of enzymes is emphasized by the 

substantial literature concerned with their action. A 
four-volume work is now devoted to methods for combat- 
ing the activity of enzymes. Subsequent volumes will 
deal with individual classes of inhibitors, the present one 
covering the general aspects of enzyme inhibition. 

In an early chapter, an outline of the principles involved, 
in investigating enzyme reaction kinetics is presented. As 
Dr. Webb stresses, a knowledge of these concepts and of 
the methods for their investigation will be an essential 
preliminary to further analysis of the kinetics of an 
inhibited system. One of the minor tribulations encoun- 
tered in the literature of enzymology is the frequent lack 
of consistency of the symbols used, especially those for 
kinetic constants. An important feature of the present 
work is the table of symbols; this list, I believe, will meet 
with the general approval of enzymologists. 

Chapter 3 introduces the different classes of inhibition, 
together with methods for their kinetic treatment. A 
discussion of substrate and product inhibition follows. 
Chapter 5, a very valuable one, summarizes methods for 
the graphical analysis of enzyme inhibition, and stresses 
the care needed in obtaining and interpreting the data. 
Correctly used, these data can provide a wealth of in- 
formation concerning the inhibitory mechanism. Physico- 
chemical principles of atomic and molecular interactions 
occupy Chapter 6, which will introduce new concepts to 
many biologically oriented readers. Being concerned with 
what Dr. Webb correctly believes to be of increasing 
importance to investigations of reaction mechanisms, this 
is a welcome contribution. 

An. investigation of the effect of an inhibitor on a 
complex system involving several enzymes will present 
problems not encountered when dealing with single, 
isolated enzymes. Such effects on multi-enzyme systems 
are examined in Chapter 7. These include the important 
concept of feed-back inhibition. Investigations of in- 
hibition in whole cells and organisms follow, the evalua- 
tion of the intracellular concentration and localization of 
inhibitors, metabolites and enzymes forming a necessary 
preamble. Discussion of inhibitory effects in living systems 
involves an understanding of the interdependent nature 
of metabolic processes, topics including lethal synthesis, 
pacemaker enzymes and isoenzymes being introduced. 
Enzyme repression is, however, omitted. 
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The consequences of the simultaneous use of more than 
one inhibitor, on mono- and multi-enzyme systems, are 
covered in Chapter 10, subsequent chapters dealing with 
methods used for localizing the site of action of inhibitors, 
factors influencing the rate of onset of inhibition (an 
important contribution, since it is all too often assumed 
that inhibition is achieved almost instantaneously), and 
mechanisms for the reversal of inhibition. One hundred 
pages are devoted to a discussion of the effects of pH on 
both the activity and inhibition of enzymes. An exam- 
ination of the influence of other variables, temperature. 
pressure, dielectric constant, ionic strength and com- 
position of the medium follows, and the penultimate 
chapter evaluates the problem of the specificity of enzyme 
inhibitions. 

As subsequent volumes of this work will surely demon- 
strate, the use of enzyme inhibitors has enabled sig- 
nificant advances to be made in investigations of enzymatic 
mechanisms and metabolic interrelationships. A maximum 
of information can be obtained if systems are correctly 
investigated, and throughout the volume Dr. Webb 
stresses this fact. His final chapter offers suggestions for 
planning and reporting inhibition investigations, and the 
dedication is a heartfelt plea for clarity in publications. 
Investigations of isolated enzymes have so far been the 
most fruitful, but the value, as well as the difficulties 
of investigation, of whole organisms is another salutary 
general theme. 

The volume contains few misprints, is attractively 
produced and can be warmly recommended as an 
authoritative contribution to an important field of 
metabolic investigations. C. J. R. THORNE 


ENERGY IN ITS PLACE 


The Geography of Energy 

By Gerald Manners. (Hutchinson University Library.) 
Pp. 205. (London: Hutchinson and Co. (Publishers), 
Ltd., 1964.) 15s. net. 


Te Geography of Energy can be warmly commended 
to two sets of readers. On one hand it will interest 
the student who seeks to gain a clear understanding of the 
complex relations between the different types of mechani- 
cal energy and the various factors which determine the 
choice made by the consumer. On the other hand, it will 
help the science teacher who seeks an imaginative ap- 
proach in promoting the influence of science and tech- 
nology in society. 

Mr. Manners limits himself to the consideration of the 
geography of mechanical energy. Therefore, since the 
use of animate energy is excluded, the discussion of the 
transport and location of energy in the less-developed 
countries may require qualification, in particular circum- 
stances or at particular periods—a reservation which he 
himself emphasizes. Furthermore, he does not claim to 
present more than a preliminary explanation of the 
spatial characteristics of the consumption, production and 
transport of energy; it is his novel and penetrating 
approach that gives the main value to a stimulating book 
which is a useful contribution to the public discussion 
of any national energy policy. 

A brief introduction points out that the correlation 
between the consumption of energy and the standard of 
living in a country or region, while unmistakable, is far 
from perfect. It directs attention to the significance of 
questions which determine the location of ‘energy in- 
dustries’, the patterns of production, and ths economics 
and methods of its transport. This is followed by a chapter 
in which the general complexity of their various factors 
is briefly surveyed and summarized.® It includes some 
sound comments on the location of nuclear power plants 
in Britain, and is followed by three chapters dealing with 
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~the effects which the facilities and costs of transport have 
on the geography of energy. These include a useful com- 
parison of the economics of transport by pipe-lines and ` 
by tanker, as well as of the location of electricity generat- 
ing plant and gas plant. It may well surprise many 
readers to learn that the factors which influence tho 
geography of the coke and steel industries ultimately 
determine the distribution of more than half the gas 
production in Britain. Two chapters on the influence of 
the market—its size, its location and its nature—follow, 
and two more on political factors conclude the book: 
these, in particular, are a valuable contribution to the 
important consideration of power policy in Britain. Mr. 
Manners insists unequivocably that some form of public 
action aimed at trying to reconcile immediate demands 
with the long-term goals of conservation, by preventing 
the sheer waste of natural resources, is one corner-stone 
of a national policy. 

Mr. Manners fully recognizes that policy must be 
dynamic. Economics, demands and techniques are con- 
stantly changing so that the geography of energy is in a 
constant state of transformation, and the final criterion 
for a national energy policy concerns the means of achiev- 
ing it as much as the final objectives. Policy must be 
designed to limit the speed of change, for example, so 
as to minimize the degree of social distress during the 
periods of adjustment. Above all, political discussions 
with regard to the energy industries should be consistent 
and in the long-term national interest, not of some sec- 
tional interest. Moreover, Mr. Manners raises the question 
whether national energy policies are sufficient unless 
determined at international level. He points out that the 
interests of the producers of energy in the underdeveloped 
countries, and of the consumers in the highly developed 
countries, are by no means antagonistic and that there 
are already gropings towards international - co-operation. 
Policy decisions made by any supra-national organization 
and afterwards observed by member Governments provide 
the critical political framework within which other factors 
mould the details of the geography of energy. 

Valuable as this discussion of political factors is, which 
Mr. Manners illustrates in some detail with reference to 
the location of oil-refining, it is not the feature of the book 
that the teacher looking for a new approach will find 
most stimulating. He will not, indeed, find here a text- 
book. He will, however, find much material which could 
be used imaginatively and constructively to engage the 
interest of his pupils in the way in which factors within 
their own understanding are, from day to day, shaping 
the world in which they live. R. BRIGHTMAN 


FAST NEUTRON PHYSICS 


Fast Neutron Physics 

Edited by J. B. Marion and J. L. Fowler. Part 2: Experi- 
ments and. Theory. (Interscience Monographs and, Texts 
in Physics and Astronomy, Vol. 4.) Pp. xii + 985-2292. 
(New York and London: Interscience Publishers, a 
Division of John Wiley and Sons, 1963.) 340s. 


AST Neutron Physics is Volume 4 of the Interscience 
Monographs and Texts in Physics and Astronomy. 
Part 1, which appeared some three years ago, dealt 
exclusively with experimental techniques, while Part 2, 
which has just been published, treats the actual experi- 
ments and theory. The two parts together comprise an 
exhaustive survey, more than 2,000 pages long, of this 
field, and it is scarcely surprising that many authors have 
-been involved in such a large undertaking. It is a pity 
that Part 2 has been so long delayed, a delay which the 
editors attribute tthe late arrival of one or two chapters. 
However, this explanation can give little satisfaction 
either to the readers who obtained Part 1 in the expecta- 
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tion of the early appearance of the rest of the book, or 
to those authors who had in consequence to bring their 
contributions up to date by extensive revisions. 

The book is effectively a series of review articles, each 
written by unquestioned authorities in their fields, and 
will undoubtedly be of great value to the student and 
research worker alike. A careful balance has been held 
between experimental and theoretical material, and the 
22 sections cover the field with great thoroughness. 
References to original sources are generously provided 
and the index has been carefully prepared. Naturally, 
with such a large number of authors contributing, no 
amount of editing can prevent some variation in the 
manner of presentation, nor can it avoid a quite appre- 
ciable amount of overlap both between the chapters and 
with Part 1. Quite properly the experimental and theoreti- 
cal sides of a particular facet of the subject are often 
treated together, and one is sometimes led to question the 
wisdom of segregating so much of the description of 
experimental techniques into Part 1. 

Among the purely theoretical chapters are those on 
“Optical Model Theory” (contributed by W. S. Emmerich), 
on ‘Direct Reaction Theories” (by N. Austern), on 
“Statistical Model Theory” (by H. Goldstein) and on ' 
“Channel Analysis of Fission” (by J. A. Wheeler). Both | 
experimentalist and theorist will find the first-mentioned | 
extremely easy to read, and a very practical section is ; 
included on the use of optical model theory to provide | 
nuclear data for reactor physics. In contrast, the chapter 
dealing with direct reaction theory is written at a level 
which demands a considerably greater mathematical 
ability from the reader. Two widely separated chapters 
on. resonance processes with fast neutrons and neutron 
cross-section in the keV region concern themselves with 
resonance phenomena. These could with profit have 
been combined. Furthermore, the reader is left with the 
impression that there is something fundamentally different 
between resonance processes induced by fast and slow 
neutrons, and the description of experimental work in 
consequence almost completely ignores the decisive and . 
rapidly increasing volume of work im the resonance- 
region which is carried out by the time-of-flight method, | 
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mostly using electron linacs. Apart from these limitations 
in approach, either chapter could stand alone as an | 
informative review; what is lacking is certainly not | 
quality of subject-matter, but rather the coherence and 
completeness which are necessary for a comprehensive ' 
work such as this book sets out to be. The same impres- | 
sion is gained from the sections on “Neutron Induced | 
Reactions”, “Neutron Spectroscopy” and ‘Coincidence 
Studies”, where subjects are grouped together according 
to the experimental method used rather than their 
significance in physics. In a book in which the first i 
thousand pages are devoted solely to the techniques, this - 
approach seems unimaginative. | 

The book, taken as a whole, illustrates very clearly the 
difference between a review article and a book, and so 
raises the question as to whether there is any justification 
for publishing the articles in this form, rather than as 
separate monographs. In the case of Part 1, the format 
adopted seemed, to have merit; the essential coherence was 
there. This is not so clear for Part 2, and if it would be 
unwieldy to publish each section separately, there seems 
at least a good case for dividing the book into two or three 
more specialized volumes, and in some cases dropping ' 
the restriction to fast neutrons. 

It is, of course, easier to pick out the faults of a book Í 
than its merits. This book has considerable merit, the 
chapter on channel analysis of fission and those on inelastic , 
scattering of neutrons being especially worthy of mention. , 
A comprehensive book on neutron physics has been much . 
needed, and even though this one may not be ideal it will ; 
fill that need for a long time. It is to be regretted that 
its price will put it beyond the reach of many students. | 

i 5 M. J. Poore 
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Radio Astronomical 

Atmosphere 
Proceedings of the Corfu Summer School, 17-29 June, 
1962. Edited by Jules Aarons. (Sponsored by the 
Scientific Affairs Division, North Atlantic Treaty Organ- 
ization.) Pp. viiit+561. (Amsterdam: North-Holland 
Publishing Company, 1963.) 108s. 


“EEE purpose of the summer school in Corfu, of which 
this large book is the Proceedings, was to bring 
together workers investigating the ionosphere by radio 
techniques other than the conventional ionosonde. 

In general these consist of ground-based observations of 
radio waves that have passed through most or all of the 
ionosphere. These may be natural, as in scintillation and 
absorption investigations of radiation from small-diameter 
radio sources and the galactic background, or artificial. 
In this category comes the investigation of radar reflexions 
from the Moon or the Echo I satellite, and what was per- 
haps the main interest of many participants, the passive 
reception of transmissions from artificial satellites. 

Some of these participants were observers from several 
European countries who form a group supported by the 
Scientific Affairs Division of the North Atlantic Treaty 
Organization; simultaneous radio observations of satellite 
passes from stations ranging from Kiruna to Athens 
allow examination of the ionosphere over a wide region by 
Faraday rotation and scintillation methods. Results 
from this co-operative work were not, however, available 
at the time of the school, so the papers collected here 
are surveys of the fields mentioned, together with 
accounts of present individual work. Most of this has 
since been published elsewhere, so the book must be 
regarded as a selective collection of widely scattered 
related papers rather than as an original contribution to 
the field. As such, it will be useful to workers engaged in 
such activities, and will give radio physicists in general 
a picture of a rapidly growing branch of their subject.. 

The satellite observations described were all made of the 
transmissions from vehicles not intended for ionospheric 
investigation. Their comparative success shows what 
rich rewards will be reaped from world-wide observations 
of future satellites designed for the purpose. Such work 
has much to commend it to the poorer countries of the 
world. Observations made with simple, inexpensive 
apparatus are of value by virtue of the geographical 
position of the observer, and can be centrally processed. 
On the other hand, the understanding in detail of the 
interaction of radio waves with the ionosphere presents 
endless problems to the theoretician. J. H. TaHomson 


Chemotaxonomie der Pflanzen 

Band 2. Monocotyledoneae. Von Prof. R. Hegnauer. 
Pp. 540. (Stuttgart und Basel: Birkhauser Verlag, 1963.) 
98 Sw. francs. 


HE aim of Chemotaxonomie der Pflanzen is to provide 

a critical survey of the chemistry of plants and to use 
it for their classification. Volume 2 deals with one class 
of the Angiosperms, the Monocotyledons. Taking account 
of their chemistry, they are divided into forty-eight 
families which conform partly to the classification of 
Wettstein and partly to that of Hutchinson (pp. 22-23). 
The literature has been considered up to the end of 1962. 
As systematic and phylogenetic problems of the Mono- 
cotyledons have been less intensively investigated than 
those of other classes, it was expected that a survey of their 
chemical properties would greatly contribute to their 
classification. However, this was possible only in a few 
cases because of the limitation in the present knowledge 
of phytochemistry. 

A. great variety of chemical data are provided and the 
formule given as the different families are discussed, of 
which only a few can be mentioned. For the Agavaceae, 
which accumulate saponins, structure and chemical] and 
biological properties of the steroid sapogenins are de- 
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scribed. This family includes the Agaveae the manifold 
economic importance of which as sources of fibres, of 
cleaning materials, and of national drinks are mentioned 
(p. 37). Hemolytic actions, high concentrations of 
ascorbic acid up to 1-5 per cent, and the presence of amino- 
acids of unknown structure are noted (p. 42). 

The Alstroemeriaceae differ from the Agavaceae by a 
lack of saponins and from the Amaryllidaceae by the 
The latter contain nearly 
a hundred apparently biogenetically related basic com- 
pounds (p. 56). Some of these have been used as arrow 
poisons, others as laxatives, emetics, anticholinesterases 
and antimalarials, and as remedies against leprosy and 
tumours. Irritant and caustic properties are present 
in the family Araceae (p. 77), which also contains con- 
siderable amounts of cyanogenic compounds (p. 81). 
The Gramineae, to which belong the most important 
sources of foodstuffs such as wheat, rice, corn and sugar 
cane, also provide alcoholic drinks, volatile oils, and 
building materials such as straw. In addition to proteins, 
carbohydrates, lipoids and vitamins, they contain a great 
variety of chemicals including alkaloids (p. 161 ff.). Some 
young plants in this family produce substances which are 
inhibitors of microbes. They are identified as benzoxazoli- 
non and one of its derivatives (p. 181). 

Many facts of great medical interest are mentioned in 
this volume; for example, the sickness caused in white 
sheep in Norway by Narthecium ossifragum. The illness, 
called ‘alveden’, is due to a saponin which causes liver 
damage and results in photosensitivity of the organism 
(p. 284). To the family of Liliaceae belong also the 
Scilloideae, the cardiotoxic effects of which are discussed (p. 
330 ff.) and the Convallarieae with their glycosides and 
saponins (p. 339 ff.). The volatile oils present in the 
Zingiberaceae have also been widely used in medicine 
(p. 456). 

The book is of greatest interest to every worker in the 
fields of plant physiology, pharmacology and related 
subjects. L. Wistickr 


The Amazing World of Insects 

A Photographic Introduction. By Arend T. Bandsma 
and Robin T. Brandt. Pp. x+46+133 plates. (London: 
George Allen and Unwin, Ltd., 1963.) 42s. net. 


HIS well-produced book contains 116 black and 

white and 17 colour photographs which, by their 
superb quality, good definition and high magnification, 
emphasize the peculiarities of the appearance of insects. 
Pictures of a spider, a centipede and of Peripatus are 
included for good measure. 

The life-like attitudes of the majority of the subjects 
support the authors’ claim that all the insects were fully 
alive when photographed; but there are exceptions where 
I am convinced that the pictures are of dead insects 
suitably posed on a convenient background. For example. 
Plate 107 shows an ichneumon fly with the wings in a 
position which is only transitory in life, and the antenne 
rolled at their ends as commonly found in dry corpses, 
and the wasp in Plate 111 also looks suspiciously devoid 
of any normal contact between its tarsi and -tho sub- 
stratum. 

The captions of the photographs are not in technical 
language and are sometimes quite incorrect. The four 
figures of ‘wasps’ include a bee and a beautiful yellow and 
black ichneumon fly, both of which are given their correct 
genericnames. This suggests that the authors were misled 
by the possibly mimetic resemblance of the ichneumon to 
& wasp. 

These errors, the sensational title and the light text 
show that the book is not written for the serious student. 
However, the illustrations are so good that some of them 
may be helpful in the teaching of elementary entomology. 
For this purpose the continent of oMgin of the subjects 
would have been of interest, but this information is often 
lacking.’ Q. C. VARLEY 
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WHAT IS HEREDITY ? 


By Dr. A. C. R. DEAN and Sir CYRIL HINSHELWOOD, O.M., F.R.S. 
Physical Chemistry Laboratory, University of Oxford 


(1) Introduction 


UCRETIODS likened heredity to the handing on of the 
torch of life by runners. The present image is that 
of the genetic code. This is less poetically fanciful in 
that it refers to the permutations and combinations of 
known. chemical units in perfectly definite macromole- 
cules; but it is still metaphorical in so far as it suggests by 
analogy rather than defines how the chemical sequences 
determine the properties of progeny. 

The picture of endless replicas of a code being printed 
off in some copying process gives a rather rigid view of 
heredity, which in the absence of sexual recombinations 
can only change as a result of ‘mistakes’ in copying. 
When, however, more detailed thought is given to the 
translation of the code, which involves the functioning of 
entire cells, heredity turns out to be a somewhat more 
complex idea than appears at first, even with unicellular 
organisms which multiply by binary fission. Since germ 
cells in generál multiply in this way, the extra complexity 
must be present in sexually reproducing organisms in 
addition to all that associated with sexual recombination 
itself, 

We have already discussed the way in which the general 
organization of the cell reactions can determines some 
characteristic biological behaviour of micro-organisms?-?, 
This kind of approach is sometimes said to imply @ 
Lamarckian view of heredity. In what follows we examine 
the way in which cellular organization may persist during 
successive generations. The conclusion is that, in this 
connexion at least, the Lamarckian debate has little 
significance and that heredity may cover a wide range of 
biological phenomena. 


(2) Morphology of Living Matter 


One of the most wonderful things about animate Nature 
is the complex variety of its morphology. This somehow 
is conditioned by the chemistry of living matter, and the 
information which prescribes it lies latent in the so-called 
genetic codes, which themselves are in effect simply 
chemical formule. 

To understand in detail the translation of genetic in- 
formation into structure is a formidable task, but the basic 
idea is simple. The initial units of information are separ- 
ated in space, strung out, for example, along a chain of 
deoxyribonucleic acid (DNA). They are the seat, sever- 
ally, of chemical reactions of some sort, the substances 
formed diffusing away to react presently with one another 
or with extraneous materials. Thus. the concentrations of 
chemical substances form spatial patterns and vary 
from place to place. Essential synthetic reactions will 
often oceur at rates determined by some functions of 
these concentrations. Such functions may also determine 
processes like precipitation or coagulation. The required 
values of the relevant functions will only be reached at 
special places. With a spatial pattern of precipitation 
we have the beginnings of structure. The well-known 
example in the inorganic world of rhythmic precipitation 
to give bands of insoluble material separated by clear 
medium (Liesegang rings) is easily explained in terms 
of counter-diffusion_ and the values of ionic concentration 
products. Again, &iffusion counter-currents from leaves 
and root must clearly play a part in determining plant 
morphology. 


The intermediates involved in biochemical reactions 
in vivo will generally be labile substances which readily 
suffer alternative fates if the proper partner is not avail- 
able at the right moment. The timing depends on the 
distance this partner has had to travel from its own 
point of origin, and this again emphasizes the importance 
of spacing, right back to the location of the genetic in- 
formation. 

We have no intention of entering into the fascinating 
field of morphology in general. What we wish to empha- 
size for the further development of the present argument 
is how much any living system must depend on the 
availability of the right substance in the right place 
at the right time. 


(3) Internal Map of the Cell 


Although in a more subtle way than a complex multi- 
cellular organism, & single cell such as a bacterium must 
possess a sort of internal structure of its own. Different 
chemical processes are initiated at different points of the 
code-bearing DNA for one thing. For another, the ingress 
of nutrients is conditioned by the often highly specific 
permeability of the surface layers. Enzymes are also 
located in the surface where they must be arranged to 
form a map or chart which will guide the release of sub- 
stances into the interior. The interior itself is not a physic- 
ally homogeneous mass. It possesses a constellation of 
particulate matter and forms, as it were, a semi-fluid three- 
dimensional mosaic. 

The conception of this internal structure has been 
present in the literature for some time. For example, 
Sir Rudolph Peters? speaks of “some tenuous network 
by the action of which the cell’s enzymic activities are 
co-ordinated (the term cytoskeleton was given to this by 
J. Needham; it is a good description provided that it does 
not convey the idea of the rigidity of a bone)’, and 
L. Monné‘ speaks of the concatenation of parts of the 
cell by cytoplasmic fibrils. F. Dickens® speaks of the 
emphasis which he says has been rightly placed “on the 
cellular compartments for ATP, inorganic phosphate, 
DPN, TPN, enzymes, substrates and so on”, while 
C. De Duve® writes, “One of the simplest consequences 
of structural organization is the fact that given groups of 
enzymes are associated together and separated from 
others”. N. M. Sissakian’ writes, ‘In this connexion, 
heterogeneity of the protoplasm has become the pre- 
requisite for the localization of the biochemical properties 
within the cell. It is owing to heterogeneity coupled with 
selectivity of the individual cellular constituents that 
the biochemical functions have become associated with 
definite cell structures. In this sense one may speak of the 
absolute meaning of adjustment of biochemical functions to 
cellular structures, for wherever life becomes manifest we 
find heterogeneity and some kind of spatial distribution of 
biochemical processes and functions which results in the 
disconnectedness of some processes and in a close contact 
between others”. P. Weiss? has some pertinent comments 
on this theme. For example, he says, ‘“‘Cytoplasm behaves 
as a viscous liquid. It can be thoroughly mixed up by 
stirring or centrifugation, and yet its countless chemical 
workshops will continue to operate in good order, which 
implies proper spatial segregation”. . . . “Manifest cell 
organization results from the response of organized 
elements to fields of organized (that is, non-random) 
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physical and chemical conditions, here tentatively 
identified with conditions prevailing along interfaces”. 
He also speaks of the combination of molecules “to yield 
composite structures of rather uniform dimensions, 
proportions and architecture”, and says’, “Any description 
of cell constitution and cell behaviour couched solely 
and directly in molecular terms misses the basic fact of 
the existence of intermediate supramolecular entities of 
unit character”. He also remarks on the fact “that the 
heterogeneous mixture of components combined in the 
complex system operates within a framework of order, 
the stability of which contrasts sharply with the potential 
randomness of the individual component events if these 
were not subject to some over-all control’’®. 

We must think then of a bacterial cell as having its 
own internal map. Disturbances of this map will tend to 
be resisted, partly because the anchoring of various con- 
stituents, including some enzymes, to the cell-wall will 
impart a certain degree of mechanical stability, and 
partly because displacement or serious change in volume 
of the various elements of the internal three-dimensional 
mosaic will also create pressures or tensions which will 
call, so far as possible, for relief. 


(4) The Network Theorem 


Besides this conformity to some kind of spatial map, the 
cell has an organization of a different kind manifested 
in what is often called the reaction pattern. As we have 
shown in previous discussions??"*, nucleic acids, proteins, 
polysaccharides and other essential cell constituents are 
all mutually dependent and built up in long series of 
reactions which, in the nature of things, form networks, 
liberally supplied with alternative branches. These 
branches are closed because none of the essential com- 
ponents can be formed without the participation of 
others (for example, proteins coded by nucleic acids and 
nucleic acids dependent on the protein-containing enzymes 
for their synthesis). Reflexion also shows that they must 
be highly branched as may be illustrated with an 
example. All enzymes the proteins of which contain a 
given amino-acid residue (Class A) are dependent on the 
much smaller number of enzymes (Class B) which produce 
this amino-acid. Here many things depend on fewer. 
The enzymes of Class B all contain numerous amino-acid 
residues and so each one of them in its turn is dependent 
on & large number of others. In the first case a larger 
number depend on fewer and in the second a smaller 
number depend on more. Thus we have both diverging 
and converging relations, so that the total network of 
mutual dependences must contain numerous branches. 

What we shall refer to as the network theorem shows 
that the proportions of the various cell components tend 
to settle down in any given environment to those values 
consistent with an optimum rate of growth. This theorem 
predicts the widespread occurrence of adaptive processes 
and of phenomena, bearing a strong resemblance to what 
is often called enzyme repression. 

The theorem is best formulated mathematically, but 
the general idea is perhaps worth stating in qualitative 
terms. If reproducing matter is transferred to a new 
environment in which more demand is made on. certain 
enzyme functions, then, unless all the components are 
present in such proportions that they can multiply in 
step, some essential parts will be lagging behind, and 
this delay constitutes a bottleneck. Only when this has 
been removed, as it will be when the steady state has been 
eventually reached, .will optimum growth be achieved. 
The principle can be stated in another way which has some 
descriptive utility. Any pattern of co-ordinated repro- 
duction of a multi-component system will be selectively 
replaced in course of time by one which establishes and 
maintains itself faster than any alternative. As we have 
pointed owt before, reaction patterns are as much subject 
to selection as abnormal mutant cellst-?°-18, 
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A reaction network is essentially an organization in 
time. Individual connexions are expressed by equations 
of dependence such as: 


AX,/dt = aX, AXAT = uX 


and so on. The term network is, of course, used in an 
abstract sense to indicate closed systems of mutual 
dependence. It has no direct geometrical significance. 
Nevertheless, the values of the constants a1, %.... €j.» 
are themselves functions of the cell geometry, structural 
map or cytoskeleton in so far as this determines the lengths 
of diffusion paths, the supply of materials from outside 
and the internal transfer. 

As a result of this circumstance we have to envisage 
the interplay of two separate tendencies, the consequences 
of which are quite profound. On one hand, in a given 
environment, the various masses of material making 
up the cell will eventually settle down to form a three- 
dimensional map in which all tensions and pressures are 
reduced to a minimum and a maximum stability is 
achieved. On the other hand, that reaction pattern will 
be established which gives the maximum growth rate, 
and corresponding to this there will be a definite set of 
ratios for the cell components*°13, For an absolute 
optimum condition the three-dimensional map, or in 
P. Weiss’s phrase® the spatial segregation, must be such 
as to allow the optimum reaction network with minimum 
internal stresses. This demands a nicely adjusted dis- 
position of material so as to give strain-free space-filling 
conditions as well as diffusion paths permitting tho best 
possible values of the « terms. 

If the cell is transferred to a new environment, for 
example, to new sources of nutrient or to a medium 
containing a toxic agent, the first response will be the 
establishment of a new reaction pattern in accordance 
with the network theorem. Although the cell is to a 
large extent a fluid and elastic system, there will be a 
limit to possible adjustment since new pressures and 
tensions will be called forth by the change. So far as it 
can go, however, the response will be rapid, and will in 
fact be nearly complete as soon as the cell has multiplied 
enough times for newly formed material to outweigh the 
original. This marks stage I of the adaptive process. 
In accordance with the network theorem it should bo 
readily reversible. 

The spatial map in the cell is now, however, not the 
best possible, and a second stage of adaptation may set 
in, which will be slower and more difficultly realized. 
In this there will gradually be established a spatial map 
allowing the cell components in their new proportions to 
fit more satisfactorily together. We must, therefore. con- 
sider the way in which this packing is determined. 


(5) Architectonics of the Cell 


Between cell components forces of different orders exist. 
Primary chemical valencies form the links of long chains. 
which themselves coil and fold through the action of 
electrostic forces, hydrogen bonds and van der Waals 
forces. Regions of nuclear-type material bear a coded 
arrangement of chemical units. The structure of the 
surface is specific and in some degree ordered, Thus a 
kind of polarizing force will operate from the central parts 
of the cell to the periphery. When a cell is well adapted 
to its conditions of growth the various packings and 
foldings will have settled down to some sort of relative 
minimum of potential energy. 

Something very remarkable happens when a cell divides. 
One field of polarized structure becomes two practically 
identical ones. We do not know enough for a detailed 
theory of the division process, but two general statements 
seem highly probable. In the first place, since two 
almost identical structures result, it must be a rather 
orderly process in which the upheaval®of the cell substance 
is kept to a minimum. This impression is strengthened 
by the almost military evolutions shown in the karyo- 
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kinetic figures of certain cells. On the other hand, this 
important regrouping of the cell parts giving two fields 
where previously there was one, however orderly, must 
involve at least some degree of loosening of the whole 
packing. We may, therefore, take it as probable that the 
periods of cell division are those when any refolding or 
reorganization of the packing type has the best chance to 
occur in conditions where the existing ones have ceased, 
as a result of environmental change, to be the most stable. 
But since division is an orderly process this reorganiza- 
tion will probably be quite slow and take place little by 
little, being completed only during the course of many 
cell divisions. 

‘From this we would conclude that when a new chemical 
reaction network has been imposed, the final adjustment 
of the cell to its optimum spatial map may be a long, 
slow process. 


(6) Rate of Adaptations 


Bacterial strains are often maintained by periodic 
transfer to fresh media. Those used in practice have 
sometimes an indefinite composition and it is advantage- 
ous when quantitative measurements have to be made to 
use chemically defined ones. Strains of Aerobacter and 
Escherichia coli can be grown successfully in a ‘minimal 
medium’ containing only a source of carbon, phosphate 
buffer, magnesium and ammonium sulphates and various 
trace metals. Glucose is often used as the carbon source, 
and when cells of these organisms are transferred from 
a complex medium to a minimal medium containing this 
sugar it is found that, although growth takes place quite 
readily within one to two hours, between 10 and 12 daily 
sub-cultures are necessary before the growth rate climbs 
to the optimum value. 

If cels fully acclimatized to a glucose medium are 
introduced into one containing a different carbon source, 
various patterns of behaviour may be observed. For 
example, the growth rate of Aerobacter aerogenes goes on 
improving gradually during 9 sub-cultures in fumarate 
medium and during 29 sub-cultures in succinate medium}, 
With acetate as carbon source the following successive 
phases were observed: (1) slow growth in acetate, optimum 
rate of growth in glucose; (2) optimum rate of growth in 
both media; (3) optimum rate of growth in acetate, some- 
what impaired growth in glucose; (4) growth rate in both 
media fluctuating widely but growth in glucose medium 
never normal. These four phases were observed during 
128 twice-daily culturings and stage (2) was not reached 
until the seventeenth (ref. 15). In a sucrose medium the 
growth rate of Aerobacter aerogenes improved over the 
first 10 sub-cultures*®, and in a lactose medium a similar 
pattern was observed in one set of experiments’, while 
in another set the adaptation required 20 sub-cultures?’. 
A more complex picture is seen in a maltose medium, 
where the initially slow growth improved gradually 
during the course of 3 sub-cultures and then remained 
more or less steady at the new rate for a further 10 before 
improving again to the final optimum”. 

In the examples given so far the delays preceding 
growth at the first transfer were small, but when Bact. 
coli mutabile is introduced for the first time into a lactose 
medium or Aerobacter aerogenes into a D-arabinose medium, 
lags of several days occur. Growth when it eventually 
takes place is slow and here again the rate improves 
gradually over many sub-cultures’*1*, This type of 
behaviour has also been observed with yeast cells during 
adaptation to dispense with aneurin or to utilize raffinose 
as a sole source of carbon”. 

In media containing drugs the slow completion of an 
initially fairly rapid adaptation is also of common occur- 
rence. For example, when cells of Aerobacter aerogenes 
are introduced for the first time into a medium containing 
2 mgjl. of terramycfh there is a lag of about 1 day, and 
then growth takes place. The rate, however, increases 
gradually over the next 20 or so sub-cultures”°. At 
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43 mg/l. of profiavine the initial lag is about 40 h and 
then growth occurs at about 60 per cent of the rate 
gradually reached over the next 19 sub-cultures™. The 
gradual approach to the final optimum is sometimes 
obscured by the method of ‘training’ organisms to be 
resistant. <A strain ‘trained’ to a given concentration 
of drug will always grow in a slightly higher concentra- 
tion. Thus strains of Aerobacter aerogenes which will 
grow in concentrations of proflavine as high as 3,000 mg/l. 
can be obtained by stepwise increase of the drug con- 
centration??, When highly resistant strains are prepared 
the drug concentration is often increased in smaller steps 
than are actually necessary. The time required for com- 
pletion of adaptation at the highest concentration is 
naturally shortened if the intermediate stages have been 
very thoroughly carried out. 


(7) Reversibility of Adaptations 


In various physical and chemical systems there, are 
great differences in the ease with which an imposed shift 
of equilibrium is reversed when the original conditions 
are restored. When a solid is heated to its melting-point 
there is no delay at all in melting. When, on the other 
hand, the liquid is cooled to the melting-point or just 
below, there may be a delay, sometimes almost indefinitely 
prolonged, before resolidification. -The reason in this 
example for the unsymmetrical relation lies in the fact 
that the initiation of melting entails a passage from order 
to disorder while that of crystallization depends on a 
spontaneous local creation of a small region of order from 
disorder, which is improbable. Phase changes in general 
may be associated with highly complex phenomena of 
hysteresis and delay. ; 

The reversibility of adaptive changes in cells is also a 
complex business. According to the network theorem, 
apart from special circumstances considered in section 8. 
the changed reaction pattern established in a new medium 
should in its turn be rapidly replaced by the original 
one when the cells are grown once more in the old medium. 
The reorientation of the spatial map allowing the slow 
completion of an adaptive process is more akin to a 
recrystallization or a phase change than to the establish- 
ment of a new reaction network. As we pictured it in 
section 5, it is usually slow since it depends on a very 
elaborate repacking of a highly complex system, which 
we envisage as dependent on chances snatched during the 
upheavals of successive cell divisions. 

According to the view we have adopted the loss of a 
completed adaptation is not a simple reversal of the pro- 
cess by which it was acquired. There will in effect be a 
sort of hysteresis cycle which in its simplest form we may 
represent as follows. Let the reaction network in an 
original environment be designated by N(1) and the 
spatial map by M(1). In a new environment there will 
be established the new network N(2) with initial retention 
of M(1), which, however, gradually changes into M(2), 
so that the succession of states is N(1)M(1), N(2)M(1). 
N(2)M(2). On return to the original environment N(2) 
will change back as nearly as possible to N(1), so that the 
first stage of the reversion is through the state N(1)M(2) 
which, it is important to note, the cells have never been 
in before, so that reversal does not simply retrace the 
steps followed in the direct process. New and complex 
phenomena may, therefore, be expected. As we shall see, 
they exist in abundance. 

At this point we need to make a certain further elabora- 
tion of what has been said so far. In the adaptation the 
cell passes from the state N(1)M(1) through the state 
NN(2)M(1) to N(2)M(2). N(2), which is the best network 
for the new medium while M(1) persists, may no longer be 
quite the best for that same medium when M(2) is estab- 
lished, so a further adjustment of the network occurs, and 
in turn a further adjustment in M(2). These processes 
can be repeated until we reach the absolute optimum, 
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where we have N’(2) and M’(2), N’ and M” being various 
successive stages of adjustment removed from N and M. 
It is now even more true that on return to the original 
medium 1 there will not be a simple retracing of the course 
of adaptation. 

In particular, when a succession of mutual adjustments 
of N and M have occurred, it may happen that some of the 
intermediate stages of the return from N’(2)M’(2) to 
N(1)M(1) which have not been traversed before are even 
less favourable than N’(2)M’(2) itself for growth in the 
original medium. In, this case reversion would not easily 
occur: or it might go a certain way and then be held up 
at some intermediate stage. Although the final reverted 
state, N(1)M(1), would be the optimum in the original 
medium, this fact will not ensure complete reversion if 
there is any barrier in the way. A barrier exists whenever 
an intermediate stage is less favourable than one just 
before it. This is analogous to the common phenomenon 
where chemical processes are impeded by the interposition 
between two states of an intermediate state of higher 
energy. 

Suppose medium 1 is a normal growth medium and that 
medium 2 has the same composition except for the presence 
of a drug, the adaptive process in this case being the 
development of drug resistance. The first stage of the 
adaptation is the relatively rapid establishment of any 
reaction network which allows growth at all. According 
to what we have said, this adaptation would be easily 
lost. Gradually the more complete adaptation occurs 
which, as we have seen, may be not nearly so easily lost. 
The cells, it must be remembered, have not only to grow 
in spite of the presence of the drug, but they must not 
lose their capacity for growth in the drug-free medium 
itself. The state we have referred to as N’(2)M’(2) must, 
therefore, be consistent with at least fairly good growth 
in the original medium. If it is fully as good, then there 
will be no tendency at all to revert to N(1)/M(1), and even 
if it is not quite so good, it may still be better than some 
of the intermediate conditions which would have to be 
passed through on the way back. In either case the loss 
of drug resistance will be slow or partial. There are, 
moreover, reasons for believing that in some cireumstances 
an established and operative growth mechanism may on 
occasion actually inhibit the development of one not yet 
mobilized, even though the second is the more efficient 
when competing on equal terms with the first (section 8). 

Thus we might expect a great variety of types of 
behaviour ranging from easy and complete loss of adapta- 
tions, through slow and partial losses, to very stubborn 
retention. 

Even this is not the whole story. The successive adjust- 
ments of reaction network and spatial map must lead not 
only to minimum interference by drug but optimum use 
of a medium in which growth is already optimal in the 
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:ı absence of the drug. On occasion these conditions may 


be best fulfilled by a reaction scheme into which the drug 


. enters directly as a metabolite. Once such a scheme is 


established, it may, for the reasons mentioned above, be 
difficult to replace by the original pattern of growth. In 
such an event we would have the development of an actual 
dependence on the presence of the drug for optimum 
AAEN that is the phenomenon of drug dependence (cf. 
ref. 23). 


(8) Special Reasons for Slowness of Reversion 


Several mechanisms to explain the retention of an 
adaptation on return of cells to their original environment 
have been suggested in the past. They are in no way 
incompatible with the general considerations of the 
preceding section, though they are more specific. 

The first was applied to drug adaptation. Suppose the 
drug so affects the working of the cell that the concen- 
tration of an intermediate metabolite, which would norm- 
ally saturate the enzyme processing it for the next stage, 
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is reduced. The adaptation establishes a state of affairs 
where this concentration returns to something like its 
original level despito the presence of the drug. Ifnow the 
adapted cells are grown without drug, the level will rise 
still higher. This increase would normally force the 
adaptation into reverse. If, however, the enzyme is 
saturated, the extra concentration has no effect on the 
balance of cell processes, and there is thus no reason for 
the reversion to occur. The adapted state is now meta- 
stablet3.15.24,25 

Another possibility is that the reaction pattern estab- 
lished after adaptation is one in which there is high con- 
sumption of intermediates needed for the re-establishment 
of the old reaction pattern. The original mechanism having 
fallen out of use, it will then have great difficulty in 
starting up again in the presence of its competitor, even 
though it is inherently more efficient#®*, In such an 
event we shall see a reversion only after the cells have beon 
so treated as to diminish temporarily the competitive 
power of that mechanism with the advantage of starting 
in possession. This argument is easily put into simple 
mathematical terms’. 

The permutations and combinations of processes in the 
reaction network are so numerous that in the original 
medium itself there may be alternative mechanisms for 
growth, some of which are only a little less efficient than 
the optimum. It may be one or other of these which 
becomes established in the course of an adaptation to a 
new environment. Even in the old environment it now 
will not be markedly at a disadvantage so its selective 
replacement by the optimum mechanism can be quite 
slow. 


(9) Reversion 


The whole discussion of reversion and stability has led 
us to expect a wide spectrum of possibilities ranging from 
rapid, reversion to apparently almost complete stability. 
The experimental evidence on the stability of adaptations 
to drugs and to new nutrients will now be discussed. 

From a survey of many different examples the following 
general conclusions may be drawn: 

(1) After a relatively short period in drug medium, 
although a quite marked degree of resistance may be 
reached, this resistance is easily lost by growth in drug- 
free medium. 

(2) Longer periods of growth in drug medium result in 
a more stable resistance, and there is a direct correlation 
between the stability of the resistance and the length of 
time for which the ‘training’ in the drug medium has 
been continued. There is considerable variation from drug 
to drug and even in different experiments with the same 
drug, but within any given set of experiments the correla- 
tion holds. ; 

(3) With the more thoroughly ‘trained’ strains the 
resistance is usually only very gradually lost over a large 
number of generations in drug-free medium. In the 
majority of examples, however, the end result is a strain 
practically as sensitive as the original. It is true that in 
experiments with Aerobacter and propamidine isethionate 
the resistance was not completely lost after 203 sub- 
cultures in drug-free medium’, while with the same 
organism and terramycin, even after only one sub-culture 
in the drug, the resistance was still more tenaciously 
held?*, On growth in the absence of drug it dropped to 
an ‘equilibrium’ value intermediate between full resistance 
and sensitivity and remained in this state without further 
change for more than 400 generations. 

(4) Resistance to very high concentrations of drugs is 
in general less stable than resistance to lower concentra- 
tions. 

More highly organized cells such as the yeast Sac- 
charomyces cerevisiae and the fungus Penicillium roquefortt 
seem to become resistant to drugs at least as rapidly 
as bacteria but lose their resistance very much more- 
readily***. As in the terramycin example just given, 
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Table 1. EFFECT OF GROWTH IN DRUG-FREE MEDIUM ON THE RESISTANCE 
OF Aerobacter aerogenes TO DRUGS 


No. of 
Concen- No. of sub- subsequent 
Drug tration culturesin sub-cultures Extent of Ref. 
(mg/I.) drug in -free reversion 
medium 
Proflavine a, 03 1to2 considerable 
43 b. 15 8 partial 
e. 15 20 partial, less than b 
{ a. 105 63 none 
195 +b. 106 70 partial 
te. 105 87 almost complete* 15 
je 203 21 none 
b. 203 29 partial 
214 +c. 203 34 partial, greater 15 
than b 
la. 203 75 complete 
Streptomycin | ri a complete 
1b partia 
1,000 6 77 almost complete 37 
la. 19 82 none 
Thymol { e l 5 sine complete 
Me a ATU. 
MO. apo 10 5 ess than b 39 
ld. 27 5 leas thane 
Sulphanilamide 218 3 1 almost complete 40 
Chlor- (a. 79 18 none 
amphenicol 37 b T 55 partial 15 
le. 79 82 complete 
a. 114 11 none 
4 lb 114 22 partial 
69 -e. 114 46 partial, greater 15 
{ than b 
d. 114 71 complete t 
x 2 24 none 
Propamidine 5 tas 43 
partial 
ieethionate 267 46) 102 203 partial, greater 15 
than ò 
Terramycin { a 1l 37 partial 
2 b 1 87 Same as & 20 
ce 20 88 same as a 


* Resistance largely lost to 100 and 50 mg/l. also. 
+ Resistance largely lost to 37 mg/l. also. 


however, the resistance of S. cerevisiae to 2,4-dinitrophenol 
dropped readily to an ‘equilibrium’ state and then 
remained unchanged for a considerable time?’. 

The ‘equilibrium’ state is often observed in the adapta- 
tion of bacteria to utilize new carbon sources. For 
example, after Bact. coli mutabile had been grown 22 
times in lactose medium, two transfers in glucose were 
sufficient to induce a very slight degree of reversion which 
remained unchanged. for a further 81 culturings, each of 
which involved about 8 generations®*. A similar situation 
is found with Aerobacter aerogenes and D-arabinose*, but 
with E. coli and D-arabinose the stability is less marked 
and reversion is accompanied by the appearance of types 
intermediate in character between the ‘arabinose-positive’ 
and ‘arabinose-negative’ forms*!. If, however, after only 
a few generations of growth in p-arabinose medium, glucose 
is added to a culture of Aerobacter aerogenes, reversion is 
rapid and no stably adapted cells can be detected®?. A 
strain which had been grown 66 times in acetate medium 
required 62 culturings in glucose before the ‘training’ to 
acetate was lost, and in the adaptation of Aerobacter 
aerogenes to utilize glycerol, as measured by growth 
rate or dehydrogenase activity, the stages (1) adaptation 
complete but unstable, (2) adaptation complete showing 
delayed reversion, and (3) adaptation stable with no 
reversion, were observed as serial sub-culture in glycerol 
medium was continued’?, 

These stages were also seen in the ‘detraining’ in glucose 
medium of a strain of Aerobacter aerogenes which had 
been trained to utilize lactose as sole source of carbon!*. 
In the adaptation of S. cerevisiae to galactose, although 
delayed reversion was observed after the cells had been 
grown once in galactose, a further 14 culturings resulted 
in a stability which withstood 100 culturings in glucose". 

Sometimes reversion can be hastened if the cells, instead 
of returning to the original medium, are grown in yet 
another new one. For example, if Aerobacter aerogenes 
is stably adapted eto utilize lactose as a sole source of 
carbon after having been fully conditioned to glucose, 
reversion takes place more quickly on growth in maltose 
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than in glucose’* and in a similar manner the reversion 
of the adaptations of Aerobacter aerogenes to D-arabinose 
and of Bact. coli mutabile to lactose has been hastened by 
growth in acetate and succinate medium*!)*5, Reversion 
of proflavine resistance has been brought about by growth 
in the presence of m-cresol®®, 

Some illustrations of these general statements are given 
in Table 1. A ‘sub-culture’ usually involved about 8 cell 
generations. Where a fraction is referred to in Table 1 
it means that the sample was taken after two or three 
cell divisions in the course of the first sub-culture. In 
the experiments with 43 mg/l. of proflavine, 2 mg/l. of 
terramycin and 218 mg/l. of sulphanilamide, these con- 
centrations were the first to which the cells were exposed. 
With streptomycin for special reasons’ cells already given 
a low grade of resistance by selective growth at 1 mg/l. 
were introduced into 1,000 mg/l. In all the other examples 
the cells were ‘trained’ by serial sub-culture in gradually 
increasing concentrations of drug until the desired level 
had been reached. 


(10) Can the Code Change? 


The dogma that the genetic code cannot be changed 
is sometimes regarded as sacrosanct, though in a special 
way which seems still to allow the assumption of spon- 
taneous mutations to account specifically for surprisingly 
fine shades of biochemical difference. The orthodox 
assumption is that the changes in base sequence in these 
mutations must be random, and can be adaptive only in 
the sense of constituting a possible ground for selective 
shifts of population. 

The point of view which we have been discussing in the 
foregoing sections is consistent with a very great stability 
of the genetic material, since it attributes many adaptive 
phenomena to a change in the cytoplasmic balance in 
cells with an unchanged code. It could be argued perhaps 
that, since major transformations like that of one species 
into another are never observed, this stability is almost 
absolute, and that those adaptive changes which occur 
very easily must be of a quite different nature from 
anything involving an altered code. But in the absence 
of more detailed understanding of how the code expresses 
itself in properties of the cell, a quantitative argument of . 
this kind is dangerous *. 

Our own hypothesis has not required the assumption 
of an altered code. Nevertheless the question remains 
important whether directed changes in it are or are not 
possible. Mutations are readily assumed by. almost all 
authors. Thus the base sequence, although agreed to be 
firmly fixed, is not believed to be quite unalterable. 

At each step in the polycondensation reaction leading to 
a nucleic acid there tends to be conformity with a pre- 
determined stereochemical pattern. Departure from this - 
may be unlikely but should not be impossible, since the 
addition of the ‘wrong’ base at a certain stage has only the 
sort of improbability that the formation of a meia- 
benzene derivative has in conditions strongly: favouring 
ortho-para substitution. The improbability, in other words, 
is an affair of activation energy, and an unfavourable 
activation energy can always be compensated in some 
measure by increase in the concentration of the appro- 
priate reactants. Suppose a new cytoplasmic organization 
greatly increases the intracellular concentration of base 
X. There will be an increased chance that in certain 
places X will occasionally be incorporated in place of Y 
even though this means a much less probable reaction. 

Are the effects of this abnormality wholly random ? 
A too confident negative answer to this question may not 
be fully justified. The new code with X in place of Y, 
once established, tends to persist simply because the 
altered steric relations now impose this order as the most 
probable mode of replication in subsequent acts. This 


* The stability in question, however, it should be noted, is precisely that ‘ 
of many of the ‘markers’ used in genetic experiments. 
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circumstance itself now creates a certain local demand 
for X rather than Y. The provision of X rather than Y 
will in fact give better growth, and, as we have seen, the 
response to particular needs is the expansion of enzyme 
systems capable of supplying them. Thus a changed 
metabolic pattern could render a code-change more 
likely (that is, favour a mutation), and this change, by 
creating a new demand, could tend to favour the kind of 
metabolism which would preserve it. 

It is difficult to say how large the effect of this un- 
doubted tendency would be in practice, nor have we, for 
our present purposes, any urgent need to attribute great 
significance to it. Nevertheless, it seems likely that the 
relation of codes and their expression is more complex 
than is sometimes suggested. In the last resort, moreover, 
we must remember that there are few (if any) examples of 
a situation where A has an effect on B while B has abso- 
lutely none on A. If a change in cytoplasmic organization 
can never in principle affect a code at all, a rather special 
kind. of chemistry seems to be indicated, and possibly 
even the abrogation of Newton’s third law. 
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(11) What is Heredity ? 


The argument from ‘stable heredity’ has been used a 
good deal to discredit adaptive mechanisms of a physiologi- 
eal kind which assume, rather than a simple shift in the 
balance of a population, the modification of most of the 
individuals. Transmission of an ‘acquired’ character has 
been frequently ruled to be ‘Lamarckian’ and impossible. 

We have shown, however, that adaptive changes, such 
as development of drug resistance or improved utilization 
of new substrates, are in fact not really permanent at all. 
Perhaps, therefore, they might be ruled not to be stably 
heritable, and, if they are not, then the Lamarckian 
objection loses its point. Perhaps, on the other hand, 
they might be pronounced not to represent acquired 
characters, since they depend essentially on the enhance- 
ment of capacities already present. In that event, too, 
the objection lapses. 

Nevertheless, as we have seen, some of these changes 
represent quite considerable modifications, a cell capable, 
for example, of resisting 1,000 mg/l. of chloramphenicol 
differing in quite an important way from one capable of 
resisting only 10 mg/l. The quantitative aspect of the 
adaptation is great enough to represent what for many 
purposes can be regarded effectively as the appearance of a 
qualitatively new form, even if the difference is far less 
than corresponds to a species change. Furthermore, the 
persistence of the changes, through subsequent genera- 
tions, although far short of absoluto stability, is quite 

marked. 

“What happens in many adaptations can be given'a 
straightforward interpretation in physicochemical terms. 
If then we really wish to regard these adaptations as the 
development of new characters and if we wish to count 
the relatively slowness of reversion as equivalent to 
stability, and if, further, anyone wishes to call the inter- 
pretation Lamarckian, then all that can be said is that 
this designation must lose the depreciatory connotation 
usually associated with it. There is no real need to bring 
Lamarck into the discussion at all, but it may just be 
observed that his name has been bandied about in a rather 
unscientific way. As Graham Cannon has pointed out‘!-42, 
people have misquoted him, and caricatured his views, 
forgetting that Darwin himself took them seriously. 

The more important question is what status, in terms of 
heredity, is to be given to the kind of adaptive changes 
wo have been discussing. We have seen, at one extreme, 
that there is an inherent possibility that a long-imposed 
change in reaction pattern might conceivably stabilize 
itself by causing some direct modification of the genetic 
code. If this sort of thing could-occur at all, then there 
would be no question of the potential evolutionary signific- 
ance of physiological adaptations of cells. 
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But, even short of this extreme, quite good explanations 
of the observed facts about the persistence of adaptations 
can be given without the assumption of code changes. 
Modified reaction patterns and spatial maps can be 
reflected in long-range effects without them. By persisting 
long enough, moreover, they may expose the cell to still 
further changes ‘which would not have occurred had 
reversion from the earlier onéS been more rapid. It 
would seem then that in any event, according to physico- 
chemical principles (which, as B. Commoner? has well 
argued, are never at variance with biological principles 
provided that both sets are soundly applied), cytoplasmic 
organization can have important and far-reaching effects 
on the transmission of cell properties. 

Unicellular organisms are in a special position, in that, 
multiplying by binary fission, they cannot help transmit- 
ting at each generation the cytoplasmic organization as 
well as the genetic code from parent to progeny. Thus in 
some ways all transmission in them is akin to what is 
called cultural inheritance in higher forms. If anyone 
wishes to deny the application of the term heredity to 
these phenomena he is presumably at liberty to do so. But 
whatever terms are used there is more to the development 
of living matter than the stencilling off of replicas, with 
or without an occasional slip. In complex organisms with 
sexual reproduction the segregated. germ cells are main- 
tained in a nearly constant environment. But somatic 
changes in the individual will be associated with adaptive 
changes in some of the many types of differentiated cell 
which it contains, and these adjustments i in their turn can 
affect the biochemistry of fhe organism and thereby lead 
to second order effects even on the remote germ cells. 
Whether or not these effects can ever assume major 
importance over long periods of time is an open question; 
but to deny their possibility on the strength of the usual 
type of experiment designed to test for Lamarckian 
phenomena is rather like looking down a low-power 
microscope and dismissing the atomic theory as a myth. 
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X-RAY DIFFRACTION AND THE SYMMETRY OF THE 
ACTINOMYCIN MOLECULE 


By HILDA T. PALMER, REX A. PALMER and RICHARD E. DICKERSON 


Gates and Crellin Laboratories of Chemistry, California Institute of Technology, 


Pasadena 


ACHMANN and Müller! have recently reported three 
crystal forms of actinomycin. From space group 
symmetry arguments and model building they have 
expressed a preference for the double pentapeptide ring 
structure rather than a decapeptide model. Perutz? has 
since pointed out that the conclusions which they have 
drawn. are unjustified, and that the results presented 
provide no basis for a choice between these two alternative 
structures. We should like to present information on the 
molecular symmetry of actinomycin, crystallographic and 
non-crystallographic, obtained from a systematic investi- 
gation of the symmetry of the Patterson vector map. This 
information. places limits on pessible model structures and 
provides a preference, of the most tentative sort, for the 
decapeptide. 

Actinomycin is an antibiotic of molecular weight about 
1,260, made up of ten amino-acid residues and a phenoxa- 
zone chromophore. According to Brockmann®, there are 
two pentapeptide rings, each closed by a lactone linkage 
and attached separately to the chromophore (Fig. 1). It 
has since been suggested that the molecule might as easily 
be made up of one decapeptide ring like gramicidin S, 
the tyrocidins, and several other similar antibiotics. The 
ring would then be closed at opposite ends by two lactone 
linkages and attached to the chromophore at two points 
(Fig. 2). Chemical evidence on this choice so far is 
inconclusive. : 

The particular amino-acid sequence shown in Figs. 1 
and 2 is that of actinomycin C,, also known as B,, Diy or 
IV. Other naturally occurring actinomycins differ gener- 
ally in the substitution of p-alloisoleucine for one or both 
p-valines and of hydroxyproline or 4-ketoproline for one 
or both prolines*. All amino-acids are in the u-form except 
for those at the D-valine sites. Actinomycin C, has one 
p-alloisoleucine and QO, (ref. 1) has two. The material 
examined here, actinomycin B, is a mixture of the com- 
ponent of Figs. 1 and 2 (29 per cent) and two others with 
one 4-ketoproline (59 per cent) or with one hydroxyproline 
(10 per cent), with an average molecular weight of 1,266. 


Crystal Examination (Table l) 
A three-dimensional structure analysis of actinomycin B 


is now in progress with multiple isomorphous replacement. 


phase analysis using the parent compound, chloroactino- 
mycin and bromoacetylactinomycin. The original sample 
of actinomycin B was obtained through the courtesy of 
Dr. W. D. Celmer of Chas. Pfizer and Co. Roughly 
equidimensional parent crystals of 0-2-0-5 mm size can be 
grown with ease in 1-2 days from the solvent pairs of 
Table 1. Derivativ@ crystals grow much less readily and 
are much smaller, but are isomorphous with the parent 
orystals. i 


Table 1. ACTINOMYOIN CRYSTAL DATA 





Actinomycin: Cs Ca O á -` B 
Crystal type: A. B Cc new 
Source: Ref.1-"| Ref. 1 Ref. 1 This paper 
Crystal class: Trigonal | Monoclinic} Monoclinic! Monoclinic 
(triclinic) 
Space group: R82 P2, Pu, gz 
` (C1. 
Cell a:187A | 214A 178 À 26-8 
Parameters: b: 18-7 27°2 19-9 18-5 
eee, bate. | BB | BE 
. | pr ? a! Ro mi 
Volume: 11,629 Å | 7,755 Å> | 8,016 A? 12,700 Å? 
Molecules per cell: 6 4 4 8 
Molecules per asym- 
metrical unit: 1/8 (dis- 2 2 2 (4) 
order ?) 
Solvent of crystal- 
lization: Methanol | Benzene | Chloro- Methanol + 
+H,0 +ligroin| form+ dibutyl ether 
Ethanol ligroin 
+H,0 Methanol+ 
Ethyl butanol 
acetate Ethyl acetate 
+ CBs 
Observed density: 1:19 gi 1-19 1-22 1-315 +001 
cm! 
Calculated density: | 1:10 1-10 1-06 1-322 
Limit a zenolution, 
o raction pat- 
tern: 1-67 A 25 A 11Å Around 1 Å 




















Bracketed quantities in right-hand column refer to the reduced symmetry 
triclinic cell. . 


At first sight the appearance of the diffraction pattern 
and the absence of reflexions with h+1 odd suggest the 
monoclinic space group C2. (Cm or C2/m are ruled out by 
the presence of asymmetric amino-acids in only one form 
each.) The measured density then requires eight molecules 
per cell or two per asymmetric unit, with no detectable 
liquid of crystallization. The unit cell dimensions are 
unchanged on drying the erystal. A closer examination of 
some but not all erystals, however, shows intensity 
differences between reflexions of the type (h, k, l) and 
(h, k, Ñ), indicating a breaking of the two-fold symmetry 
and a reduction of the true space group to triclinic C1 
(or Pl with a change of axes). The approximation to a 
two-fold axis about b and to monoclinic symmetry is 
extremely good out to 3-5 A resolution, beyond whieh 
point it deteriorates markedly. A low-resolution Patterson 
vector map will be virtually unchanged by the use of full 
triclinic data, and arguments based on Patterson symmetry 
will be the same. The work described here has been carried. 
out with the monoclinic data. 

The diffraction pattern (Fig. 3) extends out to approxi- 
mately 1 A resolution. The decrease of average intensity 
in three dimensions with sin 6 is smooth and shows no 
sign of the 10 and 5 A maxima found in several proteins 
and in gramicidin B’. A prominent group of four or five. 
strong reflexions is found around (2, 0, 7) as can be seen 
in Fig. 3, and produces layers of vector density in the 
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Skeleton of the actinomycin molecule, represented as two 
pentapeptide rings and a chromophore ‘ 


Fig. 1. 
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Fig. 2. An alternative decapeptide dilactone ring structure tor actino- 

mycin, The central outline represents the chromophore of Fig. 1 seen 

from above inedge view. Points of attachment of the peptido ring to the 

underside of the chromophore are marked by ®. All amide groups are 

planar in this model, and all but the two connected to the chromophore 
are frans (see Figs. 10 and 11 for a model of this structure) 


Patterson map roughly normal to the c* axis and spaced 
about 4 A apart (Fig. 9). The interchange of proline, 
hydroxyproline and 4-ketoproline at one site in the 
molecule apparently has little effect on the ability of the 
molecules to pack into the erystal, and in view of the 
relatively small amount of material available it was 
deemed inadvisable to separate the three fractions. 


Direct Phase Analysis 


One of the chief problems of crystal structure analysis 
of large molecules is that of finding the relative phases of 
all the reflexions, these being necessary for the calculation 
of an electron density map. The method commonly used 
with proteins, that of multiple isomorphous replacement, 
consists in adding heavy atom markers to the molecules 
in the crystal, observing the resulting changes in intensi- 
ties, and deducing from these the original phases’-*. 
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Rossmann and Blow have recently proposed a direct 
method requiring no derivatives, but demanding instead 
two independent molecules per asymmetric unit or else 
more than one crystal form of the compound?*)!, The 
method has been used with chymotrypsin” and is at 
present being tried with insulin, but in both cases at far 
less than atomic resolution. 

Because of the presence of two molecules in the C2 
asymmetric unit, actinomycin provides a convenient test 
case similar in many ways to a protein, but one in which 
the analysis can be extended to atomic resolution in a 
reasonable length of time. It is planned to carry out an 
isomorphous replacement analysis and a direct phase 
analysis in parallel and independently, and to compare the 
results at the end. 


Rotation Symmetry Analysis 


The first step in direct phase analysis is that of finding 
the rotation which will superimpose one of the two space 
group independent molecules A, on the other, B. This is 
done by selecting a central region of the Patterson map 
which encloses a high proportion of intramolecular vectors 
and noting the degree of correlation between rotated and 
unrotated maps as a function of this rotation. If two 
independent molecules are related by a 112° rotation about 
a certain axis, for example, then rotating the central 
region of the vector map by 112° about this same axis 
will cause all the interatomic vectors in the first molecule 
to map on to the corresponding ones in the second mole- 
cule. The degree of coincidence is measured quantitatively 
by evaluating the rotation integral, R: 


R= J Pm Pacer (1) 


Here Py is the density of vector space in the volume 
element at the end of vector r, and Pich) is the corre- 
sponding density at the end of the given vector after 
rotation as indicated by the rotation matrix (C). Rotation 
is expressed by three co-ordinates: two (p, ẹọ) giving 
the orientation of the rotation axis relative to the crystal- 
lographic axes and a third (K) giving the amount of 
rotation about this axis. The relations between rotation 
angles and crystal axes in this project are shown in Fig. 4. 
The integration is carried out over a volume, U, centred 
round the origin of vector space, usually a sphere of 
radius comparable to the estimated molecular diameter. 
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Fig. 3. Precession camera photograph of the AO section of the diffraction 
pattern, taken with copper Ka radiation and a 25° precession angle 





Fig. 4. Relationship between rotation co-ordinates (y, p, K) and crystallo- 
graphic axes for the actinomycin work described in this article 





Fig. 5. Stereographic Peay of the rotation integral, R, for various co- 
ordinates (y, g) with K=180°, Contours are in intervals of ten from 40 
i to 70, with a mean background of around 80 


Calculations were carried out on an IBM. 7090. Using 
@ Patterson function derived from the innermost 100 
independent reflexions (4 A resolution) and integrating 
over a 16 A radius sphere, eight seconds were required for 
each calculation of a value of Rib, 9, K). Various 
preliminary trials of resolution (out to 2-3 A or 600 
roflexions) and of sphere radius (8 A~40 A) showed neither 
resolution nor exact sphere radius to be particularly 
critical so long as the sphere radius was not too small. 
The conditions actually used were dictated in part by 
considerations of computing time. The three-variable 
rotation space (p, p, K) was combed first in 15° intervals, 
and promising regions were then examined in 5° steps. 

The results are most easily displayed on stereographic 
plots of | and ¢ for constant K, such as Fig. 5 for K = 180°. 
This plot shows the extent to which an axis in a given 
orientation (b, ọ) approximates a two-fold axis or dyad. 
A similar plot for K =90° shows the degree to which any 
two regions of the erystal are related by a 90° rotation. 
This does not imply the possibility of repeated 90° rota- 
tions, or of a true four-fold axis. Hence a peak in R for 
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K=90° does not imply a like peak at 180°, whereas a 
true four-fold axis contains a dyad within it. 

The rotation function will also reveal internal partial 
symmetry of the molecule, if present, in the form of peaks 
of lesser height. Trials with horse hemoglobin”, for 
example, showed high peaks representing complete identity 
of the two « and two 8 chains, and smaller peaks represent- 
ing the degree of similarity in structure of « and § chains. 

Three orders of symmetry axes will be expected: (1) 
crystallographically-exact space group axes; (2) axes 
relating independent molecules A and B in one asym- 
metric unit; (3) axes revealing internal partial symmetry 
of the molecule. 

Each order of axis will duplicate the axes in order 
below it, but the reverse is not true. Thus, axes relating 
two molecules in an asymmetric unit will be duplicated by 
space group symmetry. Moreover, axes revealing internal 
molecular symmetry will be copied by both the higher 
orders of axes. Hence, observation of which axes are 
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Fig. 6. Plot of rotation integral, R, against angle of rotation, K, for 

rotation about the c* axis (upper curve) and the @ axis (lower curve). 

The upper curve is consistently well aboye background while the lower 
curve is no 





Fig. 7. Orientation of actinomycin molecules in the monoclinto C2 
crystal form: a, monomer of molecular weight 1,266 with an internal 
dyad axis; b, dimer having 222 symmetry; ec, orientation of two dimers 
about the b axis, seen down the c* axis; d, orientation of dimers about 
the b axis, seen down the b axis. The molecular shape shown here 
has the correct symmetry properties but should not necessarily be 
considered as representing the actual shape of the actinomycin molecule 
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Fig. 8. Spherical section through the 23 A resolution three-dimensional 


Patterson vector map for actinomycin B, at a distance of 10 A from the 


origin. Stereographic projection viewed down the c* axis. Note the 
overlap of peaks on rotation of 72°, 108°, or 180°, as predicted by the 
rotation function. Circles mark sections w= 5/30 and 10/30 


duplicated by which will help to decide on their interpreta- 
tion. The search is simplified by the symmetry of 
the rotation function arising from vector space symmetry. 
Since a rotation of molecule A by + K is equivalent to a 
rotation of B by — K, one need only search regions for 
which 0 < K < 180°. In addition, the C2/m symmetry 
of the Patterson map will produce two-fold symmetry in 
the rotation function plot about b and mirror symmetry 
across the ac plane (Fig. 5). 


Results of Rotation Analysis 


The principal results of the rotation function analysis 
are shown in Figs. 5 and 6, and can be summarized as 
follows: (1) a space group dyad along the b axis of the 
same height as the origin peak (B in Fig. 5); (2) a dyad 
along c*, normal to the ab plane (C*, Fig. 5); (3) a third 
dyad automatically generated along the a axis (A, Fig. 5); 
(4) 72° and 108° rotations about c* (D and E, Fig. 6); (5) 
dyads in the ab plane at 36° and 54° to either side of the 
b axis (F and G, Fig. 5). 

Peak B is the same height as the origin peak for sym- 
metry reasons. Peaks A and C-G vary from 41 to 60 per 
cent of the origin peak after subtraction of background. 
They are lower than B since a non-crystallographic 
rotation brings into coincidence only vectors between 
atoms within one molecule, whereas crystallographic 
rotations make intermolecular vectors coincide as well. 
A. few smaller peaks are present, possibly representing 
further internal pseudo-symmetry of parts of the molecule, 
but none rises above 36 per cent of the origin peak. 

From these results the following conclusions can be 
drawn: 

(1) The two molecules in the asymmetric unit form a 
dimer possessing 222 symmetry. 

(2) One dimer dyad axis is parallel to c*, accounting for 
peak C*. The other two dyads lie in the ab plane at 36° 
and 54° to either side of the 6 axis. This accounts for 
peaks F and Q. 

(3) Two such dimers are related by the crystallographic 
dyad axis along b, accounting for peaks B and A. 

(4) A rotation of 72° or 108° about an axis parallel to c* 
will map one dimer on to the other, accounting for peaks 
D and EH. It is this operation which requires the 222 
dimer symmetry. 
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Such an arrangement of four molecules is shown in 
Fig. 7. The other four molecules in the cell are then 
produced by a translation -of this group by (1/2, 1/2, 0). 
The required 222 dimer symmetry is produced automati- 
cally if the monomer has a two-fold axis and if two such 
monomers are placed back to back with their dyads 
coaxial (Fig. 7b). Nearly every conceivable model for 
actinomycin will have a two-fold axis if the differences 
between the two ends of the chromophore and between 
the two halves of the peptide unit are ignored, but one 
criterion for judging a model will be how easily and how 
sensibly the required 222 dimer can be formed. It should 
be noted that the axial ratio b/a is 0-69, which is close to 
the tangent of 36°. It is possible, therefore, that the 
dimers are aligned along the ab face diagonals, 

The fact that the intensities of (h, k, 1) and (h, k, D 
reflexions are so similar at low resolution means that the 
above description of molecular arrangement in C2 
symmetry holds for the true triclinic crystal as well, with 
symmetry-breaking differences between molecules becom- 
ing detectable only at higher resolution. These differences 
could arise from the lack of true two-fold symmetry of the 
chromophore (62 electrons in one half, 47 in the other), 
less probably from the differences between amino-acids at 
the proline site, or from slight displacements in molecular 
packing from the C2 model arrangement, again perhaps 
the result of the chromophore substituents. These finer 
differences will come to light in the higher resolution 
analysis, but do not alter the conclusions about gross 
molecular symmetry and arrangement presented here. 


Patterson Vector Map 


A spherical section from the three-dimensional Patterson 
map at a radius of 10 A about the origin is shown in Fig. 8 
as seen down the c* axis. The rotations of 72°, 108°, and 
180° revealed by the rotation function are now visible. 


O 





è 
Fig. 9. A be plane section through the Patterson map 7/30 of tho way 
up the a axis. Note the planes of vector density spaced 1/7 of the ¢ axis 
length, caused by the cluster of strong reflexions seen in Fig, 8 





Fig. 10. The decapeptide model of actinomycin with and without planar 

amides (non-planar amide model from ref. 14). a, Top view with planar 

model to left, non-planar model to right, the pinar model is oriented as 

in Fig. 2; b, front view of the same two models, with planar model to 
the left. Ruler gradations are in A units 


In Fig. 9 the layers of vector density with 4 A spacing 
produced by the strong cluster of intensities of Fig. 3 
can be seen. The value of 4 A is rather too close to be the 
spacing between flat-stacked molecules (Bachmann and 
Müller measure 5-8 A for the thickness of their planar 
molecule), and most probably result from interactions 
within one molecule. Strong reflexions of 4-5-5 A have 
also been reported for gramicidin B° and gramicidin S$, 
and may represent common structural features. A possible 
origin for the 4 A spacing will be suggested in the next 
section. i 


Possible Interpretation in Terms of Proposed 
Actinomycin Molecules 


Two models have been proposed for the actinomycin 

` molecule: a double pentapeptide model by Bachmann and 
Müller! with the general layout of Fig. 1 (see also Fig. 1, 
ref. 1), and a decapeptide dilactone by: Warner™, similar 
in skeleton to Fig. 2 and shown in Fig. 10. i 

The péntapeptide model is a flat plane with the dyad in 
the plane of the molecule. A 222 dimer can only be 
obtained by placing two molecules edge to edge, forming a 
very large extended sheet of dimensions approximately 
26 x 30 x 5-8A. This is difficult to conceive or to justify, 
and is ruled out by the rotation function results. Such a 
large disk molecule would produce two characteristic 
features on the rotation plots: 

(1) A belt of high R around a great circle of the 180° plot 
in the plane of the molecule, arising from the fact that 
any axis in the plane of a disk is a reasonably good two-fold 
axis. 

(2) A. strong pole of higher-than-background R for any 
rotation, K, about an axis normal to the molecular plane, 
reflecting the fact that a disk-like molecule approximates 

“symmetry Co. The only such features in the rotation 
function are a weak belt around the 180° plot in the ab 
plane (containing peaks A, G, F, and B) and a corre- 
sponding tendency for R to be high for any K for rotation 
about the c* axis. Both these arise from the 4 A layer 
structure already engountered in the Patterson map. No 
other such features appear, nor is there any suggestion of 
the three-fold symmetry predicted by Bachmann and 
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Miller. Therefore the pentapeptide model as proposed 
by them is incorrect. However, this does not exclude the 
possibility of constructing a better pentapeptide model 
meeting the symmetry requirements. 

The Warner model as presented is considerably better. 
It is roughly rectangular in plan, 13 x 19 A and 10 A 
high (Fig. 10). One flat face contains most of the carboxyl 
and free NH groups, and the opposite side contains most 
of the hydrophobic side groups and the chromophore 
inserted edge-on into the central groove. Coaxial pairing 
of the dyads places flat faces together rather than thin 
edges. Moreover, the dimerization observed in crystal- 
lization from every completely non-aqueous solvent system 
can be interpreted as a pairing of hydrophilic faces so as 
to mask them from the solvent and to expose the greatest 
number of hydrophobic side groups. : 

Warner’s model also has the polypeptide chains on the 
long sides of the rectangle about 4 A on either side of and 
parallel to the chromophore. This may possibly be the 
origin of the 4 A spacing along the c* axis, and, if so, 
requires that the chromophore and the long molecular 
axis be parallel to the ab plane. 

Warner’s model suffers from one fatal defect: the 
amide bonds are not planar. It is impossible to make all 
the carboxyls point out on one face and the side-groups on 
the other with planar amides, cis or trans. All experience 
so far, both from smaller peptides and from fibrous and 
globular proteins, suggests that the added resonance 
stability of approximately 21 kilocalories per mole for 
the planar amide structure is a determining factor in 
configuration.- However, a very similar model can be 
constructed with planar amides, and this is shown in 
outline in Fig. 2 and in model form in Figs. 10 and 11. 
Eight of the twelve carboxyl groups are still directed 
towards the side opposite the chromophore, and the 
overall proportions of the molecule are unchanged. All 
amide groups are now trans except the two linking the 
deeapeptide to the chromophoré, which are cis. _The 
shielding of the chromophore by the two v-valines and the 
consequent justification for D-amino-acids at these points 
is not so apparent as in the Warner model, but the orien- 
tation of the chromophore-NH, towards one sarcosine 








Fig. 11. a, Side view of the planar amide model; b, underside of the planar 
amide model (the face which is paired to form the dimer). Ruler grada- 
tions are in A units i ae £ 
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peptide bond desired by Warner to explain the selective 
reactivity of the two sarcosine bonds is retained. 

It is not proposed that this structure be considered 
correct; only the complete structure analysis in progress 
can settle this problem. Nevertheless, the model does 
contain several features which must be present in any 
correct structure. If at this point one cannot produce the 
true structure, one can at least set limits on possible 
models. 
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Summary 


In all crystal forms other than the presumably dis- 
ordered trigonal R32 form, actinomycin has two inde- 
pendent molecules per asymmetric unit, strongly suggest- 
ing the existence of a dimer. The rotation function has 
shown that in space group C2, actinomycin molecules must 
form dimers with 222 symmetry, and has shown the 
orientations of these dimers in the cell. Any model for 
the molecule which is considered must have a two-fold 
axis and must be able to form a sensible dimer having 222 
symmetry. To the extent that dimerization by pairing of 
faces is more sensible than pairing of edges, the molecule 
must have its two-fold axis and hence its chromophore 
normal to the bulk of the molecule. A flat molecule with 
the chromophore in the molecular plane is very unlikely. 
It is easy and almost automatic to produce a decapeptide 
model satisfying these requirements, but if a pentapeptide 
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model is assumed then the two’ peptide rings must be 
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packed to either side of the chromophore rather than 
lying in the chromophore plane. 

Thus there.is a tentative preference for the decapeptide 
structure, but the question cannot be settled until the 
three-dimensional structure analysis is completed. 

We thank Dr. W. D. Celmer, of the Chas. Pfizer Co., for 
supplying actinomycin B, Drs. M. G. Rossmann and 
D. M. Blow for a copy of their rotation function programme 
for the 7090, and the U.S. Public Health Service for its 
support of this work under grant GM 10862. 
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Prof. G. Payling Wright 

Ow April 4, his sixty-sixth birthday, George Payling 
Wright died suddenly at the Royal College of Surgeons, 
London. There he had found a new working place after 
his retirement in September 1963 from the Sir William 
Dunn chair of pathology at Guy’s Hospital Medical 
School, London. 

From his student days, Payling Wright had a dis- 
tinguished career. In 1915 he won an open scholarship in 
natural seiences at Exeter College, Oxford, but his studies 
were almost at once interrupted by four years’ active 
service in France with the artillery during the First 
World War. Nevertheless, in 1921 he gained a first class 
in the Final Honour School of Animal Physiology at 
Oxford. He took his medical degree at Oxford in 1924, 
after studying at University College Hospital, London, 
and then began teaching and research at that Medical 
School. From there he spent first a year at Washington 
University, St. Louis, United States, as a Rockefeller 
travelling scholar, and later three years at Harvard 
Medical School in Boston as a Research Fellow, working 
in association with E. J. Cohn in the Department of 
Physical Chemistry of the Laboratories of Physiology. 
He finally left University College Hospital to go to Guy’s 
in 1934, where he remained for nearly thirty years. In 
1937 he married Helon Margaret Goddard and is survived 
by her and one son. George Payling Wright and his wife 
were close companions and he paid much heed to her 
views of men and affairs. Both were interested in the 
social aspects of infectious diseases. 

Throughout his life Payling Wright was keenly inter- 
ested in research and pursued it persistently in spite of 
the distractions of teaching and administration. He 
made notable contributions in several fields. Thus, while 
at Harvard, he was one of the first to show that the 
beneficial action of liver extract in pernicious anæmiąa is 
due to its promoting maturation of the red cell. Later, 
during the Second World War, he had much to do with 
the hæmoglobin survey set up by the Medical Research 
Council, and was in part responsible for the British 


Standards Institution Haldane Colour Standard for 
estimating hæmoglobin. His chief interest, however, was 
the infectious diseases, at first in their social aspects. 
His report on “Tuberculosis and Social Conditions in 
England”, published in 1939 in collaboration with D'Arcy 
Hart, is a valuable review of the subject i in the days before 
chemotherapy. His excellent paper on ‘‘Toxie Factors in 
Wound Infection”, published in 1942, led him to further 
investigations of the effect of various toxins on the 
animal organism. In 1948, in collaboration with Ambache 
and Morgan, he showed that tetanus toxin produces its 
effects on the rabbit iris through paralysis of the cholin- 
ergic nerve endings. He later turned-to the problems of 
demyelination. In this connexion and. in collaboration 
with Davison, Dobbing and Morgan in 1958 and 1959, 
he showed in effect that the myelin sheath is metabolically 
stable. At the time of his death he was attempting by 
various means to provoke local lesions in the central 
nervous system of experimental animals comparable to 
those of multiple sclerosis. 

As these examples show, much of his work was done 
in collaboration with younger men. These found in him 
not only a stimulating and helpful collaborator but also a 
friendly man anxious for their welfare and one who gained 
their affection. His outstanding Introduction to Pathology, 
first published in 1950, makes clear his excellence as a 
teacher, his wide knowledge of disease processes and his 
grasp of general principles. 

His administrative activities were many, for he was 
always ready to help and give generously of his time. 
He was largely responsible for the planning of the new 
pathology block at Guy’s opened in 1938, and later had 
much to do with the planning of the Nuffield Institute of 
Comparative Medicine at the London Zoo. He was a 
member of the Medical Research Council from 1955 until 
1960 and a member of the Council of the Imperial Cancer 
Research Fund. The British Society for Immunology 
and its Journal owe much to his initiative and adminis- 
trative ability. 

. Payling Wright was a modest man &nd never sought to 
promote his own advantage. He was usually tolerant 
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and retiring, but when ‘he thought it necessary he could 
be forthright in expressing his views in public and he 
could fight hard for what he felt to be right. Both his 
personal and intellectual qualities gained him an inter- 
national reputation. R. T. GRANT 


Prof. D. E. White 


Pror. D. E. Warre, who held the chair of organic 
chemistry in the University of Western Australia, died 
following a car accident on April 4 at the age of fifty-three. 

White was born in New South Wales in 1910 and was 
educated at Parramatta High School. He attended the 
University of Sydney from 1927 until 1934, and after 
graduating with first-class honours he worked with Prof. 
V. M. Trikojus on essential oils to obtain his M.Sc. He was 
awarded a D.Phil. at Oxford in 1934 for his research with 
Sir Robert Robinson on the mould metabolite pigment 
ravenelin. After two years with Imperial Chernical Indus- 
tries he returned to the University of Sydney as tutor in 
chemistry at St. Andrews College. In 1940 he transferred 
to the School of Public Health and Tropical Medicine as 
a biochemist, moving in the following year to a position 


« of lecturer in organic chemistry at the University of 


_- Melbourne. In 1943 he began a long association with the 
` University of Westërn Australia as lecturer in charge of 


organie chemistry... He was soon promoted to senior -> 


lecturer and then to reader and head of the department 
of organic chemistry. In 1958, White became the 
University’s first professor of organic chemistry. During 
1962-63, he held the South-east Asia Treaty Organization 
chair of organic chemistry at the University of Medical 
Sciences, Bankok. 
White’s research career covered most of the field of 
-plant chemistry.” Soon after he arrived at Perth he was 
associated with the Drug Panel of the Department of 
Industrial Development, seeking to obtain essential drugs 
from local plants. Although nothing economic came from 
this work, it initiated his extensive research on Western 
Australian plants. ‘The miany important articles which 
followed dealt with anthocyanins, coumarins, alkaloids, 
tannins, essential oils and the polyterpenes. His achieve- 
ments were not always purely academic; thus in 1950 he 
began. work on. the infertility of ewes pastured on sub- 
terranean‘ clover, leading to the isolation and identification 
of the cestrogenic isoflavones formononetin and genistein. 

He was abroad on study leave in 1950-51 when he 
attended the Universities of Oxford and Stockholm and 
the Technical High School, Zurich. His experiences in 
Switzerland, working with Jeger on lanosterol, prompted 
him to adopt the-polyterpenes as a speciality, and most 
of his later work was with complex terpenes, particularly 
those from Pittosporum, Melaleuca and Beyeria spp. 
During 1960-61 he spent a sabbatical year at the Univer- 
sity of California, Los Angeles, and at Stanford. 

While in Western Australia, Prof. White saw a great 
expansion of the University and it was largely due to 
him that the role of organic chemistry expanded in pro- 
portion. He quickly recognized advances in his science 
and actively sought adequate staff and equipment to 
exploit these advances. His quiet manner and modesty 
about his own achievements concealed a perceptive 
energetic mind which was greatly valued by his associates. 
His generous nature was evident in every way. Besides 
his research interests, he took an important part in the 
administration and teaching of his University, serving on 
many University committees and as Dean of the Faculty 
of Science from 1957 until 1959. 

He had a deep feeling for the value of scientific societies 
and freely gave his time for their advancement. He had 
long associations with the committees of the Royal 
Australian Chemica] Institute, the Australian and New 
Zealand Association for the Advancément of Science and 
the Royal Society of Western Australia. 
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White was a student of languages and a keen amateur 
botanist. He always collected his own plant material for 
research, and many overseas visitors will recall the pleasure 
he gained in conducting tours of the wild-flower districts. 

He was devoted to his wife and two daughters, who 
survive him. P. R. JEFFERIES 


Prof. Victor van Straelen 


THE sudden death of Prof. V. van Straelen in Brussels 
on February 29 is a great loss, not only to Belgium but 
also to all organizations concerned with the conservation 
of nature and the development of nature reserves and 
national parks. He was born at Antwerp on June 14, 
1889, and his scientific work, mainly as a distinguished 
paleontologist, was dealt with in Nature of September 3, 
1955, on the occasion of his retirement in 1954 from his 
post as director of the Institut royal des Sciences naturelles 
de Belgique which he had occupied for twenty-eight years. 
At a ceremony of “Manifestation d’Hommage” held in 
his honour shortly afterwards, he was presented with two 


Volumes Jubilaires containing contributions from his. 


scientific staff. 

In his later years he devoted most of his energy to 
Nature protection and was largely responsible for the 
foundation of the great national parks in the Belgian 
Congo. He made numerous visits to the (former) Belgian 
territories in Africa, often accompanied by his wife, a 
distinguished botanist, and was responsible for the 
organization of numerous exploring expeditions to those 
regions. 

It is possible here to refer to only a few of his many 
activities. He founded: in 1943 the Association pour 
l’Etude de la Paleontologie et la Stratigraphie Houilliéres, 
which has published 36 memoirs; in 1946 l’Association 
pour les Etudes texturales; in 1950 le Comité pour 
l’Elaboration de la Carte des Sols et de la Vegetation de 
Belgique, resulting in the production of 150 charts 
covering three-quarters of the territory. He organized 
in 1946 the hydro-biological exploration of Lake Tan- 
ganyika, the results of which were published in four 
volumes. This work was extended during 1952-54 to 
include investigations of Lakes Kivu, Edward and 
Albert, and five fascicules dealing with the results have 
appeared. In addition, he was president, vice-president 
or member of council of a great variety of. scientific 
institutions: l'Institut des Parcs Nationaux au Congo, 
one of his great achievements, in which he organized 
their systematic exploration and conservation; l'Institut 
maritime d’Ostende; le Comité scientifique de l'Institut 
de Sociologie Ernest Solvay; lAssociation internationale 
pour la Protection de la Nature; IRSAC; IRSIA,; la 
Comité de Exploration Antarctique belge de la Belgica; 
lo Fonds national de la Recherche scientifique; le Comité 
national des Sciences biologiques; le Conseil géologique 
de Belgique; la Commission de Géologie du Ministre des 
Colonies; le Syndicat pour l'Etude minière et géologique 
do la Cuvette centrale congolaise; le Conseil de Surveil- 
la Commission per- 
manente de la Chasse et dela Pêche; le Conseil supérieur 
des Foréts; la Commission royale des Monuments et des 
Sites; in addition to many national scientific societies. 

He was elected a Membre correspondant of the Belgian 
Royal Academy in 1931 and in 1955 became Membre 
titulaire; he was also Membre de l’Académie royale des 
Sciences d’Outre-Mer. He received numerous honours 
from other countries, including docteur honoris causa. of 
the University of Caen. He was a foreign member of la 
Société géologique de France; Académie Colombienne 
de Ciencias Exactas Fisico-Quimicos y naturales a 
Bogota; the Koninglyk Nederlands Aardrijkskundig 
Genootschap d’Amsterdam, the Linnean Society of 
London, the Zoological Society of London and the 
Geological Society of London. 
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held jointly with the Atomic Energy Authority and the 
Central-Electricity Generating Board. Patent examiners 
wero again recruited with moderate success and the quality 
of recruits was higher than in previous years, but recruit- 
ment of patent orficers for the Ministry of Aviation was 
short of the Department’s needs. Recruitment to the 
experimental officer class was generally satisfactory. 


No. 4937 


Grants for Virus Study in Fiji 


Tue Fiji Islands are to be the setting for an investiga- 
tion into common virus diseases. The investigation is 
to be financed jointly by the Wellcome Trust and by the 
Department of Technical Co-operation, with staff and 
services supplied by the University of Otago, New 
Zealand, and by the Fiji Government. In announcing tho 
scheme on May 29, Prof. J. A. R. Miles (Otago), who will 
lead the investigation, pointed out that “the relative 
isolation of many of the populations of the islends in 
the Pacific makes them particularly suitable for the 
study of epidemics of common virus diseases. In large 
populations there are usually several viruses prevalent 
at any one time: quite often, in smaller and more remote 
communities, it is possible to study the effects of a 
single virus without interference by other agents. Be- 
cause of this and because of the evidence that virus 
infections are a very important health problem in the 
Fiji group of islands, the four bodies are co-operating 
to make a thorough study possible”. With a grant from 
the Wellcome Trust a field laboratory is to be built and 
equipped (in association with the Colonial War Memorial 
Hospital in Suva) and a Land Rover is to be provided for 
field research. The Department of Technical Cé-operation 
is to supply funds for the running of the laboratory and 
for the salaries of some of the staff. The Fiji Government 
will supply field staff and a laboratory worker, a site for 
the laboratory above the present hospital laboratories, 
services and transport. The Virus Laboratory of the 
Microbiology Department of the University of Otago 
is to act as base laboratory. It will direct the research, 
supply teams to work in Fiji during the long vacations 
and be responsible for the supply of trained steff and for 
organizing a training programme. 


The Ashmolean Museum, Oxford 


Tue report of the Visitors of the Ashmolean Museum, 
Oxford, for 1963 states that certain galleries have been 
renamed to conform with recent changes in their contents 

-(University of Oxford. Ashmolean Museum—Report of 
the Visitors, 1963. Supplement No. 8 to the University 
Gazette, March 1964. Pp. 85. Oxford: The University, 
1964. .28.). The Egyptian wall-paintings, of which the 
group of Akhenaten’s children is the best known, have 
been cleaned and re-hung in the interior of the shrine from 
Tirhaka’s Temple at Kawa. An Etruscan embossed 
bronze shield of the seventh century B.c., lent by Lord 
Howard de Walden, presented an unusual problem in 
restoration. With the help of the British Museum Labor- 
atory, methods for the cleaning, preserving and re- 
mounting of this delicate object of almost paper-thinness 
have been worked out and are being applied effectively. 
The present congested conditions in the Coin Room affect 
adversely teaching and research, and alternative schemes 
for the extension of the premises exist. It is hoped that 

- the University will develop ore of these schemes in the 

near future. 


Archives and Manuscripts in Libraries 


A SECOND edition of Archives and Manuscripis in 
Libraries, by P. Hepworth, first published in 1958, has 
been issued by the Library Association as Library Associa- 
tion Pamphlet No. 18 (Pp. 70+4 plates. London: The 
Library Association, 1964. 12s. (members 9s.)). ‘There 
are now ‘four chapters dealing, respectively, with: 
definitions and history; archives and manuscripts in 
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libraries; catalogues and guides to manuscripts in 
libraries (occupying rather more than half the pamphlet); 
and the archivist in the library. The bulk of the third 
chapter consists of lists of catalogues and guides arranged 
geographically, first tmder London, and then alpha- 
betically under counties. These lists alone make the 
pamphlet a useful reference publication, and tho re- 
maining three chapters are provided with suggestions for 
further reading. 


The Alabama Academy of Science 


Tux Alabama Academy of Science was founded in 1924 
and a Junior Academy was organized in 1933. A history 
of the Academy, which has recently been published, gives 
a concise account of the activities of both bodies up to 
1960 (Edited by Clyde H. Cantrell, Paul C. Bailey and 
S. B. Barker. Pp. x+126. Auburn, Alabama: Alabama 
Academy of Science, 1963. 2 dollars). It includes their 
support of research, and the part they play in the organ- 
ization of the Alabama State Science Talent Search, the 
Gorgas Scholarships, and Alabama Science Fairs. The 
Academy itself has relations with the American Associa- 
tion for the Advancement of Science, and the Junior 
Academy co-operates with the Science Clubs of America. 
This record of more than thirty years’ effort indicates how 
valuable a part the scientific society can play in the world 
of to-day in securing public interest and understanding of 
science. 


New Compression and Transverse Testing Machine 
for Concrete 


RECENT years have witnessed considerable improve- 
ments in the manufacture of concrete products with 
commensurate increase in precision in their quality 
control. Collaterally, there has arisen a growing aware- 
ness, in both production and research laboratories 
engaged with concrete design and testing, of the need for 
improvements in the machines normally used for testing 
in compression and for transverse testing. A newcomer 
in this range. intended as an improved standard of 
testing. is the Denison Model T.60CT compression testing 
machine, having a maximum capacity of 300 tons x 
0-5 ton; 120 tons x’ 0-2 ton; 60 tons x 0-1 ton, and the 
accuracy of load measurement to Grade A, B.S.S. 1610: 
1958. In this apparatus the load is measured by a strain 
gauge type load cell situated in & recess in the end of the 
setting screw of the straining unit. The latter is of rigid 
four-column construction, 24-in. column spacing. with 
cast steel base and cross-head. Standard platens aro 
12}-in ?, hardened to 55 Rockwell ‘C’ Scale, and ‘fiddles’ 
are available for automatically centralizing 4-in. and 6-in. 
cubes on the platen. Adaptor plates are also supplied for 
testing building blocks up to 18 x 9 x 9 in., with a 
maximum breaking load of 50 tons on this size. The 
attractively designed console unit has a potentiometric 
dialindicator 18-in. diameter reading line, which responds 
to the electric signal from the load cell. A scale range 
selection system in the dial is electrically and mechanically 
interlinked, thus ensuring that correct figures are always 
seen in the dial windows. An integral part of the dial 
indicator is a Load Pacer adjustable from 4 to 70 per cent 
of full-scale deflexion per minute. Load is applied by an 
upstroking ram of 4-in. stroke built into the base of the 
straining unit and speed of loading is controlled by coarse 
and fine valves opordting the variable displacement pump 
in the console. A, 15-ton capacity compression and trans- 
verse unit controlled from the same console as the 300-ton 
unit, completes the system. It is claimed that with this 
apparatus “. . . the entire range of concrete cubos, cylin- 
ders aggregates, beams, kerbs. flags, etc., can be tested 
to British Standard Specifications’. The manufacturers 
of this testing machine are Samuel Denison and Son. 
Ltd.. Leeds, from whom further details of the system can 
be obtained. ; 
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Tobacco Consumption in’ Various Countries 


Tobacco Consumption in Various Countries, No. 6 of 
the Research Papers issued by the Tobacco Research 
Council, London, shows the annual consumption of 
various forms of tobacco in thirty countries (Edited by 
G. F. Todd. Pp. 58. London: Tobacco Research Council, 
1963). The tables. start from 1920, where figures are 
available, and in most cases go up to 1962. They also 
include the population aged 15+, and the last two 
columns of each table show cigarette and total tobacco 
consumption per adult per year. A summary table com- 
pares 1962 consumption with that in 1935. In 1962 
‘Britain came fifth in consumption of cigarettes per adult, 
after the United States, Canada, Switzerland and Ireland. 
No figures are given for Eastern Bloc countries.. The 


tables are useful raw material for research. For example, ` 


mortality rates for many. of the killing diseases of men 
aged between 55 and 64, such as heart disease, chronic 
bronchitis and lung .cancer, are said to be positively 
correlated with cigarette consumption. Cigarette con- 
sumption of men in this. age group also is probably well 
correlated to consumption in the country as a whole. It 
-was, therefore, of interest to determine the relationship 
between average cigarette consumption per adult between 
1946 and 1961, and death rates—all causes—of men 
ages 55-64 in 1961 in these countries (five countries 
excluded because of unsatisfactory mortality data). The 
correlation was found to be 0-38. This is the kind of weak 
relationship that was expected and a one-sided statistical 
test shows it is significant, 0-05 > P. Trends in mortality 
rates in this age group did not, however, appear to bə 
correlated with trends in tobacco consumption, but the 
point has not been examined in detail. ‘The difficulties 
of interpreting this kind of mutual relationship emphasize 
the need for more data. The Tobacco Council has ren- 
dered a service in putting together and making available 
such material as it possesses. 


Atlantic Ridley Turtle 


Tr was only in 1963 that the breeding ground of the- 
Atlantic ridley turtle, Lepidochelys kempit, one of the five 
species of-sea turtles, was discovered, although Dr. A. 
Carr, a herpetologist in Florida who has specialized in 
turtles, had been searching for it for eighteen years 
(Oryx, T, No. 4; April 1964). The site is an almost un- 
inhabited part of the Mexican Gulf coast in the State of 
Tamaulipas, and it was found when Dr. H. Hildebrand, 
of Corpus Christi University, discovered a short film of 
an arribada—the local name for the turtle nesting aggre- 
gations—taken by a Mexican some years ago but never 
seen by a zoologist. Each year, at an unpredictable time 
between April and June, the ridleys come ashore during 
daylight hours and nest in numbers estimated at -40,000 
during a single six-hour period in some one-mile section 
of the shore. This represents virtually the entire breeding 
effort of the species, which is known through an extensive 
range from the Gulf of Mexico to the coasts of Europe; 
it is perhaps the most concentrated breeding aggregation 
of any vertebrate animal in the world. The ridleys are 
thus extremely vulnerable. The Fauna Preservation 
Society has written to the Mexican Government urging 
that this unique breeding colony should be protected. 
The commercial value of the ridley lies in its eggs and 
especially its calipee, the one irreplaceable ingredient of 
the gourmet’s clear ‘green turtle’ soup. Because the 
calipee can easily be cut out of the turtle with a sharp 
lmife, hunters do not need to carry off the whole heavy 
body, which means that more turtles can be killed at a 
time. The price for the dried calipee is high, and buyers 
no longer distinguish between the various kinds of turtles 


The Linnean Society of London: Elections 


Ar. the Anniversary Meeting of the Linnean Society of 
London, held on May 28, the following were elected 
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officers for the session 1964/65: -President, Dr. Errol I. 
White; Treasurer, the Earl of Cranbrook; Secretaries, 
Prof: C. T. Ingold (botany) and Dr. H. G. Vovers (zoology); 
Editorial Secretary,, Dr. Jobn Smart; Vice-Presidents, 
Mr. P. R. Bell, Dr. Anna M. Bidder, the Earl of Cran- 
brook, Prof. T. M. Harris; New Members of Council, Prof. 
L. J. Audus, Mr.-L. L. Forman, Dr. P. H. Greenwood, 
a oe H oysey, Dr. C. T. Prime; Associate honoris causa, 
. D. Sell. f 


Foreign Members 


Foreign members elected were: Dr. Martin Cardenas 
(Bolivia); Dr. Hans Helbaek (Denmark); Prof. Giuseppe 
Montalenti (Italy); Prof. Rodolfo Emilio Giuseppe Piche- 
Sermolli (Italy); Prof. Johan Ruud (Norway). 


Awards 


Linnean Gold Medals were presented:to Dr. R. E. 
Holttum and Prof. C. F. A. Pantin. Lhe H. H. Bloomer 
Award was presented to the Rev. Prof. C. E. Raven. 


Leverhulme Research. Awards, 1964 


AMONG the Leverhulme Research Awards of fellowships 
and research grants for 1964 are included the following: 
Fellowships, Mr. K. E. L. Simmons (schoolmaster), for 
work on the ethology of the brown booby, and Mr. J. 
Burns Singer (journalist), for work on speciation in 
Ampelisca (Crustacea-Amphipoda). Research grants, Dr. 
L. H. N. Cooper (Marine Biological Association, Ply- 
mouth), for work on the historical oceanography of the 
North Atlantic Ocean; Dr. S. B. McCann (University 
College of Wales, Aberystwyth), for an investigation of 
the raised beach and related coastal features of western 
and northern Scotland; Dr. W. E. K. Middleton (lately 
physicist, Division of Applied Physics, National Research 
Council of Canada), for the completion of a book on the 
history of meteorological instruments. 


R. A. Fisher Memorial Appeal 


Sm Jonn Gappum, chairman of the Sir Ronald Fisher 
Memorial Committee of Great Britain, writes: 

“R. A. Fisher ranks among the greatest of the men of 
science of this century. In recasting the mathematical 
basis of theoretical statistics, he established a new way’ of 
thought which deepened our understanding of:the nature 
of uncertainty, thus contributing profoundly to the 
philosophy of our age. It has been truly said of him 
that his work made vast areas of biology quantitative. 
Countless biologists and agricultural and medical research 
workers, as well as many others, are daily applying the 
methods which he devised and inspired. Furthermore, 
from its nature his work must continue to provids. in- 
spiration; others will add to what he built, but his 
achievements will not be superseded, either in the more 
academic lines of scientific inquiry, or in & host of applica- 
tions of the most practical kind. The University of 
Adelaide, where Sir Ronald spent his last years, has 
already established a Sir Ronald Fisher Memorial Appeal 
with the object of fostering short visits to Australia by 
scientists distinguished in the fields in which Sir Ronald 
worked, and providing one or more memorial postgraduate 
scholarships in. Statistics and Genetics at the University 
of Adelaide. It would seem. fitting, however, that a 
memorial should also be established in this country to 
commemorate his life and work. The Sir Ronald Fisher 
Memorial Committee of Great Britain, which is composed 
of representatives appointed by societies especially 
associated with his activities, has decided that support 
should be’ sought for the establishment of a Fisher 
Memorial Lecture to be given at intervals in’ Great 
Britain, of occasionally abroad, by persons distinguishéd 
for contributions’ to natural knowledge or scientific 
methodology in one of the fields which had been of 
interest to him. — ‘ 7 i 
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“Accordingly, on behalf of the Committee, I am in- 
viting contributions to a fund which will enable this 
Lectureship to be established in perpetuity. The money 
will provide a fee for the lecturer and for his expenses 
and may be spent in other suitable ways by a board of 
trustees’. 

Contributions should be sent to, and further information 
can be obtained from, Sir John Gaddum, Agricultural 
Research Council, Institute of Animal Physiology. 
Babraham, Cambridge. Cheques should be made payable 
to the Fisher Memorial Committee. 


University News: Cambridge 


Tue following have been elected into fellowships at 
Churchill College, Cambridge: Title A (from October 1), 
Dr. D. H. Williams, College lecturer in chemistry. Title B 
(Junior Research Fellowships from October 1), Dr. D. F. 
Hartley, for research in computer languages; A. D. 
MoLaren, for research in mathematical statistics (Central 
Electricity Generating Board fellowship); W. G. Dixon, 
for research in theoretical physics; J. J. Monaghan, for 
research in theoretical physics (Gulbenkian fellowship). 
Title F (Overseas Fellowships), Prof. A. T. James, pro- 
fessor of mathematical statistics at Yale University 
(January~August 1965). 


Leeds 


TuE annual report of the Librarian of the University 
of Leeds for session 1962-63 records total holdings of 
727,804, accessions for the year totalling 39,000; loans to 
readers totalled 120,400, of which nearly 70,000 were 
from -the Brotherton Library itself. Inter-library loans 
totalled 6,682, of which 4,745 were from the Brotherton 
Library (Pp. 12. Leeds: The University, 1963). A single 
book fund has now taken the place of the former general 
and departmental fund and departmental allocations have 
been suspended. The acute shortage of space at the 
Brotherton Library now conditions many of its activities, 
but, following the establishment of a Department of 
Chinese Studies, the Library is forming a section to 
support the teaching and research of this Department. 


= ' London 


THE annual report for 1962-63 of University College, 
London, expresses continuing concern with the structure 
of the University and with financial resources (Pp. 99. 
London: University College, 1964). Although the College 
income increased by -£336,000 over the previous year, the 
whole of this sum was earmarked in one way or another, 
and there was a sense of restraint so far as all academic 
policies were concerned until the Treasury announcement 
of June 1963 indicating that an increased grant would 
be available for 1963-64. The number of full-time 
students increased by 3-5 per cent to 3,938, of whom 
1,103 were postgraduates. Of the total, 430 were from 
the British Commonwealth overseas and 411 from other 
parts of the world. Full-time postgraduate students 
increased by 6-7 per cent. More than thirty pages of the 
report are occupied by a list of publications during the 
year arranged by departments, giving an impressive 
picture of the diversity and distinction of the present 
research work. 


The Weizmann Institute of Science 


THE, report on Scientific Activities in 1962-63 of the 
Weizmann Institute of Science covers two years in which 
the new fields of enquiry were entered (Pp. 245+13 
photographs. Rehovoth, Israel: The Weizmann Institute 
of Science, 1964). Its present scientific complement is 
about 450, including 190 scientists, 45 engineers directly 
serving the research programme, 160 pre-doctoral research 
students and 53 Fellows and guest scientists spending 
periods of three months or more at the Institute. With 
a technical administrative service staff of 700, the total 
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complement exceeds 1,150. There are brief reports from 
the various sections, to which are appended lists of 
publications during the year. 


Eclipse of the Moon, June 24-25 


THERE will be a total eclipse of the Moon on June 24-25, 
visible at Greenwich. The circumstances are: 


Moor enters penumbra 


June 24d 21h 58m V.T. 
Moon enters umbra - 24d 28h 


09m 


Total eclipse begins 26d 00h 16m 
Mid-eclij 3 : 25d Olh 06m 
Total eclipse ends 25d 01h 57m 
Moon leaves umbra 25d 03h 03m. 
Moonset at Greenwich 25d 03h 54m 
Moon leaves penumbra „25d 04h 14m 
Magnitude of eclipse 1:56 


One hour should be added to the above for summer-time. 


Announcements PE 


Dr. Dertev W. Bronx, president of the Rockofeller 
Institute, has been awarded the 1964 Marcellus Hartley 
Gold Medal of the U.S. National Academy of Sciences for 
“Eminence in the Application of Science to the Publie 
Welfare’. f : ` 


Pror. D. GABoR, professor of applied electron physics 
at the Imperial. College of Science and Technology, 
London, has been elected an honorary member of the 
Hungarian Academy of Sciences. 


Tue annual general conference of the Society for the 
Study of Fertility will be held at Oxford during July 8~11. 
Further information can be obtained from the Secretary, 
129 Harley Street, London, W.1. 


AN international congress on “Physics of Non-crystalline 
Solids”, sponsored by the International Union of Pure and 
Applied Physics, the Dutch Physicists Association and 
Dutch Industries, will be held at Delft during July 6-10. 
Further information can be obtained from Prof.. J. A. 
Prins, Lab. Technische Natuurkunde T.H., Delft. 


Oren days will be held at the Fire Research Station 
during July 7-9. Much of the work of the Station will be 
on. display, including: economies of fire; use of modelling 
techniques for studying fire; the protection of steel in 
buildings; control of explosions; foam for aircraft crash 
fires. Further information can be obtained from the 
Director, Fire Research Station, Boreham Wood, Herts. 


A CONFERENCE of the Iron and Steel Institute on 
“Steelmaking in the Basic Are Furnace” will be held in 
Sheffield during July 6-10. The conference will include 
sessions on: layout of basic arc furnace plants; process 
development in arc-furnace steelmaking; furnace design 
and power supply; refractories and electrodes. Further 
information can be obtained from the Iron and Steel 
Institute, 4 Grosvenor Gardens, London, 8.W.1. 


Tus second international summer school of brain 
research will be held at the Netherlands Central Institute 
for Brain Research, Amsterdam, during July 6-17. The 
school is designed as a postgraduate course for biologists, 
engineers, physicists, chemists and physicians, and will 
includo courses on the neurone and sensory mechanisms. 
Further information can be obtained from Dr. J. P. 
Schadé, Central Institute for Brain Research, Mauritskade 
596, Amsterdam-0, 


Tux twentieth International Geographical Congress will 
be held in London during July 6-August 11. The pro- 
gramme will include the. following sections: geography 
of population and settlement; economic geography; 
climatology, hydrology, oceanography, glaciology; bio- 
geography; geomorphology; historical geography; ap- 
plied geography; regional geography ; cartography. 
Further information can be obtained from the Inter- 
national Geographical Congress Press Office, Brottenham 
House, Lancaster Place, London, W.C.2. 
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UNIVERSITY COURSES IN BIOLOGY © 


HE professors of botany of the United Kingdom held 

their third meeting at Bedford College, London, on 
March 7, 1964, under the chairmanship of Prof. W. O. 
James. The main ‘subject for discussion was’ the present 
trend towards the formation of schools of biology as 
opposed to the traditional division into separate depart- 
ments of botany, agricultural botany, zoology, etc. 
Active steps towards the formation of schools. of biology’ 
were described both for a new university (East Anglia) 
and for an older university (Birmingham) where the 
departmental structure. has long been established. The 
plans for the developments at East Anglia were explained 
by Prof. T.. A. Bennet-Clark (East Anglia), who pointed 
out that the traditional division of biology into ‘botany’ 
and ‘zoology’ was ill-suited to deal with the active 
developments in genetics, physiology, virology, ecology 
and ‘microbiology which call for a.more unified approach 
to biology. There -are clearly great advantages for an 
undergraduate to be able to study, for example, neuro- 
physiology and plant physiology within the same school, 
rather than as apparently totally unrelated subjects 
within separate departments. Moreover, undergraduates 
regard, it as an advantage that they do not have to 
choose on entry whether to become botanists or 
zoologists. A school of biology also provides favourable 
opportunities for co-operation between research workers 
in’ related fields, for example, plant. and animal 
ecology. The larger size of a school renders it more 
practicable to provide the expensive equipment which 
is essential for the experimental aspects of contemporary 
biology. 

In & new university it is much easier to establish a 
school of biology than in an established university where 
the traditional departmental structure is deep-rooted, 
and some speakers expressed pessimistic views regarding 
the prospects of forming schools of biology by the fusion 
of existing departments of botany and zoology. Never- 
theless, important steps have been taken at Birmingham 
to bring about the closer integration of several biological 
departments, especially in undergraduate teaching. Prof. J. 
Heslop-Harrison. (Birmingham) stated that all biology stu- 


dents will attend first-year courses of which the main themes ` 


are (a) cell biology; (6) organismal biology. The students 
are required to attend subsidiary courses in physics, 
chemistry and ‘earth science’. Parts of the second-year 
courses are also common, with additional courses leading 
towards special honours degrees in botany or zoology, or 
to a general degree, in the third year. Proposals are also in 
hand for dealing with certain administrative matters in 
common for the several biological departments, including 
student admissions, time-tables and the ordering of equip- 
ment. Prof. Heslop-Harrison emphasized the economies 
which can be effected in staffing and teaching facilities by 
the closer integration of departments. 

From the ensuing discussion it became apparent that 
common courses in biology have been instituted also in 
several other universities, including Glasgow, Nottingham, 
Oxford, Swansea and Aberystwyth. There appeared to 
be a good deal of support for the movement towards 
greater integration and co-ordination of undergraduate 
courses, but several speakers questioned whether the 
administrative fusion. of departments of botany and 
zoology was either possible or desirable. Prof. D. Lewis 
(University College, London) pointed out that the reten- 
tion of the departnfntal structure had advantages at 
the research-level, since it could form an effective unit 
for a close-knit research group. Moreover, the depart- 
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ment is a convenient unit for conducting postgraduate 
courses. 

‘There was considerable discussion regarding the training 
of biologists in mathematics, physics and chemistry. This 
matter had been discussed at earlier meetings of the pro- 
fessors of botany, when there was general agreement 
regarding the urgent need for biologists to receive a more 
adequate training in mathematics.and physics, especially 
at school-level. In order to rectify the present deficiencies 
in training in mathematics and physics, all first-year 
students at East Anglia are required to attend courses in 
these subjects within the school of biology itself.’ Prof. 
J. Dainty (Hast Anglia) maintained that there are great 
advantagés in this arrangement, since a biophysicist or 
biochemist is able to appreciate the difficulties of biological 
students in dealing with the physical sciences. On the 
other hand, several speakers’ expressed doubt regarding the 
desirability of undergraduates receiving all their training 
in the physical sciences within a school of biology, and 
stated that they preferred students to receive their 
chemical training in departments of chemistry; they 
pointed out that there are dangers in dividing a university 
into a number of separate and self-sufficient schools, with 
little cross-communication between them. It was stated 
that in Scotland students frequently enter the university 
with less biological training than in England and Wales, 
but with a better grounding in mathematics and the 
physical sciences. . Moreover, at Scottish universities 
students are not definitely committed to the biological or 
physical sciences in their first year, so that a certain 
number of students whose training at school was in 
mathematics, physics and chemistry may transfer to 
biology at the university. 

Prof. H. Godwin (Cambridge) stressed the need for the 
universities to consider how to train teachers of biology, 
many of the present courses being aimed too much at 
training future research biologists. Hoe-also stressed the 
need for revision of the biological instruction in the 
teaching diploma courses conducted in university depart- 
ments of education. Prof. Bennet-Clark pointed out that 
biology provides a good training for students to enter 
other fields, including the general Civil Service, industry 
and operational research. There is a need for a fourth year 
at the university when some biological students can widen 
their training by studying subjects such as economics and 
languages. 

There was a lively discussion as to whether biology 
should be represented at all universities, including the 
new ones at present being established. Some speakers 
argued that many university botany departments are too 
small to make an effective impact and that botanical 
training should be concentrated in a smaller number of 
centres where they could be larger and better quipped. 
Other speakers stressed the importance of biology in 
general education and argued that courses in the subject 
should, therefore, be available at all universities; small 
botany departments are not necessarily inefficient if they 
specialize to some degree. 

Prof. W. O. James explained the aims of the Biological 
Education Committee set up by the Royal Society and 
Institute of Biology to consider the improvement of 
biological teaching and make recommendations for action. 
During the next two years it will carry out a detailed 
enquiry into the actualities of sixth-form biology teaching 
and the present entry requirements of university biology 
departments and faculties. On the findings it hopes to 
base its recommendations. P. F. Warerma 
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THE NATIONAL INSTITUTE FOR RESEARCH IN DAIRYING 
, REPORT FOR 1963 


HE average townsman rarely thinks of Britain as a 

country famous for dairying, and yet it possesses 
one of the biggest and best-organized dairy industries 
in the world. The milk it produces annually is worth 
about £400 million, and it supplies all the liquid milk and a 
proportion of the milk products consumed by the country’s 
population of some 53 million people. Even in the early 
years of the present century, when dairying was not 
nearly so widespread or so intensive as it is to-day, the 
importance of research in such an industry was beginning 
to be appreciated, with the result that in 1912 a research 
institute in dairying was founded at Reading. In the 
first year or so of the Institute’s existence the main 
members of the staff consisted of one chemist and one 
bacteriologist and the Government grant for maintenance 
was only £1,510. Little did the pioneers of these early days 
imagine that in about fifty years this very small.new 
Institute would grow to such an extent that its staff, as 
listed in its report for 1963*, would number more than 
400, of whom.more than 100 would be fully qualified in 
some branch of science. 

As now constituted the Institute has ten main De- 
partments: Physics; Chemistry; Physiolegy; Nutrition; 
Radiobiochemistry ; Bacteriology ; Chemical Microbiology; 
Feeding and Metabolism; Dairy Husbandry; Engineer- 
ing. There are also an Experimental Dairy, a Statistics 
Section and one of the best libraries on dairying and related 
sciences in the world. In addition to this, the Institute is 
admirably situated, being surrounded by four farms of 
its own which provide it with three dairy herds and an 
area of more than 800 acres. all of which can be available 
for research: 

The work done in the various Departments ranges from 
fundamental research of first-class quality in the basic 
sciences on which dairying depends to problems of immedi- 
ate practical application in the dairy world. In a short 
article such as this it is impossible to cite more than one 
or two of the many topics that have been investigated so 
effectively in the past year. 

As an example of the more fundamental type of work it 
may be mentioned that in the Physiology Department. for 
example, research is being done on tho citric acid cycle in 
mammary tissue. Work with 2-4C-propionate has 
suggested that propionate enters the citric acid cycle as 
oxaloacetate, and it seems likely that the conversion of 
propionate to oxaloacetate is catalysed by soluble cyto- 
plasmic enzymes and not by those of the mitochondria. 
This particular type of formation of the intermediates of 
the citric acid cycle could be an important step in the 
synthesis of fatty acids in the mammary gland. Then 
again, in important work by the Radiobiochemistry 


* University of Reading: National Institute for Research in Dairying. 
Report 1963. Pp. 172. (Shinfield, Berkshire: National Institute for 
Research in Dairying, 1964.) 7s, 6d. 


DEVELOPMENTS IN 


INGULARLY interesting developments have recently 
been taking place in the gas industry, which were 
referred to by Sir Henry Jones, chairman of the Gas 
Council, in a lecture to the Royal Society of Arts, entitled 
“The Gas Industry—To-day and To-morrow”, on April 22. 
Furthermore, in Great Britain manufactured gas may with- 
in the lifetime of some of us be replaced by natural gas. 
Of the changes that have occurred since 1949 there has 
been a reorganization of gas-making practice, and the 


Department on the part played by dietary fat in the 
formation of milk fat, experiments have been made in 
which dietary fat labelled with tritium has been given to 
the lactating cow. The results have shown that newly 
absorbed fat circulates in the plasma mainly in the form 
of lipoprotein triglycerides (B-lipoproteins), and that these 
particular lipoproteins are preferentially selected by the 
mammary gland from the lipids in the blood. It was 
found that the specific activity of the labelled triglycerides 
normally reached a maximum only some 6 hours earlier than 
the maximum was reached in the milk lipids, and it seems 
certain that dietary fat rapidly becomes available to 
the mammary gland in the form of these 6-lipoproteins. 

One or two examples of the more immediate practical 
aspects of the Institute’s work may also be cited. In the 
Chemical Microbiology Department the use of gas chroma- 
tography for the assessment of milk quality is heing 
investigated. By distributing a small sample of milk 
over the inner surface of a vertical tube through which a 
suitable entrapping gas is passed, the volatile compounds 
from the milk can be transferred to a chromatogram in 
about 20 sec, and it is hoped that it may soon be possible 
to inject the milk direct on to the chromatogram. In due 
course the method may become so rapid and informative 
that it would lead to the development of an acceptable 
chromatographic rejection test for milk of poor quality in 
creameries, a test which at present relies largely on the 
sense of smell of the operator on the creamery reception 
platform. An apparatus has been developed which indi- 
cates the time after renneting at which the viscosity of 
milk starts to change, and a torsiometer has been devised 
which measures the rate of setting of milk in the cheese 
vat and gives a signal when the curd is of the right firm- 
ness for cutting. This latter instrument is already in use 
commercially. On the farming side, work has been done 
on factors which affect the amount of silage eaten by cattle. 
on the shape of cattle yards that require minimum 
amounts of litter and on an effective method of cleaning 
milking parlours. It is good to know that in one and the 
same Institute important work of a basic scientific nature 
proceeds alongside research on items of such immediate 
practical interest. Such a programme seems ideal for an 
institute of this type, which must always be actively 
concerned about the problems of the industry that it 
exists to serve, and yet which realizes that the practical 
problems of the future are most likely to be satisfactorily 
solved by making a thorough study of the basic scientific 
facts to-day. 

About 130 papers on the work of the Institute were 
published by its staff in the year under review, and it 
received some 1,700 visitors. The Institute is certainly 
maintaining the high standard it has achieved over the 
years, and it richly deserves the high esteem in which it 
is held throughout the world. J. A. B. SMITH 


THE GAS INDUSTRY 


former number of some 1,050 gasworks has been reduced 
to about 300. Half the gas made is still produced by the 
carbonization of coal in progressively improved plants. 
but due to changing economics arising from the competi- 
tive prices of imported oil an increasing proportion of gas 
is now being made from oil or oil gases. In addition. 
in 1964, liquid natural gas is expecigd to be imported from 
North Africa. It will be carried in 12,000-ton cargo vessels 
from Arzew in Algeria, to Canvey Island on the Thames. 
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and then transported 350 miles by pipeline to supplement 
the supply of towns gas. This main, reaching as far as 
Manchester and Leeds, will operate at a pressure of 
1,000 lb./in.? to bring methane for enrichment purposes 
to some eight area Gas Boards. 

New works have been built for the gasification of coal 
at high pressure by the well-known Lurgi process, at 
Westfield in Scotland, and at Coleshill in the West 
Midlands. The use of high pressure at 20 or more atmo- 
spheres results from the technical needs of the process, 
but it has the compensating advantage that distribution 
problems are considerably reduced. 

In the growing trends of turning towards oil gasification 
for towns, gas manufacture light petroleum distillates, by- 
products of-the oil refinery. have come very much into 
the picture. Since the advantages of chemical reactivity 
by catalytic reaction are applicable in this practice quite 
a number of new and compact processes have been evolved 
to meet the gas industry’s needs. This progress has been 
accompanied by an acceleration of the design of new and 
improved equipment for the utilization of gas for both 
domestic and industrial purposes. A further point arising 
from the more novel processes that are likely to come into 
use is that the calorific value of the gas to be supplied 
will be higher than is customary to-day. __ 

. Sir Henry considered most significant the situation 
that may arise ‘as foreshadowed by the discovery of a 
large natural gas field at Groningen in the north of Holland. 
Minor. deposits of natural gas have been known for many 
years to exist in Great Britain, thus at Whitby and at 
Cousland in Scotland. The tremendous size of the finds 
of gas in Holland, however, has stimulated interest in the 
North Sea. At a distant epoch in geological history 
ancient seas covered part of North Europe, the whole of 
the North Sea and patt of Great Britain. Deposits in these 
seas containing organic matter of animal and vegetable 
origin were covered by further rocks including those now 


ESPITE allurements of the discovery in 1959 of the 
major natural gas field in the province of Groningen 
in Holland, also intensive geophysical search for favour- 
able geological structures beneath the North Sea by inter- 
national petroleum interests since then (Nature, 200, 
123; 1963, and 201, 670; 1964), oil and gas potentialities 
of rocks lying beneath that sea-bed, at least the British 
sector of its continental shelf, still remain an unknown 
quantity. It is in this particular context that the Govern- 
ment’s recent plans for exploration and production of oil 
and gas in the North Sea region must be interpreted. The 
newly published Act (S.I. 1964 No. 708, Continental Shelf 
Petroleum: The Petroleum (Production) (Continental Shelf 
and Territorial Sea) Regulations 1964. Pp. 20. London: 
H.M.S.O., 1964. ls.) came into operation on 
May 15. It is clearly framed in unusually cautious and 
restrained terms and rightly so. The Groningen gas field 
lies some 150 miles east of the ‘first designated area’ of 
the British part of the shelf. Geologically much can 
happen to the rocks, equally to their hydrocarbon contents 
(if any), in far less than that distance in such a variable 
stratigraphical environment as the North Sea basin is 
likely to disclose. Justification for this search is technic- 
ally not in question, but at least this Act ensures that, 
whatever the outcome, Britain’s interests are henceforward 
amply safeguarded. 

The Minister of Power, Mr. Erroll, in the House of 
Commons on April 7, described five main factors which, 
under this Act, wil] govern award of licences to operators 
to continue or to initiate search for oil, ultimately to 
produce if commercialeyuantities are found. He is reported 
thus: “First, the need to encourage the most rapid and 
thorough exploration ard economical exploitation of 
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represented by Permian Sandstones. These in turn were 
covered by salt layers and shales, now found to be buried 
in Holland at a depth of 10,000 ft. Fortunately for the 
Dutch, the hydrocarbon gases produced have been trapped 
in @ reservoir rock, probably a porous sandstone, beneath 
the impervious salt and shales. If. as is believed to be 
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almost certain, the rocks under the North Sea are of. 


similar pattern and character to those under Holland and 
East Yorkshire, the presence of gas off shore is probable, 
and in large quantities. The accepted methods of seismic 
exploration are being undertaken and if the results are 
promising drilling will be undertaken. The matter lies at 
present in: the domain of conjecture, and the prospects 
are difficult to assess. Nevertheless, these possibilities 
and the actual developments in hand, together with a 
possible hardening of world prices of oil as the demand 
increases, may well accelerate the prospects of gaseous 
fuel utilization in Britain. An added advantage this 
fuel possesses is its favourable features from the aspect 
of its efficient -use. 

As to the prospects of coal utilization in this context, a 
change in world availability of hydrocarbon oils and gases 
may make more attractive the extraction of coal. by 
automative mining methods. Having in mind also the 
growing development of nuclear energy, Sir Henry Jones 
envisaged as a possibility the hydrogenation of coal, using 
hydrogen produced with the aid of nuclear heat, becoming 
the basis of gas production. Indeed, in this respect the 
Gas Council is conducting important lines of research into 
the hydrogenation and gasification of coal. 

In a toehnological age, whatever may be the means, the 
ultimate target of a national heat and power policy must 
be-the distribution of energy either through a wire or a 
pipe. The last-named should inevitably be the. domain 
of the gas industry, which from this encouraging record is 
definitely making substantial strides in the needed 
directions. R. J. SARJANT ` 


BRITISH CONTINENTAL SHELF PETROLEUM 


petroleum resources on -the continental shelf. Secondly, 
the requirement that the applicant fora licence shall be 
incorporated in the United Kingdom and the profits of 
the operations shall be taxable here. Thirdly, in cases 
where the applicant is a foreign-owned coneern, how far 
British oil companies receive equitable treatment in that 
country. Fourthly, we shall look at the programme of 
work of the applicant and also at the ability and resources 
to implement it. Fifthly, we shall look at the contribution 
the applicant has already made or is making towards the 
development of resources of our continental shelf and the 
development of our fuel economy generally”. This 
statement, while discouraging ad hoc speculators, at least 
bestows Government blessing on and moral backing for 
those British and allied international oil concerns who 
have in the past sponsored and paid heavily for underwater 
search for favourable structural indications of oil and gas 
pools offshore of these Islands. 

The regulations provide for exploration licences giving 


the right to search for oil in an area stretching from the- 


Straits of Dover to the Shetland Islands, and approximately 
halfway across the North Sea, excluding areas already 
subject to exclusive licences. Such licences will cost 
£1,000 per annum each. Production licences will cost 
£10 per square mile for the first six years, increasing after 
that annually by increments up to as much as £120 per 
square mile. Should oil production be established at any 
site, operators will pay royalties of 12-5 per cent of the 
value of oil or gas at well-head, this being roughly in line 
with procedure in other oil-bearing countries. Costs of 
annual sums incurred in exploration will be deductable 
from royalties which, on the face of it, seems an extremely 
fair basis of contract, always providing of course that 
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cently, -only the Republic of South Africa, 
est. Africa, Mozambique and Tristan da 
gaged in Southern Africa in commercial 
ihing and marketing. =. 
hing is one of the oldest activities of the 
South Africa, with lobster canning in the 
sortedly dating back as far as 1890. No one 
s exactly when lobster fishing on a commercial scale 
tarted in South-west Africa, but it developed in the 
lowing the First World War. Not until the end 
ozambique’s first lobster fishing company 
rt frozen tails, chiefly to the United 
pany operated for a few years but later 
. From 1956 1959 there was no 
uing in Mozambique, but a new company was 
organized for the purpose towards the end of 1959, 
lobster tail exports from. Mozambique being resumed in 
(1960. The Tristan da Cunha lobster industry dates from 
stablishment of a lobster company in 1949 with 
| capital-and techniques. Over. the years it 
hriving enterprise until it was destroyed by 
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? has shown that the whole cross-sectional 
frog sartorius muscle fibre becomes fully 
V C within 40 msec of the depolarization 
sternal membrane, and that this leaves insufficient 
any activating substance to reach the inner 
of the fibre in appreciable quantities by diffusion 
he fibre surface. Hill concluded that a process, not a 
nce, must conduct the signal for contraction inwards. 
tron-microscope observations®-* have revealed the 
nce of an extensive system of internal membranes in 
asele fibres. This has been named the sarcoplasmic 
ticulum, and corresponds to the reticular apparatus of 
al light microscopy’. Several investigators have 
ested*-*-11.12 that the reticulum, or a part of it, may 
vide the requisite structural pathway for the internal 
conducting process. The reticulum forms a well-defined 
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SPINY LOBSTER INDUSTRY IN SOUTHERN AFRICA _ 


FOR CONTINUITY BETWEEN THE CENTRAL ELEM 
DS AND EXTRACELLULAR SPACE IN FROG SARTORI 

| | By De HoE. HUXLEY, MBE, ERS — 
Medical Renard Council: Laboratory of Molecular Biology, University Postgraduate Medical School, Camb 
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length, and forming an almost compl 
it, but being interrupted, in the case ot 
muscle, at the level of the Z-lines (in some o 
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Where the terminal regions of the longitudi 
of the reticulum come into contact with 
system, a characteristic structure called è t 
consisting of a central channel (part of the 
opposite the Z-lines in frog sartorins m 
on either side by the two closely app Sed te 
one from each of the two adjoining | 
appearance of the overall struc 








Normal frog sartorius muscle, fixed in glutaraldehyde, post- 


Fig. 1. 
fixed in osmium tetroxide and stained with lead citrate, The section has 
passed between two fibrils in the left-hand side of the picture and 
shows a grazing face-on secticn of a longitudinal sheet (L) of the 
reticulum at the level of the A-band. On either side of the central 
channel of the triad (T) (opposite the Z-lines) the terminal regions or 
vesicles (V) of the longitudinal system may be seen; their contents 
show an appreciable electron-density In this type of preparation, The 
terminal regions are continuous with the sheet of reticulum in the 
centre of the sarcomere, but the channel of continuity lies outside the 
plane of sectioning here. The prominent dark granules represent 
glycogen. (x 37,500) 


presenting a face-on view of a longitudinal sheet of the 
reticulum. and an edge-on view can be seen in the illus- 
tration in Fig. 2 of one of the ‘experimental’ muscles. 
There is good evidence now that actomyosin ATPase 
and the contraction ®f myofibrils are activated by calcium 
ions and inhibited when calcium is withdrawn": 
that micro-injected calcium solutions will cause a muscle 


NATURE 


June 13, 1964 


fibre to contract temporarily**-*°: and that the sarco- 
plasmic reticulum, or a part of it, can act as & very 
effective calcium pump in the presence of ATP and lower 
the calcium concentration in the medium to a level at 
which actomyosin ATPase is inhibited’’-*!-**, It is reason- 
able to suppose, therefore—though this has not all been 
established yet with certainty—that calcium ions are 
released from the reticulum when the signal for con- 
traction is conducted inwards: that these ions cause the 
fibrils to contract ; and that the muscle relaxes again when 
stimulation ceases because the calcium ions once again 
become bound to, or enclosed within, elements of the 
sarcoplasmic reticulum. 

If the T-system is to serve as a pathway for the spread 
of activation into the fibres, some form of electrical con- 
nexion must exist with the surface membrane. The 
most straightforward form for this connexion to take 
would be for the membranes enclosing the transverse 
tubules to be simply invaginations of the surface mem- 
brane of the muscle fibre, and to be electrically polarized, 
and for the contents of the tubules to be in direct com- 
munication with extracellular space. Depolarization of 
the external membrane would then spread along the 
tubules into the interior of the fibre and serve as the 
required signal, However, extensive searches by many 
investigators have failed to reveal a single example of 
this necessary continuity with extracellular space in 
any of the most commonly investigated muscles, although 
instances have been seen in certain cardiac muscles**:** 
and very recently in an elegant study of a fish muscle***’, 
and so one has begun to wonder whether this simple model 
might be wrong. On the other hand, the failure may 
be due simply to the inadequacy of present fixation tech- 
niques; it may be that such continuities as do exist are 
interrupted during one or other of the preparation pro- 
cedures for electron microscopy. An alternative method 
for detecting continuity in vivo is therefore required. 

The method used here has been to immerse the muscle 
(frog sartorius) in a solution of the protein ferritin. 
Ferritin molecules are extremely easy to recognize, 
without staining, in the electron-microscope because they 
consist of a protein shell enclosing a dense core of ferric 
hydroxide. The molecules have a diameter of about 
110 A and a molecular weight of approximately 750,000, 
and each one contains in the region of 3,000 iron atoms 
packed into the 50 A diameter central core. The diffusion 
coefficient is 3-6 x 10-7 so that in 1 h the characteristic 
diffusion distance (V Dt) would be ~ 0:3 mm. (In chan- 
nels of diameter 400 A, this could be decreased by a factor 
of approximately 4/3 (see, for example, ref. 28). If the 
tubules are continuous with extracellular space, then 
ferritin should diffuse into them, and, if it were immobil- 
ized there on fixation, it should be seen in sections of the 
muscle examined in the electron-microscope. Exposure 
of muscles to the solutions of ferritin used here did not 
seem to impair their response to direct electrical stimula- 
tion. 

Horse spleen ferritin was obtained as an approximately 
10 per cent aqueous solution (L. Light and Co.) and 
solutions of it in frog Ringer’s (sodium chloride 115-5 mM, 
potassium chloride 2 mM, calcium chloride 1:8 mM, 
sodium phosphate buffer pH 7:0 2 mM) were made up 
in the following way. 10 ml. of the commercial solution 
was spun for 2 h at 50,000 r.p.m, (max. 2 x 1059) in a 
Beckman model L centrifuge. The resultant pellet was 
resuspended in 10 ml. of Ringer’s solution and taken 
through two further cycles of sedimentation, being re- 
dissolved each time in Ringer’s solution. The final 
concentration of protein was arranged to be either about 
5 or 35 per cent. 

Frog sartorii muscles weighing about 50 mg were tied 
at rest length on to polythene strips. These were im- 
mersed face-downwards in about 1 ml. of the ferritin 
solution, in a small depression in a paraffin wax block, 
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for various periods of time. Some muscles were fixed 
in glutaraldehyde", used as a 2-5 per cent solution in 
0-1 M phosphate buffer pH 7-0 for 2 h, followed by an 
overnight wash in 0-1 M phosphate buffer, and then post- 
‘fixed in 1 per cent osmium tetroxide in veronal acetate 
buffer; a surface layer of the muscle about 0-5 mm thick 
was embedded in ‘Araldite’. Other samples were fixed 
in the osmium medium alone. Some samples were fixed 
in glutaraldehyde both before and after treatment with 
ferritin; others were washed in Ringer’s solution after 
ferritin treatment but before fixation. Sections were 
axamined at 80 kV in a Siemens Elmiskop I either without 
staining or after staining with lead citrate™. The 
appearance of a glutaraldehyde-fixed control muscle is 
shown in Fig. 1, where the section has been stained with 
lead. As pointed out by Franzini-Armstrong*’, this 
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Frog sartorius muscle, treated with 35 per cent ferritin in Ringer’s solution for 1 h before glutaraldehyde fixagion. 
stained with lead citrate, 
along the channel which forms the central element of the triads. 
nor elsewhere in the muscle. 
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method of fixation gives what appears to be very satis- 
factory preservation of the sarcoplasmic reticulum. The 
central element of the triad shows up as a continuous 
channel, with a diameter of about 300-400 A, and appears 
devoid of any electron-dense content. The side elements 
of the triad often contain amorphous-looking material 
which is much more conspicuous in the region adjoining 
the central element than in the narrow regions alongside 
the A-bands. Where the central and side elements are 
apposed in the triad, their membranes are about 250 A 
apart and with lead staining the junctional region between 
them shows a well-marked scalloped or beaded appearance. 
No openings of the transverse tubules to extracellular 
space have been observed diroctly so far. 

In muscles which had been immersed (for 1 h at room 
temperature) in ferritin solutions before fixation, the 
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Ferritin, which can be seen adhering to the outside of the fibre in large amounts, has penetrated the fibre only 
. No ferritin is seen in the longitudinal elements of the reticulum, 
The continuity between the enlarged terminal regions and the rest of the longitudinal system of the reticulum 

can be seen rather clearly in several places. 


(x 50,000) 
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(a) 


Fig. 3. Higher magnification views of the typical appearance of ti 


of ferritin molecules. In (b) portions of the transverse tubules ma be seen 
unstained, (x 145,000) 


sta 


central elements of the triads were found to contain large 
numbers of ferritin molecules (Fig. 2). Ferritin could also 
bo seen in certain tubules between the fibrils which could 
often be traced as being continuous with the central 
clements, and large numbers of ferritin molecules could 
be seen adhering to the outside of the fibres. No ferritin 
molecules whatsoever were found in the side elements of 
the triads, nor anywhere else within the muscle fibres, 
except for a few occasional ones in small vesicles immedi- 
ately below the surface. The filling up of the central 
clement of the triads was extremely consistent from fibre 
to fibre and throughout the length and cross-section of 
my given fibre, after the l-h ferritin treatment. In 
muscles which had Wen exposed for only 30 sec to the 
ferritin, rather sparsely distributed molecules of it were 
found, again only in the central elements of the triads, 


he triads in ferritin-treated muscles with the central elements 
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ed full 
leading away from the triads. Glutaraldehyde fixation, section 


near the surface of the muscle fibres. After exposure for 
5 min, ferritin could be found nearly all the way across 
the section of some fibres, but in amounts much smaller 
than after exposure for 1 h. Thus it does not appear 
likely that the ferritin enters only during fixation, for 
there was plenty of ferritin on the outside of the fibres 
after exposure for 5 min. Muscles fixed for 20 min in 
glutaraldehyde before treatment for 1 h with ferritin 
contained the marker within some of the central elements 
of the triad (but again not elsewhere). Those pre-fixed for 
2 h before treatment contained no ferritin, although 
plenty of it could be seen adhering to the outside mem- 
brane of the fibres. Ferritin-treated muscles which were 
fixed with osmic alone also had the marker localized within 
the central elements of the triad, although, as already 
shown**, these structures are often not so well preserved 
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Ferritin-treated frog sartorius muscle, showing that the 
‘transverse’ tubular system may also run longitudinally in places; this 
no 


Fig. 4. 


is a not-infrequent finding. However, it is quite clear 
from the longitudinal system proper. Glutaraldeh 
staining of section. (x 68,000) 


e fixation, 


as in glutaraldehyde. Muscles treated with 5 per cent 
ferritin solutions for 1 h were found to contain much less 
of the marker within the central elements of the triad 
than those which were treated with the 35 per cent ferritin 
solutions, but the general pattern of distribution was the 
same. Muscles which were washed in Ringer’s solution 
for 1 h, following a l-h exposure to 35 per cent ferritin 
and prior to 2-h glutaraldehyde fixation, were found to 
have all the ferritin removed from some fibres, and 90 
per cent or more of it removed from the other fibres, 
presumably less accessible ones, to the surfaces of which 
considerable amounts of ferritin were still bound. 

These experiments show that ferritin, a molecule about 
110 A in diameter and apparently inert towards striated 
muscle, can enter part of the sarcoplasmic reticulum of a 
surviving frog sartorius muscle, namely, the transverse 
system which forms the central elements of the triads, 
and can distribute itself in these tubules throughout the 
muscle fibre; the ferritin is not able to enter any other 

of the interior of the muscle fibres. The amount of 
erritin which enters is greater when the external concen- 
tration is greater; and the ferritin can virtually all be 
removed again by washing for 1 h in normal Ringer's 
solution. The most straightforward way of accounting for 
these findings would be to assume that some at least of 
the tubules of the transverse system open out directly into 
extracellular space and that ferritin can enter them by free 
diffusion: that there is effective continuity of the trans- 
verse system across the fibre diameter* so that the ferritin, 
having entered, can distribute itself throughout the whole 
of the system : and that the external membrane, and the 
membranes of the transverse system, are impermeable to 
ferritin. It is, of course, possible, if less plausible, that 
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the ferritin molecules are ingested by some active trans- 
port mechanism—say, pinocytosis—and conveyed selec- 
tively to one part of the reticulum; though it seems 
improbable that such a mechanism could still be operating 
after fixation for 20 min, when some ferritin can still 
enter. The general absence of high concentrations of 
ferritin near the outside of fibres after short exposures may, 
however, suggest that a ‘bottleneck’ exists at the surface, 
perhaps as a consequence of the number of openings being 
relatively small (in accord with Huxley and Taylor's 
findings'*). Even so, the failure to observe them directly 
does suggest that they become sealed off at some stage in 
the preparative processes for microscopy. 

If continuity does indeed exist in vivo, then, of course, 
some of the problems associated with the conduction of 
the stimulus inwards are greatly simplified. The velocity 
of conduction along a 350 A diameter tube having pro- 
perties similar to those of the external membrane would 
be of the order of a few em/sec, and so the conduction 
time to the centre of a 100 » diameter fibre would be about 
l or 2 msec. However, the problems of the mechanism of 
calcium release still remain. If the concentration of 
calcium within the central element of the triad is the same 
as that in extracellular space (say, 2 mM), then, as this 
part of the reticulum appears to make up less than 0-5 
per cent of the volume of the fibre, the release of all the 
calcium in it would raise the overall calcium concentration 
by only 10-* M. This appears to be too small an amount 
to cause full activation of the contractile machinery 
by its own direct action alone, for the concentration of 
myosin in muscle is of the order of 10M. Tt seems much 
more likely that the depolarization of the central element 
of the triad triggers off the release of calcium from the 
side elements, that the presence of calcium in the central 
element may be required for this to happen and that the 
specialized junctional regions seen are involved in this 
transmission process. 

I thank Miss Barbara Williams and Miss Alison Cruick- 
sre for their technical assistance. 

ote. Dr. Sally Page, of the Biophysics Department, 
University College, London, has independently and almost 
simultaneously carried out experiments very similar to 
those described here, and has obtained essentially similar 
results, which will be published elsewhere. 

[Endo has shown by light microscopy that a fluorescent 
dye can enter and diffuse across a frog twitch fibre at the 
level of the I-bands (see p.1115 of this issue)—Eprror. | 
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EFFECT OF CYCLIC EXTENSION ON a e. OF 
TENDON COLLAGEN AND ITS POSSIBLE RELATION TO 
BIOLOGICAL AGEING OF COLLAGEN - 


By B. J. RIGBY 
C. S.R.O. Division of Textile Physics, Wool! Research Laboratories, Ryde, Sydney 






ar as wè are aware no attention has been directed to 
o effect of cyclic extensions on the mechanical and 
“properties of tendon. collagen, although investi- 
gations with static extension have been numerous!-*. In 
-generalt® static extensions in saline of less than 2 per cent 
held for periods of 20 h or more at room temperature 
produce structural changes such that the sample will 
-begin to shrink between 50° C and 60° C, rather than at 
its normal shrinkage temperature, 60° C. However, these 
changes are recoverable if the sample is allowed to rest in 
a slack condition for 10-h. For extensions greater than 
3 ‘per cent the structural changes are not recoverable and a TEN agree een ED 
in this event the shrinkage temperature may be lowered to 100- -300 BO 5:7007: p00. a ae m 
-the vicinity of 40° C after times of extension of 70 h or Cyeles 3 ae 
"more. Extensions greater than 2-3 per cent also give rise fit fi cf pe tre bo ot | 
tet ecoverable damage so far as mechanical properties -pambe € of cycles sioni In curve () quival i mber of è at point 
are concerned, for example, the Young's modulus IMR Md at which « sig foreeantesion curve Bas taken 
-While the work recorded here has been undertaken for 
‘its own intrinsic interest, it is worth noting that cyclic — 
extension of tendon is a more realistic experiment than 
‘the static one from the point of view of physiology. To- 
a first approximation, tendon operates under eyche. con- 
ditions in the in vive state. : 
-Rat-tail tendon, usually from rats. aged 34 months, R 
was used and the specimens were tested in 0-9 per cent 
saline solution at 20° C. The extension was limited to 
less than 2 per cent, which is the region in which mechani- 
cal properties are reproducible. An ‘Instron’ extensometer. 
was used in the experiments, and with this instrument a 
_ number of f different cycling conditions are possible. We 
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See pee one ot 
Extension (per cent). Sots 
Fig. 3, Force-extension curves for rat-tail tendon in 0-9 per cent saline 






which has been cycled between zero extension and a fixed force, 


The 
number of cycles is written. alongside each curve on 


have used the sredetdeinines limits: AL) zero extension 
given extension; (2) zero extension-given load; (3) given. 
load-given load. In the first two cases the period was 
about 1:75 min, while in load-load ‘cycling the period 
was less. The main difference between conditions (1) and. 
(2), and (3), is that in (3) the. sample has no period of rest 
at zero load. As well as examining the effect of cycli 
on the load-extension curve, any changes. in the X-ray 
diagram and in the thermal stability (as measured by the 
shrinkage temperature, 7',) were observed. This was 
done by halving a tendon, one-half being cycled. Bo 
portions were then either X-rayed or heated for a T 
determination. Only- high-angle X-ray. pictures were 
taken, although some low-angle refloxions were discernible $ 
along the meridian. Pictures were obtained of both air- 
dried and wet samples using copper radiation nickel- 
filtered. The air-dried samples were dried under zero. 
tension after being washed free of sodium chloride. The 
m other samples were mounted wet under zero tension in 

Hicssion por mney T sealed specimen holder in which an atmosphere of. 10 

iat eae g ge ais per cent relative humidity was maintained. | Shrinkag 

RTN fixed extension, ia 0'9 per Sent aaline ab on exe ‘The period temperatures were measured by a foree-temperature | 
of the cycle was 1:75 n®. ‘The unhatched loop represents the first method. In this the sample is held at constant: lengt 


Je and the hatched loop was taken after 700 cycles. The extension ie 
rele ANS, calculated on the initial unçycled length ofthe tendon {almost zero tension) while being heated at a constan 
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a 
Fig. 4. X-ray diffraction pictures of air-dried rat-tail tendon: (a) uncyoled half; (b) other half, 


cycled 500 times 





a b 


Fig. 5. 


eycled 500 times 


rate of 1° C/2 min and any tendency to shrink is recorded 
by a sensitive force-transducer. 

Load-extension Curve. Whichever method of cycling is 
used, a number of results are common to all: (a) the 
tendon becomes stiffer with cycling, the maximum slope 
at ~ 1 per cent extension after about 1,000 cycles showing 
a mean increase of 35-40 per cent; (b) a progressive 
reduction in hysteresis; (c) a slight increase in the length 
of the sample. 

Method (1) showed certain interesting aspects of this 
general behaviour although they were not always readily 
observable, apparently because of the increase in length of 
the sample. Since the maximum increase in slope is about 
40 per cent, too much slack in the sample will not allow 
the foree to build up greatly before the extensometer 
reverses the cycling procedure at its pre-determined 
extension. However, the effect is always present although 
not always to the obvious extent shown in Figs. 1 and 2. 
The first and last force extension curves of a set are shown 
in Fig. 1. It is seen that the maximum force, F max. after 
700 cycles is greater than the initial value, and that the 
hysteresis is reduced. The variation of F max with number 
of cycles in another experiment is shown in Fig. 2(a), and 
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X-ray diffraction pictures of wet rat-tail tendon: (a) uneycled half; (b) other half, 
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here it is seen that there is an initial 
weakening of the tendon for about the 
first 50 cycles and a subsequent 
increase of Fmax. A simultaneous 
small increase in length occurs which 
becomes noticeable after 200-300 
cycles. Fig. 2(b) shows that after an 
initial set of cycles, in this case 150 
(full line), the force in the fibre con- 
tinues to increase (dotted line) even 
in the absence of cycling. 

Fig. 3 shows an experiment in which 
the sample has been cycled between 
zero extension and a given fixed load. 
In this case the maximum extension 
in the first cycle was between 0-5 and 
1 per cent, showing that the stiffening 
phenomenon occurs at the very begin- 
ning of the linear, reversible region of 
the sample’s load-extension curve. 

In all cases, complete recovery of 
the mechanical properties of the sample 
is only possible if the sample is rested 
in a slack condition for about 10 min 
between extensions. 

The essential result is 
tensile stiffness of the 
increased. 

X-ray Diffraction Effects. High- 
angle pictures for both wet and dry 
samples are shown in Figs. 4 and 5. As 
stated earlier, they have been taken 
on the two halves of one sample, a 
half of which was cycled. The cycled 
portions were photographed as soon 
as possible after the completion of 
cycling. In both the wet and dry 
samples the improvement in orienta- 
tion in the cycled half is clear, for every 
reflexion. For the wet sample the 
improvement in the low-angle reflexion 
along the fibre axis is very prominent. 

Shrinkage Temperature. The shrink 
age temperatures were measured in 
0-9 per cent sodium chloride as soon 
as possible after cycling. In every 
case the half which had been eyeled 
contracted at a higher temperature 
and in most cases developed a greater 
force during contraction than the 
uncyeled portion. Behaviour for one 
sample is shown in Fig. 6. 

It is apparent from the foregoing account that while a 
small number of cyclic extensions (~ 50) of a tendon 
result in a weakening of the structure, prolonged cycling 
gives rise to a more oriented structure. This is shown 
most directly by the high-angle X-ray diffraction patterns 
and indirectly by the increase both in the slope of the 
load-extension curve and in the thermal stability 

Since in the in vivo state tendon operates under con 
ditions which to a first approximation are cyclic, it is of 
interest to consider the possible relevance of the work 
just described to information already known concern- 
ing the dependence of the mechanical and thermal 
properties of collagen on biological age, that is, with 
cycling. 

Some of the more obvious of these effects include: 
reduction in swelling*.’, extractability*®, and an increase in 
shrinkage temperature’°, Verzar'!, while not agreeing 
that the shrinkage temperature increases with age, never- 
theless finds a good correlation between the maximum 
force developed by a rat-tail tendon and increasing 
age. e 

Another type of evidence is that of the X-ray diagram. 
In this respect, Kratky et al.1* have shown that for human 


that the 
tendon is 
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oe Temperature (°C) © eae 
can Yig 6. Porce-teinperature curves for rat-tail tendon in 0-9. per cent 
on saline: | (a) uncycled half; by other half, OY cled: 500 times 
idon (1) the spread of the 32 4 arc on the 
and the 11 A equatorial are both decrease with 
age; and (2) the relative intensity of the 32 A 
increases with respect-to the 11 Å arc, again with in- 
easing age. (The 32 Å arc is taken to be the twentieth 
the 640 A axial repeat.) Feitelberg and Kaunitz 
_ obtained similar results with human chord | 
. ‘These esults show that with age the collagen, 














omes more regular. 
: has been suggested by a number of authors: ILH 
these and other ageing offocts aro due to an incr 
the number of cross-links in collagen, and dct oad 
for such an occurrence has been- claimed”. 


ARLIER investigations in this series have indicated 
so that the receptor for serotonin in animal tissues is & 
a specific lipid. This lipid can be extracted from serotonin- 
8 tiblo cells by fat solvents!~*, and behaves during 
al fractionation as do. the complex lipids such as 
lipids or phospholipids. The mechanism of action 
‘otonin seems to be to bring about active transport 
ions through the cell membrane by means of a 
j f specific, reversible, and cyclic reactions with 
' the receptor lipid. 
~ We have been attempting to isolate the receptor lipid 
in pure form, and for this purpose have been using assays 
“based on the ability of the lipid to bring about the trans- 
port of calcium ions in competition: with serotonin in the 
absence of cell particles in a system of water, benzene and 
butanol**, Because these assay. systems. have certain 
shortcomings, we have been attempting to find a simple 
bioassay procedure (which might be more direct and 
specific) to supplement them, and aid in the purification 
and identification of the hormonal. receptor. In. this 
article, evidence will þe presented to show that the sero- 
tonin receptor can be destroyed selectively in isolated 
smooth muscles by the combined action of neuraminidase 
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etter oriented with respect to the tendon axis 
the structure giving rise to the low- -anglo pattern A 


PLUS EDTA nD REACT ‘VATION WITH TISSUE UPibs 
By Da. D. W. WOOLLEY and B. W. GOMMI 


Rockefeller Institute, New York 
















The « que ra rnover of collagen a a 
the body is ‘crucial to this discussion: The goneral con- 
clusion by most workers is that collagen is relatively — 


“inert metabolically, particularly in skin and tendon’. 


The fact that changes are found to occur with age is 
itself an indication that turnover must be slow, or that) 
any replacement of parts of the structure have to fit into. 
the altered structure as they find it. 

Since our experiments give rise naturally to the findi 
































shrinkage, it might be suggested that mechanical cycli 
in vivo is a possible factor in the production of agein 
effects in tendon. The results of Brown and Consden' 
are significant in this respect. They found that the tem 
perature of the onset of human fetal collagen in saline is _ 
only about 54° C, and sh ttle or no change during 
after birth, when the. 
movement of collagenous increases dramatically me 
that the shrinkage temperature begins to rise. For the _ 
age groups 0-14 years and 45-88 years their values aa 
58° C and 61° C, respectively. 
I wish to acknowledge the expert. technical. assistar 
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plus EDTA (ethylenediamine tetraacetate or voran). E 
and that the receptor can ‘be restored to the defective. 
tissue in vitro by addition of lipids extracted from. sero 
tonin-susceptible cells. : 
When a serotonin-susceptible tissue such as a horn of f 
rat uterus! or a strip of a rat stomach" was treated b 
with minute amounts of purified neuraminidase i 
presence of EDTA, and these reagents were washe 
the tissues were found to. be insensitive to the contrac 
action of serotonin. Their responsiveness to other ¢o: 
traction-inducing substances, such as acetylcholin 
bradykinin, or calcium ions, remained largely undiminis: 
ed. For. rat stomach these facts are illustrated by 
the results in Table 1. Note that the responsiveness to. 
serotonin was reduced about 100,000-fold. The neuraminid- 
ase alone, even in very large amounts (400 mymolar units), 
caused no reduction in the response to serotonin, and, as 
was shown. previously’, neither did the EDTA alone. 
Highly purified neuraminidase, either from Clostridium 
perfringens or from Vibrio cholerae, was effective when fe 
used with EDTA. 
The very small amounts of purified neuramihidase a 
required for this specific inactivation of the serotonin — a 
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But with 60. pig clea itore tae inn una 
of Vane (ref, 6), 

ptor are noteworthy. “The specificity of the destruction 
pended on the amount of enzyme. When the amount of 
enzyme, or the time in which it acted, was increased 
-100-fold, the responsiveness of the tissues to other 
ction-inducing agents was likewise much reduced. 
the amount of acetylcholine ‘required to cause 
ction after treatment with such excesses of “enzyme 
markedly increased. The tissues « 
zyme were, however, still as: poen, to calcium i ions 
would expect: them to 
ah ti mode of f a 































min) doy reqaned ens ivity to serotonin. 
ch strip, allowed to stand at 37° in oxygen- 
s solution for 2 h after the enzyme and EDTA 
d been washed away, recovered enough that it was one- 
tenth as sensitive as it had been ‘before the enzyme 
treatment. Recovery of sensitivity to serotonin was also 
ght about by the action of acetylcholine, although 
e action of calcium ions. In these experiments an 
cetylcholine or of calcium ions was used which 
cause a maximal contraction. It is 
overy of sensitivity was due eit 
osides from intracellular structures 
brane, or else to biosynthesis of new 
membrane. o ce a tissue had under- 
this uld again be rendered 
ston) "by a second short treatment 
plus EDTA. However, with each 
eyele of | recovery and destruction, the ability 
tore the sensitivity of the tissue with isolated lipid 
(as described below) became less. Likewise, the selectivity 
of the response to serotonin as contrasted with acetyl- 
choline and bradykinin diminished after each new treat- 
nt with tho enzyme. These facts may tend to suggest 
first recovery was due to translocation more than 
le novo synthesis of the receptor lipid. 
estoration. Stomach strips or uterine horns: inactiv- 
ted to ‘serotonin with neuraminidase plus EDTA ‘were 
réactivated by application to them of the erudé lipids 
extracted from normal stomach with chloroform and 
methanol. -The lipids were-emulsified in Ringer's solution’, 
the bath in which the tissues were being 
‘5 min, the emulsions were washed out 
d che tissues were baat with serotonin. 
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Pa R aiveral years Fernández- Morán! -has presented 
-electron micrographs of negatively stained material 
derived from mitochondria. The ‘pictures have been 
interproted ‘to show particles associated with the surface 
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IN-LIKE. FIGURES FORMED FROM MITOCHONDRIAL MATERIAL 
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: Department ‘of Zoology, University of California, Los Angeles 
























1078 


The results in Table 2 will sh 
to restore some of the se 
control experiments 
not change the sensitivity of , NOI 
serotonin’, With uterus, some sli 
of the normal tissue to serotonin 
treatment with the lipid: 
order of two- or three-fold. 
<- with the many hundred-fold in 
with the neuraminidase plus EDTA 


Table 2.. RESTORATION BY CRUDE STOMACH Lms ‘OF 











SEROTONIN OF A STOMACH STRIP TREATED WITH PURIFIE 
ae ~ EDTA ; ; 
Serotonin added Contraction (omx x14 
00 wets Before earne -After è 
O38 45 
1-0 100 
10:0 x f 
Conditions were the same a as those in Table L “Lipids 
fresh si were used. 


The crude lipids were 5 fe actionated by si 
tography, and the fractions were. 
treated stomachs. peer tivity "adoun 
Paiti to contain g : 



























en 
itself was unable to attack the receptor, just as lyse 
by itself is unable to-attack the cell walls of man 
Tt was the earlier findings that many bacte 
were rendered susceptible to lysozyme by tl 
EDTA which Jed to the. present tria 
neuraminidase. — In both Tene 
















and magnesium ‘before the enzymes w i 
This work was aided by grant A 9386 of the 
Public Health Service. => 
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particles have been assumed. to wpres 
transfer particle. of Green ef al.2. Recent 
Stoeckenins* have published similar electron m 
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Fig. 1. Mitochondrion from mitochondrial fraction prepared from rat 
kidney cortex and diluted 1 : 10 with distilled water. The mitochondrial 
membranes are being transformed into narrow strands representing 
ribbons or tubules, Particles are associated with the edges of these 
strands, All pictures show specimens which have been prepared by 
negative staining with 1 per cent phosphotungstic acid. (x e. 60,000) 





Transformed mitochondrial membrane material from a mito- 


Fig. 2. 

chondrial fraction prepared from rat heart-muscle tissue and diluted 

1: 10 with distilled water two days before the specimen was prepared. 
(x c. 120,000) 


and interpreted them to represent a normal structural 
picture of the mitochondrial membranes. Stoeckenius, 
however, questioned the interpretation of Fernández- 
Morán that the observed particles associated with mem- 
branous material could be the electron transfer particles 
because the negatively stained particles were too small 
to correspond to those particles. This discrepancy has 
been assumed by Green to be due to the negative staining 
not showing in a reliable way the dimensions of particles 
observed with this method. In order to account for the 
discrepancy Green has introduced a series of correction 
factors. 

In the pictures shown by Dr. Parsons it appeared 
strange that mitochondrial membranes would exhibit 
a particularly high statistical probability for stand- 
ing on edge when dried down on a flat surface. In 
fact, no particle-studded membranes were found lying 
down on the supporting film in the cover picture published 
in Science in 1963 (ref. 3). Furthermore, the pictured 
membranes standing on edge must be of uniform height 
since all the structures interpreted to represent inner 
mitochondrial membranes, or cristæ, in, for example, this 
cover picture showed the same opacity and the same 
density of particles, that is, one single row along their 
edges. No such narrow inner membranes are known to 
occur in intact mitoclwndria of this kind which, on the 
contrary, contain membranes representing rather large 
surfaces. 
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These ‘mitochondrial criste’ appeared to us very much 
like tubular or cylindrical components. Since the mito- 
chondria in the material studied do not contain mem- 
branous material of this configuration, it seemed justifiable 
to suspect that the pictures revealed an artefact. 

The preparation of negatively stained specimens involves 
the drying of the unfixed, unstabilized material to be 
examined with a drop of phosphotungstic-acid solution 
on to a supporting film. The unfixed material is exposed 
to a gradually increasing concentration of phosphotungstic 
acid until a concentrated solution dries on the surface of 
the supporting film. In addition, the analysis deals with 
fragments of mitochondria which have been exposed to an 
artificial medium before preparing the negatively stained 
specimen. Since the mitochondria contain lipoprotein 
structures which we can assume to be rather labile, this 
treatment seems to be adventurous. 

An explanation for the fact that no corresponding struc- 
ture can be seen in fixed, embedded and sectioned material 
was proposed by Stoeckeniust by claiming that fixation 
destroyed the particles associated with the membrané. 
This difficulty to demonstrate them in negatively stained 
drop preparations, after exposure of the material to 
osmium tetroxide vapour before negative staining, can, 
however, be interpreted differently-that the fixation 
stabilizes the lipoprotein structure to prevent the formation 
of the observed structures. 

In order to test whether the observed structures 
developed as an artefact during the preparation proce- 
dures, we have performed a series of experiments on 
mitochondrial fractions from rat heart and kidney tissues. 
The mitochondria were prepared in a 0-44 M sucrose 
medium or in a 0-44 M sucrose-versene medium. The 
heart-muscle tissue was ground with fine sand in a 
mortar, and the kidney tissue was homogenized with a 
Potter-Elvehjem homogenizer. A fraction containing 
the mitochondria was isolated by means of differential 
centrifugation. 

In fresh preparations of mitochondria dispersed in the 
sucrose media, no (or scarcely any) structural components 
showing edge-bound particles could be seen even after 
fragmentation of the mitochondria in a Lourdes Micro- 
Waring blender, provided the specimens were prepared 
immediately after fragmentation. After dilution of the 
medium with distilled water or with Tyrode’s solution, the 
typical patterns of particles aligned along the edges of 
more or less extended strands of material could be seen 
(Figs. 1 and 2). The same patterns could be seen in frag- 
mented mitochondria that had been kept in the sucrose 
medium for a fairly long period of time—one to two days. 
Two types of such structures were found, one appearing 
intensely white (Fig. 3), the other greyish. Both showed 
particles associated with their edges, but the size of the 
particles differed for the two components. 

The frequency at which such components could be 
observed increased with time after homogenization of the 





Fig. 3. Transformed fragments of a 1-day-old rat kidney mitochondrial 

fraction diluted 1 : 15 with distilled water 1 h before the specimen was 

prepared, Two types of structure are seen, to the left the ‘white’ tubes 

or cylinders, and in the upper right corner a small ‘grey’ tube or ribbon. 

Particles are associated with the edges of both structures but differ 

in size with larger particles associated with the ‘grey’ structure. 
(x e. 90,000) 
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mitochondrial fractions. A change of the composition of 
the medium in which the mitochondria and the mito- 
chondrial fragments were dispersed could make the 
appearance more frequent. 

In the cases where whole mitochondria were examined, 
a change of the composition of the medium in which they 
were dispersed appeared important in making the edge-on 
particles appear. After mechanical fragmentation of the 
mitochondria, such particles appeared also in fractions 
kept in sucrose before negative staining. The edge-on 
particles appeared much later, however, in those latter 
cases where the composition of the medium was unchanged. 

The frequency of appearance of edge-bound particles 
also varied in a most obvious way when comparing heart- 
musele mitochondria and kidney mitochondria. It was 
thus much more difficult to find the structures with edge- 
bound particles in heart-muscle mitochondria than in 
kidney mitochondria. and, in fact, we first observed 
these particles in kidney-mitochondria fractions after 
having failed to see them in experiments with heart- 
muscle mitochondria. Ageing of whole heart-muscle 
mitochondria extended over several days made it possible 
to observe the edge-bound particles in these preparations 
also. Incubation of heart-muscle mitochondria or mito- 
chondrial fragments in distilled water at 37° C for 1 h was 
found to increase the frequency of appearance of edge- 
bound particles. They were under all conditions very 
infrequently found in mitochondria prepared in the 
versene-containing medium. 

The edge-bound particles were mainly associated with 
long strands of material, the length of which could exceed 
2u, or with very minute, elongated, irregularly shaped 
components. They could also be associated with the edges 
of rounded membrane fragments lying flat on the support- 
ing film showing elevated edges. Many free particles 
were observed dispersed all over the supporting film but 
particularly concentrated round the fragmented mito- 
chondria. 

In order to eliminate so far as possible a subjective 
evaluation of the dependence on time of the appearance 
of edge-bound particles, the following experiment was 
undertaken: Heart-muscle as well as kidney-mitochondria 
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Fig. 4. Relationship between frequency at which edge-bound particles 
appear after homogenization of rat heart-muscle mitochondria in sucrose, 
in sucrose diluted 1:10 with distilled water, and in sucrose diluted 
with Tyrode’s solution. In all these experiments the frequency at 
which edge-bound particles appear increases with time, up to four 
times within 24 h, In preparations diluted with distilled water there is 
in addition an increase immediately after dilution. 48-36 h after 
homogenization the edge-bound particles were less numerous, indicating 
that they represent a transient stage in membrane transformation. 
This is also indicated by the transient increase immediately after 
dilution with distilled water 
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Fig. 5. Frequency at which edge-bound particles appear as a function 
of time after incubation in sucrose diluted with distilled water at 37° C 


fractions were prepared and then fragmented as described 
above. One portion of the fragmented mitochondria was 
diluted with distilled water, a second with Tyrodo’s 
solution, and a third with the 0-44 M sucrose medium. 
A series of samples was taken for negative staining and 
examination in the electron microscope immediately— 
15 min, 30 min, 60 min, 120 min and 24 h after the dilution 
of the fragmented mitochondria. 

Twenty-four electron micrographs were then taken of 
randomly chosen areas of each specimen. About 800 
electron micrographs were obtained in this way. The 
prints of these electron micrographs were coded by a 
person who was not otherwise involved in the investiga- 
tion. The coded prints were shuffled to secure random 
distribution of the pictures of various experiments. The 
prints were then evaluated independently by two persons 
with respect to the occurrence or absence of edge-bound 
particles. The percentage of positive and negative evalua- 
tions of the 24 pictures for each specimen was calculated. 

This experiment verified the frequency of appearance of 
edge-bound. particles as increasing with time (Figs. 4 and 
5). A considerable increase was found 2—24 h after frag- 
mented heart-muscle mitochondria had been kept in 
sucrose. A similar increase was also found in the fractions 
diluted with distilled water or Tyrode’s solution. In the 
ease of distilled water dilution, however, a transient 
increase in the frequency of appearance of edge-bound 
particles was observed 10-15 min after the dilution. The 
frequency then decreased before the increase in frequency 
occurred which coincided with that found in the sucrose- 
diluted fraction. 

The fact that edge-bound particles are not seen or 
only very rarely seen in fresh preparations and that they 
are found very frequently after treatment with distilled 
water or Tyrode’s solution, or after incubation in distilled 
water at 37° ©, makes it justifiable to conclude that these 
structures are formed artificially in connexion with the 
deterioration of the mitochondrial structure and that they 
do not represent the normal in vivo structural organization 
of mitochondrial material. 

A further support for this interpretation is gained from 
the observation that it is much more difficult to see these 
edge-bound particles in heart-muscle than in kidney- 
mitochondria preparations. TH® heart-muscle mito- 
chondria are structurally and biochemically particularly 
stable. 
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What has been observed as mitochondrial membranes 
standing on edge with particles protruding from the 
surface can be considered to represent a myelin-figure 
transformation of mitochondrial lipoproteins. The 
particles might represent lipid particles or protein that 
have been sweated out of the lipoprotein structure of the 
mitochondrial membranes. The relative consistency of 
size of particles presumably reflects the formation of 
molecular complexes or aggregates of a fairly constant 
composition from a material that we have good reason to 
believe is very well defined with respect to its chemical 
composition. The formation of this artefact is speeded 
up by certain changes in the medium in which the mito- 
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chondria or mitochondrial fragments are dispersed. The 
transformed mitochondrial fragments are disintegrated 
further with release of free particles as is shown by the 
transient increase in frequency of such particles after a 
single osmotic shock. 

This work was supported by grant G—23392 of the 
U.S. National Science Foundation. I 
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INDUCED ENZYME SYNTHESIS IN THE ABSENCE OF CONCOMITANT 
RIBONUCLEIC ACID SYNTHESIS 


By Pror. HENRY HARRIS and Dr. L. D. SABATH* 
Sir William Dunn School of Pathology, University of Oxford 


NE theory that has been proposed to explain the 
regulation of enzyme synthesis in the cytoplasm of 
the cell involves the passage of a short-lived RNA from 
the gene to the site at which the protein is synthesized!. 
The short life of this type of RNA is a crucial feature of 
the theory: it is proposed that synthesis of an enzyme is 
initiated by the production of RNA on the relevant gene 
and ceases when the production of this RNA is sup- 
pressed. Such a scheme can only account for the observed 
kinetics of induction and repression of the synthesis of 
enzymes such. as the 6-galactosidase of Escherichia coli, if 
this RNA is degraded in the cell very soon after it is 
synthesized. According to this theory, suppression of the 
synthesis of RNA on a particular gene results in rapid 
cessation of the synthesis of the enzyme specified by that 
gene, because the RNA which acts as the template for 
this synthesis undergoes degradation within two or three 
minutes?’’, 

There is good evidence that the synthesis of protein in 
the cytoplesm of higher animal and plant cells does not 
depend on the flow of short-lived RNA molecules from 
the genes, and that cytoplasmic enzyme synthesis in such 


cells can be regulated by mechanisms other than those , 


postulated by this theory. Thus, Goldstein e¢ al.* have 
shown that synthesis of protein, as measured by the 
incorporation of labelled amino-acids, can take place at 
an approximately normal rate in amnion cells in culture 
for many hours after removal of the cell nucleus; and an 
essentially similar result has been obtained by Prescott® 
in acanthammbae. Reich et al. have shown that tho 
synthesis of protein can continue in L cells at an approx- 
imately normal rate for several hours after RNA. synthesis 
has been inhibited by the administration of actinomycin 
D; Greengard et al.” have shown that the tryptophan- 
induced accumulation of tryptophan pyrrolase in rat liver 
cells is not abolished by high concentrations of actino- 
mycin D; Seed and Goldberg! have shown that thyro- 
globulin continues to be synthesized by cells of the thyroid 
gland under the same conditions; and Garren et al.? have 
shown that a hormone-induced increase in the rate of 
synthesis of tyrosine «-ketoglutarate transaminase can 
take place in liver cells after all RNA synthesis has been 
inhibited by this antibiotic. It is, moreover, well known 
that the giant unicellular alga, Acetabularia, can not only 
synthesize protein but also actually undergoes regenera- 
tion in the absence of the nucleus*®; and Spencer and 
Harris" have recently shown that the synthesis of three 
phosphatase enzymes jp the cytoplasm of Acetabularia can 
be regulated in an apparently normal way for many weeks 
after removal of the nucleus. These experiments give 
* Special Fellow of the U.S. National Institutes of Health. 


good grounds for the belief that in higher cells the tem- 
plates for the synthesis of many proteins are essentially 
stable, and that the regulation of the rate of protein 
synthesis on these stable templates occurs by some cyto- 
plasmic mechanism which does not closely depend on the 
production of RNA by the relevant gene. 

In bacteria, however, and especially in the case of the 
B-galactosidase of Escherichia coli, there is a large body 
of circumstantial evidence in support of the scheme 
outlined here. But there is evidence that regulation of 
the synthesis of even this enzyme can be effected by 
mechanisms which do not involve the immediate inter- 
vention of the regulatory gene. McFall and Mandelstam'? 
have shown that induced synthesis of 6-galactosidase in 
E. coli can be repressed by glucose even in a constitutive 
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Fig. 2. Effect of actinomycin D on induced synthesis of penicillinase in 

B. cereus. The inducer was added to both cultures at zero time. 

O, Control culture; @, culture exposed to 10 ug/ml. of actinomycin D 
4 min after the addition of the inducer 


strain of the organism which has undergone a mutation 
in the regulatory gene; and an essentially similar con- 
clusion has been reached by Loomis and Magasanik®. 

This article describes some experiments on the induced 
synthesis of penicillinase in Bacillus cereus. The behaviour 
of this enzyme differs from that of 6-galactosidase in E. 
coli in two important respects: (1) there is a lag of about 
10 min between the time of addition of the inducer and 
the appearance of detectable amounts of the enzyme‘; 
(2) the enzyme continues to be produced for long periods 
after the inducer has been removed from the medium}. 
It therefore seemed worth while to examine the effect of 
actinomycin D on the induction of synthesis of this enzyme 
in order to determine whether or not this induced syn- 
thesis requires the flow of short-lived RNA molecales 
from the gene. 

B. cereus 569 was grown in conical baffled shaker flasks 
in Difco heart-infusion broth at 35° C. Cephalosporin Ca 
(pyridine), prepared by Dr. E. P. Abraham", at a final 
concentration of 10 ug/ml. was uscd as the inducer in 
rapidly growing cells. Penicillinase activity at pH 7:2 + 
0-05 was assayed electrometrically at 30° C in a pH-stat 
(Type TTTIb, Radiometer, Copenhagen) according to 
a modification of the method of Wise and Twigg”. 
Benzyl penicillin at a concentration of 2-8 mM was 
the substrate; acid produced by -its hydrolysis was 
automatically titrated with 0:01 N sodium hydroxide. 
Penicillinase activity was calculated as micro-equi- 
valents of sodium hydroxide required to maintain a 
constant pH per ml. of supernatant culture fluid per hour 
of hydrolysis (uequiv./ml./h). Samples for assay were 
removed from the shaker flasks at various times after the 
addition of inducer and placed immediately in tubes 
containing 8-hydroxyquinoline (final concentration 0-001 
M) to prevent any further synthesis of penicillinase during 
the preparation of the samples for assay or during the 
assay itself. 
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Synthesis of RNA was measured by the incorporation 
of [1C] ddenine. The RNA was isolated from the bacteria 
and the specific activity of the RNA adenine determined 
as previously described?®. 

The offect of 10 pg/ml. of actinomycin D on the syn- 
thesis of RNA in B. cereus is shown in Fig. 1. It will be 
seen that the incorporation of [+C] adenine into RNA 
ceases within a minute or so after addition of the anti- 
biotic, and in the following 8 min the small amount of 
RNA made during the first minute has been almost 
completely degraded. 

Fig. 2 illustrates the effect of actinomycin D at a con- 
centration of 10 ug/ml. on induced penicillinase pro- 
duction. The measurements shown in Figs. 1 and 2 
were made on samples taken from the same experiment. 
In this experiment the actinomycin was added to the 
culture 4 min after the inducer. It will be seen that 
about 10 min after the addition of the inducer (6 min 
after the addition of the actinomycin D) penicillinase 
synthesis is initiated in both the control culture and the 
actinomycin-treated culture. Synthesis of the enzyme 
proceeds at a slower rate in the actinomycin-treated 
culture than in the control, but continues for at loast 
15 min after it first becomes detectable. Since RNA 
synthesis is stopped within a minute or two after the 
addition of 10 ug/ml. of actinomycin D, this result per- 
mits the following conclusions: (1) The templates for the 
synthesis of this enzyme are essentially stable: they are 
still present in the cell at least 20 min (the approximate 
generation time of the organism) after synthesis of RNA 
has ceased; (2) synthesis of the induced enzyme can be 
initiated several minutes after synthesis of RNA has 
ceased. 

The effect of adding the actinomycin D at 1 min and 
at 9 min after the addition of the inducer is shown in 
Fig. 3. It will be seen that, when the actinomycin D is 
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Fig. 3. Effect of time of addition of actinomy@n D on induced synthesis 

of penicillinase in B. cereus. ©, Control culture; inducer added at zero 

time; A, inducer added at zero time; 10 ug/ml. of actinomycin D added 

at 9 min; W, control without addition of inducer; @, inducer added at 
zero time; 10 gg/ml. of actinomycin D added at 1 min 


1080 
added 1 min after the inducer, no significant amount of 
penicillinase is produced. If, however, the actinomycin is 
added 9 min after the inducer, the enzyme becomes 
detectable at about the same time as in the control. In 
the actinomycin-treated culture synthesis of the enzyme 
proceeds at a slower rate than in the control, but at about 
15 min after the addition of the actinomycin D there 
is an increase in the rate of synthesis. Synthesis of 
the enzyme ceases about 20 min after the addition of the 
antibiotic. These results again demonstrate: (1) that 
continued synthesis of the enzyme does not depend on 
the operation of RNA molecules having a life of 2-3 min, 
and (2) that the rate of synthesis of the enzyme can be 
increased in the absence of concomitant RNA synthesis. 

Two points require comment. Induced synthesis of the 
enzyme does not occur if the actinomycin D is added 
either before, or within a minute or two after, addition of 
the inducer. This may, but does not necessarily, mean 
that some RNA synthesis is required for the induction of 
the synthesis of the enzyme. If synthesis of RNA is 
indeed required, it seems necessary to conclude that 
several minutes must elapse between the time of synthesis 
of the RNA and the initiation of synthesis of the enzyme. 
On the other hand it is quite possible that the templates 
for the synthesis of the enzyme are already present in the 
cell before the inducer is added and that the actinomycin 
interferes with the early stages of induction in some way 
which is unrelated to its effoct on RNA synthesis. There 
is at present no decisive evidence on this point. In the 
presence of actinomycin D, synthesis of the penicillinase 
ceases after about 20 min. It might be supposed that 
this cessation of synthesis is due to degradation of the 
templates on which the enzyme is being synthesized, but 
other considerations make this unlikely. Thus, Pollock}® 
has produced evidence from other experiments with 
actinomycin D that templates for the synthesis of 
penicillinase in inducible strains of B. cereus remain 
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intact in the cell for at least 40 min, and, in constitutive 
strains of the organism, even longer. It seems more 
probable that the cessation of enzyme synthesis after 
about 20 min in the present experiments is due to non- 
specific toxic effects of the antibiotic. The extreme 
toxicity of actinomycin D at the concentrations used in 
the present experiments is shown by the fact that after 
an hour the bacterial cells begin to lyse. 

The present experiments do not throw much light on 
the mechanism of induction of penicillinase synthesis in 
B. cereus. They do, however, indicate that regulation of 
the synthesis of this enzyme does not require the flow of 
short-lived RNA molecules from the genes to the sites 
of protein synthesis. It thus appears that the scheme pro- 
posed by Monod and Jacob! to explain the behaviour of 
B-galactosidase in EF. coli is not applicable to the peni- 
cillinase of B. cereus. 
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A CYTOSPECTROPHOTOMETRIC INVESTIGATION OF THE ACTION 
OF THALIDOMIDE ON THE NUCLEUS OF A LYMPHOCYTE 


By Dr. V. VASILESCU, A. CIURES, C. DIMOFTACHE and MARIA CONSTANTINOV 


Department of Biophysics, Institute of Medicine and Pharmacy, Bucharest, Rumania 


SERIES of papers on this subject}-® demonstrated 

the action of thalidomide on genetic mechanisms. 
According to the results obtained it can be assumed that 
this drug interferes with the metabolism of nucleic acids. 
Evidence supporting this is given in a previous paper®, in 
which we pointed out that ultra-violet irradiated thalidom- 
ide modifies the absorption spectra of DNA in solution. 
On the other hand, a recent paper’ deals with the inhibiting 
action of thalidomide and its derivatives on the blastic 
transformation of in vitro cultivated lymphocytes. It 
can therefore be assumed that thalidomide modifies the 
structure of the lymphocyte nucleus. 

Starting from these results we decided to follow the 
changes produced by thalidomide on the nuclear structure 
of lymphocytes of rats. 

The adult rats, weighing about 150 g, were of the 
Wistar strain and were maintained in constant environ- 
ment. For 30 days they were given per os a daily dose of 
38 mg thalidomide calculated according to the weight 
of the rat and tho sub-toxic dose recommended by various 
research workers. Smears were collected every three days. 
Staining was made by the Giemsa method. 

The lymphocyte nucleus absorption curve was observed 
in the visible spectr@m (350-750 my) and a large lympho- 
cyte was always chosen. The results were read with the 
aid of a cytospectrophotometric device in the visible 


spectrum, previously described’, which is capable of 
analysing areas of 1 u diameter. The criterion of evalua- 
tion is represented by the affinity of the nuclear material 
for Giemsa dye ingredients. The Giemsa stain is a complex 
one, the components of which have a specific affinity for 
various components of nuclear material. We emphasize 
the fact that this method, though very good for ‘assessing 
differences, cannot be applied to establish the constituent 
parts of the material under investigation, an irrelevant 
fact at the present stage of our investigations. By 
means of a comparative study, this method makes possible 
the collection of data concerning the presence of possible 
modifications in the lymphocyte during administration of 
thalidomide. We have already pointed out! that the 
lymphocytes taken from leukemic patients and stained 
by this method have different absorption curves than the 
normal lymphocytes. In order to go deeper into the value 
of this criterion, we have observed the blood-smear curves 
of the rats subjected to ultra-violet irradiation. Irradia- 
tion of the smears was carried out by use of an ultra-violet 
lamp of the type Q99, 450 W, for 10 min at a distance of 
25 cm, following which obvious alterations of the absorp- 
tion curves also appear. 

A comparative examination of normal lymphocyte 
absorption curves demonstrated the existence of a standard 
curve with small individual variations for each lympho- 
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Fig. 1. Ultra-violet irradiation produces alterations of the curve (right) 
in the same ranze as administration of thalidomide (left) 
































Fig. 2. Cytospectrophotometric curves obtained for male rat lympho- 
éytes before and nine days after administration of thalidomide 


cyte, in a certain labile area (the level of which varies 
according to the adjustment of the instrument). Lympho- 
cyte curves of animals treated with thalidomide reveal an 
evident disturbance of this area in that the curves reach 
out of the labile area limits on the normal type curve, go 
up or down, thus indicating alterations in absorption 
intensity (Fig. 2). In addition to these quantitative 
modifications, there are horizontal deviations of the 
curve, which represent alterations of the absorption wave- 
length, and therefore qualitative alterations in the 
lymphocyte nucleus of rats treated by thalidomide 
(Figs. 2 and 3). 

These qualitative and quantitative 
changes in the substance of the lymphocyte 
nucleus are progressive, with a climax 
about the fiftcenth day of treatment and 
with a tendency to return to tho normal 
curve about the thirtieth day. 

We assume that these modifications 
illustrate the transformations which have 
occurred in the structure of nucleic acids. 
The congenital malformations which ap- 
peared after administration of thalidomide 
also support this assumption, since it is 
known that nucleic acids are the material 
groundwork of genetic information. The 
following experiment also supports this 
fact: by exposing blood smears to ultra- 
violet radiation and elaborating the cyto- 
spectrophotometric curve of the lympho- 
cyte nucleus, a curve results similar 
to that of the lymphocyte nucleus of 








NATURE 





1081 


a thalidomide-treated rat (Fig. 1). However. since 
it is known that ultra-violet rays produce change» 
in nucleic acids and in view of the fact that the curves 
are similar in both cases, we conclude that thalicdo- 
mide acts on the nucleic acids. On the other hand, we have 
pointed out in another paper? that the addition of altra- 
violet irradiated thalidomide to a DNA solution modifies 
the spectra of DNA and thymine. In the light of these 
results, it is apparent that thalidomide interfores with the 
metabolism of nucleic acids and alters their structure. 
With respect to the reactive factors which account for 
these alterations in vivo, we believe that they might be 
due to free radicals which appear in the process of 
thalidomide metabolism and interact with nucleic acids in 
their metabolism. So far as the progress of the afore- 
mentioned alterations is concerned, we believe that they 
are due to a natural defence mechanism aiming at limiting 
and eliminating the effects provoked by thalidomide and 
by its metabolic waste product. Consequently the process 
of hematopoiesis can occur in normal conditions. 

In conclusion we may mention the presence of individnal 
reactivity to thalidomide (Fig. 4). 

As a final estimate it may be stated that examination 
by cytospectrophotometry in the visible spectrum of the 
absorption ‘curves of thalidomide-treated rat lymphocytes 
leads to the following conclusions: 

(1) Under the influence of thalidomide the absorption 
curves of rat lymphocytes are qualitatively changed. 

(2) Maximum changes appear about the fifteenth day 
of treatment, after which there is a tendency toward~ 
returning to the normal type curve in spite of the fact that 
thalidomide is further administered. 

(3) Similar modifications are also obtained after ultra- 
violet irradiation of lymphocyte smears. 





Fig. 3. Cytospectrophotometric curves obtained for female rat lympho- 
cytes before and nine days after administration of thalidomide 

















Fig. 4. Individual reactivity of thalidomide 
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- (4) These. alterations are accounted for by the inter- 
vention of free radicals, produced by thalidomide meta- 
bolism, which interfere with the metabolism of nucleic 
acids. 
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PRESERYATION OF VIABILITY IN THE ISOLATED MONKEY 
BRAIN UTILIZING A MECHANICAL EXTRACORPOREAL 
CIRCULATION 


By Dr. ROBERT J. WHITE, Dr. MAURICE S. ALBIN and Dr. JAVIER VERDURA 


Section of Neurosurgery, Cleve'and Metropolitan General Hospital and Western Reserve University School of . 
Medicine, Cleveland, Ohio 


N a recent communication we described our experience 
in surgically preparing and viably sustaining the 
monkey brain as an isolated organ via extracorporeal 
donor perfusion. By substituting a completely mechanical 
extracorporeal system incorporating a small disk oxygen- 
ator for the donor monkey, significant electrocortical 
activity, A-Vo, and V—Agco, differences, and glucose 
utilization were measured in the isolated monkey brain. 
The operative preparation and anzsthetic management 
of the isolated brain differed in no way from that pre- 
viously described’. In essence, the brain was surgically 
freed from all contiguous tissue except a small basal plate 
of bone and a thin bony strip over the sagittal sinus 
which provided anatomical support for the brain and the 
electrode recording system. Vascular isolation was 
achieved by removal of all extracranial vasculature and 
ligation of the vertebral arteries after the carotid arteries 
were cannulated with metal T cannule permitting auto- 
genous cerebral perfusion until extracorporeal circulation 
was begun. Neurogenic isolation was accomplished with 
ligation and division of the spinal cord at C,-C,. Extra- 
corporeal perfusion was commenced as the brain was 
separated from the body by severing the spinal column 





Fig. 1. 
(2) parietal lobe; (3) a stri 


The isolated monkey brain during extracorporeal perfusion. (1) Cerebellum; 
of skull containing electrodes; (4) cortical electrodes; (5) 
frontal lobe; (6) temporal lobe; (7) fixation unit; (8) EEG plug-in box; (9) electrode 


at this same level and after the carotid arteries were 
occluded and divided behind the T cannule. 

The extracorporeal circulatory system (Fig. 1) consisted 
of a heated 70-ml. aluminium reservoir positioned beneath 
the venous outflow of the brain and connected via ‘Tygon’ 
tubing and a small occlusive venous pump to a miniature 
disk oxygenator’. The total priming volume of this 
oxygenator was less than 90 ml. when a specially designed 
Gobauor heat exchanger was placed in its reservoir. The 
oxygenator was directly connected via a small arterial 
pump and a Y ‘Tygon’ tube to the two metal 7 cannule 
surgically secured in the carotid arteries. The extra- 
corporeal system was filled (150 ml. total volume) with 
freshly drawn, heparinized, compatible monkey blood 
diluted one third with dextran. The blood was circulated 
through the oxygenator prior to final connexion to the 
isolated brain to assure adequate oxygenation. Due to 
the incorporation of heating units and thermistors in the 
blood reservoirs, the temperature of the brain could be 
adjusted over a selected thermal range by the simple 
expediency of altering the temperature of the perfusing 
blood. For these experiments intracerebral temperatures 
were maintained between 28° and 32° C for the purpose of 
reducing brain metabolism. 

Utilizing cerebral blood flows of 30-67 
ml./min, seven isolated monkey brains 
were maintained as functioning organs 
for 2-7 h (Fig. 2). Inspection of the 
brain surface during the early phase (first 
2 h) of perfusion revealed obvious colour 
differences between cortical arteries and 
veins, and a normal appearing cortex. 
During this period, and-at reduced, cerebral 
temperatures, significant electrical activity 
(Fig. 3) was monitored from three pairs 
of silver disk electrodes placed on the 
cortical surface and connected to a four- 
channel Grass polygraph with electro- 
encephalographic . preamplifiers. In the 
majority of the experiments, the brain 
began to swell after 3 h. of artificial circu- 
lation. This observable change in brain 
bulk was associated with a measurable 
reduction. in electrocortical activity (Fig. 3) 
and a marked increase in brain-weight 
(average brain-weight 93 g) post-perfusion. 
The introduction, of ‘Metrazol’ into the 


cable to EEG preamplifiers; (10) venous reservoir thermistor; (11) arterial Hne; (12) 
‘wire stirrups’ to support arterial cannulæ; (13) internal carotid arteries; (14) carotid 


arteries containing metal T cannulw; (16) collecting funnel for venous reservoir; (16) 
„venous reservoir; (17) hegting unit for reservoir; (18) venous line; (19) occlusive arterial 
pump; (20) occlusive venous pump; (21) disk oxygenator; (22) water line for heat 
exchanger; (23) oxygen inlet; (24) arterial pressure line; (25) pressure transducer; 
(26) cable connexion to oscillographic recorder; (27) EEG leads from isolated brain 


circulating blood resulted in a convulsive 
discharge of the isolated brain (Fig. 4) 
even after the above evidences of bio- 
logical decay were present. Further docu- 
mentation of the progressive increase in 
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Fig. 2. Lateral view of the isolated monkey brain placed in its suspen- 

sion-recording unit. Note the Y arterial line connécted to the carotid 7 

@annulw and the venous reservoir directly beneath the brain. The 

oxygenator is behind the reservoir, the arterial and venous pumps are 

shown at the inferior corners of the photograph. The needle thermistors 
are located in the venous reservoir and oxygenator 


brain volume and reflecting a rising cerebro-vascular 
resistance was the inevitable inerease in perfusion 
pressure from initial values of 120 mm mercury to more 
than 250 mm mercury as measured in the carotid cannula 
via a catheter and pressure transducer connected to an 
oscillographic recorder. 

In spite of reduction in brain temperature, significant 
mean A-Vo, and V—Agco, differences across the isolated 
monkey brain, respectively 2-8 vol. per cent and 2-4 vol. 
per cent, were measured. These values, while low, com- 
pare favourably with similar measurements made at 29° C 
in the monkey brain in situ’. 

Minimal support of metabolic activity in the isolated 
brain was provided by the addition of 150 mg of glucose 
each hour during extracorporeal perfusion. In two 
experiments, uptake of glucose in closed mechanical 
circuit after 2 h of perfusion measured 120 and 126 mg 
per cent per h. While liver tissue extracts and amino- 
acids, which have been reported‘ as necessary for cerebral 
function, were not introduced into the isolated circulation, 
the eventual development of cerebral oedema and bio- 
logical decay in the isolated brain was also associated 
with the non-removal of the breakdown products of 
cerebral metabolism and the mechanical destruction of 
the perfusing blood. With the passage of time. high levels 
of lactate (75-5 mg per cent after 2 h) and pyruvate 
(8-4 mg per cent after 2 h) associated with a gradually 
developing acidosis (pH 7-2 after 3 h) were continuously 
being delivered to the isolated organ as part of its extra- 
corporeal circulating fluid. Significant elevations in free 
hemoglobin (up to 4:9 mg per cent) were also measured 
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Fig. 3. Interval samplings of electrocortical activity from the frontal and 

parietal lobes of the isolated monkey brain supported solely by a mech- 

anical extracorporeal circulation system (intracerebral temperature 

30°-32° O}. Observe the gradual decline of electrocortical activity after 

3-5 h of continuous pump-oxygenator perfusion which contrasts markedly 
with that of earlier recordings 



































Fig. 4, Bipolar temporal lobe. ‘Metrazol’ seizure patterns 6 h on 
perfusion 


in the perfusion media after 3 h of uninterrupted cir- 
culation. 

In spite of the self-limiting design of these exporiments 
and the eventual development of reduced biological func- 
tion, this investigation demonstrates for the first time the 
feasibility of protracted survival of the sub-human primate 
brain as a totally isolated organ, solely supported by a 
mechanical circulation system. 

We thank Dr. Leo Massopust, neurophysiologist, and 
Mr. Ron Meder, electronics engineer, of the Cleveland 
Psychiatric Institute, Cleveland, Ohio, for their assistance. 

This work was supported by a U.S. Public Hoalth 
Service research grant (NB 03859-02 from the National 
Institute of Neurological Diseases and Blindness). 
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STIMULATION OF EXTRACELLULAR RIBONUCLEASE FORMATION IN 
B. subtilis BY ACTINOMYCIN D | 


By Dr. G. COLEMAN and Dr. W. H. ELLIOTT 


Department of Biochemistry, John Curtin Schoo] of Medical Research, Australian National University, Canberra 


i cultures of the organism Bacillus subtilis «-amylase 
and ribonuclease appear in the extracellular medium 
towards the end of the logarithmic growth phase and 
accumulate for some hours during the stationary phase. 
a-Amylase has been widely examined and shown to be a 
truly extracellular enzyme which is secreted by the 
organism rather than one liberated by cell lysis. Much 
less work has been done on the nature of ribonuclease 


formation by B. subtilis, but this enzyme is also believed 
to be extracellular", a view which is supported by our 
present investigations. 

There has been some confusion in the literature about 
the process of «-amylase formation ; it has been postulated* 
that stationary phase cells of B. su@ilis convert a protein- 
like precursor, synthesized. during the logarithmic phase 
of growth, into active enzyme which appears in the 


1084 


12 J 7 c 
O, 


Ribonuclease (units/ml.) 





0 1 2 3 
Incubation time (h) 


Fig. 1._ Effect of puromycin (40 ug/ml.) on the progress of ribonuclease 
formation. ©, Control, no puromycin; @, puromycin added. In all 
experiments the following conditions were used: B. subtilis (Takamine 
strain) was grown in 0'5 per cent casein hydrolysate—1 per cent maltose 
medium at 30°, Cells were collected at 25 h, washed once and resuspended 
in fresh growth medium at the same cell density (1-6 mg dry wt./ml.). 
Cell suspensions were shaken, with appropriate additions, at 30°. 
After incubation cells were removed by centrifuging, the supernatant 
fractions being retained for a-amylase and ribonuclease assay 
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Fig. 2. Effect of increasing concentrations of actinomycin D on ribo- 
nuclease and a-amylase produced during 1 h 


external medium. This process of conversion in actively 
secreting colls was said to be independent of amino-acids 
and of supply of energy. However, Coleman and Elliott! 
showed that «-amylase secretion by washed cells of B. 
subtilis had all the properties expected for de novo protein 
synthesis. In the work recorded here the characteristics 
of extracellular ribonuclease formation, by washed cell 
suspensions of the same strain of organism, have been 
examined and found to be as expected for de novo protein 
synthesis. Ribonuclease formation was inhibited by 
anaerobiosis, dinitrophenol, chloramphenicol and by 
relatively high concentrations of actinomycin D and 
puromycin. However, even in the presence of high con- 
centrations of inhibitor or under anaerobic conditions a 
small amount of oxtrcellular enzyme was always found. 
Thus, while inhibition of both «-amylase and ribonucleaso 
formation is not complete in the presence of puromycin 
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at a concentration of 20 ug/ml., doubling the concentration 
of this inhibitor has no further effect. As shown in 
Fig. 1, the ‘basal level’ of enzyme appears during the first 
hour of incubation and is equivalent to approximately 
30 per cent of the normal synthesis during that period. 
This ‘inhibitor insensitive’ enzyme may represent a 
gradual elution or secretion of proformed enzyme from 
the cell. 

When a-amylase and ribonuclease synthesis are com- 
pared in the presence of increasing amounts of actino- 
mycin D, striking quantitative differences become evident. 
In Fig. 2 the effect of actinomycin D on the production of 
the two enzymes by washed cell suspensions of B. subtilis, 
suspended in a medium containing amino-acids and 
maltose, is shown. The drug inhibits e-amylase forma- 
tion, the inhibition increasing as the level of inhibitor 
rises to a value of 5 ug/ml. This decrease in enzyme 
formation produced by actinomycin D parallels inhibition 
of 4C-uracil uptake by the cells into a perchloric acid- 
insoluble form. At very low concentrations of actino- 
mycin D (0-3 ug/ml.) slight stimulations of the order* of 
10 per cent have been observed. However, in the case of 
ribonuclease the effect of low concentrations of actino- 
mycin D is to markedly stimulate its production, a peak 
synthesis being obtained in the presence of about 1 pg/ 
mi. of the antibiotic (Fig. 2). At higher concentrations, 
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Fig. 3. Effect of 1 ug/ml. actinomycin D on the progress of (a) ribo- 
nuclease and (b) a-amylase formation. O, Control, no actinomycin D: 
@, actinomycin D added 


June 13, 1964 


actinomycin D progressively inhibits the formation of 
ribonuclease. 

The stimulation of ribonuclease formation by low con- 
centrations of actinomycin D is not an instantaneous 
effect; thus (Fig. 3a) the cells require an exposure of 30 
min to the drug bofore the maximum rate of enzyme 
increase is achieved. The course of «-amylase formation 
was followed in the same experiments and by contrast was 
strongly inhibited by actinomycin D (Fig. 3b). The stimula- 
tion of ribonuclease production is not duo to cell damage 
with consequent release of intracellular ribonuclease ; this 
is shown by the fact that ribonuclease production shows 
the same sensitivity to anaerobiosis in the presence of 
stimulatory concentrations of actinomycin D as it does 
in its absence. 

The reasons for the different actions of actinomycin D 
on -amylase and ribonuclease formation can be the 
subject only of speculation at the present stage. If one 
postulated that actinomycin D has a lower preference for 
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combining with the ribonuclease gene’, stimulation of 
ribonucleaso formation by this drug might be accounted 
for. Thus suppression of the synthesis of other proteins 
following decay of their messenger RNA could rosult in 
channelling of available protein-synthesizing capability 
into ribonuclease formation. During the course of this 
work Pollock! independently suggested a similar cxplana- 
tion for the stimulation of inducible penicillinase produc- 
tion by actinomycin D which he observed in B. subtilis. 
We thank Prof. A. H. Ennor for his advice. 
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ASSOCIATION BETWEEN BLACK CURRANT REVERSION VIRUS AND 
ITS GALL MITE VECTOR (Phytoptus ribis Nal.) 


By J. M. THRESH 


East Malling Research Station, Maidstone, Kent 


HE black currant gall mite (Phytoptus ribis Nal.*) 

has been known since before 1850 as a widespread 
pest of the crop in Britain!. Buds are invaded early in 
the growing season and usually become galled and fail to 
differentiate flowers or true leaves?.3, 

Severely infested bushes often develop atypically 
shaped leaves and fail to crop. This condition is known 
as ‘reversion’ because affected bushes were thought 
originally to revert to the character of a wild ancestral 
type. The distribution of mites and reversion is often 
similar and they have been considered together in most 
investigations. 

Direct damage caused by mites. The association of mites 
with reversion led Lees‘ to suggest that the abnormal 
leaves were caused by mites feeding in the buds and dis- 
rupting growth. Lees® later distinguished different types 
of reversion. The transient leaf symptoms of temporary 
or ‘false’ reversion were not associated with loss of crop. 
They were attributed in this and later work* to mechanical 
injury of shoot apices and have not been considered 
further. The true symptoms of reversion disease were 
attributed to mites, their numbers determining the 
severity of the damage. Leaves with what appeared to 


be the ultimate symptoms of reversion were severely ` 


malformed and were often asymmetrical about the mid- 
rib. These ‘oak’ or ‘tomato’ leaves were invariably 
associated with numerous mites, which were fewer or even 
absent in the buds of shoots with less severely affected 
leaves. 

Lees’s interpretation did not explain why reversion 
symptoms appeared on shoots or even whole bushes 
which were not infested with mites; nor did it explain 
the absence of reversion symptoms from some infested 
bushes. The hypothesis became untenable following the 
successful transmission of reversion disease by grafting’. 
In the absence of mites or visible pathogens this indicated 
that a virus was involved. 

Recent investigations have explained the early observa- 
tions by establishing that P. ribis, like some other species 
of eriophyid mites’, causes symptoms which simulate 
those of virus infection™:7, Mites invading axillary buds 


* Referred to as Eriophyea ribis (Weat.) Nal. in early publications and now 
sometimes considered to be Cecidophyopsis ribis (West.). 


have no apparent effect on the subtending leaves, but 
invaded apices produce severely malformed leaves of the 
type often associated with reversion disease'}*, However, 
the symptoms are quite distinct from those caused by 
reversion virus, which decreases the number of marginal 
serrations and sub-main veins of affected leaves without 
affecting symmetry. Some published descriptions of 
reversion disease’-*-16 are therefore misleading in that 
the most severe symptoms described are due solely to 
mites. These symptoms appear in the year in which 
infestation of the apex occurs and do not persist the 
following year if mites are eliminated. The symptoms 
occur on otherwise healthy bushes, but are commoner on 
those infected with reversion virus. They are not trans- 
mitted by grafting and are not translocated to uninfested 
shoots. 

Mites as vectors of reversion virus. The discovery that 
reversion disease was caused by a virus led to attempts 
to confirm the circumstantial evidence indicating that 
P. ribis was the natural vector. Lees’? and Massee*° 
observed reversion symptoms after inoculating plants 
with mites, although some uninoculated controls became 
affected by mites or reversion (Table 1). Massee avoided 
contamination in later investigations, in which only the 
inoculated plants became infested with mites and 
developed symptoms”. 


Table 1. TRANSMISSION OF BLAOK CURRANT REVERSION VIRUS BY MITES 
(Phytoptus ribis Nal.) 








No galls) Galls | Nogalls| Gals 
Reference Experimental Nore- | Nore- | Rever- | Rever- 
plants version | version sion sion 
Lees? Infested (15) 6 3 1 5 
Uninfested (0) — — — = 
Massee in i 

Amos et al.® | Infested (42) 2 4 0 36 
Uninfested (43) 35 5 3 o 
Massee” Infested (24) 0 0 0 24 
Uninfested (6) 0 0 0 











Leach?*, Slykhuis!® and Maramorosch®* have questioned 
these results, emphasizing the poor gstablishment of mites 
or that their effects were being confused with those of 
virus. Difficulty in transferring mites was encountered in 
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some early experiments because they were done in winter, 
when the dormant buds were almost impenetrable to 
mites. These disperse naturally only during the blossom 
period in spring and early summer, when they usually 
become established if allowed to move from pieces of 
galled tissue mounted over young plants. Indeed, Smith? 
established colonies with single mites. 

Direct damage by mites was avoided in recent experi- 
ments?! by dipping infested seedlings in endrin 4-24 h 
after inoculation; such seedlings showed no mite injury 
or galls and yet some became infected with reversion 
virus. Most of the seedlings showed poor symptoms 
under glasshouse conditions and infection was confirmed 
by patch-grafting to healthy bushes var. Wellington XXX 
in an isolated plot free of mites. 

Attempts to transmit reversion by the common pests 
of black currant, including the currant capsid bug Lygus 
pabulinus (L.), aphids!?)?4 and the glasshouse red spider 
Tetranychus urticae (Koch)?! were unsuccessful. There is, 
therefore, no longer any reason to doubt that P. ribis is 
the main or the only vector of reversion virus. However, 
there are serious technical problems in attempting critical 
, experiments, as the mites are difficult to handle and soon 
starve or desiccate*?,*4, They have not been cultured 
artificially and seem to feed only on the internal tissues 
of buds. Thus it is difficult to follow their feeding 
behaviour and to time acquisition and test feeds without 
resorting to tissue-culture techniques?®?5, A further 
difficulty is in establishing virus-free colonies of mites, 
because black currants often do not develop symptoms 
until they have been infected for a year or more. 

Distribution of mites and reversion in the field. The 
tendeney for reverted bushes to become heavily infested 
with mites seems to have been an early and general 
experience of growers‘ ?*, Lees®?.?* obtained quantitative 
confirmation by following the natural spread of mites 
and reversion at Long Ashton. After two years, less than 
19 and 9 per cent of the uninfested bushes in two plots 
were showing symptoms of reversion disease, whereas 80 
and 67 per cent of the infested bushes were infected, 
ineluding all those with many galls. The association was 
not absolute, as some sparsely infested bushes did not 
show reversion symptoms, while these occurred on other 
bushes apparently without galls (Table 2). Similar 
associations have been noted elsewhere®*-*! and severe 
infestations usually occur only on reverted bushes. 


Table 2. NATURAL INCIDENCE OF REVERSION VIRUS IN RELATION TO THE 
APPARENT INFESTATION WITH BLACK CURRANT GALL MITE* 








No. of bushes Infested Apparently 
Reference recorded with mites | uninfested 
Lees?’ Second year 251 118/189 20/112 
Spinks and Clothier’ 2,012 19/48 61/1,964 
Swarbrick and Berry* 1,468 48/53 47/1,415 
Smith?! - 1,000 12/291 12/709 
Thresh?! Unsprayed 48 14/38 1/10 
Sprayed 240 7136 39/204 


_* The number of virus-infected bushes as a fraction of the number recorded 
with galls caused by mites. 


The interpretation of field observations is complicated 
by difficulties in recognizing reversion symptoms and 
galled buds. The earliest virus symptoms are often 
missed and chronic symptoms may be masked by the 
feeding damage caused by mites or insects**. The recog- 
nition of infested buds is even more difficult because some 
appear normal*-*4 and others are very small. Errors 
are particularly important when bushes are first infested 
with mites and few buds are affected. This partly explains 
the difficulty in determining whether reversion symptoms 
are preceded* or followed?’ by mites. 

The similar distribution of mites and reversion was 

‘regarded as evidence hat mites were the direct cause of 
the disease until the discovery that mites are the natural 
vectors of reversion virus provided an alternative ex- 


NATURE 


June 13, 1964 vou. 202 


planation. Indeed, the distribution of mites and reversion 
coincides more closely than that between other viruses 
and vectors which are mobile and often feed or probe on 
hosts which are not colonized. The association is not 
complete because of the failure of some mites to acquire 
virus or to infect healthy plants on to which they spread. 
Other mites transmit virus to bushes on which they do not 
survive, often because of subsequent eradicant sprays™. 
Moreover, the symptoms of reversion cannot be recognized 
unti] the season after virus infection occurs, when the 
mite infestation may either have increased to a detectable 
level or have failed because of seasonal factors or control 
measures. 

Increased susceptibility of reverted bushes to mites. In 
a plantation where many bushes were affected by mites 
and reversion, Lees?! recorded more galls on certain rever- 
ted bushes than on comparable healthy ones. Galls were 
not seen on any of these bushes the previous winter, and it 
was suggested that reversion increased susceptibility to 
mites. However, an alternative explanation which was 
not considered is that the reverted bushes had been 
infected by mites which were at first so few that no galls 
were seen. A similar explanation could account for later 
observations*®, but it would not explain why more galls 
developed on bushes propagated from sources infected 
with reversion virus by bark grafts than on comparable 
hedlthy bushes*. 

Lees’s original suggestion was confirmed recently by 
exposing equally to mites healthy and virus-infected 
bushes which were uninfested at the outset®’. Virus 
infection increased the probability of mites invading 
apical meristems and leaf damage by mites was almost 
confined to the reverted bushes, which explains why 
reversion symptoms were attributed originally to mites. 
Only reverted bushes developed many galls and healthy 
plants showed considerable natural resistance, perhaps 
associated with the many hairs on their leaves and stems. 
Infection with reversion virus decreases the hairiness of 
the flowers and vegetative parts. This facilitates the 
movement of mites and their entry into susceptible buds, 
thus decreasing the exposed period during which they may 
desiccate or starve. 

Virus takes some years to become systemic in large 
bushes and the effect on susceptibility to mites is not 
apparent immediately. Thus the association between 
mites and reversion is not marked when there has been 
insufficient time for mites to build up on reverted bushes?! 
and when the latter are removed as soon as they show 
symptoms. i 

The striking evolutionary adaptation between mites and 
reversion is of considerable mutual advantage. The effects 
of the virus are particularly subtle in that susceptibility to 
mites is increased without decreasing vegetative vigour or 
the number of buds available for colonization by mites. 
The consequences of this are important in the epidemiology 
and control of the disease. Heavily infected plantations 
with many mites are often responsible for the rapid spread 
of virus to neighbouring healthy bushes**®. In isolated 
plantations where infected bushes are removed ‘promptly, 
mites are rarely sufficiently numerous to cause & serious 
problem, as they fluctuate at a low level which varies with 
season and the effectiveness of control measures. It 
seems that the damage caused by mites as vectors of 
reversion virus is much more important than their effect 
on buds. Indeed, the direct damage due to mites alone 
may be unimportant unless infested bushes are invaded 
systemically by reversion virus, of which the most virulent 
strains cause almost complete sterility. 

Clearly the health of bushes should be considered more 
carefully than hitherto in experimental design. Field 
experiments on the spread and control of mites may be 
made very sensitive by using virus-infected bushes. 
However, in experiments on chemical control the results 
obtained with reverted bushes may not apply to healthy 
ones, which must be used to determine effects on virus 
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spread. Thus both healthy and reverted bushes should be 
used for a full evaluation of spray materials or methods. 
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STRENGTH OF ADHESIVE JOINTS 
By R. W. BRYANT 


Ministry of Aviation, Explosives Research and Development Establishment, Waltham Abbey, Essex 


T is generally accepted that the strength of joints falls 
with increasing thickness of the adhesive layer (‘glue- 
line thickness’). A concise discussion of this phenomenon 
has been presented’; it led to the conclusion that ‘the 
thickness-strength rule appears to be due to the internal 
stress distribution set up during bonding and testing . ..”. 
Methods of minimizing stress concentrations during 
both the bonding and testing of adhesive joints are being 
examined in this laboratory. In one such method?, mild- 
steel cylinders are butt-jointed together with ‘Silastomer 
9160 (Midland Silicones, Ltd.) mixed with 1 per cent of 
catalyst ‘N 9162’. The mixture cures at the temperature 
of test (21° C) with very little shrinkage, to give a soft 
rubber. To obtain adhesive layers of uniform thickness, 
between four and six short lengths of wire of the required 
diameter are embedded radially in the joint; this method 
has been shown not to affect the strength. Thicknesses 
of 0-0075, 0-010, 0-022 and 0-048 in. were obtained in this 
way. Greater thicknesses (0-060 and 0-092 in.) were 
obtained by using three steel ball-bearings as spacers. 
After curing for three days, the joints were sheared in a 
jig? in a tensile testing machine. Initially the adherends 
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were moved at a constant velocity (0-2 
in./min) relative to each other, a com- 
mon practice. The strength was found 
to diminish with increasing thickness, in 
the usual way. 

However, because various thicknesses 
were used, testing at a constant velocity 
of cross-head movement meant that the 
strain rate (the cross-head velocity 
divided by the adhesive thickness) was 
notconstant. To investigate the effect of 
strain rate on strength, additional joints 
0-010, 0-048 and 0-092 in. thick were 
sheared over a wide range of velocities, 
to give strain rates varying between 
0-0008 and 35 in./in./sec. The results of 
all the tests are shown-in Fig. 1; for con- 
venience the strain rate is on a logarith- 
mic scale. Ahough there is con- 
siderable scatter, for all thicknesses 
except 0-092 in. the joint strength 
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speed. All the failures were in the 
plane of symmetry of the silver disk. 
The strength apparently decreased 
with increasing thickness of silver. 
The results have been replotted in 
Fig. 3, which shows the variation in 
tensile strength with the inverse 
average thickness of the silver layer 
(proportional to the strain rate) on a 
logarithmic scale for convenience. 
o Two kinds of steel adherends were 
used, one of which (‘Drill Rod Bar’) 
had a higher modulus than the other 
(‘SAE 1020’). The results appear to 
fall mainly on two straight lines, the 
ratio of the slopes presumably being 
governed by the different properties 
of the adherends. Very thin joints 
do not show continued increase in 
strength because either (1) the yield 
strength of the adherends was reached 
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Fig. 3. Variation of tensile strength with reciprocal of adhesive thickness. 
brazed with pure silver (ref. 3) 


10° 10° 


appears to depend on the strain rate and to be independent 
of thickness as such. Low values are general for a thick- 
ness of 0:092 in., but joints 0-010 and 0-048 in. thick have 
occasionally given similarly low values. All the joints 
appeared to fail at the interface between the adhesive and 
adherend. 

If the strengths are plotted against the adhesive thick- 
ness, regardless of strain rate (the usual procedure), Fig. 2 
is obtained; the means and ranges of the failing stress at 
each thickness are shown. The figure shows two features 
commonly found in adhesive testing: these are a decrease 
in (1) strength and (2) scatter, with increasing thick- 
ness. 

Published work on the effect of variation in adhesive 
thickness on the joint strength is rarely sufficiently 
informative about the velocity of cross-head movement. 
If this is maintained constant, the strain rate in the 
adhesive layer is inversely proportional to the thickness 
and particularly in the case of tensile testing, the propor- 
tionality constant depends on the dimensions and moduli 
of adherends and adhesive. Bredzs and Schwartzbart? 
measured the tensile strength of joints between steel 
cylinders brazed with pure silver, at a constant cross-head 


(as stated by the authors), or (2) such 
thin joints were difficult to make, or 
(3) possibly the tensile testing mach- 
ine reacted too slowly to record the 
true failing load at such high strain 
rates (this has happened in our own experiments). The 
two lines meet at a tensile strength of 22,000 Jb./in.*, 
which is close to that of silver, at a thickness of 0-1 in. 
The authors ascribe the increase in strength with decreas- 
ing thickness to a corresponding reduction in plastic 
flow (or increase in degree of triaxiality of stress). How- 
ever, it is now suggested that it is caused by the increase 
in strain rate associated with decreasing thickness, and 
that all the joints would have given the same strength 
had the rate of straining in the silver layer been maintained 
constant. 

It is concluded that the strength of an adhesive joint 
is not a fundamental property; the strength measured is 
markedly strain-rate dependent. This brings the testing 
of adhesive joints into line with materials in general, that 
is, the faster the stronger, up to the limiting brittle 
strength of the material. 

I thank Mrs. J. V. Long for assistance with the experi- 
mental work, and Mr. W. A. Dukes for advice. 
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1 Meissner, H., P., and Baldauf, G. H., Trans, A.S.M.E., 78, 697 (1951). 
2? Bryant, R. W., and Dukes, W. A., Eng. Mat. Des., 3, 85 (1960). 


*Bredzs, N., and Schwartzbart, H., Welding J. (Welding Res. Suppl., 610, 
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URANYL SPECTRA IN ORGANIC MEDIA 
By Dr. T. H. SIDDALL, Ill, and Dr. C. A. PROHASKA 


Savannah River Laboratory, E. I. du Pont de Nemours and Co., Aiken, South Carolina 


ME and Smith! have analysed the spectrum 
of aqueous uranyl ion in the region 350-500 my in 
terms of a regular triplet for the lowest excited state for 
this ion, and have also proposed a linear structure in the 
first excited state as well as in the ground electronic state. 
Fayt, Vandeput and de Jaegere? have interpreted their 
experimental work in aqueous solutions: as supporting 
the existence of the triplet. Our experimental work with 
organic solutions of the adducts that uranyl salts form 
with organophosphorus and organonitrogen compounds 
indicates an irregular multiplet, probably a quarter, as 
the first excited state. The spectra that we have obtained 
are also more readily interpreted if the proposal of the 
universally linear uranyl ion is rejected. 

Most or even all of tif 12 bands given in Table VII of 
McGlynn and Smith! are readily observed very close to 


the given frequencies in the spectra of uranyl nitrate 
adducts of many organophosphorus compounds in a 
variety of organic solvents. For example, the spectrum 
of the uranyl nitrate adduct of di-2-propyl N,N-di-2- 
propylearbamyl]-1l-ethane-1-phosphonate in chloroform 
shows eight of these bands (Fig. 1). However, it can also 
be seen that there is a series of six additional peaks 
starting at 443 mu (23,100 cm-'). There is almost always 
evidence for this fourth series (our series three) in the 
nitrate spectra, although sometimes the only evidence is 
non-Gaussian shapes for absorption maxima (Fig. 2). 
Another interesting feature of the spectra in Figs. 1 and 
2 is the relatively high intensity of the bands (excepting 
that at 487 my) at lower frequency, as compared with the 
symmetric distribution of intensity usually seen for 
uranyl spectra. This bias toward lower frequency was 
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observed whenever the uranyl nitrate adducts of methyl- 
enediphosphonates: 
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were dissolved in such polar solvents as nitroalkanes, 
chloroform, sym-tetrachloroethane or even. t-butyl brom- 
ide. However, whenever these adducts were dissolved 
eat higher concentrations in such non-polar solvents as 
carbon tetrachloride, benzene, toluene, or cyclohexane, 
the usual symmetrical distribution of imtensity was 
obtained (Fig. 3). We believe that we understand why 
this change takes place and will discuss it further in 
another publication, but it is sufficient for the present 
just to recognize that two quite distinct types of spectra 
can be obtained. We shall call these unsymmetrical and 
symmetrical spectra. It is to be emphasized that the 
peak at 487 mp (20,500 cm-') changes very little in in- 
tensity, if any, no matter whether it occurs in a sym- 
metrical or unsymmetrical spectrum of the same adduct. 

We believe that the small change in intensity of the 
487 my peak as the solvent is changed is an indication 
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Fig. 1. 0-05 M uranyl nitrate adduct of di-2-propyl N,N-di-2-propyl- 
carbamyl]-1-ethane-1-phogphonate in sym-tetrachloroethane, 1-cm cell, 
Cary model spectrophotometer 
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0-05 M uranyl nitrate adduct of tetra-amyl methylenediphos: 
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Fig. 8. 0-05 M uranyl nitrate adduct of tetra-amyl methylenediphos- 
phonate in toluene, 1-cm cell 
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Fig. 4. 0-05 M uranyl chloride adduct of tetra-2-propylmethylenc- 


diphosphonate in sym-tetrachloroethane, 1-cm cell 


that in the spectra of these adducts the region 2 of 
McGlynn and Smith must start at the second peak 
(21,300 cm-*) rather than at the fourth peak (22,700 cm~). 
It seems unreasonable that the first band in a series should 
be so little affected by a phenomenon that so greatly 
enhances the intensity of the second, third and fourth 
bands of the same series. The beginning of the second 
series at the second peak is clearly seen in the spectra of 
chloride adducts (Fig. 4). 

While for the first three series in nitrate spectra there 
is substantial overlap or even exact overlap for the first 
two series, the fourth series begins at about 27,000 em~! 
and stands clear and unobscured by the other series. The 
last of four observable bands in this series occurs at about 
29,400 cm-t. It is to be noted that the intensity of this 
fourth series varies little if at all between symmetrical 
and unsymmetrical spectra of the same adduct. 

On the basis of these observations we believe that there 
are four series for uranyl nitrate adducts with leading 
bands at about 20,500, 21,300, 23,100 and 27,100 cm~. 
It is possible in principle at least that this irregular quartet 
is really a regular triplet so far as frequency is concerned, 
provided one supposes the first band in the fourth series 
is too weak to be observed, and by supposing that the 
second series combines two vibrational modes. It seems 
unlikely that such a combination series should be the most 
intense of the lot. This would also place both the first 
and second series in the low-frequency component of the 
triplet and make that component much the most intense 
of the three triplet components even for symmetrical 
spectra. We are much more inclined to believe that, 
while our series one, three and four could with some 
difficulty be considered as a triplet, series two is another 
electronic species altogether. 

The great enhancement of our series two in unsym- 
metrical spectra leads us to dd@tibt the proposal of a 
universally linear uranyl ion. (The literature already 
contains many data that do not smoothly fit this proposal, 
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for:example, refs. 3 and 4). If the uranyl ion were indeed 
always linear, then according to the Franck-Condon 
principle the bond lengths of the uranyl ion that gives 
unsymmetrical spectra are much more nearly the same in 
electronic ground and excited states than is the case with 
symmetrical spectra. Yet the stretching frequency as 
avéraged over the four series is very close to 700 cm- for 
both types of spectra. We have also found that the 
asymmetric stretching frequency for the ground electronic 
states as seen in the infra-red (930 cm") is the same within 
10 em~? or less, irrespective of whether the solution gives a 
symmetrical or unsymmetrical spectrum in the violet. 
If itis desired to retain the linear uranyl ion in all circum- 
stances, then it must be supposed that in two different 
+ 
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situations the uranyl ion has the same force constants in 
both ground states and excited electronic states and yet 
has different bond lengths in at least one of the electronic 
states for the two situations. It is perhaps easier to accept 
coincidental degeneracy between the two situations if the 
uranyl ion is bent a little in at least one electronic state 
of one of the situations. 

This work was carried out under contract AT'(07—2)-] 
with the U.S. Atomic Energy Commission. 


+ McGlynn, S. P., and Smith, J. K., J. Molecular Spectroscopy, 6, 164 (1961). 


srat a M., Vandeput, E. M., and de Jaegere, S. A., Nature, 200, 355 


> Nakamoto, K., Morimoto, Y., and Martell, A. B., J. Amer. Chem. Soc., 
83, 4533 (1961). 
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RUBY LASER DE-EXCITATION LOSSES 
By JOSEPH !. MASTERS 


Technical Operations Research, Burlington, Mass. 


N important property of ruby as a laser material 
is its ability to store energy in the form of excited 
atoms. When ruby is pumped to an excited state, the 
resulting excitation may be described!-* by one or more 
rate equations for the population in the upper levels. 
The mechanism usually assumed for loss in the number 
density of excited atoms, N, is unamplified spontaneous 
emission at the rate N,/t, where + is-the lifetime of the 
excitation. The resulting limitation on the fractional 
inversion AN/N, which can be attained is not, however, 
a severe one, because the assumed dependence of the 
de-excitation loss rate on the inversion is linear and 
because the value of + (+ > 3 msec) in ruby is large. 

Of interest here are those losses which have a non- 
linear depondence on inversion and hence severely limit 
the ultimate inversion-level that can be achieved. The 
following are the two recognized pump loss mechanisms 
that fall in this category: (1) Internal modes—a general 
category for any oscillation, other than an oscillation or 
propagation of desired axial modes, which depletes the 
population inversion density in the lasing medium. (2) 
Spontaneous emission amplification (SEA) or ‘super- 
radiance’. 

The first mechanism may occur in a very high gain 
system but can be suppressed by surface treatment’, so 
that undesired spurious modes are made too ‘lossy’ to be- 
come unstable. This is done here by limiting the investi- 
gation to a ruby rod with unpolished sides and by avoiding 
the use of external reflectors. 

The second mechanism, however, results unavoidably 
when. a large gain coefficient is attained; that is, the gain 
is large for all photons within the homogeneously broad- 
ened laser line. Such photons will therefore stimulate 
emission at the expense of the stored inversion whether 
they are spontaneously emitted or are a part of a desired 
mode or travelling wave. This type of de-excitation loss, 
which may be unimportant for most current ruby lasers, 
is of concern for systems in which the attainment of a 
large inversion-level is attempted in laser rods of large 
gain and large volume. Since this loss mechanism depends 
on the same material properties as the desired stimulated 
emission itself, it can only be reduced by employing a 
SEA inhibiting configuration that leaves the desired 
propagation undegraded. 

Although a steady-state value of the inversion-level 
in the presence of SEA loss may be theoretically bounded‘, 
a more formal solution which would require the inclusion 
of a non-linear term in the population rate equations 
appears impractical bedmuse of the specialized geometry 
and pumping properties of ruby lasers. However, a first 
order indication of the effect of laser-rod volume on the 


severity of SEA loss results from the expression for the 
instantaneous power density within a uniformly excited 


sample: 
Na. ap 
ee 


volume 


In this integral, p is the distance from any volume element 
in the crystal in which photons are spontaneously emitted 
at the rate N,/t to a unit volume of interest. The gain 


4 AN 
coefficient at the ruby laser wave-length, « = a» (Tix 
0 


and to a much smaller degree the lifetime, t, are both 
decreasing functions of the temperature, T. The absorp- 
tion coefficient, «.(Z), for ight polarized perpendicular 
to the C axis of a 90° unpumped ruby of standard doping 
(0-05 per cent by weight) is given as a function of absolute 
temperature in Fig. 1. Although: 


1 
ao (T) & ARs BH 
where Ad (T) is the ruby laser linewidth’, the curve 
follows instead «,(7’) = 0:28 Ad (300° K)/Aa (T) em-, 
thus assuming + constant for the temperature range of 
interest. In addition, the more recent value® of a, 
(300° K) ~ 0-28 cm~ rather than the previously reported 
value! 0-4 em- is used. 
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Fig. 1. Ruby absorption coefficient as a function of temperature 
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The behaviour of the power density volume integral 
may be deduced by a plot of the integrand, as shown in 
Fig. 2, for a laser rod at 150° K and at 0° C assuming 
the inversion-level is very large, that is, œ —> a. When 
the allowed optical path-length in the ruby sample 
approaches the region of sharp rise in the curves, the 
resulting photon flux intensity in the active medium may 
be expected to cause a significant amount of de-excita- 
tion loss that would preclude the attainment of a large 
inversion-level. Thus a 10-in. rod at 0° C is expected to 
suffer significant SEA loss during intense pumping, 
whereas at 150° K even a 1-5-in. rod cannot bé highly 
inverted. 
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In the following paragraphs we discuss and evaluate a 
simple experimental technique for estimating SEA loss 
in a large diameter ruby sample. 

The SEA de-excitation loss was measured in a 2-in. x 
0-7-in. ruby laser rod, with unpolished sides, operated at 
two different temperatures. For cryogenic reasons the 
rod size is the largest practical volume that can be pumped 
coaxially by a conventional GE FT 524 helical flash 
lamp. The low-temperature limit of 150° K was estab- 
lished to ensure that any inhomogeneous broadening 
caused by non-uniform cooling is still much smaller than 
the ruby linewidth at the operating temperature: 

The method used to measure de-excitation loss was one 
chosen to draw as little as possible from uncertain areas 
of the physics involved. The method depends on the 
familiar threshold condition: 


exp (aol AN/N.) = Ir(1 — h) (1) 
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Fig. 3. Theoretical inversion-level attainment, r=8 msec 
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where r is the product of end-wall reflectivities, J is twice 
the active medium length, h is the internal oscillation loss 
per double transit due to scatter, absorption, etc., AN 
is the effective population difference for the laser transi- 
tion, and N, is the active Crt++ density. 

The basis of the approach is to fix pump conditions 
equivalent to a moderate fractional inversion level and to 
vary and measure the temperature required for lasing 
threshold as the quaatity r is varied. 

Consider the threshold condition equation (1) as applied 
to two separate laser environments (denoted a and 6) 
in which the system with fixed pump conditions differs 
in the value of resonator reflectivity; for example, r 
takes on values re and re. Environment a is purposely 
chosen to produce significant SEA loss, whereas in environ- 
ment b these losses may be neglected. After the taking of 
logarithms and division, equation (1) yields: 


_ ao(Po) P Fall — fh) 
~ oe( Ta) 1 

ro(l — h) 
or, after division and then taking logarithms, we have the 
alternative form: 


ANa — ANd «o(To) 1 Tb 


NT ON o) + o ™ ra (3) 


These are two expressions that relate the population 
inversion-level under known conditions and hence allow 
a study of de-excitation pump losses. Since each equation 
depends on a somewhat different set of available data, a 
comparison can be made. 

We first use a small value of reflectivity ra such 
that the lasing threshold for predetermined fixed pump 
conditions and pump energy E occurs at a certain low 
temperature, Ta. A small value of ra is achieved by 
allowing both flat parallel ends of the laser rod to remain 
uncoated. This produces at the ruby—air boundaries 
Ta = (0-076)? = 0-0058. In this environment, the gain 
at threshold is large and significant SEA loss might 
occur. For reference, rè is established by coating one end 
of the rod for nearly total reflexion and the other end 
with any value of known reflectivity such that threshold 
is observed with the identical pump conditions as in 
environment @ but at temperature Tr, close to room 
temperature, where the gain is reduced to a level for 
which SEA losses are negligible. A third step required 
for use only with equation (3) is to determine Es, the 
threshold pump energy for the high Q condition r—> 1 
at the low temperature, T'a. 

To enter equation (2) we need in addition to the 
measured quantities r and T only the ratio a (Z'»)/a> (La), 
obtained from Fig. 1, as well as an estimate of the loss 
factor, h. Regarding the loss factor, we use the estimate 
from a separate experiment’, namely: h ~ 0-4 for rods 
approximately 2 in. long. (The logarithm term of equation 
(2) is insensitive to A in the range 0:5 > h > 0 for the 
small values of ra and rb that we are using.) 

Use of equation (3), however, requires an independent 
estimate of AN»/N,, the population inversion in the 
absence of non-linear SEA loss. This was also obtained 
in a separate study? which yields AN»/N, as a function of 
the ruby pump transition probability, W (Fig. 3). The 
analysis included the Boltzmann effect on the ÆR level 
spacing, but the excitation lifetime was again assumed 
constant at its room temperature value of + = 3 msee. 
In addition, the sample was assumed to be optically thin 
to pump radiation, which amounts to a spatially uniform 
excitation of the ruby. The quantity AN»/N, may thus 
be obtained from Fig. 3 using the linear approximation’: 


H 
=F WONM. (4) 


Table 1 gives the results of the SEA de-excitation loss 
experiment. The.second row represents a repeat of an 
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Table 1. SPONTANEOUS EMISSION AMPLIFICATION INVERSION Loss FACTOR 
(ANa NAK ANSAN.) % SEA 
a b e inversion 
loss 
z Fig. 3 cxa 
: E, Te E To RESUS 100x e 
Exp. 7 (joules) Ta (°K) (joules) (°K) Eq. (2) Eq. (3) no SEA at T = Ta 
1 1,380 ` 0-0058 169 3,150 0-075 260 055 0:76 11 50+ 
2 1,680 0-0058 150 8,150 0-075 245 0-49 0-72 11 55 





earlier experiment using a different flash lamp and a 
different type of reflexion coating. The percentage loss 
to the fractional population inversion that takes place 
during pumping is calculated in the last column by com- 
paring the equation (2) inversion-level ratio with the 
values obtained from the curves in Fig. 3 (using equation 
(4) } at points roughly corresponding to E. The latter is 
the ratio of (ANg/Ny)/(ANo/N,) that should exist in the 
absence of non-linear losses during pumping. In this 
instance, there is no need for great precision since the 
Tatio of fractional inversion-levels for a fixed value of 
“pump energy and excitation lifetime, given by the tempera- 
-ture curves of Fig. 3, reflects primarily the slowly varying 
effect of the Boltzmann distribution in the A-levels. 

On the other hand, equation (3) is considered less 
‘reliable and is not used in the last step of computing the 
percentage loss. This is because the assumption of optical 
thinness to pump light used in the independent 
evaluation of AN»/N, for insertion in equation (3) was 
made for a very thick sample. Under intense pump 
conditions such an assumption tends to underestimate 
the level of pump photon flux reaching the important 
central region of the rod and hence the values of AN»/N, 
obtained from Fig. 3, that is, the transparency of ruby to 
pump light, increases with a depopulation of the ground 
state. 

This work depends on the assumption that the cross- 
section for the blue and green absorption bands of ruby 
vary little with temperature in the range 150°-260° K. 
Measurements taken with an Aminco-Kiers spectro- 
phosphorimeter in conjunction with available data’ 
indicate the assumption to be valid. 

Although the small increase in the lifetime, t, antici- 
pated with reduced temperature was neglected, this is 
not expected to affect appreciably the results given in 
Table 1. The effect of temperature on 7 is to increase the 
ratio of inversion-levels obtained from equation 2, due to 
a decrease in the values of «,(7'z), and from Fig. 3, due to 
a spreading of theoretical curves. Consequently the 
error in assuming t constant tends to be reduced by 
subtraction in the last column of Table 1. 

The estimated SEA fractional inversion loss of approxi- 
mately 50 per cent in the cooled 2-in. x 0-7-in. ruby given 





in Table 1 represents one point on æ possible plot of such 
loss against temperature for fixed pump energy, or perhaps 
fractional inversion loss against pump energy at a fixed 
value of reduced temperature. Reduction of such 

de-excitation loss requires subdivision of a ruby rod into 

segments smaller than the length criterion as indicated 
in Fig. 2 or by some other more specific saturation criteria. 

For practical reasons of compactness, etc., segments must 
be separated by some form of small signal optical isolation 
which attenuates the bulk of the interstitial fluorescence 
radiation. Isolating elements must also provide low-loss 

transmission of the desired axial laser oscillation or 

travelling wave radiation. A promising mechanism for 

this application is the passive non-linear behaviour 

provided by organic dye absorbing films? and liquids’. 

The former dissociate to a permanently transparent state 

in the order of 1 nsec when struck by a laser beam, while 

the latter, though somewhat less efficient, undergoes a 

reversible non-destructive process which allows unattended 

repetitive operation. 

I thank Evelyn M. E. Murray and Patricia Walsh for 
their assistance. This work was supported by the U.S. 
Air Force Cambridge Research Laboratory under contract 
AF 19 (628)—405. 

Note added in proof. Since submitting this article we 
are aware of publications describing the passive non- 
linear materials phthalocyanine (see Sorokin, P. P., Luzzi, 
J. J., Lanbard, J. R., and Pettit, C. O., IBM Journal, 
182; April 1964) and cryptocyanine (see Kafalas, P., 
Masters, J. I., and Murray, E. M. E., J. App. Phys., 
August 1964, in the press). 
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GENETIC RELATIONSHIPS BETWEEN THE ORGANIC MATTER 
IN METEORITES AND SEDIMENTS 


By Pror, EGON T. DEGENS* 


Division of the Geological Sciences, California Institute of Technology, Pasadena 


T is well established that the organic matter found in 

sediments as old as at least 600 million years is 
ultimately derived from organisms. Evidence has even 
been presented! that terrestrial life is much older, possibly 
two-three billion t years; thus, the bulk of fossil organic 
compounds in Precambrian sediments might well be 
biogenic too. 

* Present address: Departmes of Chemistry, Woods Hole Oceanographic 
Institute, Mass. 

+ Amer. billion=a thousand million. 


Based on the resemblance of chromatographic and 
spectroscopic spectra of organic solvent extracts from 
meteorites when compared with those of organisms, and 
recent and ancient sediments, some authors concluded?-* 
that this characteristic of organic matter in meteorites is 
indicative for extra-terrestrial life. The occurrence of 
so-called organized elements which morphologically 
resemble primitive life forms’ wes also used in support of 
this inference. Other investigators®, however, questioned 
the validity of these interpretations, and assumed instead 
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an abiotic origin for all organic substances and organized 
elements occurring in the meteorites. It is the objective 
of this article to present further information in support 
of the abiotic nature of the finely disseminated organic 
matter in carbonaceous chondrites. 

Most of the aforementioned work on the organic matter 
in terrestrial and extra-terrestrial materials has been done 
on benzene-extractable compounds. Among these, hydro- 
carbons received special attention because of their 
‘apparent’ stability during diagenesis. It should be noted, 
however, that the organic solvent extractable fraction of 
a rock is rarely in excess of 10 per cent of the total organic 
matter. Thus, knowledge of the chemical and structural 
nature of the remaining 90 per cent of the organic residue 
might be equally—if not more—relevant to a better 
understanding of the origin of fossil organic matter than 
an investigation done exclusively on hydrocarbons. 

Over the past ten years, many reports have been made’ 
on the abiotic synthesis of organic compounds under 
possible primitive Earth conditions. Virtually all essential 
monomeric building blocks of to-day’s living organisms 
have been formed this way. But the synthesis of macro- 
molecules of biological interest has been successful only if 
geologically somewhat unusual dehydrating agents were 
used’, Regardless of whether polymers such as proteins, 
polysaccharides or nucleic acids are formed abiotically or 
via organisms, their state of preservation in most geo- 
logical environments is rather limited. Namely, if incor- 
porated in sediments or soils, they become chemically 
(hydrolysis) or biochemically degraded even in the early 
stages of diagenesis. The breakdown products so obtained, 
however, bear striking resemblance to the primitive 
organic molecules formed in reducing atmospheres by the 
use of, for example, electric discharges. Subsequent con- 
densation of the individual alteration products released 
to the soil-sediment environment will result in the forma- 
tion of heteropolycondensates. These high-molecular 
weight organic complexes can be predominately aliphatic 
or aromatic in nature, depending on the type of the 
precursor material, the microbial population, and the 
sedimentary environment. Slow inorganic maturation 
over geological periods of time, for example, loss in 
functional groups, will eventually reduce the heteropoly- 
condensates (humic materials) to either aromatic clusters 
resembling graphite or to light paraffinic hydrocarbons®, 
with thermal degradation being the number one alteration 
factor. 

On destructive distillation, prolonged alkaline or acid 
hydrolysis and other analytical means, many of the 
individual building blocks of the heteropolycondensates 
can be recovered®-"4, Especially noteworthy are the high 
yields of aromatic oxygen compounds, quinone deriva- 
tives, and amino-acids; but practically all essential 
biochemical molecules, including sugars or the bases of 
the purines or pyrimidines, have been recovered this way. 
With increasing geological age, the analytical degradation 
of a heteropolycondensate into its single components 
‘becomes increasingly difficult. But in using more effective 
extraction methods, some of the original constituents can 
still be isolated. The occurrence of original biogenic 
matter such as amino-acids, sugars, fatty acids, or the 
bases of the purines and pyrimidines in hydrolysates of 
ancient rocks as old as the Precambrian may serve as an 
indication that diagenesis of the complex organic matter 
(kerogen) has not yet reached its final stage. The presence 
of such hydrolysis products may eventually help to out- 
line the thermal history of the host rock. In this context, 
it should be pointed out that, contrary to previously pro- 
posed concepts?*, most of the hydrocarbons found in 
ancient sediments are products and not survivors of 
diagenesis!?)15, 

Knowledge on the nature and origin of fossil terrestrial 
organic matter may finally assist in throwing some light 
on the genesis of extra-terrestrial organic molecules 
indigenous to meteorites. A comparison of amino-acid 
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ion-exchange chromatograms of terrestrial and extra- 
terrestrial materials illustrates (Fig. 1) that the amino- 
acids most frequent in sediments or kerogen concentrates 
are in some approximation also the most dominant ones 
in meteorites. Namely, serine, glycine, alanine. the 
leucines, ornithine, and the acidic amino-acids are 
abundant. Cysteic acid, urea, and perhaps taurine, also 
appear in greater concentration, particularly m the 
meteorites. Of great significance, furthermore. is the 
presence of free amino-acids in the meteorites, whereas 
ancient sediments contain only combined amino-acids. 
The free amino-acid content of meteorites is about the 
same as that reported from geologically young sediments®. 
Apart from amino-acids, a great number of green and 
other peculiarly coloured ninhydrin-positive compounds 
could be identified by paper chromatography in meteor- 
ites‘4; in short-timed experiments with electric dis. 
charges™, similar-appearing chromatograms have been 
obtained. Such constituents, however, have not been 
observed in any of the terrestrial materials examined so 
far. 

The odd/even pattern of long-chain fatty acids (C,, Cso) 
extractable from a carbonaceous chondrite* resembles 
that of fatty acids present in ancient sediments. Reducing 
sugars in meteorites show a prevalence of hexoses over 
pentoses, which is also characteristic for most fossil 
organic materials on Earth®4417, Like the free amino- 
acids, the presence of free sugars is noteworthy. This 
feature can either be linked to the less-advanced matura- 
tion state of the extra-terrestrial organic complex when 
compared to the highly condensed terrestrial kerogenous 
materials, or to the presence of water-soluble salts in the 
chondrites which may initiate partial hydrolysis. Thus, 
‘free’ sugars of amino-compounds can already be released, 
by a 24-h boiling water extraction without a preceding 
acid hydrolysis. In this connexion, it should be pointed 
out that a 24-h acid or base hydrolysis of a meteorite or 
a sediment is generally not sufficient quantitatively to set 
free all the individual molecular building blocks of the 
complex organic condensate. Residues hydrolysed many 
times over will mostly yield increments of, for example, 
amino-acids, sugars, and even organic solvent soluble 
organic compounds. In the case of ancient rocks and 
meteorites, the organic patterns of subsequent runs ure 
almost identical to those of the first extract. As a general 
rule, the more maturated the material, the less yield is 
obtained during hydrolysis. 

A great variety of diazonium-sensitive compounds, for 
example, phenolic acids and amines, have been isolated 
from sediments and meteorites’® 4. m-Hydroxybenzoic 
acid is by far the most abundant phenolic acid in the 
carbonaceous chondrites, whereas the five substituted 
benzoic acids, that is, vanillic, syringic, p-hydroxybenzoic, 
m-hydroxybenzoic, and salicylic acids, are the most 
common terrestrial ones. 

In meteorites, there is no indication for the presence of 
products, ranging from pheophytin to motal-complexed 
porphyrins, or the bases of the purines and pyrimidines", 
In contrast, most of these compounds are exceedingly 
stable here on Earth, as evidenced by their ubiquity in 
sediments of all ages and environments. 

Concerning the hydrocarbons in the C,;~C3,) range which 
received so much attention as a potential indicator for 
extra-terrestrial life, the following origin seems most 
likely. Terrestrial heavy hydrocarbons in sediments arc 
largely produced after deposition from certain lipid 
precursor materials at temperatures not widely remote 
from those established at the Earth surface’*. The light 
hydrocarbon fraction (C,-C,,), which constitutes about 
50 per cent of all terrestrial hydrocarbons, but does not 
occur in living organisms!*®, can arise via low-thermal 
degradation of complex heavy hydrocarbons" or via 
biochemicals such as fatty acids, anflno-acids, isoprenoids. 
and others***°, Thus, the hydrocarbon spectrum is 
subject to change throughout the diagenetic history of a 
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Fig. 1. Amino-acid spectra of various terrestrial and extra-terrestrial materials 


sediment or a crude oil. Evidence has been presented?! 
that hydrocarbons tend to get lighter, that is, more 
paraffinic, with depth of burial and maturation. 

Inasmuch as the organic matter in meteorites is 
basically similar in composition to terrestrial organic 
debris, there is, a priori, no reason to assume that hydro- 
carbons in. meteorites and terrestrial materials having the 
same thermal] history should differ principally from each 
other. Information is presented here to outline the type 
of space environment favourable for the generation of 
extra-terrestrial hydrocarbons. 

Regardless of whether the meteorites did come from the 
Moon, the Asteroidal belt, comets, or some other possible 
source, they very likely orbited around the Sun at a dis- 
tance of about 1 A.u. for a considerable span of time 
before being captured by the Earth. This is suggested 
by cosmic-ray expogire ages of generally a few million 
years?? and by the relatively small capture cross-section 
of the Harth*®, At the distance of 1 a.u., meteorite bodies 


can be expected to reach maximum temperatures in the 
neighbourhood of 300°-350° K**. Essentially the same 
temperature régime is maintained in a diagenetic environ. 
ment here on Earth. During this ‘soaking time’ in space 
for millions of years, hydrocarbons can be generated from 
the finely disseminated organic precursor, which once was 
abiotically synthesized somewhat earlier in the history of 
the carbonaceous chondrites. Not only heavy hydro- 
carbons (C,,~-C4,) have been produced in this manner, but 
even light hydrocarbons in the C,-C, range**, and possibly: 
up to Cy. (It is conceivable that the water-soluble salta 
and the carbonates in meteorites have been formed at the 
same time.) The presence of such volatile material can 
only be explained by its relatively recent mode of form. 
ation?!. There is no necessity to propose Fischer-Tropsch 
processes?’ in order to account for the occurrence of hydro- 
carbons in meteorites, or to assume a biogenic origin. 

In summary, independent of .whether biogenic or 
abiogenic organic molecules become incorporated into a, 
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rock, the final fossil organic residue will be chemically and 
structurally similar. Even organic compounds such as 
hydrocarbons generated during diagenesis from the finely 
disseminated organic debris will not yield information on 
the genetic nature of the precursor material. In analogy, 
abiotically synthesized extra-terrestrial organic matter will 
chemically resemble the bulk of the ancient terrestrial 
organic compounds, with the exception of a few com- 
pounds, for example, metal-complexed porphyrins and 
possibly the bases of the purines and pyrimidines, which 
have so far been formed only here on Earth. 

In conclusion, fossil biogenic compounds differ from 
abiotic, meteoritic and possibly primordial terrestrial 
organic matter only in a genetic, but not a chemical, 
sense. This inference is supported by the lack of optical 
rotation in various organic fractions of meteorites!4 and 
by stable isotope investigations’®. 

I thank Dr. Bruce C. Murray, of the California Institute 
of Technology, for his advice. This work was supported 
by,the American Chemical Society (Petroleum Research 
Fund). 
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SEISMIC AIR WAVES FROM THE GREAT 1964 ALASKAN EARTHQUAKE 
By Pror. BRUCE A. BOLT 


Department of Geology and Geophysics, University of California, Berkeley 


XCEPTIONAL atmospheric waves, resembling those 
from large nuclear explosions*-*, have been recorded 
at Berkeley after the Alaskan earthquake of March 28, 
1964. This severe earthquake occurred 3,130 km away 
from Berkeley near the head of Prince William Sound. 
A preliminary determination made by the U.S. Coast and 
Geodetic Survey gives an origin time of 03 h 36 min 13 sec 
G.M.T.; the geographic latitude and longitude are 61-05° 
N., 147-50° W. Displacements of the adjacent sea-bed 
generated a damaging tsunami which was observed at 
numerous places around the Pacific. Changes in sea-level 
indicate that the mainland in the disturbed region along 
the coast rose about 7 ft., while a portion of Kodiak 
Island subsided by about 5 ft. 

Some details of the waves from the earthquake which 
were recorded at the Byerly Seismographic Station at 
Berkeley are given in Table 1. On the basis of the ampli- 
tudes of the P waves measured from calibrated seismo- 
grams, the Richter magnitude of the earthquake is 
estimated to be 8-6, which, using the 1956 Gutenberg and 
Richter formula, corresponds to a seismic energy release 
of order 10%4 ergs. The maximum ground displacement 
measured at the station was 1 cm during the passage of a 
group of surface waves with period 17 sec. 


Table 1 
Epicentral distance 8,130 km 
Azimuth from Berkeley 334° 

Travel-time of 
Wave type onset Recording instrument 

h m 8 
P wave 03 42 06 Wood-Anderson seismograph 
Love wave 03 49 30 Wood-Anderson seismograph 
Rayleigh-coupled sound wave 03 50 00 Microbarograph 
Seismic air wave 06 16 — Microbarograph 
Tsunami (Fort Point, San 08 45 — Tide gauge (U8.C.G.S.) 


Francisco Bay) 


In addition to the seismic waves recorded by pendulum 
seismographs, two distinct wave trains were recorded by 
a microbarograph in the seismic vault. The instrument 
is a Davies—Marion barovariograph designed to respond to 
pressure fluctuations with periods down to 10 sec. An 
electric flow sensor is placed in an air-line between the 
atmosphere and a thermally insulated 40-1. flask. Tho 
sensor detects relative variations in the resistance of two 
thermistors placed symmetrically in the air-line about a 
heated thermistor. The signal is recorded continuously 
on a paper chart which moves at 6 mm/min. Sensitivity 
in March 1964 was set such that 1 mm of pen deflexion 
corresponded, to a pressure variation of 0-0048 millibars. 

Fortunately the air pressure was extremely steady in 
the whole region at the time. The synoptic weather charts 
show prevailing stable conditions from Alaska to San 
Francisco. The path of propagation of an atmospheric 
wave between these places lies along a broad ridge of 
1016 millibars pressure. At Berkeley, the pressure was 
steady at 1016 millibars with a light wind having an 
average velocity of a few knots from the north. 

The microbarograph commenced to respond to short- 
period pressure variations 14 min after the earthquake 
(Fig. 1). The onset of this wave train is a sharp com- 
pression which corresponds to a pressure variation of 
0-021 millibars; the first variations have periods near 
l min. The arrival time corresponds closely to the arrival 
of the large amplitude part of the seismic surface-wave 
train (Table 1). These air-pressure fluctuations are 
evidently coupled to the Rayleigh waves, which had a 
frequency spectrum rich in harmonies with periods of 
10 sec 2 min. They are clearly visible on the barogram 
for an interval of 4 h; the most conspicuous period is 
about 15 sec. 
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’ The most interesting feature on the baro- 
gram is a large pressure pulse which arrives 
as a compression with an emersio onset 
about 2 h 39 min after the earthquake. 
This is shown in Fig. 2. The maximum 
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pressure variation in the pulse is about one- 
tenth of a millibar. Dispersion of the pulse 
is woll developed in a menner which 
resembles the dispersion in acoustic waves 
generated by nuclear explosions (ref. 3, 
Fig. 1). 

Suppose that the source of this pulse was 
in the neighbourhood of the earthquake 
cpicentre. Then the first rarefaction maxi- 
mum has a group velocity of 317 m/sec and 
„an apparent period of 3 min. At 06h 31 
min, several pressure variations with periods 
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of the first rarefaction in this train is 
298 m/sec. These values are in reasonable 
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agreement with the empirical curves for 
normal dispersion constructed by Donn and 
Ewing’. These authors used acoustic waves 
recorded on barograms from a number of 
stations after atmospheric nuclear explos- 
ions. The pressure variation in Fig. 2 
also suggests the occurrence of inverse 
dispersion of the pulse. If variations with 
periods below 4 min are filtered from the 
record, three pressure fluctuations with 
period increasing from 9 to 12 min are 
apparent. More detailed measurement of 
the dispersion is being undertaken by 
Fourier analysis of the pulse. 

The pressure pulse may be explained as 
& seismic air wave which was generated 
by sudden vertical displacement or tilting 
of the Earth’s surface near the epicentre 
of the earthquake. Such movements 
account for the tsunami as well as the 
observed changes in sea-level. Com- 
putation shows that the approximate 
amplitude of the recorded atmospheric 
wave with period 3 min and velocity 
317 m/sec is 0-75 m. This is of the order 
of the noted changes in ground elevation. 





Fig. 1. 


Berkeley barogram showing Rayleigh-coupled sound wave train after Alaskan 
earthquake, March 28, 1964. Intervals between breaks on upper time trace are 1 min. 
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The seismic air wave would have a more 
extensive source than the correspond- 
ing waves from nuclear explosions. 
Although an extended source complicates 
the wave form there is the possibility 
that correlation between similar recordings made at 
stations distributed around the epicentre may provide 
information on the direction of tilting of the displaced 
region. 

The tsunami arrived off San Francisco about 2-5 h 
after the seismic air wave. <A tide gauge operated by the 
U.S. Coast and Geodetic Survey near the entrance of San 
Francisco Bay responded to the first surge of the tsunami 
5h 9 min after the earthquake. (The mareogram shows a 
long train of oscillations of predominantly 40-min period. 
These are seismic seiches of the water of San Francisco 
Bay’.) 

Pressure pulses propagating in the atmosphere after 
such natural events as the Krakatoa voleanic eruption® 
and the Siberian meteoritic impact® have been examined 
previously. A few observations of acoustic waves gener- 
ated by displacement in the meizoseismal area of an 
earthquake have also been discussed. For example, 
Benioff and Gutenberg!’ identified pressure variations 
with period 0-5-2 see on barographs written 670 km 
from an earthquake epicentre. In 1926, Thomson!! 
reported sounds hear@out to 270 km from a New Zealand 
earthquake; F. J. Whipple remarked that he could find 
no earlier references to sounds at such great distances. 








Fig. 2. Berkeley barogram showing selsmic air wave after Alaskan earthquake, 


March 28, 1964 


An intense dispersive seismic air wave of the type gener- 
ated by the Alaskan earthquake does not appear to have 
been previously reported. It is important to know how 
widely it was recorded by barographs. 

The present observation suggests the possibility of an 
additional method of prediction of a tsunami. After the 
detection of a large Pacific earthquake the recording of a 
seismic air wave at a time appropriate to the epicentral 
distance would provide evidence that Earth movement 
favourable to seismic sea-wave generation may have 
occurred. 
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ë Donn, W. L., and Ewing, M., J. Geophys. Res., 67, 1855 (1962). 

* Wexler, H., and Hass, W. A., J. Geophys. Res., 87, 3875 (1982). 

1 Davidson, C., A Manual of Seismology (Camb. Univ. Press, 1921). 

8 Strachey, R., The Eruption of Krakatoa and Subsequent Phenomena 
(Trubner and Co., London, 1888). 


? Whipple, F. J., Quart. J. Roy. Met. Soc., 66, 287 (19380). 
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11 Thomson, A., Nature, 124, 686 (1929). 
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LETTERS TO THE EDITOR 


ASTROPHYSICS 


Excitation of Lunar Luminescence by 
Solar Protons 


RECENTLY, Derham and Geake! discovered that bom- 
barding a certain kind of stony meteorites (achondritic 
enstatite) by a proton beam of 40 keV caused a strong 
luminescence of the material over a broad range of wave- 
lengths near 6700 A. 

After this discovery, Kopal and Rackham? observed 
on the night of November 1-2, 1963, twice a red glow in 
the Kepler region of the Moon. These observations were 
made through narrow passband interference filters 
centred at 6725 A in the red, and at 5450 A in the green. 
The red photographs showed a striking brightening 
around and north of Kepler, whereas this enhancement 
was absent on the green record. 

Kopal and Rackham, ruling out the possibility that this 
red glow is due to some internal lunar origin because of the 
short duration of the red glow (approximately 10 min), 
suggested that it might be due to the bombarding of the 
crater by fast protons from the Sun. Since the craters are 
presumably formed by the impact of large meteorites on 
the Moon’s surface meteoritic material should be present 
in the craters and the red glow would originate in a 
manner similar to the experiment by Derham and Geake. 

Kopal and Rackham assumed the source of protons to 
be due to two flares of class one observed at McMath and 
Sacramento Peak Observatories on November 1 with a 
time delay of 8-5 h between flare and red glow. This 
results in a velocity of the protons close to 5,000 km/sec. 
This value is decidedly higher than the speeds predicted 
normally for geomagnetically active flare protons‘®. On 
the other hand, barring the possibility of some unusual 
storage, say in a magnetic field, particles of relativistic or 
nearly relativistic energies for which there is ample 
observational evidence are excluded on the basis of these 
pure time relations. 

We feel that at present the observational evidence is 
insufficient to make any estimate on particle energies from 
the isolated observations available so far. First, the 
laboratory experiment was apparently carried out with 
rather monochromatic protons of one specific energy. 
Whether similar luminescence can be excited by protons 
of higher or lower energy and even by electrons or, for 
that matter, «-particles is not settled. Hence a com- 
parison with proton speeds based on the time-delay flare- 
lunar luminescence with the speed corresponding to 40 
keV is at present of no use. More extensive laboratory 
data are urgently needed. 

Secondly, during a period of about one week about 
November 1, 1963, solar activity was unusually high for 
the present phase of the solar cycle. In fact, 32 flares of 
importance one and greater were recorded between 
October 28 and November 2. The relevant data are 
summarized in Table 1, which is based on ref. 6. Kopal 
and Rackham in their original publication did not have a 
full account at their disposal. It is wise to remember also 
that some optically weak flares are capable of producing 
a surprising number of effects due to high-energy particles; 
compare, for example, the International Geophysical 
Year data of ionospheric disturbances quoted by Smith 
and Smith”. These weak flares, however, are in general 
not completely monitored. 

It would appear that the observed event on the Moon 
can be related to a large number of possible flares on the 
Sun, with time delays ranging from a few hours to several 


Table 1. SOLAR ACTIVITY, OCTOBER 28-NOVEMBER 2, 1963 
Commencement Relative 


Date Solar flare Radio bursts of geomagnetic sunspots 
observed observed storms No. 
Oct. 28 7 Flares of Class 1 No burst No storm a4* 
1 Flare of Class 3 
Oct. 29 13 Flares of Class 1 No burst 54* 
Oct. 30 4 Flares of Class 1 Typo III bursts Big storm on 58 * 
in October 29 and 
200-100 Mc/s 30 observed 
Oct. 31 No flare No burst No storm 45* 
Nov. 1 4 Flares of Class 1 No burst No storm 45+ 
Nov. 2 2 Flares of Class 1 No burst Small storm 52t 
observed 
* Average No. of sunspots in October, 35-3. 
+ Average No. of sunspots in November, 23-4. 
days. Obviously a decision can be made only once a 


statistically significant number of events on the Moon is 
observed. 

The particles with highest energy emitted by a flare 
arrive first at the Earth; compare Smith and Smith’. Off- 
hand, there is no immediate reason to believe differently for 
any event observed on the Moon. In Table 2 relevant 
data for proton speeds and time delays are computed as 
a function of kinetic energy. Also given in Table 2 are 
proton densities per em? in Earth distance which are 
required for the observed luminescence of the Moon on the 
basis of the laboratory data by Derham and Geake: 
compare equation (6), Kopal and Rackham’. In com- 
paring the speeds given in Table 2 with the two observed 
events it is important to remember that the lunar lumines- 
cence listed lasted for only 10 min, thus making a signifi- 
cant spread in particle energies impossible, except if the 
luminescence could be excited only by practically mono- 
chromatic particles. Again, we find the discussion incon- 
clusive due to lack of sufficient experimental data. 


Table 2. PROTON SPEED (v), TIME DELAY (T), AND DENSITY (2) IX EARTH'S 
DISTANCE ON A FUNCTION OF KINETIC ENERGY (E) 


E (keY) v (km/sec) T (h) n (cm>) 
5 1,000 42 60,000 

10 1,410 30 21,400 

20 f 2,000 21 7,500 

40 2,830 17 2,650 

100 4,470 9-3 672 
120 4,900 8&5 510 
200 8,320 6-5 235 
1,000 14,140 3-0 20 


Finally, Cameron! suggested that at least some of the 
particles which are allegedly involved in the lunar lumines- 
cence were accelerated in the boundary region of the 
magnetosphere of the Earth in the antisolar direction. If 
indeed this were to be the case, accurate correlations 
between flares and lunar events, assuming the existence of 
more observational data, would become rather doubtful. 
Cameron used the possible oxistence of such an effect to 
postulate the class three flare of October 28 to be respon- 
sible for the two observed lunar events. This identifica- 
tion would obviously be a desirable one, on the grounds 
that in general big flares cause big events in the inter- 
planetary space. However, it is by no means clear that 
the two observed events were the only ones in the afore- 
mentioned active period of the Sun. The time delay in 
that case would be of order 93 h. Cameron assumes that 
some of the particles of very low energy that arrive late 
at the Earth were selectively accelerated and finally 
caused the luminescence on the Moon. It would be 
desirable to have a more specific mechanism for this new 
process. 

Wo are indebted to Prof. Z. Kopal coo to Dr. A. G. W. 
Cameron for communicating materia! prior to publication. 
The reporting of this communication was supported by the 
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National Aeronautics and Space Administration. Oneofus 
(S. S.) is indebted to the Government of the Republic of 
Venezuela for providing a scholarship through the Naval 
Observatory, ‘J. M. Cagigal’. 


S. P. S. ANAND 
L. OSTER 
S. SOFIA 


Yale University Observatory, 
New Haven, Conn. 
1 Derham, ©. J., and Geake, J. E., Nature, 201, 62 (1964). 
? Kopal, Z., and Rackham, T. W., Nature, 201, 239 (1964). 
* Kopal, Z., and Rackham, T. W., Icarus, 2, 481 (1963). 
‘Parker, E. N., Space Sci. Rev., 1, 63 (1962). 
č do Jager, O., Space Sci. Rev., 1, 487 (1962). 


€ Solar Geophysical Data, Dec. 1963, Jan. 1964, Mar. 1964 (U.S. Dept. of 
Commerce, Washington, D.C.). 


? Smith, H. J., and Smith, E. V. P., Solar Flares (Macmillan and Co., New 
York, 1963). ` 


€ Cameron, A. G. W., Nature, 202, 785 (1964). 


PHYSICS 


Proposed Re-definition of the Litre, and the 
Effect on Oceanographic Data 


AT the next Conférence Générale des Poids et Mesures 
in October 1964 a resolution will be presented that the 
litre be re-defined as the volume of a cubic decimetre!? 
rather than as the volume of 1 kg of pure water at 4° C. 
This communication is not intended to question the 
general propriety of this decision, but to point out the 
effect it would have on oceanographic data. 

Probably alone among scientists, oceanographers 
habitually report ‘densities’ (of sea-water) to 1 part in 
105, and commonly in recent years to 1 in 10°. These are 
computed from measurements of temperature and 
chlorinity, electrical conductivity or refractive index; in 
general it is small variations in density which are impor- 
tant, rather than the absolute value. However, as pointed 
out by Pollack’, these values as computed by oceano- 
graphic tables are not true densities, but are specific 
gravities referred to an arbitrary and unknown ‘pure 
water’. Specific gravity is a ratio, and thus is a pure 
number without dimensions or units; however, because of 
the present definition of the litre, and if we assume that 
the reference water for the oceanographic tables has the 
same density as that used for defining the litre, a specific 
gravity is numerically equal to a density expressed as 
g/ml.. and sea-water densities have frequently been 
expressed in this way. If the new definition of the litre 
is adopted, this practice will be incorrect. This will not 
do any harm if oceanographers understand the significance 
of the figures they report, and-do not quote units for the 
specific gravity measurements. 

At this laboratory we are making measurements of the 
specific gravity of sea-water, from which new oceano- 
graphic tables will be computed. One reason for this work 
is that the measurements for the earlier tables were made 
before the discovery of isotopes, and no precautions were 
taken against altering the isotopic ratios by distillation. 
In the new measurements we are proposing to use as 
reference water distilled (under carefully controlled 
conditions) from sea-water collected at 2,000 m down in 
the Western Mediterranean Basin. This reference water 
will also be analysed for isotopic ratios. However, we 
cannot convert these measurements to absolute units, as 
we do not know the density of our reference water. The 
internationally accepted value of the absolute density of 
water is 1-000028 g/cm?. This figure is again based on 
determinations before the discovery of isotopes'; it could 
easily be in error by as much as 5 parts in 10°, and possibly 
more, from isotopic variations alone, and this uncertainty 
is much greater thar@the reproducibility of our measure- 
ments. 
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Assuming the Conférence Générale adopts the proposed 
resolution, and re-defines the litre, it will presumably 
prefer that oceanographers should accept their proposals 
and report sea-water density in g/em® (with which g/ml. 
will then be synonymous). Before this can be done, the 
absolute density of our reference water must be determ- 
ined. This determination is beyond the resources of our 
laboratory; we understand, however, that the National 
Physical Laboratory would like to undertake this work 
with our collaboration, if the necessary staff and financial 
support can be found. We think it is important that this 
work should be done, so that it may be a practical possi- 
bility to use the recommended units. 

Roranp A. Cox 
National Institute of Oceanography, 
Wormley, Godalming, Surrey. 
' British Standards Inst. News, 6 (March 1964). 
* Bigg, P. H., J. Inst. Chem., 407 (1963). 
3 Pollack, M. J., J. Marine Res., 19, 28 (1961). 
‘ aT Ne C. E., et al., Trav. et Mem. du Bur. Int. des Poids et Mesures, 14 


Cathodic Sputtering of Iron Oxides 


In this communication, results obtained by cathodic 
sputtering of iron oxide cathodes, when the sputtering 
atmosphere is residual air, are presented. Preston! pre- 
pared oxide films of metals by reactive sputtering in an 
atmosphere of oxygen, but this is the first time that 
results on the sputtering, directly, of magnetite (Fe,0,) 
and hematite (a-Fe,0;) have been reported. 

Very pure polycrystalline magnetite and hematite ores 
were cut and ground into disks l in. in diameter and 
about 1/16 in. thick. They were placed 1 cm above the 
substrate-stand, the latter made of aluminium, which 
is sputtered with difficulty in air or oxygen. The sub- 
strate was (100) sodium chloride and was held at room 
temperature or heated to various temperatures up to 
300° ©. The glow discharge at a pressure of 10--10-3 
torr was produced with an electric field of 2 kV between 
the shielded cathode disk and the base plate of the 
vacuum system. The discharge was contained between. 
the cathode and the substrate, using a special geometry, 
the details of which will be found elsewhere?. The ion 
current during sputtering could be varied from 100 to. 
500 pamp/em? by varying the pressure. At a current 
density of 100 ywamp/cm’, the rate of deposition was 
33 A/min. At all temperatures of the substrate during 
the experiment, sputtered deposits accurately correspond 
to the cathode composition, as found by electron dif- 
fraction. The films are polycrystalline and the grain size 
ranges from a few tens of A to 1000 A, though the aver- 
age grain-size is about 200A. There was very little 
epitaxy as seen by the absence of any major preferred 
orientation in the films. 

It has been suspected before? that cathodic sputtering 
may remove material in molecular or larger than molecu-. 
lar pieces, but this view could not be confirmed because 
of the amorphous nature of the films, as deposited. The 
present case shows this suspicion to be correct and also 
supports the view‘ that sputtering is a transfer of momen- 
tum process rather than local point. heating. Further 
experiments with synthetic single crystal and poly- 
crystalline hematite cathodes are in progress to confirm 
the, intriguing possibility of sputtering in larger than 
atomic units, and will be reported soon. 

. Supir K. BANERJEE * 
Department of Geodesy and Geophysics, 
University of Cambridge. 

* Present address: Solid State Physics Division, Mullard Research 
Laboratories, Redhill, Surrey. 

1 Preston, J. S., quoted in Holland, L., Vacuum Deposition of Thin Films, 
456 (Chapman and Hall, 1956). 

* Banerjee, S. K., Ph.D. dissertation Camb. Univ., 1963 (unpublished). 

3 Moulton, O., Nature, 195, 793 (1962). í 

i Wehner, G., Phys. Rev., 102, 690 (1956). 
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Magnetic Anomalies over the Mid-Labrador 
Sea Ridge 


Ow February 16, 1963, an R.C.A.F. Argus aircraft flew 
a sortic from the Labrador coast to the southern tip of 
Greenland and back to the Strait of Belle Isle at an 
altitude of 200 ft. Total intensity values of the Earth’s 
magnetic field were obtained at one-thirtieth nautical 
mile intervals along the track of the aircraft. These are 
shown in Fig. 1 using a scale of 20y to a nautical mile. 
The regional gradient of the Earth’s magnetic field has 
been removed. The track of the aircraft is shown in the 
inset and the letters refer to the points labelled on the 
profiles. It is readily apparent from the profiles that some 
distinctive magnetic anomalies occur in the area traversed. 
The largest anomaly recorded off the continental shelf was 
greater than 700y in amplitude, where the depth of water, 
as indicated by Canadian Hydrographic Chart 7011, was 
more than 11,000 ft. 

An interesting feature of the profiles is the apparent 
correlation (as indicated by the dashed lines) between the 
two profiles near the coast of Greenland. It appears that 
the empirical correlation can be carried to the point where 
the tracks are about 150 miles apart. This apparent 
correlation brings to mind the occurrence of the elongated 
anomalies off the west coast of North America!-*, which 
also occur in the deep ocean, and on the western side of a 
large land mass. Tho trends of the Pacific anomalies are 
aligned approximately north-south, whereas the Labrador 
Sea anomalies appear to trend about north-west—south- 
east. 

There has been some speculation recently on the 
possible existence of a mid-Labrador Sea ridge®, and 
Drake eż al. have presented records from the seismic 
profiler which indicate that a Labrador Sea ridge probably 
does exist. However, no distinctive, associated magnetic 
anomaly was observed. The profiles of Drake et al. are 
located reasonably close to the profiles presented in this 
report. The feature on their profile AB which outcrops 
above the ocean floor lies to the south-east of the 550y 
anomaly labelled R on the profile DE in this communication. 
From the previous discussion this direction seems to be the 
dominant geological trend in the area. A smaller amplitude 
(2007) anomaly appears on our profile AB and is also 
labelled R. It is approximately north-west of the previ- 
ously discussed anomaly. There would thus scem a 
reasonable chance that the anomalies labelled R are, in 
fact, the magnetic expression of the mid-Labrador Sea 
ridge. Both anomalies gave depth determinations around 
12,500 ft., which would indicate that the causative body 
is just below the ocean floor. 

The lack of a magnetic anomaly on some traverses over 
the mid-Labrador Sea ridge is puzzling, but similar 
inconsistencies have occurred in the case of the mid- 
Atlantic ridge’. 
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The large (1,550y) anomaly immediately to the north 
of E occurs on the Labrador continental shelf in about 
500 ft. of water and may be associated with the edge of 
the continental shelf. 

Two sea magnetometer traverses were made by Lamont 
across the Labrador Sea in 1960. Between miles 900 and 
950 on Fig. 84 of the published report® may be seen a 
series of four anomalies each having an amplitude about 
400y. These stand well above the background and aro 
located in the vicinity of the anomaly labelled R on 
profile DE. The anomalies which occur between miles 
990 and 1,120 of the aforementioned report correlate well 
with the anomalies shown on profile CD on a peak-to-peak 
basis. On their return profile the ridge anomaly is not so 
definite although the associated magnetic anomaly could 
be that located at mile 455 on their Fig. 86. 

The preliminary interpretation presented here is 
admittedly speculative. However, it is hoped that 
additional magnetic traverses will be carried out between 
Greenland and Canada to establish the distances over 
which the anomalies in the Labrador Sea have continuity 
and to throw additional light on the possible existence of 
a Labrador Sea ridge. 

We thank the crew of Argus 722 who actually flew the 
sortie. This work was supported by the Royal Canadian 
Air Force. This communication is Canadian contribution 
No. 46 to the International Upper Mantle Project. 


P. J. Hoop 


Geological Survey of Canada, 
Ottawa. 


E. A. GopBy 


National Aeronautical Establishment, 
National Research Council, 
Ottawa. 
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GEOLOGY 


Origin of Ice Ages: an Ice Shelf Theory 
for Pleistocene Glaciation 


A RECENT paper by Wilson! suggests that ‘thermal’ 
surges of the Antarctic ice sheet led to the growth of large 
ice shelves in the Southern Ocean, and that these shelves 
cooled the Earth sufficiently to cause glaciations in the 
northern hemisphere. That the southern hemisphere may 
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dominate the northern in this way is the antithesis of a 
suggestion in an earlier paper* by me. However, both that 
paper? and a later one? do discuss the possibility of large 
thermal surges in Antarctica (see especially ref. 2, 185; 
ref. 3, 312), and since these papers were published I have 
been examining the further possibility that the surges act 
as ‘triggers’ for northern glaciation. The theoretical 
results of this examination, which will be published 
elsewhere, are inconclusive: the ice shelf theory for 
glaciation involves so many glaciological, oceanographical 
and meteorological assumptions that it may be impossible 
to justify all of them It is the purpose of this communica- 
tion to suggest how field evidence may be used to test the 
theory. Really convincing tests will probably require 
ae as from field workers in every part of the 
world. 

In Antarctica itself, the field evidence is inconclusive. 
For example, it may be thought that the ice shelf theory 
is contradicted by the existence of carbon-14-dated 
Recent raised beaches around Antarctica’-5, raised at a 
time when the theory requires an increase of ice load on 
the continent. However, suppose that the explanation of 
these beaches is that advanced by me?: that they were 
the result of isostatic rebound caused by an ice retreat, 
and that this retreat was the result of increased ice-calving 
and bottom-melting caused by the post-Weichsel (Wiirm, 
Wisconsin) rise of sea-level. Such an ice retreat in 
Antarctica could well have been a relatively brief and 
peripheral phenomenon, superimposed on an ice increase 
throughout and since the Weichsel in the centre of the 
continent. This increase would necessarily be very slow 
{and not enough to throw the ice budget appreciably out 
of balance), because of the very low rates of accumulation 
in the high, cold centre. 

Outside Antarctica, the evidence should be more 
conclusive. The surges of the ice shelf theory should have 
caused, among other effects, large but temporary rises of 
sea-level. As Wilson points out, these might have been a 
cause of cyclothems. This possibility could be tested by 
means of temperature determinations, perhaps with 
oxygen isotopes, of the fauna in the marine beds of the 
cyclothems. Particularly in the southern hemisphere and 
in the Tertiary, the fauna should occur in a warm-—cold- 
warm sequence. A noteworthy feature of these temporary 
rises of sea-level might have been the rapidity of the 
initial rise: if the Antarctic ice sheet surged with velocities 
typical of modern surging glaciers!, the rise might have 
been completed in less than 100 years. Such large and 
rapid rises of sea-level might well have starved or drowned 
large numbers of animals on local hills in lowlands. It is 
interesting, therefore, that in England, for example, the 
marine deposits called the Crags do contain at their bases 
unusually rich vertebrate and other fossil beds. The case 
for interpreting these and similar beds throughout the 
world as the result of marine flooding has been argued by 
several ‘Diluvialist’ and ‘Catastrophist’ authors, and it 
may be worth while re-examining at least some of their 
evidence’. 

Of course, a proof that these glacial-marine surges 
occurred would not be a proof that they caused ice 
ages. As I have pointed out’, it is always possible that 
the surges tend to be small, and to occur in a more or less 
random sequence in different ‘drainage basins’ in Antarc- 
tica (and Greenland). To show that the surges were a 
likely cause of ice ages, it must be shown first that the 
surges were large enough, causing sea-level rises of say 
10-30 metres, and second that they occurred at a particular 
time, at the ond of the interglacial ages and the beginning 
of the glacial ages. In other words, it must be shown that 
the sea-level ‘highs’ of the interglacial ages were followed 
by transitional ‘extra-highs’, before the glacial ‘lows’. 
Again, evidence suggestive of such ‘extra-highs’ does exist. 
In England, for examplp, a marine transgression is bolieved 
to have occurred ‘in the latter part of’ the Hoxnian 
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interglacial age’, and the ice shelf theory would provide 
one possible explanation of this. 

If these surges did occur, the determination of their 
amplitude and chronology may be difficult. How- 
ever, I hope that this communication will encourage 
field workers in all parts of the world to review 
their local Pliocene and Pleistocene marine stratigraphy 
with Wilson’s theory in mind, The results will be of more 
than geological interest, because a new surge of the 
Antarctic ice sheet, even if it were too small to trigger a 
new ice age, would nevertheless submerge much of our 
coastal civilization. 


J. T. Hort 


Department of Geology, 
Yale University, 
Hew Haven, Conn. 
1 Wilson, A. T., Nature, 201, 147 (1964). 
2 Hollin, J. T., J. Glac., 4, 173 (1962). 
2 Hollin, J. T., J. Glac., 4, 812 (1962). 


t Cameron, R. L., and Goldthwait, R. P., Intern. Union. Geod. Geophys., 
Intern. Assoc. Sci. Hydrology, Pub. 55, 7 (1961). 


š Nichols, R. L., Polar Record, 10, 401 (1961). 
£ Howorth, H. H., Mammoth and the Flood (London, 1887). 
7 West, R. G., Proc. Geol. Assoc., 74, 147 (1968). 


‘Mat’ Formation and Crystal Settling in 
Magma 


SETTLING of crystals on to the floor of a magma chamber 
has long been recognized as effective in bringing about 
differentiation. 

However, difficulties with this concept have led petrolo- 
gists, particularly in South Africa, to postulate a pulse 
mechanism to explain such features as the magnetite 
layer near the top of the Main Norite Zone of the Bushveld 
Igneous Complex', and the pyroxenite layers, up to 
hundreds of feet thick, which occur near the base of this 
complex and in the Great Dyke of Southern Rhodesia’. 
Alternations of layers of pyroxenite and anorthosite, 
which have strongly contrasted compositions, are difficult 
to explain by the theory of crystal settling in a single 
pulse of magma, especially where there is little evidence 
for the presence of convection currents in the magma. 

It is possible that ‘mat’ formation might help to explain 
these features. 

If it is assumed that a non-convecting body of magma, 
from which only pyroxene and plagioclase can crystallize, 
is at a temperature within the range of crystallization of 
pyroxene (say), then at the upper limit of this temperature 
range pyroxens begins to nucleate throughout the magma. 
These early crystals of pyroxene grow, and new nuclei are 
formed as the magma cools. The large crystals, because 
of their greater weight, sink more quickly through the 
magma. 

As tho process of nucleation, growth, and settling con- 
tinues, with the heavier crystals continually catching up 
on smaller crystals below them in the magma chamber, 
then it is possible that during crystallization a ‘mat’ of 
crystals would form at some level above the floor, with 
magma above and below the mat. At first this mat would 
be in the nature of a relatively loose aggregate of crystals 
which would be strengthened by addition of crystals to the 
top of the mat, and by secondary growth on those already 
contained within it. 

If such a mat of pyroxene erystals were formed then it 
would be an effective barrier on which later crystals 
falling from above would accumulate. Below the mat 
crystals would sink, impoverishing this layer in pyroxene 
to give an anorthosite layer. 

It is conceivable that once a sufficient density of crystals 
had been attained in any particular volume of magma, 
then several mats could form one below the other, and 
more or less at the same time, giving as a final product an 
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alternation of sharply bounded pyroxenite and anorthosite 
layers. 
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W. R. LAUDER 
Department of Geology, 
Victoria University of Wellington, 
New Zealand. 


1 Truter, F. C., C.C.T.A. Southern Regional Comm. Geol. First Meeting, 
Salisbury, 1955, 85 (1957). 
2 Worst, B. G., Bull. Geol, Surv. Southern Rhodesia, 47, 153 (1960). 


Preliminary Temperature Measurements in 
Cornwall 


As part of a mineral exploration feasibility study in 
marine areas near the coastline of Cornwall, equipment 
has been constructed for the measurement of temperature 
to a sensitivity of 0-01° C. The temperature-sensing 
element is a thermistor, mounted in a probe, connected 
via long leads to a bridge/amplifier circuit where the 
determination of the variation of resistance with tem- 
perature can be made. The circuit is so arranged that 
compensation is provided for the lead resistances. 

In order to test the equipment, and also to provide 
some loca] control for the proposed off-shore experiments, 
temperatures were first measured in long boreholes which 
transected different rock types as well as mineralization. 
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Three of these borehole temperature profiles, made at 
different levels in Geevor Tin Mine, are shown on the 
associated diagram (Fig. 1). The geological section has 
been simplified for the purpose of -clarity: however, 
nothing of great significance, apart from one or two very 
thin ore traces (less than 6 in.), has been omitted. The 
lodes indicated are about 1 ft. thick in the upper two 
profiles, and about 5 ft. in the lower case. The profiles 
show that on the basis of temperature measurements: 
(1) it is possible to distinguish between granite and 
‘killas’ (a local name for an assemblage of slaty shales, 
mudstones and sandstones); and (2) mineralization, of a 
sulphide type and in a suitable condition, can be detected. 
The large minimum in the bottom profile can probably 
be accounted for by the broken nature of tho country 
rock at this position. While these conclusions cannot be 
regarded as decisive on the basis of such a few profiles, 
they do agree with the general findings of Lovering and 
Goode? and others. 

In the marine environment, no attempt has yet been 
made to locate mineralization directly. However, certain 
‘regional’ temperature measurements were made, where 
suitable sediment cover occurred, to study the effect of 
changes in the country rock. These were carried out, ata 
few feet below the bottom, in an off-shore strip about 
1 mile from the north coast of Cornwall between latitudes 
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50° 19’ 64” N. and 50° 20’ 38” N. (Fig. 2); for those who 
know the region, the sea area just south-west of Perran- 
porth in the direction of St. Agnes. Here the seaward 
extension of the Cligga Head granite has been mapped 
using standard geophysical and geological techniques. 
These other observations offer some evidence to support a 
view, first put forward by Hosking and Trounson?, and 
further described by Cox, that a shallow granite ridge 
underlies the marine area connecting the Cligga Head and 
St. Agnes granites. In particular, the measurements 
show that the Cligga Head granite is steep-sided on the 
eastern flank, and that on the north-western side it exhibits 
a gradual slope out to sea, joining on to the seaward exten- 
sion of the St. Agnes granite at relatively shallow depths 
below the sea-floor. The temperatures recorded, widely 
scattered though they may be, seem to conform to this 
View. 

Temperature gradients were also observed but, as the 
measurement of the termal conductivities of the various 
rocks and mineral assemblages has not been completed, no 
conclusion can yet be made regarding heat flow in the 
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Sea-bed temperature measurements off Cligga Head, Cornwall 


various areas. The thermal conductivities are being 
measured on a constant temperature difference divided 
bar apparatus of the type described by Beck‘. 

This work was supported by a research grant from the 
Department of Scientific and Industrial Research and by 
a large amount of assistance from the Union Corporation 
and Geevor Tin Mines, Ltd. One of us (J. W.) is 
maintained by a research bursary from the Rio Tinto- 
Zine Corporation. All diagrams were drawn by Mr. F. C. 
Dewes. 
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D. TAYLOR SMITH 


Department of Geology 
(Applied Geophysics), 
Imperial College of Science and Technology, 
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Scattering of Microwaves by Adjacent Water 
Droplets in Air 


Tue scattering by a single, homogeneous sphere, located. 
in a parallel beam of electromagnetic radiation, is given 
by Mie’s solution of Maxwell's equations. 

The case of two identical neighbouring spheres has been 
discussed by Trinks?. When the two spheres are close 
together, tho field scattered by one sphere contributes to 
the incident field at the other sphere. Trinks’s solution 
is based on the assumption of small spheres, with radii 
less than one-tenth of the wave-length, so that the 
Rayleigh approximation is valid. His findings may be 
summarized as follows. 

Consider first the case when radiation is incident 
perpendicular to the connecting line between the two 
spheres. The incoming radiation is assumed to be linearly 
polarized, with its electric field perpendicular to the 
connecting line (Fig. la). Trinks shows that the scattering 
increases as the distance between the spheres decreases. 
The increase per sphere, expressed as a percentage of the 
power scattered by the same sphere when single, is: 


paseo} DAG aE) rT apo 


where r is the radius of the spheres, and R their centre-to- 
centre distance. Furthermore, p=g—ig’ is a function of 
the complex refractive index m=n—in’ of the spheres 
relative to the surrounding medium: 
m—) 
P mF 

The effect of changing the polarization direction is not 
discussed in Trinks’s paper. However, the scattering by 
a single sphere is zero in the direction of the incident 
polarization. It seems evident, therefore, that when the 
polarization is parallel to the connecting line, the field 
disturbance at one sphere, caused by the other, will be at 
its minimum. By this argument it follows that for circular 
polarization the resulting increase in scattering will be 
somewhat smaller than indicated by equation (1). 

Consider next the case when radiation is incident parallol 
to the connecting line (Fig. 1b). In this case the total 
scattering is not affected by the polarization conditions. 
Trinks’s expression for the corresponding scattering increase 
approaches equation (1) exponentially as the separation 
decreases towards zero. He finally arrives at the conclusion 
that for two nearby small spheres the pair effect is essen- 
tially given by equation (1), no matter how the connecting 
line is oriented relative to the incoming radiation. 

A slight modification of this statement follows from 
polarization considerations: in an assembly of droplet 
pairs with random orientation, the pair effect tonds to be 


E a eee en radiation 


a) ——> 


Polarization 


Incldent radiation 


ee 
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Fig. 1. a and b, Two different cases in Trinks’s theory 
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Increase in scattered power, k (%) 
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Fig. 2. Increase in microwave scattering versus separation between 


spheres 


smaller than the value given by equation (1). For the 
present purpose it suffices to say that Trinks’s equation is 
likely to be a somewhat high estimate, when the droplet 
pairs are randomly oriented. 

The two spheres in Trinks’s theory will have the sarme 
phase so long as their dimension and separation remain 
sufficiently small compared to the wave-length. Thus the 
scattering enhancement discussed here is not caused by 
any changes in phase. Jt is more in a class with the effect 
of shape variations in the case of water droplets. In our 
case the ‘shape’ is that of two nearby spheres. 

Some calculations based on equation (1) are presented 
in Trinks’s paper. They apply to the scattering of visible 
light by pairs of tiny gold spheres in water. It appcars 
that the scattering increase attains its highest value. 
k= 80 per cent, when the separation approaches zero. 

The validity of his theory, however, extends far beyond 
the optical region. Jt is, for example, equally relevant to 
the scattering of microwaves by pairs of water droplets in 
air. With this type of radiation the requirement r< U 17. 
is fulfilled for cloud droplets. It will also be fulfilled for 
raindrops, when the wave-length is greater than a few 
centimetres. 

Trinks’s equation can now be applied to this problem. 
The following values of the complex refractive index. 
corresponding to four selected wave-lengths, are taken 
from Van de Hulst?: 


A= 1:25 em m= O41 — 286% } 

A= 30 em m = 818 — 1:96 i at 18°C 
4=100 em m = 8-90 — 0-697 a 

2= 162 om m=901 - 0437 ! 


Calculations demonstrate that equation (1) is fairly 
insensitive to changes in the complex refractive index. 
In fact the calculated k-values show no discernible 
dependence on wave-length throughout the interval 7. =- ) 
to 16 cm. The findings are entered in Table 1. 

For the sake of comparison, Table 1 also contains coni- 
puted k-values for pairs of ice spheres. The complex 
refractive index of ice is virtually independent of waye- 
length in the centimetre band. Its value, taken from Gunn 
and East’, is: 

m=1:78— 0-0008; at —10°C 
The results of Table 1, both for water and ice, 
wide range of atmospheric temperatures, 


cover n 


Table 1. INCREASE IN SCATTERING OF MICROWAVES BY PAIRS OF Watt 
OR ICE SPHERES 


R (centre-centre distance) Aa 2r 2dr gr w 
k wee aes water 29 l4 & r 
(per cent) ice 12 6 3 


The tabulated enhancement, expressed as a percentage 
of the single-sphere scattering, is depicted graphically in 
Fig. 2, as‘a function of the separation. 

The graph shows that the additional scattering is le. 
pronounced for ice than for watemspheres. The increa~- 
in scattering is greatest when the spheres are quite clo~» 
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(R~2rev0): 29 per cent for water, 12 per cent for ice. 
As the separation increases by one diameter, the corre- 
sponding percentages: fall off to one-tenth of their original 
values. This means that the increase in total scattering 
is unimportant when the separation exceeds a few radii. 

Trinks’s theory does not deal specifically with back- 
scattering, and therefore has no direct application to the 
radar use of microwaves. From the results just presented, 

` however, it seems unlikely that the pair effect should have 
any essential influence on back-scattering when the 
separation is greater than a few radii. 

The overall consequence of the pair effect in clouds still 
remains to be determined. As a, first-order approximation 
it will be assumed that the spatial distribution of droplets 
is random. From the law of distribution of the nearest 
neighbour® it then follows that the probability of having 
the nearest neighbour within a distance b is: 


P=1—exp(—§ nbn) 


where n is the number of droplets per unit volume. 

A rough estimate of P may be obtained by taking 
n= 10? cm~ as a reasonable value for clouds*. The separa- 
tions of interest are just a few radii, say b=50u=5 x 
10-* em. With these values of n and b equation (2) yields: 


P=5x 10-5 
The additional scattering effect, due.to the presence of 


nearby droplets (droplet pairs), is finally represented by 
the parameter: 


(2) 


Q=Pxk 
Taking & to be of the order of 20 per cent, the result is: 
Q=1 x 10-5 per cent 


This means that the increase in cloud scattering, due 
to the pair effect, is only one-thousandth of 1 per cent. 
Even though the values of n and b might possibly be 
somewhat greater than the present estimates, the con- 
clusion must be that the pair effect is several orders of 
magnitude smaller than the overall cloud scattering. For 
practical purposes, this minute increase in scattering should 
be negligible. i 

Similar estimates have been made for rain, and the 
resulting Q-values are of the same order of magnitude as 
for clouds. Therefore, the main conclusion already given 
for clouds will also be valid for rain. 

I express my thanks to Profs. J. S. Marshall, K. L. S. 
‘Gunn, W. Hitschfeld and E. J. Stansbury for their advice. 


OLAV LILLES TER * 
Department of Meteorology, 
McGill University, 
Montreal. 


* On leave from the Norwegian Defence Research Establishment. 
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Diabatic Heating and Cooling in the 
Equivalent-barotropic Atmosphere 


- A BAROCLINIC atmosphere in which the wind direction 
does not change along the vertical, defined by the relations: 


Vp = ApV (1) 
-where f 
A 1 Po 
ae | vp 4 2 
4 i pP ip ( ) 
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is the average wind in a layer with vanishing boundary 
values of the vertical velocity wp = dp/dt, has been 
named! ‘equivalent-barotropic’ because the divergence 


VV = 
vanishes at a level n defined by: 


A, = AS (3) 
Consequently the vorticity equation, which in a consistent 
geostropic form can be written: 

| 


a 
mt pIattnats 


p (4) 


takes at the level n the barotropic form: 


dkn 
a E Hen te +f) = 0 (5) 


It is clear that together with the geostrophic assumption 
equation (1) implies that: . 


Cp = 4 V%p = Apt 


tp = Ap? + Bp (6) 

These relations have been used? to determine an average 

vertical velocity field for the equivalent-barotropic 

atmosphere. We wish to point out here that they also 

imply the existence of a realistic field of diabatic heating 
and cooling in the equivalent-barotropic atmosphere. 

It follows from equations (1) and (6) that the vorticity 


equation (4) for any level can be written in a form similar 
to (5), namely: 
an g A ` 
ate ey T te +f) = 0 (7) 
in which the local vorticity change is no longer balanced 
by the vorticity advection. It follows immediately from 
(7) that the divergence at the level p is given by: 
g (An — A 
i Ip 7P ae) J(zp, yz) (8) 
so that by integration: 


g? -2ùf? 
op = fa Tem vz) AP” Ayn — 4p) dp (9) 
Bo 
We now introduce the thermodynamic enérgy equation 
in its geostrophic form: 








x d 0 (dz az 
T ie = 3 \ Ip +4 Ja, a) ~oo (10) 
where : 
x—1 @ az 
= pP p dp? a1) 


is the vertical stability. Equation (10) has had little or 
no attention in connexion with the barotropic model but 
evidently must be satisfied, In combination with equa- 
tions (1) and (9) it leads to an equivalent-barotropic 
heating function of the form: 


dQ dA gp (az oA ) 
a ~ ~ ap vA ë ~ ddp ° 
Numerical values of the vertical velocity and the 
diabatic rate of heating or cooling dQ@/dé require the 
function A to be specified. This can be done on a physical 
rather than empirical basis, for example, by assuming a 
constant lapse rate or a definite relation between the 
contour height and temperature gradients on a constant 
pressure surface. However, neither w nor dQ/dt appears to 
be sensitive to slight changes in the form of A, and this 
mekes it possible to indicate the general features of the 
fields of vertical velocity and diabatic heating and coolmg 
in the equivalent-barotropic atmosphere. 


(12) 
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Broadly speaking, we find that ascent and heating occur 
ahead of depressions, and subsidence and cooling in their 
rear. Calculations based on Australian data have given 
vertical velocities of the order of several dynes cm-? sec-} 
and heating or cooling at the rate of 10° ergs gm sec~. 
It seems of particular interest that this distribution of 
heating and cooling is consistent with the release of heat 
of condensation ahead of a depression and with the 
increased radiational heat loss in the region of subsidence 
and clearing in its rear. The diabatic heating and cooling 
implied by the equivalent-barotropic model therefore 
make physical sense, and this may not be without rele- 
vance for the relatively good performance of the barotropic 
model in numerical weather prediction. A. programme of 
Australian case investigations is now under way in which 
the realism of the equivalent-barotropic fields of vertical 
velocity and diabatic heating and cooling is being checked. 

D. JENSSEN 
U. Rapox 
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RADIOCHEMISTRY 


Radiolysis of Solid Cyclohexane- Benzene 
f Mixtures at —196° C 
Kroh and Karolezak! recently reported hydrogen yields 
in the y-radiolysis of solid benzene-cyclohexane mixtures 
at — 196° C which differed markedly from those observed 
in the liquid phase. The solid mixtures were prepared by 
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Fig. 1. Hydrogen yields in the radiolysis of solid mixtures of cyclohexane 


and benzene showing the effect of method of preparation. O, Samples 
frozen from liquid; @, samples condensed from vapour 
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plunging liquid samples into liquid nitrogen. Our results 
for such samples are shown by the open circles in Fig. 1, 
and are in qualitative agreement with those reported by 
Kroh and Karolezak. The samples were irradiated with 
cobalt-60 y-rays at a dose rate of 2 x 10%? eV/L/h to doses 
of between 2 and 4 x 10%? eV/I. 
We suspected that, during freezing. there had been 
some segregation of the liquid mixture into two phases, 
solid benzene and solid cyclohexane. This segregation 
would eliminate the interactions which occur in the 
radiolysis of the liquid mixtures and the yields would lie 
close to the mixture line. To test this we prepared other 
samples by the slow condensation of a stream of the 
pre-mixed vapours on to a surface cooled by liquid nitro- 
gen. As segregation into two phases will be inhibited at 
these temperatures these samples should be homogeneous. 
The hydrogen yields obtained in the radiolysis of these 
samples are shown by the solid circles. These yields are 
much lower than from the frozen liquid samples and do 
not differ qualitatively from those found in the liquid’. 
These results are part of more detailed investigations 
we are making on the radiolysis of solid hydrocarbon 
mixtures. We find that the interactions in liquid alkane 
mixtures? also occur in the solid. The effects of additives, 
for example, benzene, on these interactions are also similar 
to those observed in the liquid‘. Homogeneous mixtures 
can rarely, if ever, be prepared by freezing the liquid, and 
when segregation occurs the yields obey the mixture law. 
P. J. DYNE 
J. DENHARTOG 
Research Chemistry Branch, 
Chalk River Nuclear Laboratories, 
Chalk River, 
Ontario. 

1 Kroh, J., and Karolezak, S., Nature, 201, 66 (1964). 

3 Freeman, G. R., J. Chem. Phys., 38, 71 (1960). 

3 Dyne, P. J., and Denhartog, J., Canad. J. Chem., 40, 1616 (1962). 

4 Dyne, P. J., Smith, D. R., and Denhartog, J., Disc. Farad. Soc., 36 (1963). 


In connexion with our note! in Nature and the preceding 
communication by Dyne and Denhartog it seems worth 
while to stress several points significant for the radiolysis 
of solid organic mixtures. 

Curves of the type reported previously? have been 
obtained recently by us in some other cases. The plots 
of G(CH,) and G(H,) versus [C,H,] in C,.H,OH+C,He 
system? show plateau particularly pronounced for G(H,) 
in the range of electron fraction of benzene s» = 0-2-0-4. 

The dependence of G(H,) on (C,H) in cyclohexane- 
benzenemixture at — 80°C (ref. 3) is similar to that obtained 
at — 196°C (ref. 1). All these curves have been obtained with 
good reproducibility for fast frozen samples. 

Incontrast to the curve of Dyne and Denhartog reported 
for samples frozen from liquid C,H: +CH, mixtures, all 
the’ afore-mentioned curves with markedly appearing 
plateau cannot be explained by simple segregation. Segre- 
gation, which certainly occurs, plays probably an important 
but not exclusive part in shaping the curves. According 
to the recent data of Spangler and Sponer‘ in solid 
cyclohexane—benzene system at — 196° C, for compositions 
corresponding to the plateau, a fair amount still exists of 
cubic cyclohexane crystals with substituted benzene (for 
fast-frozen samples) and monoclinic cyclohexane with 
substituted benzene (for slow-frozen samples). 

Perhaps even more interesting results, illustrated in 
Fig. 1, are those recently obtained by us for the frozen 
system cyclohexane—biphenyl in the concentration range 
for which segregation seems to be less probable. The shape 
of the curve (C) for liquid system may suggest that the 
protective action of biphenyl is feasible by two different 
mechanisms and that only one of them is operative in the 
solid phase (@). ‘ 

All the facts reported by Dyne and Denhartog and us 
seem to indicate that further investigations on the radio- 





ro 


0 104+ 10° 
£ Biphenyl 


Hydrogen yields in the radiolysis of mixtures of cyclohexane 
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lysis of solid mixtures may provide interesting information 
as to the influence of structural factors on the energy 
transfer processes. 
J. Kros 
z S. KAROLCZAK 
Radiation Chemistry Department, 
Technical University of Lodz (Politechnika), 
Lodz, Poland. 
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3 Eroh, J., and Karolezak, S., Bull. Acad. polon. Sci., Ser. Sci. Chim, (in 
the press). 
i Spangler, J. D., and Sponer, H., Spectrochim, Acta, 19, 189 (1963): 


CHEMISTRY 


Pressure-programmed Gas-liquid Partition 
Chromatography 


Normar chromatograms of wide-range samples obtained 
under constant column inlet and outlet pressures give 
high narrow peaks and low wide peaks at short and long 
retention times respectively for equal concentrations; 
this observation is the basis of the theoretical plate value 
calculation. At longer retention times there is a risk of 
compounds remaining undetected. Temperature pro- 
gramming has been used to minimize this risk and enables 
wider range samples to be analysed; this technique also 
tends to equalize peak widths. 

Pressure programming is to increase progressively the 
inlet pressure of the column during the course of a 
chromatogram; normally the column exit pressure 
remains constant at that of the atmosphere. The method 
is most easily applied jo capillary columns and it has the 
following advantages in addition to those noted above for 
temperature programming: (1) the column is immediately 
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ready for use at the end of a chromatogram; there is no 
cooling-off period; (2) reproducible programming of 
pressure is easier to accomplish than that of temperature; 
(3) with suitable programming the chromatogram peaks 
of equal theoretical plate values should have equal widths; 
therefore the calculation using height times width at half 
height may be simplified to height measurement alone; 
(4) for homologous series, the peaks, notably those due to 
the higher members, become more nearly linearly spaced, 
thus aiding identification by extrapolation of data. 

It is hoped to publish elsewhere the derivation that ` 
pressure programming, based on the following equation, 
leads to the advantages noted above. 


Log P = kt + log © 


where k = os Fe ¢ and C, F, P are the inlet 
column pressures respectively at the start, finish and 
intermediate time, t, of a programme of duration, 7. 

Chromatograms, recorded under normal and logarith- 
mic pressure programmed conditions, of a petroleum 
distillate are given in Fig. 1. 


aC, 


(a) Pressure programmed nC, 







nCg 
nC 


(6) Normal. 


Injection 


Fig. 1. Chromatograms of a petroleum distillate 


I thank Dr. A. Newton for his advice, and Mr. A. L. 
Godier for constructing the chromatograph. 
S. A. CLARKE 
Texaco Trinidad, Inc., ý 
Pointe-a-Pierre, 
Trinidad, West Indies. 


Relation between Internal Rotational Barrier 
and lonization Energy of Substituent Atoms 
in Ethyl Halides 


A RELATIONSHIP can be found by plotting the potential 
barrier to internal rotation of ethyl halides against the 
ionization energy of the substituent halogen atom (Fig. 1). 
The results are given in Table 1. 

The internal rotational barrier values shown in Fig. 1 
and Table 1 represent a careful selection from the most 
recent and reliable microwave and infra-red spectroscopic 
measurements. Tho reliability of these chosen barrior 
values and hence the validity of the relation shown in 
Fig. 1 have been reaffirmed through our calculations of the 


Table 1 


' Ionization energy of 
Rotational barrier 


Compound substituent atom (ref. 6) 
(cal/mole) ` (eV) 
0,HF 3,959 (ref. 1) 17-42 
CBC 3,695 (ref. 2) 18-01 
C,H Br 3,567 (ref. 3), 3,684.(ref. 4) 11-84 
Hel 3,220 (ref. 5) 10-44 
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ideal gas state thermodynamic functions (entropy, heat 
capacity) for n-alkyl halides’. 
One of the authors (J. L.) acknowledges the initial dis- 
cussions with A. A. Bondi, Shell Development Company, 
Emeryville, California. 
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J. P. MORGAN 
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Ozone - Carbon Tetrachloride Double 
Hydrate 


CLATHRATE compounds have been prepared for most of 
the known gases except ozone. Because of its extreme 
reactivity, it is unlikely that a stable clathrate compound 
could be formed between ozone and any organic compound, 
but a compound with water, of the gas-hydrate type, may 
be expected to exist. Experience with hydrates of the 
inert gases! has shown that the simple hydrates are difficult 
to prepare and that elevated pressures are usually required. 
In view of the difficulty of handling pure ozone gas even 
without compression, the use of high pressures is undesir- 
able. The work with the inert gases did show, however, 
that the double hydrates with acetone, carbon tetra- 
chloride or chloroform were relatively easy to prepare. 
Attempts to make a hydrate of ozone and carbon tetra- 
chloride were therefore carried, out, carbon tetrachloride 
being chosen since it is stable to ozone at low temperature 
and can, in fact, be used as an ozone solvent. 

Pure ozone gas was prepared by condensing liquid ozone 
from ozonized oxygen and then reducing the pressure 
above the liquid ozone to remove dissolved oxygen. The 
liquid ozone was then carefully evaporated, allowing the 
gas to bubble through a mixture of carbon tetrachloride 
and water (1 : 3) cooled in an ice/salt bath to about — 2° ©. 
Up to this stage, the experimental work was carried out 
in a specially protected apparatus, due to the risk of 
explosion. 

The carbon tetrachloride was saturated with ozone to 
give a deep blue solution. The mixture of cold water and 
ozone solution was then seeded with a crystal of carbon 
tetrachloride hydrate or, in later experiments, with some 
ozone-carbon tetrachloride hydrate. Vigorous stirring 
with a magnetic stirrer, keeping the temperature around 
0° C, resulted in the formation of a white solid and in the 
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Fig. 1. Decomposition pressure of the double hydrate 


removal of most of the blue colour from the carbon 
tetrachloride. The solid was recovered by filtration on a 
Buchner filter. 

Some early samples were slightly blue in colour but 
this was probably due to traces of carbon tetrachloride 
containing dissolved ozone which remained. When the 
solid was retained on the filter for a longer time, it was 
isolated as a white microcrystalline solid. Examination 
by X-ray crystallography showed a diffraction pattern 
very similar to that of the double hydrdte of argon and 
carbon tetrachloride, with roughly the same cell constant?. 
It is to be expected that the hydrate has the limiting 
composition corresponding to 20,.CCl,.17 H0. 

On warming, the material effervesces, ozone being 
evolved, Measurements of the decomposition pressure at 
different temperatures gave the results shown in Fig. 1. 
This curve is different in shape from the curves obtained 
for the inert gases, which gave a linear plot of log p versus 
1/T'. It is felt that the different shape of the eurve for the 
ozone compound may be due to the effect of solubility of 
the ozone in carbon tetrachloride and to some decomposi- 
tion of the gaseous ozone in the presence of water. The 
results suggest that the hydrate could be stored at 
temperatures below 2°C without using a pressurized 
container. 

The ozone content of the hydrate samples was determ- 
ined by measuring the volume of gas evolved on warming. 
Ozone contents up to 30 ml. per gram of product were 
obtained, that is, up to about 30 per cent of the theoretical 
content for the formula 20,.CCL.17 H,O. This indicates 
that only about 30 per cent of the small cavities in the 
lattice are filled. To obtain higher ozone contents would 
probably necessitate the use of ozone under pressure. 

This compound is the subject of a patent claim. 

We thank Mr. D. Clark of the Royal Aircraft Establish- 
ment, Farnborough, Hants., for carrying out the X-ray 
crystallographic investigations. 

G. MoTURK 
J. G. WALLER 
British Oxygen Co., Ltd., 
Deer Park Road, London, S.W.19. 


1 Waller, J. G., Nature, 186, 429 (1960). 
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Distribution of Adenine Residues in 
Deoxyribonucleic Acids 


In a previous communication! we described a method 
for the determination of the distribution of adenine 
residues in DNA. This involved the oxidation of DNA (T) 
with potassium permanganate to give ODNA (II) in 
which all the guanine, cytosine and thymine groups had 
been oxidized to ureido groups. 


Z 
O=P— OH O=P—OH 
f 1 
| 
CH R CHo o 
o- on 
o=P—0H ere 
| 
CH Adenine CH 9 Adenine 
ae) vo 


a) 


R = guanine, cytosine or thymine residue 


Degradation of the ODNA. with N alkali at 100° for lh 
gave mainly components of the type (adenine),phos- 
phate, +1 (Anpn +1; IIL), but there were present also, free 
adenine, deoxyadenosine, and ApA (IV n = 1) and 
presumably components of the type Anpa-, (IV). 

It was apparent that at least two types of degradation 
were occurring, and after correcting for this, and for the 
free adenine and deoxyadenosine which were produced by 
the degradation of the components of the type Anpn-;, the 
distribution of the adenine residues in DNA from a number 
of sources was calculated. We now report a method by 
which ODNA is degraded almost entirely to components of 
the type Appa 4, with very little production of adenine, 
deoxyadenosine, and ApA. 


Table 1. 
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The ODNA. was treated with hydrazine as described by 
Habermann for the production of apyrimidinic acid? and 
then with benzaldehyde as described by Chargaff et al.3. 
This removed almost completely the urea residues, and 
caused some, but not complete, degradation of the main 
polynucleotide chain. This material was degraded with 
0-3 N potassium hydroxide at 100° for 1 h and the product 
separated on DEAE-cellulose in a gradient of ammonium 
bicarbonate into nine fractions (A — I) as previously 
described!*. These fractions contained the same com- 
ponents as those from the direct degradation of ODNA 
with N alkali at 100°, but there was considerably less 
adenine, deoxyadenosine, and ApA. When, however, the 
hydrazine-treated ODNA was degraded with 0-1 N or 
0-01 N alkali at 100° for 1 h, very little adenine, deoxy- 
adenosine and ApA. were formed. Similar results were 
obtained when the ODNA. was treated with hydrazine 
hydrate instead of with absolute hydrazine. A typical 
procedure was as follows: 

ODNA. (50 mg)! was heated in a sealed tube at 60° with 
either hydrazine or hydrazine hydrate (1 ml.) for 3 h and 
then added to benzaldehyde (5 ml.). The mixture was 
extracted three timés with water (total volume, 50 ml.) 
and the aqueous extract extracted three times with ether 
and the aqueous solution freeze-dried. The product was 
then heated in the absence of oxygen with alkali (0-3 N, 
0-1 N or 0-01 N) at 100° for 1 h and fractionated on the 
DEAE-cellulose column. A sample of each fraction was 


ADENINE CONTENT OF FRACTIONS OF THE ALKALINE HYDROLYSATES OF HYDRAZINE-TREATED ODNA 








Percentage of total adenine in fraction * 











Type of hydrolysate 

Calf thymus ODN. A+B Cc 
(1) N KOH at tobe for 1 ü il 27-1 6-0 
(2) a tara at 60° for 3 

(a, N KOH at ting fori h 14:7 24 

(b g: 3 N KOH at 100° for 1 h 2-5 0-3 

(c) 0-01 N KOH at 100° forih 3-5 05 
(3) oo hydrate at 60° for 3 h: 

KOH at 100° for 1 h 10 0-3 
Mycobastoriwin phlei ODNA 

i N KOH at 100° for 1 ht 26:7 57 
5) Hydrazine hydrate at 60 ° for 3 h: 

0-1 N KOH at 100° for 1h 1:0 0:3 











D E F G H I 
30:3 15:2 10-4 63 3-0 14 
35°8 17:9 13-3 8-0 3-9 4-0 
42-0 22-1 15-5 10-0 3-8 3:8 
39:0 21:9 145 10°6 53 aT 
42-0 22-2 141 10°3 50 52 
31-2 14:4 85 8-0 38 1-7 
48-1 W7 112 11°5 54 4:8 





* The adenine-containing components of A + B were adenine and deoxyadenosine; C contained ApA; fractions D—H contained mainly components 
of the type Anpas where n = 1-5 respectively. J contained higher oligonucleotides. 


ee ref. 












































Table 2. DISTRIBUTION OF ADENINE RESIDUES IN DNA 
Calf thymus Myco. phlei 
ii Type of treatment * Calculated on Type of treatment * Calculated on 
Sequence of basis of random - basis of random 
adenine units (Dł (2b) (2e) (3) (3) distribution (4)t (5) (5) distribution 
s As percentage of As percentage of As percentage of 
As percentage of total adenine otal bases total adenine total bases 
Mono 46-0 + 1-4 431 40-6 426 11-9 14:5 492 48-7 T8 11:3 
Di 21:1 + 0-9 227 22°8 225 63 §1 181 18:0 29 3:6 
Tri 157 + 0-9 159 151 14:3 39 84 11:0 11:2 1'8 0-86 
Tetra 10-4 + 0-7 10:3 11:0 10-5 2-9 1:3 12:7 11:6 2:0 0-18 
Penta 5:0 + 0-2 3-9 5-5 5'0 1-4 0:45 61 55 0-9 0:03 
Hexa and above 2-0 3-9 49 52 1-4 — 3-0 49 0:8 — 
Ld 


* See Table 1. 
+ Taken from ref. 1. 
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hydrolysed with N hydrochloric acid at 100° for 1 h and the 
adenine separated by paper chromatography and determ- 
ined spectrophotometrically®. The addition of uracil as an 
internal standard facilitated the analysis. The results are 
shown in Table 1. 

The best results appear to be those obtained with 0-1 N 
alkali, and the adenine distribution in DNA. was obtained 
from these; the small amounts of adenine, deoxyadenosine 
and ApA were neglected. Degradation of the hydrazine- 
treated ODNA. with 0-01 N alkali was probably not quite 
complete and, with 0-3 N alkali, adenine, deoxyadenosine 
and ApA. were formed, showing that more than one type of 
degradation was taking place. Attempts were also made 
to degrade the ODNA with aqueous hydrazine and 0-1 N 
alkali simultaneously, but without success. 

The results obtained for calf thymus and Mycobacierium 
phlei DNA are similar to those previously obtained by the 
direct action of N alkali on ODNA. (Table 2), the main 
difference being the large amount of fraction I obtained in 
the present case. It seems unlikely that this is due to 
incomplete degradation by the alkali because of the 
similarity of the results obtained with 0-1 N and 0-01 N 
alkali. It could be due to the incomplete removal of urea 
groups from ODNA by the hydrazine, or that the higher 
results are correct and that the lower ones obtained by the 
action of N alkalion ODNA are due to non-specific degrad- 
ation or errors in the method of calculation. This still 
remains to be determined, but it was found that the AP, 
A,p, and A,p, fractions did not contain any ureido groups. 

Those results, therefore, confirm those obtained prov- 
iously, namely, that there is in these samples of DNA more 
adenine residues linked together in tracts of 3, 4 or 5 
residues than would be expected on the basis of a random 
distribution and that this is particularly marked in the 
ease of the ‘high GC DNA’ from Mycobacterium phlei. 

We thank Prof. M. Stacey for his advice. This work was 
supported by the Department of Scientific and Industrial 
Research. 
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Composition of Carapa procera Gum 


Carapa procera D.C. (family Meliaceae) occurs widely in 
the forests of the Western Area of Sierra Leone. Between 
December and February the stem exudes gum varying 
from pale-green to dark brown. On analysis, a single 
unpurified nodule gave ash, 1-68 per cent; nitrogen, 0-44 
per cent; acetyl groups, 1:84 per cent; alkoxyl groups 
(calculated as ethoxyl), 2:63 per cent. Results for two 
other nodules were not significantly different from these. 
The crude gum dissolves partially in cold water to give a 
markedly acidic solution. 

Large-scale purification of the gum was effected by a 
standard method!, using a dispersion of the crushed 
nodules obtained by stirring in cold water. A white, 
amorphous powder resulted after drying over phosphorus 
oxide at room temperature in a partial vacuum. Its 
aqueous solution was acidic, reduced Fehling’s solution 
only on prolonged heating and gave a white precipitate 
with Millon’s reagent in the cold but only a faint pink 
coloration on boiling. The essential homogeneity of the 
gum was confirmed by the insignificance of the differences 
in the constants obtained for purified specimens from 
different trees, mean values being: [a]? + 1-6° + 0-85° 
{concentration "= 0-5 in N sodium hydroxide); equivalent 
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weight, 908 (by titration), which corresponds with a uronic 
anhydride content of 19-4 per cent; ash, 0; nitrogen. 
0-53 per cent; acetyl groups, 0; ethoxyl groups, 3:33 per 
cent. 

Total hydrolysis, in a sealed tube, of a solution of the 
gum in 2 N sulphuric acid at 99° for 24 h produced con- 
siderable darkening. The hydrolysate was neutralized 
(barium. carbonate) and examined on Whatman No. I 
sheets with reference substances, using the solvent 
systems (v/v): (A) butan-1l-ol/benzene/pyridine; water 
(6: 1: 8 : 3, upper phase); (B) methyl ethyl ketone 
saturated with water; (C) butan-1l-ol/ethano] wator 
(4 : 1 : 5, upper phase); (D) ethyl acetate/acetic acid; 
formic acid/water (18 : 3 : 1 : 4). Colour development 
with p-anisidine hydrochloride and aniline hydrogen 
phthalate sprays revealed the presence of galactose, 
arabinose, rhamnose, and traces of ribose and xylose from 
purified specimens and from crude nodules. 

A 10 per cent solution of the gum in 0-5 N sulphuric 
acid showed continuous increase in the positive optical 
rotation during hydrolysis at 98° for 18h. The dark brown 
neutralized (barium carbonate) hydrolysate was filtered, 
concentrated under reduced pressure to a light syrup and 
poured into methanol. The precipitated barium salts 
(X) were filtered and used for characterization of the acidic 
sugars after several reprecipitations in methanol from 
aqueous solution. The methanolic mother liquor from the 
precipitation was concentrated and, on paper chromato- 
grams run in several solvent systems, the results were 
identical with those previously obtained from total 
hydrolysis. Storage of the concentrate at 0° removed 
some of the more abundant sugars as a crude crystalline 
mass. The supernatant syrup was separated on several 
large sheets of Whatman Nos. 3 and 3 MM papers and the 
sugars were eluted with hot methanol from their respective 
zones to give: D-galactose, m.p. and mixed m.p. 163° -165°. 
[aF? + 78°, oxidized with nitric acid to mucic acid, m.p. 
and mixed m.p. 212°-215°; t-arabinose, m.p. and mixed 
np. 155°-156°, [af + 102°; x-rhamnose hydrate (from 
ethanol), mp. and mixed m.p. 92°-93°, [a] + 83°. 
(Optical rotations are equilibrium values.) The quantities 
of the sugars, which were presumed to be ribose and 
xylose, were too small for characterization. 

Total hydrolysis of the purified gum for quantitative 
estimation of the neutral sugars was performed with 90 
per cent formic acid’ to avoid much decomposition’. 
The product was chromatographed on Whatman No. 1 
paper (solvent A) and a galactose/arabinose/rhamnose 
molar ratio of 28 : 23 : 10 was obtained by Wilson's 
method’, using a Hilger Uvispek spectrophotometer. (The 
other sugars were present in amounts too small for 
accurate determination by this method ) 

Deionization, with ‘Amberlite [R-120(H)’, of (X) and 
separation of the concentrated product on the chromato- 
gram. (solvent D) gave several spots including glucuronic 
acid, glucurone and higher acidic sugars. (X) was com- 
pletely hydrolysed, using 2 N sulphuric acid, in a sealed 
tube at 99° for 24 h. Barium salts (Y) isolated from the 
neutralized solution and purified in the manner described 
earlier gave, on Whatman No. 31 paper (solvent D), an 
intense spot of Rgalactose 0:94. Analysis of (Y) showed v 
methoxyl content of 0-9 per cent. Deionization of (Y) 
with ‘IR-120(H) gave, on chromatograms spotted with 
reference substances and run in solvents (D), (E) pyridine 
ethyl acetate/acetic acid/water (5 : 5 : 1 : 3) and (F) ethy! 
acetate/acetic acid/water (3 : 1 : 3, upper phase), glucur- 
onic acid and glucurone. 

(X) was reduced to neutral monosaccharides in the usual 
way*. Paper chromatographic examination of the 
product (Z) in solvents (A), (D) and (@) butan-1-ol 
pyridine/water (3 : 1 : 1) gave, in addition to spots for 
neutral sugars previously identified following hydrolysis 
of the gum acid, a single intense spq@} of chromatographic 
mobility and colour reaction identical with those of an 
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authentic specimen of glucose. Treatment of (Z) with 
the enzyme glucose oxidase removed the glucose. The 
method described earlier for the isolation of individual 
neutral sugar components gave, from (Z), an additional 
product, D-glucose, m.p. and mixed m.p. 147°-149°, 
[a] + 52°. 

Proferential liberation of arabinose during hydrolysis of 
the gum was shown by the result of paper chromatographic 
examination of samples withdrawn at intervals during 
autohydrolysis and during very mild acid hydrolysis. 

The alkoxyl group value estimated in the purified gum 
and the comparatively low alkoxyl content of (Y) suggest 
that alkoxyl group has no structural significance in the 
purified gum and arises from esterification® and/or adsorp- 
tion of precipitant? during purification. The detection of 
alkoxyl group in the crude gum suggests the presence 
therem of alkyl ester which was hydrolysed during 
purification}. 

Carapa procera gum, therefore, appears to consist of 
v-glucuronic acid, D-galactose, L-rhamnose and labile 
L-arabinose units as major components and possibly 
xylose and ribose in amounts too small to have any 
structural significance. Thus the gum shows a similar 
composition to that of gums of the Acacia group’. 

I thank Dr. J. Q. Buchanan for his advice and the 
Forestry Division of the Sierra Leone Ministry of Natural 
Resources for botanical identification of material. Micro- 
analyses were carried out by Weiler and Strauss of 
Oxford and A. Bernhadt of Mülheim. 

Isaac Cote 
Department of Chemistry, 
University College of Sierra Leone (Fourah Bay College), 
Sierra Leone. 
1 He i) L., Percival, Elizabeth, and Williams, R. S., J. Chem. Soc., 1942 
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Electro-kinetic Potentials of lon-exchange 
Resin Particles 


Ion-EXCHANGE resin particles are appropriate as model 
substances for chemical investigations of colloids, for they 
have well-defined structures with a variety of charged 
states. We have reported their aggregation phenomenon? 
and, in order to elucidate the mechanism, measured their 
electro-kinetic potential, results of which are reported in 
this communication. An attempt to measure their 
potentials was undertaken by Heymann et al.* without 
success. 

The electro-kinetic potentials of ion-exchange particles 
are measured by the method of streaming potential. The 
apparatus is the same as Martin and Gorter’s* and the 
calculation of electro-kinetic potentials from streaming 
potentials is according to the Helmholtz-Smoluchowsky’s 
equation. The ion-exchange resins used are ‘Dowex 
50W X--8’ and ‘Dowex 1 X~-8’ in various ionic forms. 

The, following results are obtained. As can be seon 
from the results in Table 1, a cation-exchange resin 
(R-SO,~) has higher (-potentials than an anion-exchange 
resin (2-CH,N(CH;);+) and ¢-potentials are dependent on 
the ionic forms, especially the valency of counter-ions. 


Table 1. -POTENTIALS OF ION-EXCHANGE RESINS IN PURE WATER 


- Resins Forms ¢-potential (mV) 
‘Dowex 5017 X-8’ Ht 12-47 
Nat 21°59 
Catt . 271 
Batt 1:77 
‘Dowex 1 X-F e OH- 3-87 
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Fig. 1. Effect of addition of sodium chloride on ¢-potentials of 


‘Dowex 50W X~8’ in sodium form 


The {-potentials are remarkably sensitive to the concen- 
tration of salt solutions. They decrease noticeably by the 
addition of 10-7 M sodium chloride and scarcely detected 
as the concentration of sodium chloride increases to 10- M 
(Fig. 1). 

The behaviour of the -potentials in mixed solvents is 
peculiar. By the addition of ethanol or acetone, the 
C-potentials decrease abruptly at first, then, passing 
through minimum values, increase gradually by further 
addition. The minimum values are attained at 0-9 and 
0-8 of volume fractions of ethanol and acetone eee 
tively. This behaviour is shown in Fig. 2. 


m 
o 


-potential (mV) 





0 0-2 0-4 06 | 0:8 1-0 
Volume fraction of organic solvents 


Fig. 2. ¢-potentials of ‘Dowex 50W X-8’ in sodium form in water- 
ethanol (full line) and water-acetone (dotted line) 


These values of deine kei potentials explain well 
the aggregation behaviour’ of ion-exchange resin par- 
ticles. When the particlés have higher (-potentials, 
aggregation between cation- and anion-exchange resins 
occurs, and when the particles have lower ¢-potentials, the 
aggregation between the same kind of resins takes place. 
It is clearly revealed that the interaction between particles 
is due to dispersion forces and the electrostatic interaction 
between. the electrical double layers. 

The electrical double layer around the ion-exchange 
resin particles is built up by the non-uniform ionic dis- 
tribution inside and outside the particles. The effective 
charge n* carried by the particle is determined by the 
following consideration. Ions distribute in the resin- 
solution system according to Boltzmann’s law and the 
resin phase has a lower potential by » = — (n*e/aD) than’ 
the solution phase, where e is the elementary charge, a is 
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particle radius and D is the dielectric constant of the 
solution. Then, the effective charge is: 


where it is assumed that N particles, the volume of which 
is v and the number of the fixed charge is n, are contained 
in pure water without added salt and the counter-ions are 
univalent and dissociated completely. The total volume is 
V. This relation can be readily extended to the case where 
the counter-ions are multivalent and the electrolytes are 
added. 

In the present case, the effective charge carried by a 
particle is 1:58 x 10° for the univalent ions and 0-85 x 10° 
for divalent ions. These values are reasonable, taking 
into account the relation of the surface potential and the 
surface charge density‘. The difference of the C-potentials 
for the kind of ions with the same valency may be related 
with the difference of the degree of dissociation. 

These findings show not only that the ion-exchange 
resin particles are appropriate model substances for 
colloid-chemical investigations, but also that the concept 
of.ionic distribution facilitates an understanding of the 
ion-exchange process. 
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BIOCHEMISTRY 


Control of Lactate Production by Membrane 
Adenosine Triphosphatase Activity in Human 
Erythrocytes 


Ir is generally believed from Schatzmann’s! work that 
lactate production in human erythrocytes is unaffected 
by ouabain and other cardiac glycosides which inhibit the 
active transport of sodium and potassium. The absence 
of a direct effect on energy production was further sug- 
gested by later studies on ion movements’. It has thus 
appeared that inhibition of active transport is unaccom- 
panied by a change in energy production in spite of the 
smaller energy requirements of the cell. Active transport 
involves the hydrolysis of ATP to ADP, and in respiring 
cells such as those of brain and kidney cortex, cessation of 
transport elicits a fall in oxygen consumption due to the 
decreased adenosine triphosphatase activity of the 
membranes*®, Since energy production and utilization 
are interdependent in respiring cells, a re-investigation 
has been made of lactate production in the non-respiring 
erythrocyte to see whether the same principle also applies. 
In checking lactate production we have avoided Schatz- 
mann’s method of measuring the liberation of carbon 
dioxide from bicarbonate, during glucose metabolism by 
cells previously treated with carbon monoxide, and have 
specifically determined lactate. Moreover, our incubs- 
tion conditions were the same as those employed for con- 
comitant studies on ion movements. Lactate was meas- 
ured in three ways: (a) by Hullin and Noble’s modifica- 
tion® of the chemical method of Barker and Summerson’; 
(b) by the enzymatic method of Krebs, Bennett, Gasquet, 
Gascoyne and Yoshida*®; (c) by the method of Hohorst, 
Kreutz and Bücher”. Agreement was obtained among 
these methods. 

Lactate production from glucose during incubation at 
37° in a physiological saline medium at pH 7-4 was con- 
sistently inhibited by ouabain. In four typical experi- 
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monts with cells about a week old, the falls (in umole ml. 
cells/h) were 0-36, 0-41, 0-52 and 0-54 from control rates of 
2-95, 2-70, 2-65 and 3-25, respectively. Similar changes 
were found with fresh cells and with cells up to three weeks 
old. About 16 per cent of the total lactate production was 
subject to inhibition by ouabain. The effect was not 
observed at pH 6-8 when. the rate was only a quarter of 
that at pH 7:4. It seems possible that a low pH might 
explain the lack of effect in the work of Schatzmann!. 
Inhibition to a similar extent was found when washed 
cells, free of glucose, were incubated with either adenosine 
or inosine, the ribose moiety of which is converted to 
lactate. 

The only site of action of ouabain so far discovered is an 
adenosine triphosphatase in the membrane and, moreover, 
ouabain appears to exert its effect at the outer surface?:’®. 
The enzymatic activity is stimulated synergically by 
internal sodium and external potassium and it is this com- 
ponent of the total activity which is inhibited by 
ouabain!-!, Activation from the outside of the cells is 
also effected by rubidium, cesium and lithium, in this 
order of effectiveness, and rubidium closely resembles 
potassium™. In order to see whether the effect of ouabain 
on lactate production was an indirect consequence of 
lowering the membrane adenosine triphosphatase activity, 
the cationic composition of the medium was varied. 

As is to be expected, the presence or absence of sodium 
in the medium was without effect on lactate production. 
In medium containing choline in place of sodium the rate 
was unchanged (Table 1). On the other hand, omission 
of potassium from the medium caused a fall which in four 
experiments was not significantly different from that 
induced by ouabain. The typical result was a fall of 0-53 
without potassium in the medium, and a fall of 0-52 
with potassium and ouabain. A similar result was found 
when lactate was produced from adenosine instead of 
glucose. Ouabain thus inhibits the activation due to 
potassium in the medium, and in the absence of external 
potassium it had no effect. The effects of potassium and 
ouabain were found in choline medium, and are, therefore. 
independent of sodium in the medium (Table 1). The 
other alkali metals, rubidium, cæsium and lithium, were 
similar to potassium both in stimulating lactate produc- 
tion and in the stimulation being counteracted by ouabain 
(Table 1). 


Table 1. CONTROL OF LACTATE PRODUCTION BY MEMBRANE ADENUSINE 


TRIPHOSPHATASE ACTIVITY 


Cation composition Lactate production scene tng cells;h) 
u 


of external medium ` abain- Stimulation 
(mB) Control + Ouabain sensitive by Kt, Li-, 
activity Rb- or C~% 
150 Na 2-37 — — 
10K, 140 Na 2:90 2-38 0-52 033 
150 choline 226 
10K, 140 choline 2-65 2:08 057 ay) 
150 Na 2-09 
10K, 140 Na 2°57 2-17 0-40 O45 
10Rb, 140 Na 2°46 2-08 0-38 0:37 
150 Cs 2-43 1-04 0°52 0-39 
160 Li 2:37 204 0:33 0-28 


Human erythrocytes aged about 1 week (kindly supplied by the Blovd 
Transfusion Centre, Churchill Hospital, Oxford) were washed three times 
with 0-15 M NaCl and twice with medium of composition 150 mM NaCl, 
2 mM MgCl,, 10 mM glucose, 10 MM imidazole HCl, pH 7-5. Where appro- 
priate, NaCl was replaced by KCl, RbCl, CsCl, LiCl or cholino chloride 
The pH of the cell suspensions was brought to 7-4-7-5 by the addition of 
1N NaOH, and did not change during incubation. After incubation fer 
1 h at 37°, 0-4 ml, of 50 per cent (w/w) HCIO, was added to 5-ml. samples 
of cell suspension, and lactate was determined on the deproteinized extract. 


These results show that lactate production in human 
erythrocytes is stimulated by external potassium. rubid 
ium, cæsium and lithium, but not by sodium, and that the 
stimulation is overcome by ouabain. The energy supply 
controlled in this way was some 16 per cent of the total. 
The close correspondence of these effects with those on 
the membrane adenosine triphosphatase suggests that the 
latter is the causal agent, optim lactate production 
being associated with a maximum rate of ATP hydrolvsi. 
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and vice versa. The effects on lactate production are thus 
indirect in depending on the activity of an enzyme not in 
the glycolytic pathway. The implication of these results 
is that energy production in erythrocytes is partly 
regulated by the requirement of ATP for the active trans- 
port of Na and K, as has already been shown in respiring 
cells. The mechanism of the regulation would appear to 
depend on the fact that the rate of glycolysis may be 
regulated. by the rate at which ADP is generated. Opti- 
mum lactate production would appear to ensue as @ 
result of an increased turnover of ATP to ADP due to the 
combined action of the membrane adenosine triphos- 
phatase and phosphokinases, for example, as follows: 


_ 1,3 diphosphoglycerate + ADP—>3-phosphoglycerate 
+ATP 
ATP—ADP + orthophosphate 


A similar interaction between adenosine triphosphatase 
activity and 3-phosphoglycerate kinase has been shown 
with a fraction of rat-kidney in which glycolysis was 
stimulated more than 50 per cent by a membrane prepa- 
ration’, The present results show that lactate production 
in erythrocytes may be controlled by the rate of active 
cation movements and hence of the membrane adenosine 
triphosphatase activity. Utilization of energy for active 
transport thus appears to be coupled to energy production, 
whether ATP is produced by phosphokinases in glycolysis 
in erythrocytes or by oxidative phosphorylation in 
respiring cells. 
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Enzymatic Regulation of Trehalose and 
Glycogen Synthesis in the Fat Body of an 
Insect 


Instors can maintain their blood trehalose at levels 
which are characteristic of the species and stage of develop- 
ment’. In the silkworm, Bombyx mori, the blood 
trehalose-level returns rapidly to normal after being 
experimentally altered’. In saturniid silkmoth pupe, 
superficial injury is followed by accelerated carbohydrate 
turnover and net conversion of glycogen to trehalose, 
which afterwards returns to its normal level’. We have 
now discovered characteristics of the enzymes of trehalose 
and glycogen synthesis in silkmoths which may help to 
explain these regulatory phenomena. 

The chief site of trehalose synthesis in insects is the fat 
body!, and there is evidence that the pathway is the same 
as that first described in yeast®: 


UDP glucose + glucose-6-P—>UDP + trehalose-P 
(trehalose-P synthetase) 


Trehalose-P + H,@—+trehalose + P; 
(trehalose-6-phosphatase) 
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Fat body also synthesizes glycogen by a similar trans- 
glucosylation’: 


UDP glucose + (glycogen),—UDP + (glycogen)n+1 
(glycogen synthetase) 


We have found both these pathways in homogenates 
of fat body of the silkmoth, Hyalophora’ cecropia. 
Trehalose-P synthetase was detected by measuring incorp- 
oration from both glucose-4C-6-P and UDP glucose- 
into trehalose, and by measuring the release of UDP from. 
UDP glucose by the method of Leloir’ (Table 1). Glycogen 
synthetase was also assayed by UDP release, as well as by 
incorporation from UDP glucose-'4C into glycogen. The 
two enzymes can be completely separated by centrifugation. 
of larval fat body homogenate at 37,000g for 40 min. 
Trehalose-P synthetase remains in the supernatant, while 
glycogen synthetase sediments in the particulate glycogen 
fraction, as it does in mammalian liver’. After this separa- 
tion, measurement of UDP release provides a specific 
assay for both enzymes. 

Table 1. TREHALOSE a AND GLYCOGEN SYNTHETASE IN Cecropia 


AT BODY 
UDP Glucose incorporated 


Exp. Enzyme Additions release into 
No. source S (mumoles) Trehalose Glycogen 
è (mpmoles) (mumoles) 
1 37,0009 UDP glucose-"'C 
supernatant 80 66 0 
2 f Glucose-C-6-P 
supernatant 150 144 — 
3 Glycogen UDP glucose-4C 
pellet 23 _ 23 
+ glucoge-1-P, 
10 mM 16 — 19 


+glucose-6-P, 
10 mM 
4 Glycogen Glucose-C-6-P 
pellet 28 — 0 


Fat body was homogenized in 6-1 M iris maleate buffer (pH 7-5). The 
37,000g supernatant and the glycogen pellet suspended in the same buffer 
were incubated with 10 mM MgOla, 5 mM UDP glucose, and 20 mM 
glucose-6-P at 30°C for 30-60 min. Glycogen was isolated by perchloric 
acid extraction and ethanol precipitation. Trehalose was isolated by paper 
chromatography after the incubation mixture had been treated with alkaline 
phosphatase and deionized. Both substances were counted on paper in a 

iquid scintillation counter. 


The glycogen synthotase is activated by glucose-6-P, 
but not by glucose-1-P. This corresponds to the mam- 
malian enzyme, but differs from previous reports on the 
glycogen synthetase of insects*. The Km for UDP glucose 
is 1-6 mM and the Ky for glucose-6-P is 0:6 mM. This 
enzyme is not affected by trehalose (Fig. 1). 
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Fig. 1. Effect of trehalose on release of UDP from UDP glucose by 
fractions of cecropia larval fat body. Enzymes were prepared as in 
‘Table 1 and incubated with 5 mM UDP glucose, 10 G-6-P and 


Mg++ and trehalose as shown for 16 min. All points are averages from 
two or more animals 
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The trehalose-P synthetase is activated by Mgt+ and 
inhibited by trehalose (Fig. 1). Kinetic evidence, to be 
published later, indicates that this inhibition occurs at an 
allosteric site. The inhibition by trehalose is competitive 
with respect to glucose-6-P, and is also opposed by Mgt, 
which lowers the Km for glucose-6-P. Thus, the apparent 
Ky, for trehalose is raised from 3 mM without added 
Mg++ to 20 mM in the presence of 10 mM Mgtt. These 
values would give effective inhibition by the trehalose 
concentration in cecropia fat body. The Km for glucose- 
6-P is 6 mM, in the presence of 20 mM Mgtt. The Kn 
for UDP glucose, which is not influenced by Mgtt, is 
0-3 mM. 

The physiological significance of trehalose inhibition 
was tested in experiments with intact larval fat body in a 
hæmolymph-like medium’. In medium without trehalose, 
the fat body incorporated glucose-4C into trehalose ten 
times faster than into glycogen. Addition of trehalose at 
levels approximating those in larval hemolymph (about 
50 mM) resulted in decreased incorporation into trehalose 
and» increased incorporation into glycogen. This can be 
interpreted on the basis of the effect of trehalose on 
trehalose-P synthetase. This enzyme, with its lower 
Km for UDP glucose, would have preference over glycogen 
synthetase for low levels of this substrate. Inhibition 
of trehalose-P synthetase by trehalose would allow 
the level of UDP glucose to rise, thus increasing glyco- 
gen synthesis. Such a mechanism could explain the 
apparent regulation of blood trehalose-level in insects. 

Further, the conversion of carbohydrates which follows 
injury in saturniid pupe may be explained by these results 
together with the activation of glycogen phosphorylase 
previously noted®. Activation of phosphorylase, by 
breaking down glycogen, could raise the levels of both 
UDP glucose and glucose-6-P in the tissue, thus acceler- 
ating both trehalose synthesis and resynthesis of glycogen, 
which corresponds to the changes observed’, 

This work was supported by a grant from the U.S. 
National Institutes of Health (AJ—1028), and one of us 
(T. A. M.) was a Predoctoral Fellow of the U.S. National 
Science Foundation. 
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Ingestion of DDT and Liver 
Glucose-6-phosphate Dehydrogenase Activity 


THE histological changes produced by the ingestion of 
DDT have been described in numerous publications, there 
being some controversy over the minimum dietary level 
producing detectable changes!. There is, however, little 
knowledge of the biochemical processes involved in the 
toxicological action of this compound. In an effort to 
obtain some understanding of these changes investigations 
are in progress in our laboratory of the tissue enzymes 
affected by the ingestion of DDT. 

Rats from our highly in-bred Wistar strain have been 
used in these experiments. Seven litter-mate groups of 
2 males and 2 females were weaned on to a control ration 
and a ration containing 100 p.p.m. DDT. This gave a 
total of 14 rats (7 male and 7 female) on each ration. The 
ration contained the following components (per cent): 
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lactalbumin, 22-5; starch, 50-93 cotton-seed oil, 10 
‘Celluflour’, 7:5; Jones Foster salts, 4; guar gwn. 4; 
liver powder, 0-5; inositol, 0-2; choline chloride, 0:3, 
and vitamin pre-mix®, 0:1. Water was added to give the 
ration a plastic consistency enabling it to be rolled 
into balls. The p.p’-DDT (Nutritional Biochemicals 
Analytical Standard) was dissolved in the oil prior to 
incorporation into the ration. The rats were raised on the 
rations for a period of 4 weeks before killing and enzyme 
assay. Ten per cent liver homogenates were prepared in 
0-25 M sucrose containing the disodium salt of ethylene 
diaminetetraacetic acid (0-001 M). The mitochondrial 
fraction was first obtained and the supernatant fraction 
remaining was centrifuged at 28,000g for 30 min. The 
supernatant fraction thus obtained was used for the assay 
of glucose-6-phosphate (G-6-P) dehydrogenase activity’. 


Table 1. Erect in tivo OF DDT ON LIVER GLUCOSE-6-PEUSPHATE 


DEHYDROGENASE ACTIVITY 
Mole NADP reduced/mg N/min at 24° C 


é g 
Control ration 0-137 0-167 
DDT ration 0-078 0-106 


The concentrations of the components in the reaction system were 
tris-HCl buffer 0-05 M, pH 7-4; NADP, 1x10“ M; Mer‘, 0-013 M; 
glucose-6-phosphate, 6-7 X10-* M. 0-1 ml. of the soluble fraction wa» used 
and the total vol. was 3 ml. The change in absorbance at 340 my was followed 
using a recording spectrophotometer. 


This dietary level of DDT did not affect the growth rate 
nor the general appearance of the animals. A 20 per cent 
increase in size of liver was observed, and in earlier experi- 
ments it had been noted that this dietary level of DDT 
resulted in a similar increase in the fat content of the liver. 
A marked depression of liver G-6-P dehydrogenase activity 
was observed in DDT-fed animals (Table 1). This effect 
was observed both in male and female rats, and statistical 
analysis indicated that the observed difference was highly 
significant (P < 0-001). 

The in vitro effect of DDT on this enzyme system was 
examined in the soluble fraction of livers from rats raised 
on DDT-free rations and the results of one experiment are 
given in Table 2. The detergent used to suspend the DDT 
has a negligible effect on enzyme activity, but DDT shows 
a pronounced inhibitory effect. Comparable results have 
been obtained in several experiments using soluble frac- 
tions derived from different rats. 

A decrease in G-6-P dehydrogenase activity has been 
observed in livers showing fatty degeneration which had 
been induced by starvation or choline deficiency®. This 
observation is significant in view of the increased level of 
fat in the livers of DDT-fed rats. The interaction between 
the two induced changes and their relation to the original 
stress is not understood. 

G-6-P dehydrogenase activity is also decreased by 
adrenalectomy‘. Thus DDT could affect the activity of 
the enzyme indirectly by inducing the appropriate 
hormonal changes. It is doubtful if this is so, however, 
since no significant effects of DDT on hormone metabolism 
or the organs involved have been observed. 

The observation that DDT im vitro inhibits (-6-P 
dehydrogenase suggests that the in vivo effect could result 
from the direct interaction of DDT or a closely related 
metabolite with this enzyme. This hypothesis is sub- 
stantiated by preliminary experiments which have 


Table 2. EFFECT in vitro OF DDT ON GLUCOSE-6-PHOSPHATE DEAYDRO- 
GENASB ACTIVITY 


Concentration in reaction system Enzyme activity 


‘Triton X-100 yuMoles NADP 
(per cent) DDT vg/ml. reduced/min/mg N at 24 

0 0-1056 
0-033 0 0:0988 
0-033 0-3 0-0955 
0-033 1-6 0:0925 
0-033 6:7 0:0785 
0-033 16-7 0-0683 


The soluble fraction was diluted 1:1 with distilled water, 1 per cent “Triton 
X-100' and 1 per cent ‘Triton X-100’ containing0-5, 0-2, 0-05 and 0-01 mg 
DDT/ml. The enzyme assay was carried out using 0-2 ml. of the diluted 
system which contained 0-76 mg N per ml. 
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established the presence of significant amounts of such 
compounds in the tissue fractions from DDT-fed rats used 
for enzyme assay. Further work will be necessary to 
explain these observations. 

This work was supported by a research grant 
EHF-00178-04 from the Division of Environmental 
Engineering and Food Protection, U.S. Public Health 
Service. 
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A Tissue Fibrin-stabilizing Factor and 
Fibrinolytic Inhibition 

In addition to the abundant literature on plasmin 
inhibitors occurring in blood there are a few reports of an 
extractable tissue inhibitor of fibrinolysis'-*. It was during 
the course of an investigation commenced to further the 
characterization of the tissue inhibitor that a number of 
observations were made which led us to a reconsideration 
of the enzyme fibrinase. This enzyme occurs in blood and 
has been identified with the ‘Laki—Lorand factor’? and 
‘fibrin-stabilizing factor’* by Loewy et al., who investigated 
a number of its properties*-°. The primary action of 
fibrinase is, in the presence of calcium, to convert a 
uree-soluble fibrin (fibrin s) to a urea-insoluble gel (fibrin 7). 
Acetic acid (2 per cent v/v) or monochloracetic acid 
(1 per cent w/v) have similar solvent properties to 8 M urea 
in this respect. 

An important physiological aspect of fibrinase action 
which has received very little attention is that fibrin ¢ is 
more resistant to lysis by plasmin than fibrin s. This fact 
was reported by Bickford et al.1° and may explain the 
observations of other workers'!!2. This communication 
puts forward some evidence for the existence in animal 
tissues of a hitherto unknown factor which closely resem- 
bles blood fibrinase and which may, at least in part, be 
responsible for the anti-fibrinolytic properties of tissue 
extracts. 

Bovine fibrinogen (Armour Pharmaceutical Co. Ltd.) 
solutions (2 per cent w/v) were freshly prepared in physio- 
logical saline. Plasminogen was prepared by the method 
of Kline! from Cohn’s human plasma Fraction IIT, and 
activated by addition of streptokinase (‘Dornokinase’, 
Wellcome Research Laboratories) in the ratio 1 Christensen 
unit of streptokinase per 2x 10-3 absorbency units of 
plasminogen™, in the presence of borate-saline buffer 
(0:2 M, pH 7-4). Clotting was achieved by the addition of 
2 units of bovine thrombin (Parke, Davis and Co.). Fresh 
mouse and rabbit tissues were dissected out and washed 
as free of blood as possible before homogenization (1 in 
10 wet wt./vol.) in physiological saline or 0-25 M sucrose. 
In some instances the homogenates were subjected to 
differential centrifugation, but normally only the super- 
natants obtained after centrifugation at 1,000g for 30 min 


Table 1. 
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were used. All centrifugation was carried out at 4° in an 
M.S.E. centrifuge. Inhibition of clot lysis: tissue extract 
(0-2 ml.), bovine fibrinogen solution (0-1 ml.), borate— 
saline buffer (0-14 ml.), calcium chloride (0:06 ml., 0-1 M) 
and activated plasmin (0-1 ml. in borate buffer, 2 units) 
were mixed and clotted by the addition of thrombin 
(2 units). The lysis time was compared with that of a clot 
formed similarly except for the substitution of tissue 
extract by saline or sucrose solution. All determinations 
were carried out in duplicate. Tissue fibrin-stabilizing 
factor: tissue extract (0:2 ml.), bovine fibrinogen solution 
(0-1 ml.), borate-saline buffer (0:25 ml.), calcium chloride 
(0-05 ml., 0-1 M) or distilled water (0-05 ml.) were mixed 
and clotted by the addition of thrombin (2 units). After 
incubation of the clot at 37° for 15 min acetic acid (1 ml., 
2 per cent v/v) was added and the clot gently detached 
from the bottom of the tube by a fine glass rod. Fibrin s 
clots dissolved completely in this solvent within 10 min; 
the presence of fibrin 7 was recorded after 1 h as it was 
found that no visible change in the condition of the clots 
took place after this time. r 

Initial experiments to determine tissue anti-plasmin, 
using a caseinolytic assay based on the method of Kunitz!5, 
showed that little or no inhibition of plasmin could be 
detected in any'‘tissue extract or fraction using this 
procedure. However, on investigation of the ability of the 
tissue extracts to prolong clot lysis time, it was clearly 
established that tissue extracts did inhibit clot lysis 
(increases of up to 500 per cent in the lysis time were 
consistently observed), the lysis time being proportional 
to the amount of tissue extract added, over a limited 
concentration range. 

This apparent anomaly in the anti-plasmin property of 
tissue extracts prompted us to investigate the possible 
existence of a tissue ‘fibrinase’. Before this could be 
properly carried out, however, the removal or inactivation 
of contaminating fibrinase in the fibrinogen had to be 
ensured. As blood fibrinase can be inhibited by -SH 
blocking agents®1*, this was achieved by the addition of 
sodium g-chloromercuribenzoate (1x 10-* M) to a stock 
solution of fibrinogen. Exhaustive dialysis of this mixture 
against saline at 4° removed excess inhibitor and citrate 
ions. On clotting this ‘inhibited’ fibrinogen (I-fibrinogen) 
in the presence of 10 mM calcium chloride fibrin s was 
formed, in contrast to the fibrin 7 formed by untreated 
fibrinogen when clotted under the same conditions. Tissue 
extracts were also exhaustively dialysed against saline in 
order to remove Catt ions and any free cysteine or 
glutathione. These latter are thought to be capable of 
forming fibrin ¿ per set or of re-activating fibrinase in 
I-fibrinogen'*. Using these modified reagents the results 
shown in Table 1 were obtained. 

These results demonstrate the presence of a Catt 
dependent, non-diffusible fibrin-stabilizing factor present 
in tissue extracts. Its similarity to blood fibrinase was 
further suggested when it was found that incorporation of 
Agt ions (1x 10-5 M) or sodium-p-chloromercuribenzoate 
(1x 10- M) into the clotting mixture prevented the forma- 
tion of fibrin 7 by tissue extract and that boiled tissue 
extract is incapable of causing fibrin ¿i formation. Other 
experiments indicate that the same results are obtained 
when human, instead of bovine, fibrinogen is used. Pre- 
liminary experiments on the distribution and sub-cellular 
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site of this tissue factor have shown it to be present in 
brain, kidney, liver, lung and musele; it is concentrated 
in the supernatant after differential centrifugation and is 
not released by 0-1 per cent (v/v) ‘Triton X-100’. Using 
2-fold dilutions we have shown that the ability of tissue 
extracts to form fibrin 7 exceeds by many times that of 
blood, so that our results are not due to contaminating 
blood fibrinase. Further experiments are in hand to 
determine the possible relationship between the anti- 
fibrinolytic and the fibrinase-like activities of tissue 
extracts. 

At this stage, it can only be pointed out that the exist- 
ence of a tissue fibrin-stabilizing factor must be recognized 
and possibly taken into account when interpreting results 
relating to anti-fibrinolytic activity in tissue extracts. 
Such activity is possibly not due to tissue anti-plasmin. 
The recognition of a tissue fibrin-stabilizing factor may 
assist in the investigation of pathological conditions where 
deposition and persistence of fibrin occur. 

This work was supported by the Nuffield Foundation 
ang the American Red Cross Society. 
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Oxidation of Glutathione and Other Thiols 
by the Xanthine Oxidase and Hypoxanthine 
of Rat Liver Homogenates 


QLUTATHIONE (GSH) is rapidly oxidized to GSSG when 
incubated in a rat liver homogenate. The reaction is 
enzymatic since it is largely prevented by previously 
heating the homogenate!.*. The following observations 
have now been made (Table 1). 

(1) Oxidation of GSH is abolished by previous dialysis 
of the homogenate and restored 70-90 per cent by adding 
to the dialysed homogenate a neutralized protein-free 
supernatant (PFS) obtained by precipitating proteins 
(with metaphosphoric acid) from an undialysed homo- 
genate. 


Table 1. E¥FFreor OF AHFP AND HYPOXANTHINE ON THE OXIDATION GSH 
AT pH 7'4 AND 87° IN MEDIA DERIVED FROM A Rat LIVER HOMOGENATE 


Medium GSH loss (umole/ml.) 

Homogenate + buffer 0-87 
Homogenate + AHFP 0-08 
Protein-free filtrate (PFF) 0-08 
Dialysed homogenate: 

+ Buffer 0-02 ° 

+ PFF 0-59 

+ Hypoxanthine (0-17 umole/ml.) 0-63 

+ Hypozanthine {0-5 pmole/ml.) 1-77 

+ AHFP + hypoxanthine (0-17 zmole/mi.) 0-08 


1 vol. of 20 per cent homogenate (prepared in phosphate-saline buffer) 
added to 1 vol. of the same buffer containing the other components. GSH 
easing ges 2 wmoles/ml.; loss estimated after 30 min with Ellman’s 
reagent (ref. 2). 
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(2) Hypoxanthine substitutes for PFS. The rate of 
oxidation of GSH increases with increasing hypoxanthine 
concentration. f 

(3) The specific xanthine oxidase inhibitor, 2-amino-4- 
hydroxy-6-formylpteridine® (AHFP), inhibits 90-95 per 
cent the oxidation of GSH by the undialysed homogenate 
or by the dialysed homogenate plus hypoxanthine. 

In accordance with the known properties of xanthine 
oxidase’, cyanide (10-* M) inhibits the oxidation by 60 por 
cent and arsenate (10-* M) by 20 per cent while azide 
(10-? M), fluoride (2x 10- M) and carbon monoxide have 
no inhibitory effect. 

Fridovitch and Handler’ have previously shown that 
sulphite and cysteine are oxidized by free radicals pro- 
duced during the oxidation of hypoxanthine by xanthine 
oxidase in dog liver homogenate. The present results 
show that almost all the oxidation of GSH which occurs 
in rat liver homogenates is coupled to this system. 

The oxidation of some other thiols in the homogenate 
and the effect of AHFP on the rate has been investigated 
(Table 2). 


Table 2. INHIBITORY EFFEOT OF AHFP ON THE OXIDATION OF VARIOUS 
THIOLS IN A RAT LIVER HOMOGENATE 


Loss of thiol (umole/ml.) _ Percentage 
Thiol added Homogenate Homogenate inhibition of 
buffer + AHFP oxidation 
GSH 0-69 0:05 93 
Cysteine 0:52 0:23 55 
Homocysteine 0-79 0-26 67 
Cysteamine 0-72 0-29 60 
Thioethanol 0-65 O12 gi 
Thioglycollate 0-69 nil 100 


After adding 1 wmole/ml. of the thiol and EDTA (10+ M) the thiol con- 
tent was estimated immediately and after 30 min/37°. The corresponding 
endogenous GSH content of the homogenate (determined separately) was 
subtracted. Other conditions as in Table 1. 


The xanthine oxidase system contributes substantially 
to the oxidations, its effect being greatest with GSH and 
thioglycollate and least with cysteine. Ascorbic acid is not 
significantly oxidized by rat liver homogenate. 


Table 3. PROTEIN-SH GROUP Content oF A Rat LIVER HOMOGENATE 
AFTER INCUBATION WITH OR WITHOUT AHFP 


Protein 8H groups (“mole/ml.) 


Incubation period Homogenate Homogenate 
37° + buffer + AHFP 
Nil 1:12 1-06 
24 min 0-68 1-18 
48 min 071 1-16 


Protein-SH groups estimated as described in ref. 2. 


AHFP also prevents the loss of the oxidizable part? of 
the homogenate protein SH groups (Table 3). This effect 
could be direct or a result of inhibiting the oxidation of 
endogenous GSH since the latter is known to protect 
protein-SH groups from oxidation®?. In either case, the 
results suggest that addition of AHFP to homogenates 
might reduce losses in the activity of SH enzymes during 
their isolation. 

P. C. Joce.yn 

Department of Biochemistry, 

University of Edinburgh. 
1 Pinto, R. E., Biochem. J., 79, 43 (1961). 
2 Jocelyn, P. C., Biochem. J., 86, 480 (1962). 
3 Kalckar, H. M., and Klenow, H., J. Biol. Chem., 172, 349 (1948). 


t Horecker, B. L., in Biochemists’ Handbook, edit. by Long, C., 367 (B. and 
F, N. Spon, London, 1961). 
5 Fridovitch, I., and Handler, P., J. Biol. Chem., 286, 1886 (19013. 


PHYSIOLOGY 


Entry of a Dye into the Sarcotubular System 
of Muscle 


Tr has been suggested on several grounds! that, in the 
striated m uscle fibres of frogs, some part of the ‘triads’* 
of the sarcoplasmic reticulum (presumably the middle 
element) is in some degree continugus with the external 
fluid as regards conduction of electricity and diffusion of 
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Fig. 1. Densitometer tracings of a series of fluorescence photomicro- 
graphs of a muscle fibre. Ordinate: optical density of photographic 
negative. Abscissa: distance across the image of the fibre. The 
number by each frace gives the time in seconds from the start of 
washing. 0-2 per cent lissamine rhodamine B 200 applied for 2 min; 
magnification on the film, x 51; exposure, %5 sec; Kodak ‘Tri-X’ film 


electrolytes. No continuity of this kind has yet been seen 
in electron micrographs, but the possibility remains that 
ions may be able to enter and leave the tubules through 
pores too small to be detected with the electron microscope 
or that openings that exist in the living state may be 
obliterated during fixation and other preparatory pro- 
cedures for electron microscopy. 

This question has been investigated by using a fluores- 
cence microscope to detect whether a fluorescent dye is 
able to diffuse quickly in and out of the tubules. A single 
muscle fibre dissected from the semitendinosus muscle of 
Rana temporaria was fixed tightly in a trough mounted on 
the stage of a microscope that could be used either to 
observe fluorescence or as a polarizing microscope. A. 
solution. of lissamine rhodamine B 200 in Ringer’s solution 
was applied to the fibre for, say, 2 min and then a dye-free 
Ringer’s solution was flowed rapidly through the trough. 
This dye carries one positive and two negative charges 
per molecule, and was chosen because it is non-toxic, does 
not penetrate into the sarcoplasm, and does not fade 
appreciably while fluorescing. As soon as the dye was 
removed from around the fibre by the dye-free solution, 
striations were clearly seen in the fibre by fluorescence 
microscopy, with a periodicity equal to that of the A- or 
I-bands. By switching over to polarized light, the position 
of the bands containing the dye was identified as the centre 
of the I-bands, which Jn this muscle is also the position of 
the triads. The fluorescence faded quickly, becoming 
invisible within a few minutes. 
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This result suggests strongly that the dye enters some 
part of the triad system from the external solution without 
entering the main part of the fibre. The initial intensity of 
the fluorescence was about equal to that of a dye solution 
100 times more dilute than that which had been applied 
to the fibre, suggesting that the space penetrated by the 
dye amounted to about 1 per cent of the fibre volume, 
though this would be an over-estimate if, for example, the 
dye were adsorbed to the inside of the tubules. Thea time 
course of escape (and also entry) of the dyeis many times 
slower than would be expected for free diffusion up tubular 
spaces, but the limiting factor is probably diffusion 
resistance in the tubes, rather than a barrier at the mouth 
of the tubes, because the exit (and entry) of the dye was 
more rapid in the outer parts of the fibre than near its 
centre, as shown in Fig. 1. The time course was also more 
rapid in small fibres than in large ones. 

I thank Prof. A. F. Huxley for suggesting this problem 
and for his advice and encouragement; the Rockefeller 
Foundation for the award of a fellowship; and Imperial 
Chemical Industries, Ltd., for recommending and provid- 
ing the dye. 

Note added in proof. Since this work was completed, 
independent demonstrations of tubules accessible to 
colloidal materials in the external solution have been 
given by Dr. H. E. Huxley [see p. 1067 of this issue] and 
by Dr. Sally Page (personal communication), using an 
electron microscope. M. Enxpo* 


Department of Physiology, 
University College, 
London. 
mee address: Department of Pharmacology, University of Tokyo’ 
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Immunoassay of Growth Hormone in Cultures of 
Human Hypophysis by the Method of Com- 
plement Fixation: Comparison of the Growth 
Hormone Secretion and the Prolactin Activity 


Since the isolation of purified human growth hormone 
(H.G.H.), immunoassays of this hormone, with variable 
results regarding sensitivity, accuracy and reproducibility, 
have been reported!-8, A new approach to the immuno- 
assay of minute amounts of human growth hormone in 
biological fluids was attempted by way of the well-known 
complement-binding method; it proved to be relatively 
simple, reliable and quantitatively satisfactory. 

The technical details applicable in the performance of 
the assay in normal saline as well as in protein media 
are described elsewhere‘. Only the principle of the 
method will be recalled here: 0-4 ml. of serial dilutions of 
the antigen are mixed with 0-4 ml. of a suitable dilution 
of rabbit human growth hormone antiserum, 0-2 ml. of 
a 1/25 dilution of pooled guinea pig complement and 0-2 
ml. of a 0-0005 M magnesium sulphate solution. After 
incubation for 24 h at 4°C, 0-4 ml. of a standardized 
chromium-51l-labelled and optimally sensitized 5 per cent 
suspension of sheep red blood cells is added. The test- 
tubes are incubated for 30 min at 37°C with occasional 
mixing, then briskly cooled in ‘iced water and spinned 
down 4 min at 2,000 r.p.m. A l-ml. aliquot of the super- 
natant is counted for radioactivity. The dilutions are 
made in normal saline. The net counts/min are plotted 
against growth hormone concentration. In normal 
saline there was a negative correlation between the 
radioactivity liberated, by the lysis of the red blood cell 
and the logarithm of growth hormone concentration. As 
little as 0-02 ug of immunological active material could 
be detected with a 10 per cent error. The human growth 
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Table 1. EFFECT OF PROTEIN CONCENTRATION ON THE ANTIGEN-ANTIBODY REACTION 

Dilution of N.M. 1/50 1/75 1/100 1/150 1/200 1/500 NaCl | a | 
Protein (mg/ml.) 0-096 0-072 0-048 0:036 0-024 0-009 0 b 

ce in N.M. 0-96 as 0-95 hee = 1-01 c 

ce’ in NaCl 

c + Ab + 0:05 ug H.G.H. in N.M. 4 : p : ae , : a 

Oe AD In WAL 0-07 012 0-18 0-21 0°32 0-54 0-75 


— 


N.M, Nutritional medium; c’, complement 1/25; Ab, antibody 1/200; c and d, ratios of hemolysis expressed in counts of chromium-51/c.c./min. 


Table 2. SPECIFIOITY OF THE COMPLEMENT FIXATION 


25 











N.I.S., Non-immune rabbit serum; I.S., 


hormone used during this work was Batch No. 11, kindly 
provided by Dr. Raben; only 2 mg were necessary to 
procure good titre of antiserum. The homogeneity of the 
human growth hormone preparation and the antisera used 
was demonstrated by means of Ouchterlony plates and 
immunoelectrophoresis; we observed only a single line 
of precipitation‘. 

The method has been applied to the measurement of 
secretion of growth hormone in cultures from human 
hypophysis of 2 female foetuses 5 months old’. The time of 
survival of the cultures was 5 weeks; samples were 
obtained by collecting every 2 or 3 days the nutritional 
liquor bathing the cultures. 

The following questions arose in the adaptation of the 







complement-fixation method to media containing 
10 
x Complement ‘t/y¢ 0-2 ec 
Antibody #8 1/999 0-4cc 
1 x Hemolysin 1/2500 






Ps 
1 
x 
O1 
Log = -3-86 log a+ 5:84 
t =-0996 
& = 0:867 
S =+0:077 
0-01 


20 30 50 70 
Human growth hormone (myg) 
Fig. 1. Standard curve of human growth hormone made in nutritional 


medium for hypophysis cultures (tyrode, 70 per cent; horse serum, 
25 per cent; chicken embryo extract, 5 per cent) diluted 1/25. Y, Per- 
centage hemolysis; X, pg human growth hormone 











Nutritional First sample Last sample Human cerebral Human hypothalamic 
medium of culture of culture cortical extract extract 
„£in sample. 0-97 1-01 1-01 1-00 1-00 a! 
ein NaCl | 

e + N.I.S, in sample = 0-99 0-97 2 sind b | 
e + N.LS. in NaCl 

ce’ + 1.8. in sample g £ s . g 
“TTS in Nat 0-95 0-00 0-25 0°99 1:00 c 





immune rabbit serum; a, b, c, ratios of hæmolysis expressed in counts of chromium-51/c.c./min. 


proteins: (1) the identity of the antigen—antibody reaction 
in normal saline and in fluids containing variable amounts 
-of proteins; ` (2) the possibility of a non-specific reaction 
between the culture media and the human growth 
hormone antibody. Table 1d answers the first question. 
It shows the difference of intensity of the antigen-antibody 
reaction depending on protein concentration. This 
phenomenon might be due to a change in complement 
activity, but the figures (Table lc) giving the relationship 
between the activity of complement in 3 different dilutions 
of the nutritional medium and in normal saline did not 
differ from the unity; thus the difference observed is the 
effect of the protein concentration on the antigen-antibody 
reaction. Fig. 1 shows a typical standard curve made in 
the nutritional medium diluted 1/25. The different samples 
were exainined at dilutions of 1/25-1/500 depending on 
their concentration of human growth hormone. For the 
reason already explained, each sample has to be intra- 
polated on a standard curve made in the nutritional 
medium diluted in the same way as the sample. The 
difference in protein content of the non-diluted samples 
and the nutritional medium were too slight to influence 
the antigen-antibody reaction. The second question could 
be answered by means of the experiments summarized in 
Table 2. Neither the nutritional medium nor the collected 
samples exhibited significant anticomplementarity or 
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Fig. 2. Human growth hormone (O) ang prolactin (@) content of 
human hypophysis cultures as a function of time. Each point represents 
the content of 5 units. 1 unit = 1 explant x 1 day 
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hemolytic activity (Table 2a). By comparing the ratios 
of lysis obtained with a constant amount of complement 
incubated with sera from immunized or non-immunized 
rabbits it appears that there is no reaction with serum of 
non-immunized rabbits (Table 2b). There was no reaction 
between the specific anti-human growth hormone serum 
and a mixture of crude extracts from human cortex or 
hypothalamus with nutritional liquor (Table 2e). There- 
fore, we may assume the specificity of the reactions 
involved. Furthermore, it appears from Table 2 that 
hypothalamic extracts do not contain detectable growth 
hormone. 

Fig. 2 shows the dramatic fall with time of the growth 
hormone content in the cultures. The lactogenic activity 
was determined by the pigeon crop sac method‘ and showed 
an increase of lactogenic activity from the ninth to the 
last days of the cultures. It has been shown that some 
human growth hormone preparations have growth 
promoting, fat mobilizing as well as lactogenic activity, 
immunological identity of human growth hormone, and 
prolactin has been suggested’. We think that our results 
bring support to the view that growth hormone, and 
lactogenic hormone are two different substances in man. 


J. BRAUMAN 
H. Brauman 
J. L. PASTEELS 


Laboratoires d'Hygiène et d’Histologie, 
Université de Bruxelles, et 
Laboratoire de Médecine Expérimentale, 
Fondation Médicale Reine Elisabeth, 
Bruxelles. 
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Synergistic Action of Vasopressin and 
Thyroxine on Water Transfer on the 
Isolated Toad Bladder 


Ir has been found that when vasopressin is placed in 
contact with the serosal side of the isolated toad bladder, 
there follows an increased transfer of water from the 
mucosal to the serosal surface’. Green and Matty? have 
reported a similar effect with thyroxine. 

This communication shows that vasopressin and 
thyroxine have the same effect on the isolated bladder of 
Bufo spinolosus as has been previously reported for other 
species. Moreover, a synergism is observed when both 
hormones act simultaneously. 

The toads were kept in the laboratory at 8° C, and their 
bladders were removed and mounted as described by 
Bentley: for experiments in which water transfer was 
measured; and according to the method of Ussing and 
Zerebn® in experiments in which active sodium transport 
was measured by short-circuit current. In both kinds of 
experiments the hormones were added to the fluid bathing 
the serosal side; vasopressin as ‘Pitressin’ 100 mu/ml., 
and thyroxine as L-thyroxine sodium pentahydrate, to a 
final concentration of 10-? M of L-thyroxine. 

Two series of experiments were performed in order to 
investigate the simultaneous ‘effect of the hormones on 
water transfer across the toad bladder. In one series, after 
a control period, the serosal side of one half-bladder 
received thyroxine, while that of the other half-bladder 
received vasopressin® In the second series, after a control 
period, one half-bladder received vasopressin plus thy- 
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roxine and the other was left as a control or received 
either hormone. The results are summarized in Table 1. 
Water transfer across the isolated toad bladder was 
236-30 ul./em?/h, S.D. 37-40, when vasopressin plus thyrox- 
ine were added ; whereas the sum ofthe effects of vasopressin 
and thyroxine acting separately on each half-bladder was 
177-48 ul./om*/h, S.D. 15-36. The difference being signifi- 
cant, P less than 0-001. 


Table 1. WATER TRANSFER ACROSS THE ISOLATED TOAD BLADDER 


Thyroxine 
Thyroxine Vasopressin plus | 
Control (10-7M) (100 mv/ml.) vasopressin 
Mean of 10 experiments 
expressed in “l./em?/h 10-21 24-58 152-95 236-30 
D. 1:76 2:74 16-09 36-40 


When sodium transport was measured by short-circuit 
current, our observations were similar to those of Green 
and Matty*, who demonstrated an increase in active 
sodium transport under the in vitro effect of thyroxine 
(Fig. 1B). As shown in Fig. 1C, when thyroxine and 
vasopressin acted simultaneously the increase in sodium 
transport observed during the first 50 min was no greater 
than could be expected from the presence of vasopressin 
alone. After 50 min an increased sodium transport was 
registered of the same order of magnitude as that observed 
when thyroxine was the only hormone added. Thus no 
synergism in the effect of thyroxine and vasopressin could 
be shown in this preparation. 

Because net water movement is proportional to the 
transmembrane osmotic gradient and no net water move- 
ment occurs in the absence of such an external driving 
force’, it is necessary to work with an osmotic gradient 
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Fig. 1. Effect of vasopressin and thyroxine, acting separately (4 and B) 
and simultaneously (C) on the short-circuit current across the 
isolated bladder of Bufo spinolosus. The dark line is the mean of 11 
experiments in each group, and the shaded area the Standard Error 
of the mean. Thyroxine, 10-7 M, and vasopressin, 100 mu/ml., were 
added to the fluid bathing the serosal surface of the bladder 
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across the isolated toad bladder. Even though the effect 
of vasopressin on water transfer by the isolated toad 
bladder is still observed in complete absence of sodium, 
when no detectable hormone effect on energy metabolism 
is distinguishable’, the presence of sodium on the mucosal 
side of the bladder can potentiate the water transfer 
response to mneurohypophyseal extract’. Leaf® has 
suggested that the increase in sodium and water transport 
may both be reflexions of the same physiological event, 
but no definite relationship between the two responses has 
been established. We find that the action of vasopressin 
and thyroxine on water transfer is synergistic as shown. in 
the first 40 min after adding them to the fluid bathing the 
serosal surface of the bladder, when there is an osmotic 
gradient across the membrane. However, no such syner- 
gism could be demonstrated on sodium transport. The 
fact that in this latter case there is no osmotic gradient 
across the membrane makes conclusions drawn from the 
difference in these results unwarranted. In any event, it 
geoms unlikely that against an osmotic gradient there 
could be an increase in net sodium transport greater than 
in the absence of it. We believe it is of interest that 
thyroxine acts synergistically with vasopressin on water 
transfer in the isolated toad bladder. Moreover, since the 
effect of vasopressin on water transfer by the isolated toad 
bladder is passive and does not require continued expendi- 
ture of energy by the membrane, as in the case of active 
sodium transport. it is highly probable that the synergistic 
effect observed when vasopressin acts simultaneously with 
thyroxine is not ligated to the increased rate of oxidations 
induced by the latter hormone. 

This work was supported by the Pfizer Institute of 
Chile for Scientific Research. 


Erasa Marvsic 
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Kinetics of Rhodopsin Regeneration 
in the Eye of the Frog 


Ruoporsin, the red photosensitive pigment of rod 
vision, consists of the colourless protein, rod opsin, 
carrying 11-cis retinal (formerly retinene) as chromophore. 
In the light, rhodopsin bleaches through orange-red 
intermediates (lumi- and, meta-rhodopsin) into the yellow 
mixture of free all-trans retinal and opsin®. The enzyme 
alcohol dehydrogenase and DPNH, in the rod outer 
segments reduce the retinal to retinol (formerly vitamin 
A). The all-trans retinol migrates from the rod outer 
segments into the pigment epithelium, where, most likely, 
an. energy-utilizing process isomerizes the all-trans retinol 
into ll-cis retinol’. The exact material for the isomer- 
ization is, however, uncertain. This process supplies the 
pigment epithelium both in light- and dark-adapted frogs’ 
eyes with a relatively great amount of ll-cis retinol. 
About 95 per cent of the retinol in the eye of the frog 
(Rana pipiens) is in the form of fatty acid-esters*. 

The 11-czs retinol migrates into the rod outer segments, 
where the alcohol dehydrogenase catalyses the dehydro- 
genation of retinol to retinal. If the rod contains free 
opsin molecules, these combine with the 1l-cis retinal, 
forming rhodopsin. Only the 11-cis isomer reacts, forming 
the natural photosensitive pigment’. 
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Fig. 1. Amounts of rhodopsin in extracts on excised and opened eyes 

dark-adapted for various lengths of time (filled and open circles). 

The curve drawn in full js explained in the text. The broken line refers 

to individual extracts, which contain hydroxylamine (open circles). 

The difference between the curve in full and the broken line indicates 

the small synthesis in vitro in those extracts which do’ not contain 
hydroxylamine 


In the experiments of Wald and Brown‘, the synthesis of 
rhodopsin in solution follows the course of a typical 
bimolecular reaction (a second-order reaction). But 
Rushton! has, by reflexion densitometry, demonstrated 
that in the living human eye the rate of rhodopsin regener- 
ation at any moment is proportional to the amount of free 
opsin. The rhodopsin synthesis is then in the human eye 
a first-order reaction. This implies that the amount of 
free 11-cis retinal in the rod outer segment is approxim- 
ately constant during the regeneration. 

In the eyes of the rat and the rabbit the regeneration is 
linear until 50-75 per cent of the rhodopsin is regenerated, 
and after that the synthesis of rhodopsin slows down. An 
analysis of the measurements by Dowling’, Dowling and 
Hubbard? (rat) and Rushton eż al.* (rabbit) of the latter 
curved part of the regeneration shows that the final 
course of the regeneration in the eyes of these animals 
follows the course of a first-order reaction. 

The hypothetical regeneration curve drawn in full in 
Fig. 1, apart from a small initial delay, is drawn linearly 
with an inclination corresponding to a regeneration of 28 
per cent of the final rhodopsin amount in 30 min, until the 
point where 65 per cent is regenerated after 63 min 
regeneration. After that, the curve describes a first-order 
reaction of 22 min half-return time. The points are 
measurements of the rhodopsin content in excised and 
opened frogs’ (Rana temporaria) eyes’. The filled circles 
are averages. The first filled circle (unbleached eyes) 
refers to digitonin extracts of retine from fully dark- 
adapted eyes opened in a deep red light. The other eyes 
are excised from strongly light-adapted (60 min) frogs, 
then opened in white light and further illuminated 23 min 
at + 13°-14° C and after that left to dark-adapt in a dark 
chamber at + 13°-14° C for different lengths of time. The 
careful preparation of the opened eyes, the extraction and 
the spectrophotometric measurements have already been 
described, The open circles refer to individual experi- 
ments, carried out by a somewhat modified method. In 
these experiments the ice-cold acetate buffer (pH 4:6) 
(into which the eyes were placed immediately after the 
regeneration) and. the digitonin solution contained 0-1 M 
hydroxylamine in order to prevent a synthesis of rhodopsin 
during the washing of the retine and in vitro. 

Fig. 1 shows that the regeneration in these frogs’ oyes 
is in agreement with the hypothetical curve. Peskin’s™, 
Donner’s and my? measurements of the regeneration in 
intact frogs’ (Rana pipiens at + 15° C and Rana tem- 
poraria at + 13°-14° C, respectively) eyes fit the same 
curve. 

The linear part of the regeneratiog curves (rabbit, rat 
and frog) can be explained if we assume that every 
minute the same amount of 11-cis retina] is liberated in the 
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rod outer segments, and that the free opsin molecules still 
are so numerous that they continuously consume the 
liberated ll-cis retinal. It is more difficult to explain 
whichis the linear rate-limiting factor in the 11-cis 
retinal formation. Hubbard and Dowling‘ have estab- 
lished that the isomerization all-trans — 1l-cis in the 
pigment epithelium is so effective that it does not seem 
to be a rate-limiting step in the utilization of retinol for 
rhodopsin synthesis. I have tested the hypothesis that 
tho linear rate-limiting factor is the oxygen diffusion to the 
enzymatic 11-cis retinol — retinal dehydrogenation in the 
rod outer segments, by allowing the two eyes from the 
same frog to regenerate 48 min at + 13-5° C, one in the 
air, the other in a fairly pure oxygen atmosphere. But in 
four such experiments I found no significant difference 
between the amounts of rhodopsin in the two eyes. 

An interesting fact is that the regeneration in the green 
rods in the frog’s retina has not the same linear rate- 
limiting step as the regeneration in the red rods. 

Zewi* observed an initial delay in rhodopsin regenera- 
tion following brief exposures to bright light, particularly 
at a low temperature. Dowling and Hubbard! have 
demonstrated the same delay in rats’ eyes after brilliant 
flashes of light, and they explain the delay as a competi- 
tion between all-trans retinal still attached at the chromo- 
phoric site (metarhodopsin) and 11-cis retinal seeking to 
occupy it. 

The open circles in Fig. 1 show that the regeneration 
rate during the linear part of the regeneration is twice as 
fast as the rate during the first 7 min of the regeneration. 
Thus a marked delay occurs in the frog’s eye also after 
long bleachings, under conditions when an equilibrium 
has been reached between bleaching and synthesis before 
dark-adaptation begins. The fact that even such a 
slight bleaching rate gives rise to a delay apparently 
depends on the relative biochemical stability of the frog 
“metarhodopsin” in the rods!®14, and on the greater 
slowness of diffusion and of the enzymatic processes in a 
cold-blooded animal. 

I thank Dr. K. O. Donner for his advice. 
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Formative Significance of Photoreceptive and 
Ganglion Cells of the Retina of the Eye 


Iw the course of development the optic cup induces 
formation. of the normal lens in overlying ectoderm and, 
later on, the pupil provokes formation of the cornea from 
ectoderm and mesenchyma. This regular scheme was 
described by Mangold! in his classical review of the 
determination of the vertebrate eye. This scheme was 
also included in a more recent article by Lopashov and 
Stroeva? dealing with the same question without any 
considerable alterations. 

Meantime, n rous experimental-morphological*—’, 
radiobiological®®, electrophysiological’?:1 and other in- 
vestigations on the functional stages of development of 
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amphibians, which were carried out in our laboratory, 
have shown that the specific function of rods and cones 
was closely related to the secondary induction of the 
cornea in skin grafts and regenerates as well as specific 
function of the ganglion cells, which was related to the 
prolonged, histological alterations in the lens. 

In view of some of these investigations®-4, we decided 
to carry out an experiment on young tadpoles in which 
we wanted to affect the rate of initial differentiation of 
rods and cones and consequently the initiation of the 
specific function of those. According to our knowledge, 
such an effect would have to induce an increase in rate of 
clarification of the cornea. Irritation was caused by light 
and darkness of specially chosen degrees in order to avoid 
acute actions. We supposed this experiment to be an 
approach to the elaboration of formative relations 
between rods and cones and cornea. , 

First we took 330 eggs of one laying of the frog, Rana 
temporaria, following the appearance of the first cleavage 
furrow. These were divided into three equal groups each 
of them being placed into one chamber the temperature of 
which was automatically controlled. In all the three 
groups conditions were identical except for light: the first 
group was illuminated by interrupted light (1 outbreak 
per 5 sec); the second one was illuminated with equable 
light for 8 h per day and the third group was kept to 
absolute darkness. An incandescent lamp was used as the 
source of light, illumination being equal to 140 luxes. 
Following the beginning of cornea formation in tadpoles 
available for visual observation, that is, those of the 
second group, we began to fix tadpoles of all the three 
groups every day. In the course of the experiment 
(7 days) we fixed 99 tadpoles from the first group, 97 
from the second and 94 from the third group. The length 
of fixed tadpoles may serve as being approximately 
characteristic of development. This index was measured 
with an ocular-micrometer. The square of the formed 
cornea was measured, too. Mean values are shown in 
Table 1. All the results being compared were statistically 
processed. 
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Table 1 
First group Second group Third group 

quare of Square of Square of 

cornea, cornea cornea 
Day Length (unitsof Length (units of Length (units of 

of of ocular = of ocular = 0: ocular = 

fixa- body micro- body micro- body micro- 
tion (mm) meter) (mm) meter) (mm) meter) 
Ist 8-9 61-4 8-3 52-8 7-9 18-3 
2nd 8-9 85-8 8-2 40-5 8-0 10:0 
3rd 9-4 188-5 9-2 97°6 8-7 56-5 
4th 9:7 182-3 9-9 156-8 9-1 98-5 
5th 10-1 328-4 10-3 296-7 9-5 122-2 
6th 11-1 467-8 11:8 602-4 10-2 230:3 
7th 11-9 735-7 11-7 614-5 11:4 500:5 


_ On the basis of the results obtained, curves representing 
rate of growth and cornea formation were built (Fig. 1, 
A-E). 

Length of body of the larvæ from one laying may serve 
to a certain extent as an index of the same stage of 
development. Practically perfect correlation between 
length and degree of cornea clarification (0-98 for the first 
and second groups and 0-92 for the third group) made it 
possible to compare the tadpoles of the same length having 
been fixed in different days. Coefficient of correlation is 
lower in the third group as the rate of cornea clarification 
is slower in the first and second groups (Fig. 1, B-E). 

Eyes of all the tadpoles fixed in the last day of our 
experiment (17 from the first group, 17 from the second 
and 18 from the third) were studied histologically. The 
square of the central section of each cye as well as lens 
square were measured. The thickness of retina and its 
separate layers were also measured; cells of the ganglion 
layer were counted and nuclear density of both the nuclear 
layers was determined according to Vilter’s formula’. 
Mean values of these indices are shown in Table 2. 
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Fig. 1. Curves representing rate of growth and enlargement of square 

of cornea of tadpoles in different light conditions: +, growth of 

tadpoles in conditions of interrupted light (7..), of equable light (c) and 

in darkness (d); B, formation of the cornea , U, growth of the animals 

(Z.c.) and formation of the cornea (S.co.) in conditions of interrupted 

light; D, the same indices in equable light; #, the same indices in 
absolute darkness 
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Table 2 Pate 
Measurements of the parts of the eye First 
of tadpoles in different light conditions group 


Square of eye section (units of 

ocular = micrometer) 428 433 - 449 
Square of lens section (more intense 

magnification) (units of ocular = 


Second Third 
group 


micrometer) 1,318 1,523 1,876 
Thickness of retina 

(units of ocular = micrometer) 26-4 26-7 24-9 
Thickness of pigmentary epithelium (x) 9-1 10-1 76 
Thickness of layer of rods and cones Ga 19-3 16-9 16-5 
Thickness of inner nuclear layer (#) 309 28-2 25-8 
Thickness of inner fibre layer (4) 12-7 12-2 12-6 
Thickness of ganglion cell layer with 

nerve fibres layer (x) 16-5 18-0 13-4 


Nuclear density of outer nuclear layer 


i mm 28,089 26,624 22,116 
Nuclear density of inner nuclear layer in : 
mm? 86,658 ` -71,367 70,016 
Quantity of cells of ganglion cell layer 30 29 29 


The thickness `of retina and its separate layers were 
observed to be more and nuclear density of both the 
nuclear layers higher in the first and ‘second groups as 
compared with'the third group. The thickness of the 
layer of rods and cones and nuclear density in both the 
nuclear layers (P = 0-03 as compared with the second 
group and 0-001 with the third) as well as rate of cornea 
claritication and the square of cornea were found to be the 
highest in the first group. The animals of the second group 
were revealed to have the biggest size of lens and the 
highest degree of differentiation of the former. The 
ganglion cell layer with nerve fibre layer were the most 
developed in the second group. It is important to note 
that the degree of differentiation of the lens corresponds 
with the degree of development of the ganglion cell layer 
in all the three groups. Eyes of the tadpoles of the second 
group were, in proportion, developed most. In the first 
group advanced development of the layer of rods and 
cones and retardation of differentiation of the whole eye 
were observed. 

Comparing the results presented in this communication 


, with those of our previous investigations makes it possible 


to conclude that high rate of differentiation of rods and 
cones and earlier beginning of their function are necessary 
for rapid formation of cornea, and that analogical changes 
in ganglion cells are necessary for rapid development of 
the lens. 

V. V. Porov 
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Non-specific Hæmoglobin Binding of Human 
Serum Globulins in Immunoelectrophoresis 


IMMUNOELEOTROPHORESIS on cellulose acetate paper has 
proved a useful tool for the detection of serum protein 
sub-fractions'*. When this method was applied to the 
examination of human serum haptoglobins, hemoglobin 
binding to all other globulins was constantly found to 
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Fig. 1. Benzidine staining of precipitates in immuncelectrophoresis 
of human serum on cellulose acetate paper after incubation of the 
strips with hemoglobin. A means the point of application of the anti- - 
gen. The antiserum was a horse anti-human serum from the Pasteur 
Institute, lot No. 13 484, and it was applied along the midline of the 
strip. The strong precipitation arcs belong to haptoglobin (Hp) and the 
weak ones represent non-specific hemoglobin binding of other globulins 


occur (Fig. 1). The precipitin arcs stained much less 
strongly than those of the specifically hemoglobin-binding 
haptoglobins, however. “This finding seemed somewhat 
surprising and has: not been reported for agar immuno- 
electrophoresis*:5. 

The technique used is briefly as follows: After immuno- 
diffusion the cellulose acetate strips are partially freed 
from paraffin oil by blotting between filter papers and 
stained with a 0-5 per cent hemoglobin solution in saline 
for 15 min. Excess hemoglobin and serum protein is 
removed by soaking the strips in saline for 15 min. The 
strips are then stained with. a modified Lepehne—Pick- 
worth reagent? for 10 min, washed in 5 per cent (v/v) 
acetic acid and dried between_ filter papers at room 
temperature. The benzidine reagent contains 1 g benzi- 
dine, 1 g sodium nitroprusside and 50 ml. glacial acetic 
acid (1 1.). The reagent is stored in the refrigerator in a 
brown bottle. Immediately before use 50 ml. of the reagent 
is mixed with 20 drops of a 30 per cent solution of hydrogen 
peroxide. ; “ 

Non-specific hæmoglobin binding of the globulins also 


occurred if the serum was mixed with hemoglobin in’ 


excess of the binding capacity before immunoelectro- 
phoresis. In this event hemoglobin accumulated at the 
point of application of the antigen. The excess hemo- 
globin could not be removed by washing with saline after 
immunodiffusion. The non-specifically benzidine positive 
precipitation ares were distorted and drawn towards the 
strongly stained hamoglobin area. 

In control experiments non-specific benzidine staining 
of precipitates was not observed if the incubation with 
hemoglobin waa omitted. Neither was any non-specific 
hemoglobin binding seen in the absence of antiserum. It 
has not been possible with certainty to establish the 
presence of a 8-haptoglobin in a variety of sera, in contrast 
to the findings in agar immuncelectrophoresis®. The 
benzidine-positive staining of the globulins cannot be 
explained as a mechanical inclusion of hemoglobin during 
formation of the i unoprecipitate, since it occurs after 
immunodiffusion as well. 
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It is certainly a binding of hemoglobin and not of 
hem, because it occurs equally well with fresh as with 
old hemoglobin solutions. The non-specific hemoglobin, 
binding can scarcely result from an interaction with 
cellulose acetate paper, because excess hemoglobin is 
readily washed away from it if applied after immuno- 
diffusion. The reason why the phenomenon is so easily 
observed during the conditions mentioned and not in 
agar must be that the whiteness of the paper gives a 
better contrast. 

A possible explanation of the observed non-specific 
hemoglobin binding might be that, during the interaction 
between antibody and antigen, binding sites for hemo- 
globin are exposed. They are less numerous, however, 
than in haptoglobin, the specific hemoglobin-binding 
sites of which are left intact during precipitate formation. 
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Identification of the Predicted Blood Group 
Antibody Anti-Yt® 


Eaton et al. described a new blood group antibody, 
anti-Yt®, which reacted with a very high proportion of 
blood samples (99-6 per cent) by the anti-human globulin 
technique. The antibody was shown to distinguish between 
homozygous Y:4Yża samples and heterozygous YeYtb 
samples by giving a dosage effect, and so it was possible 
to estimate the gene frequencies of both Yta (93-8 per 
cent) and the postulated Yzb (6-2 per cent). 

The serum of a patient, Mrs. B., known to contain 
anti-Fy> reacting by the anti-human globulin technique, 
gave some unexpected reactions with some known Fy(b —) 
blood samples. One of these cell samples was a Bp(+) 
(ref. 2), so that the presence of anti-Bp was established. 
There was stil] an additional unidentified antibody present. 
Absorption and elution expcriments showed that three 
antibodies of different specificities were present in the 
serum (Table 1). 


Table 1. ABSORPTION AND ELUTION EXPERIMENTS WITH MRS. B.'s SERUM 





Red-cell samples 
Fy(a+b—) 


Reactor 
Br(—) 








Mrs. B.'s serum 


Bp(+) 


Fy(a-—b+) Negras 


pi~ 
Unabsorbed + + 


Absorbed 
Fy(a~b+) + 

Eluate off 
Fy(a~b+) 


Absorbed. 
Fy(a+b—) reactor 

Eluate off 
Fy(a+b—) reactor 

















The unidentified antibody was isolated by absorption 
and elution and tested against random blood samples. 
Nineteen samples out of 229 were found to react (8-3 per 
cent). The first Fy(b—) blood sample (C. M. G.) to give 
& positive reaction with this antibody was recollected as 
being a weak Yta reactor and it was consequently con- 
sidered thet the antibody might be the antithetical anti- 
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body to anti-Yta, the predicted anti-Yt». This possibility 
was supported by the frequency of positive reactions. The 
specificity of the antibody. was established by testing six 
known Yt(a—) samples, kindly supplied by Dr. M. M. 
Pickles, Dr. P. A. Tippett and Miss M. J. Polley, with an 
eluate containing only the unknown antibody in Mrs. B.’s 
serum. All were found to react positively. A ‘family 
investigation. of the original Fy(b—) Yt(b+) donor 
showed that her father and uncle were, in fact, Yt(a—). 
Of the 19 random positive samples, 18 reacted with 
anti-Yt®, but one was found to be Yt(a—). 

Family investigations and random testing are now being 
undertaken in Zurich and London and will be reported in 
detail in due course. Already one family has shown 
independence of the Yt blood group system from Kell, 
Duffy and Kidd systems. Eaton et al. have already shown 
independence of Yt from ABO, Rh and MNS systems and 
Allen et al.? have described a family showing independence 
from the Lutheran system. 
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M: an Apparently Silent Allele at the MN 
Locus 


In the course of investigations on MG positive blood 
samples with an anti-N serum, A.P.1, which, when used 
undiluted at room temperature, agglutinates NN but not 
MN red cells, attention was directed to a blood donor, 
Mrs. E. W.-K., whose cells were being used as a control: 
Mrs. W. had previously been grouped as M— N+, and 
her genotype was therefore thought to be NN, but her 
cells, contrary to expectation, were not agglutinated by 
serum A.P., which suggested that her true genotype was 
heterozygous rather than homozygous. Strong support 
for this was obtained when it was found that the red cells 
of Mrs. W.’s daughter gave the reactions M+ N—, since 
these are usually interpreted as representing the genotype 
MM, which, if it were the daughter’s true genotype, would 
exclude Mrs. W.’s maternity. Such an exclusion, however, 
is not supported by the other blood groups of mother and 
daughter (and of Mr. W.), and it is rendered highly 
improbable by the fact that the daughter’s cells, when 
tested with suitable anti-M sera, give a ‘single dose’ of M. 

A plausible explanation of these findings is that Mrs. W. 
and her daughter both possess, at the MN locus, a rare 
allele of M and N; for this the symbol ME, in which K 
stands for Mrs. W.’s maiden name, is proposed. Further 
evidence for the existence of such a gene is provided by the 
MNSs groups of Mrs. W.’s two brothers and her sister, 
which are shown in Table 1. According to these, the 
genotypes of Mrs. W. and her sister, P. K., appear to be 


Table 1. MNSs GROUPS or Fanny K 

Test sera Anti-M -N -Me -S ~s 

Propositus : Mrs W. II-I - + ~ - + 
Herhusband: A.W TI-2 + -+ - = a 
» Agt brother: H. K II-3 + + = + + 

» 2nd brother: M.K. Tl-4 + + = + + 

» Sister: P. K. TI-5 + ~ = =- of 

» daughter: R.W, IL-1 + -_ = = + 

» Istson: H. W. TII-2 = + = is i 

» @ndson: KXK. W. IYI-3 + + = = 
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MsNs MSNs 


(or MsNS) 


MSNs 
(or MsNS) 


Ut es 
MsMKs  NsNs ss MsNs 
* That the genotype of III-2 is NN (and not NM) has been in- 


ferred from the fact that his red cells give a clear double dose of N 
with serum A.P. Š 


Fig. 1 


NsNs and MsMs, respectively, which, if correct, would 
allow of only one genotype in their parents (both of whom 
aro dead), namely, MsNs. On the other hand, the geno- 
type of both Mrs. W.’s brothers is MSNs (or Ms NS), and 
this makes it impossible for them to be the sons of Ms Ns 
parents. Since the cells of Mrs. W.’s sister give a single 
dose of M, it may safely be assumed that she, too, 
possesses the hypothetical gene ME. The genetical 
interpretation of the MNSs groups of Mrs. W.’s family is 
shown in Fig. 1. 

Tests with undiluted and serially diluted anti-N sera 
on the red cells of Mrs. W.’s sister and daughter, both of 
whom are assumedly MME, have failed to reveal any 
more N reactivity than that found in MM cells, and Mrs. 
W.’s own cells (NME) are not agglutinated by any anti-M 
sera with which they have been tested so far. Several 
hundred normal human sera have been screened against 
the cells of Mrs. W. or her sister in the hope of finding a 
specific anti-M& antibody, but none was found. Dr. 
T. E. Cleghorn, Sutton, has examined several thousand 
donor sera in the same way, with as little success?. An 
attempt at producing anti-MX in rabbits was also a failure. 

There is thus no evidence so far that the postulated 
gene ME gives rise to a specific antigen, or even to any 
antigen at all. This contrasts with the behaviour of other 
rare alleles at the MN locus, such as M., Na Me, all of 
which produce distinct amounts of M or N antigen (or 
both). Even M@, whose corresponding antigen was first 
thought to be entirely devoid of M or N reactivity®, gives 
rise to slight but clearly detectable amounts of N, as was 
first observed over a year ago and is reported here for the 
first time. In connexion with the possibility that ME is 
a ‘silent’ gene, the question arises whether it is accom- 
panied by an equally inactive gene of the Ss series. The 
results of dosage investigations with anti-s sera on tho 
cells of Mrs, W. and her sister, however, have not been 
clear-cut. Since none of the carriers of MEK is § positive, 
the question whether the hypothetical complex Ms 
produces any s antigen remains unanswered. 

In view of what has been said, the symbol ME might 
seem unnecessary and its replacement by a- or ~~ in the 
genotypes of Mrs. W., her sister and her daughter more 
appropriate. However, so long as there is no certainty as 
to the activity or inactivity of the postulated gene, it 
appears preferable to give it a name, particularly as this 
is more practical for reference purposes. 

We thank Dr. T. E. Cleghorn, Sutton, for screening 
several thousand sera in search of anti-ME and for some 
of the dosage investigations with anti-s, and to Drs. Ruth 
Sanger and R. R. Race for their advice on the text of this 
paper. 
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HISTOCHEMISTRY 


Histochemical -Localizations of Polysaccharides 
in the Developing Human Aorta 


THE papers by McKay et al.!-3, the recent publications 
by Bartone', and others®, suggest that interest is increasing 
in embryological histochemistry. Consequently, it was felt 
it would be of value to note briefly the aortic histochemical 
polysaccharide investigations made on 12 human embryos 
ranging from 2-5 to 20-0 mm, crown-rump length. Serial 
sections from 10 per cent buffered formalin-fixed material, 
prepared by the paraffin process, were made from normal 
embryos of 2-5, 3-0, 5-5, 5-6, 6-5, 6-6, 10-0, 13-0, 14-4, 
17-0, 19-0, and 20-0 mm crown-rump measurements. The 
bulk of the embryos were obtained incident to hyster- 
ectomies with two of the older specimens coming from 
spontaneous abortions. The sections were serially stained 
for examination by the following microtechnical® and 
histochemical techniques’: (1) hemotoxylin and eosin; 
(2) Goldner connective tissue stain; (3) periodic acid—Foot 
stain for reticular tissues; (4) orcein elastic tissue stain; 
(5) Best carmine method for glycogen (diastase controlled) ; 
(6) original and Rinehart-—Abu’l Haj modification of the 
Hale colloidal iron procedure for acid polysaccharides; 
(7) alcian blue method for acid polysaccharides; (8) 
McManus periodic acid-Schiff technique for neutral poly- 
saccharides; (9) catalysed glacial acetic ‘acid lead 
tetraacetate procedure, also for neutral polysaccharides. 
Metachromatic localizations? were used, but not for the 
entire series. In the light of the form of fixation and the 
routine mounting, it was felt best not to include these 
sections in this discussion (these localizations resembled 
those obtained with the alcian blue technique). It was 
felt that this series of methods would adequately disclose 
the polysaccharide picture in the developing aorta and 
the relationship of these localizations to the forming 
connective: tissue components of the embryonic vessel 
wall. 

The 2-5 and 3-0 stages showed positive neutral poly- 
saccharide localizations in the endothelial—perivascular 
areas, accompanied by weak and irregular acid poly- 
saccharide localizations. By the 6-5 stage, both forms were 
well demonstrated in the fibrils and interstitial substances 
of the perivascular tissues. Colloidal iron localizations 
preceded and were always stronger than alcian blue 
colorations throughout the entire series. It is interesting 
to note that alcian blue colorations tended to be stronger 
and more sharply defined in the younger and older 
embryos with more irregular localizations in the middle 
of the series. A definite vessel wall was evident by 13-0 
mm; but the histochemical picture was unchanged. 
However, by 17:0 mm stronger neutral polysaccharide 
localizations were present in the developing medial and 
adventitial elements and in the intimal, now orcein 
positive, membrane. Acid polysaccharide localizations 
were similarly present, especially in the interstitial sub- 
stances. At 20-0 mm, all localizations were present as 
noted, and orcein elastic fibril staining was very evident 
in the forming medial coat. At the same time, argyrophilic 
responses were seen in fine fibrils in the medial and, more 
definitely, adventitial zones. Glycogen, as demonstrated 
by the Best method, was not well localized in the aortic 
areas of this series in contrast to positive findings reported 
in other investigations'*. This may be explained by 
differences in fixation and choice of methods. Positive 
Best localizations were noted in other than the aortic wall 
in certain of these embryos. 

It is difficult and unwise to draw specific conclusions 
from, scanning experiments such as those described here. 
It does. appear, however, from this limited series of embryos 
that, by the 20-0 mm stage the developing aorta has 
attained a definite histochemical polysaccharide distribu- 
tion pattern not unke that of the young adult. 
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I thank Drs. Henry Russell and Ray Motley, Wesley 
Hospital, Oklahoma City, Oklahoma, for their aid in 
securing the embryos used in this work, which was 
supported by grant H 1907C7 of the National Heart 
Institute, Public Health Service. 
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Cholinesterase Activities associated 
with the Sweat Glands in the Toe Pads of 
the Dog 


Tue nerve fibres innervating the eccrine sweat glands 
in human skint}? and in the paw of the cat?-4 and rats 
contain abundant cholinesterases. This is compatible with 
the fact that the sudomotor nerves to these eccrine sweat 
glands are functionally cholinergic, though they belong 
anatomically to the sympathetic nervous system. In con- 
trast, no nerve fibres reactive for cholinesterase have so far 
been definitely demonstrated around the ecerine sweat 
glands in the paw of the dog. Hellmann‘, who histochemic- 
ally examined the distribution of cholinesterase in the 
skin of man and several mammals, stated that in the 
hairless pads of the dog the cholinesterase activity is 
localized in the secretory cells of the sweat glands, but 
not in the nerve fibres about the glands, though he 
published a photograph which showed a cholinesterase- 
reactive nerve fibre entering the sweat gland coil. 
Winkelmann and Schmit® also made a similar investiga- 
tion, but failed to detect any cholinesterase reactions in 
the nerve fibres surrounding the sweat glands of the dog’s 
paw. 

Recently, Takahashi’, in our laboratory, has found that 
in the toe pads of the dog spontaneous sweating of central 
origin is readily inhibited by atropino, but scarcely by 
dihydroergotamine, and that the sweat glands there are 
highly sensitive to acetylcholine and allied substances 
such as acetyl-§-methylcholine and carbaminoyleholine. 
These pharmacological findings suggest that the eccrine 
sweat glands in the dog receive cholinergic innervation, 
and lead us to assume that the sudomotor nerve fibres 
in the paw of this animal would contain cholinesterase. 
The work recorded here confirms that the dog’s eccrine 
sweat glands in the toe pads are supplied with the cholin- 
esterase-rich nerve fibres. 

Forty-three biopsies of the toe pads were obtained from 
the hind-feet of 12 young puppies aged 1-6 months and 
4 adult dogs under block anesthesia with 2 per cent 
procaine. The specimens, unfixed or fixed in neutral] 
unbuffered 10 per cent formol saline for about 1h 
in the refrigerator, were cut into frozen sections 25-30u 
thick. and these were carried through the histochemical 
technique for cholinesterase, following the method of 
Koelle and Friedenwald’, modified by Gomori®. As 
substrates for incubation. acetylthiocholine iodide and 
butyrylthiocholine iodide were used. The incubation 
time ranged from 1 to 3 h at 37°C, and the pH of the 
incubation media was 5:8 approximately. As inhibitors 
for cholinesterase physostigmine (eserine) salicylate and 
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Fig. 1. Section from the toe-pad of a 6-week-old dog, incubated with 

acetylthiocholine for 2°5 h after fixation for 1 h. Note numerous cholin- 

esterase-positive nerve fibres about the sweat gland tubules, some 

part of which also shows strong cholinesterase reaction. Counter- 
stained with paracarmine (x 160) 


diisopropylfluorophosphate (DFP) were used. As control, 
the cat’s toe pads in which the cholinergic sudomotor 
innervation has been established were also tested for 
cholinesterase reaction. 

In all the animals tested, the sections incubated with 
acetylthiocholine revealed numerous nerve fibres closely 
associated with the secretory tubules of the glands 
(Fig. 1), though the network of nerve fibres was generally 
less dense as compared with that in the cat’s sweat glands. 
Such reaction with acetylthiocholine in the sweat nerve 
fibres was completely inhibited by eserine in 10M, 
sometimes even in 10-°M. From this it seems very likely 
that this enzymatic reaction is due to the cholinesterase 
activity and not to the non-spedific esterase. The nerve 
fibres surrounding the sweat glands, in the majority 
of dogs tested, gave also positive reaction, though less 
intense, with butyrylthiocholine, which was also abolished 
completely by 10-5 or 10-6 M eserine. Furthermore, the 
reaction with acetylthiocholine in the nerve fibres was 
found to be suppressed slightly, but definitely, by DFP at 
concentration as low as 10-8 M, while that with butyryl- 
thiocholine was abolished totally by DFP in such concen- 
tration. These findings indicate that the nerve fibres 
innervating the eccrine sweat glands in the dog might 
contain cholinesterase of both true and pseudo types, 
the former being predominant. It may be mentioned 
that, in general, the cholinesterase-positive nerve network 
clinging to the sweat glands was rather prominent in the 
specimens obtained from the younger puppies, while in 
those from the adult dogs such nerve fibres about the 
glandular tubules were relatively small in number. 
No nerve fibres reactive for cholinesterase were found 
around the ductal portion of the glands. The cholin- 
esterase activities in the sweat nerve fibres completely 
disappeared within a week after section of the sciatic 
nerve. F 

In agreement with Hellmannt and Winkelmann and 
Schmit‘, the secretory tubules of the sweat glands in the 
dog’s toe pads showed marked enzymatic activities both 


to acetylthiocholine and to butyrylthiocholine, though 


not always throughout the entire glomerulus (Fig. 1). 
Incubation with butyrylthiocholine always gave definitely 
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stronger. reaction than with acetylthiocholine. The 
staining was seen not only in the cytoplasma of the gland 
cells, but also in their nuclei, as was pointed out by 
Hellmann‘. i 

The reactions with both substrates in the gland 
tubules were found to be inhibited completely or almost 
completely by 10-5M eserine, and further by DFP 
at a low concentration such as 10-8 M. Thus the cholin- 
esterase present in the sweat gland cells might be of 
pseudo-type almost exclusively. No cholinesterase reac- 
tions were seen in the myoepithelial cell layer of the glan- 
dular tubules. The sweat ducts usually showed negative 
reaction with either acetylthiocholine or butyrylthio- 
choline, but some portiońs of their intradermal segments 
gave occasionally, moderate or slight reactions with both 
substrates. Unlike the cholinesterase activities in the 
sweat nerve fibres, those in the glandular epithelium were 
not diminished even 5 months after section of the sciatic 
nerve. 

It is of interest that the secretory cells in the dog’s 
eccrine sweat glands contain abundant cholinesterase, 
since the sweat glands, eccrine and apocrine, in most 


‘species of animals so far studied as well as in man have 


been shown to be free of cholinesterase activity in the 
gland cells themselves!-*°, Besides the dog. only 
platypus and marmoset have been reported to contain 
some cholinesterase in their eccrine sweat gland cells?°. 
The functional significance of cholinesterase in the secre- 
tory epithelium of the sweat glands is far from clear and 
awaits further investigation. 

It should be noted that the cholinesterase reaction, 
stronger with butyrylthiocholine than with acetyl- 
thiocholine, was frequently seen within the lumen of 
the sweat ducts, particularly in their terminal segments 
(Fig. 2). This suggests the possibility that the cholin- 
esterase contained in the secretory cells may be discharged 
into the sweat. 
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Fig. 2. Showing cholinesterase-reaetive substance in the lumen of 
intra-epidermal portion of sweat duet. Section from the toe-pad of a 
1-month-old dog, treated with butyrylthiocholine for 3 h after fixation 
for 1 h. Counter-stained with hematoxylingond eosin. Blackening in 
.juxtadermal layer of epidermis is due to pigmentation (x 120) 
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preparing this report. I also thank Hoffmann-La Roche 
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thiocholine, and Merck and Co. Inc. for DFP. 
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PATHOLOGY 


Induction of Pulmonary Tumours in Mice 
by Nitrosonornicotine, a Possible Constituent 
of Tobacco Smoke 


Nirrosamines could be formed in cigarette smoke by 
reactions between secondary amines and oxides of nitro- 
gen)?, Several secondary amines, including anabasino, 
nornicotine, dimethylamine, diethylamine, pyrrolidine, 
piperidine and proline, have been detected in cigarette 
smoke, which also contains about 200 parts per million of 
oxides of nitrogen (as the sum of NO and NO.) (refs. 3 and 4). 
The nitrosamine derivatives of some of these amines 
have already been shown to be carcinogenic. We 
have reported that nitrosoanabasine administered in the 
drinking water induced benign and malignant tumours of 
the cesophagus of rats'. In parallel with these biological 
investigations, attempts have been made to detect nitroso- 
anabasine and nitrosonornicotine in cigarette smoke. So 
‘far these attempts have not been successful, although 
methods capable of detecting small amounts (for example, 
5 uë) of specific nitrosamines have been developed}. Lack 
of success may be due either to instability of nitrosamines 
under the conditions prevailing in cigarette smoke or to 
interference in their detection by other constituents of the 
smoke. Nitrosoanabasine could not be detected in 
cigarette smoke condensates to which it had been deliber- 
ately added, nor in the smoke of cigarettes which had been 
impregnated with the substance before smoking. If these 
negative-results are due to instability of tho nitrosamines, 
the possibility of their biological importance is only ruled 
out if their half-lives are very short. Further investiga- 
tions into these problems are in progress. 

Of the secondary amines in tobacco, nornicotine is 
probably the most abundant. The smoke from,a single 
cigarette contains about 5 mg nicotine and 100 ug of 
secondary amine alkaloids, including anabasine, myos- 
mine and nornicotine’. Nitrosonornicotine was prepared by 
treating nornicotine (Fluka, Buchs, Switzerland) with 
sodium nitrite in dilute hydrochloric acid solution. The 
nornicotinie formed was extracted from the reaction 
mixture with ether. The ether extract was dried, the 
ether removed by distillation and the residual nitroso- 
nornicotine distilled under reduced pressure (b.p. 190°-192° 
at 0-5 mm). 

The nitrosonornicotine was tested for carcinogenicity 
in mice. Twenty male and 20 female mice of the Chester 
_ Beatty stock strain were injected once-weekly intra- 

peritoneally with 0-1 ml. 2 per cent nitrosonornicotine 
dissolved in arachis oil. for 41 weeks. Fifteen male and 
‘15 female mice werd injected: each week with arachis oil 
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only as controls. Mice for the experiment were random- 
ized between the test and control groups at the start of the 
experiment. The first injection was given when the mice 
were approximately six weeks old. 

In the test group 14 males and 11 females died during 
the first 7 months of treatment. Twenty of these 25 
animals were examined at autopsy and none had tumours. 
However, of 8 animals dying since the eighth mo:.th, 
7 (5 females and 2 males) which were autopsied had 
multiple pulmonary adenomas, the nature of which was 
confirmed histologically. Several of these tumours showed 
local invasion of lung and into bronchi, but none had 
metastasized to lymph glands or to sites outside the 
thoracic cavity. In 5 out of the 7 tumour-bearing animals 
the pulmonary lesions oxceeded 30 in number and were 
too numerous to count with accuracy. In addition to the 
pulmonary tumours one of the males had a localized 
lymphosarcoma, arising in one kidney. The oxperiment 
is now in its eleventh month and 7 animals are still undor 
observation. Of the control group 12 males and 12 
females died without tumours at any site before jho 
eighth month. The remaining 6 animals were killed during 
the eleventh month; one of these had a solitary small 
pulmonary adenoma, but none of the others had any 
tumours. 

These results indicate that, in the doses given, nitroso- 
nornicotine is a potent carcinogen for mouse-lung. Tho 
significance of this in relation to the human smoking 
habit remains to be elucidated. 

We thank Mrs. J. Merryweather for skilled technical 
assistance. This investigation has been supported by 
grants to the Chester Beatty Research Institute (Institute 
of Cancer Research: Royal Cancer Hospital) from the 
Medical Research Council, the British Empire Cancer 
Campaign, the National Cancer Institute of the National 
Institutes of Health, U.S. Public Health Service, and the 
Tobacco Research Council. 
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Prevention of Tumour Induction in SV4o- 
infected Hamsters 


SEVERAL investigators have attempted to prevent 
induction of tumours in animals infected by oncogenic 
viruses using immunization procedures during the latent 
period, that is, before the appearance of visible (palpable) 
tumours. In these experiments, virus-infected animals 


-were inoculated during the latent period by live or killed 


tumour cells or by their components. Zilber and 
Baidakova! indicated that the Bittner mammary tumour 
development in immunized mice could not be prevented 
although the duration of the latent period was longer. 
Goldner et al.? ‘failed to immunize S'V4,-infected hamsters 
by ‘Bjérklund-type’ tumour antigen; some stimulation 
effect on the tumour growth in such animals was obtained. 

It was shown that adult animals inoculated by an 
oncogenic virus become resistant to the transplantation of 
tumours induced by the same virus?4. 


June 13, 1964 


This resistance phenomenon described by Habel and 
Sjogren et al. with polyoma virus and later reproduced®-1 
in animals inoculated by SV, Gross leukemia virus, 
myeloid chloroleukemia of mice and Shope papilloma 
virus has not yet been used for the prevention of tumour 
induction in animals infected by oncogenic viruses. 

In our experiments we obtained evidence that hamsters 
infected with SV) virus when new-born during the latent 
period do not differ from the normal ones in respect to: 
(1) susceptibility to SV, tumour cells transplantation; 
(2) ability to develop specific resistance to SV, tumour 
transplantation after re-infection by the same virus in the 
period of immunological maturity. According to these 
results we attempted to prevent tumour induction in 
SV q-infected animals, re-infecting them by the same virus 
during the latent period. It was found!?* that this 
procedure may have success or give negative results 
depending on at what moment of the latent period the 
resistance was induced. In this communication some 
details of these experiments are presented. 

Syriam hamsters (animal colony ‘Stolbovaya’ Academy 
of Medical Sciences, U.S.S.R.) were used. New-born 
animals were inoculated subcutaneously by the 5th passage 
preparation of SV,, (strain N 128, isolated by us in 1962) 
in a titre of 10° TCLID,,/0-2 ml., or 10’ TCID,,/0-2 ml. 
Adult hamsters were inoculated by SV,,/107 TOIDs. in a 
volume of 0-5 ml., intraperitoneally. 


No, 4937 


Table 1. PREVENTION OF TUMOUR INDUCTION IN HAMSTERS INFECTED WITH 
SVig WHEN NEW-BORN AND IMMUNIZED AT THE MIDDLE OF LATENT PERIOD 


























SV, o-infected Tumour 
hamsters Materials for immunization induction Total 
i SVa 0/18* 
Resistant 0/51 
SF + cells of tumour in- 0/33 
duced by SV uo 
Heat inactivated SV eo 4fi2 
Control - 17/70 
Polyoma virus + cells of 
tumour induced by polyoma 8/26 
virus 
— 5/32 








+ In this and Tables 2 and 3 fractions represent the number of hamsters 
developing tumours over the number inoculated. 
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Polyoma virus (strain 2510-6B) was inoculated into 
adult hamsters intraperitoneally—0-5 ml./10? TOIDso 
Transplantable lines of SV.) and polyoma virus induced 
tumours were used in this work. The time of the first 
appearance of a tumour in the given group of animals was 
registered as an end of the latent period (that is, minimal 
latent period). In some experiments an average latent 
period was calculated; that is, an arithmetic mean of 
the latent period lengths of a number of tumours in the 
given group of animals. 

In the first experiment (Table 1) new-born hamsters 
were inoculated with a comparatively low dose of 
SV o— 105 TOI Dso When these animals reached 2 months 
of age they were immunized either by re-infection with 
SV, or by combined action of re-infection and SV 4, 
tumour cells inoculation. Tumour cells were inoculated 
into hamsters 5 times at weekly intervals in gradually 
increasing doses from 10‘ to 10° cells. Control groups of 
SV infected animals were inoculated at the same age 
either by heat-inactivated SV 4, or by polyoma virus and 
polyoma tumour cells; some control animals received no 
additional treatment. 

As can be seen from these results, S V -induced tumours 
appeared with almost equal frequency in different control 
groups ‘of hamsters (observed differences are not statistic- 
ally significant). Minimal latent period in these animals 
was 5:5 months. At the present time they are almost 14 
months old. No tumours were found in animals rendered 
resistant during the latent period by S V4) virus inoculation 
(or by combined action of SV and tumour cells). 
Observed differences between experimental and control 
groups are significant; P<0-001. 

In a subsequent series of experiments (Tables 2 and 3) 
hamsters were inoculated when new-born with a high 
dose of SF, (107 TCID,,). Re-infection of these animals 
was carried out in different groups: (1) 20-27 days before 
the termination of the minimal latent period; (2) at the 
day of the termination. of the minimal latent period; 
(3) 20 days after the termination of the minimal latent 
period. ` 

In the second and third groups of hamsters, animals 
bearing tumours at the moment of immunization wero 
excluded from the experiments. No re-infection was mado 
in the control groups of animals. 


Table 2. DYNAMIOS oF TUMOUR INDUCTION IN HAMSTERS SV e INFEOTED WHEN NEW-BORN AND IMMUNIZED BEFORE AND AFTER TERMINATION OF THE 
ATENT PERIOD ` 


























[ Immunization Dynamics of tumour induction (days) after immunization Percentage Average | 
by re-infection No. of }=|——-——_,-—— —, —— ——, ——---—j} Total of latent 
(period) animals | 10 | .20 | 30 | 40°] 50 | 60 | 70 | 80 | 90 | 100 | 110 } 120 | 130 | 140 | 150 tumours period [ 
Control (non- 16 3 | 2 1 3 | —| 1 |=|] —i =. -| -| m] im 10/16 62 29 days 
immunized} (+ 4 mo.) 
20-27 days before 
the termination 22 — | — | —|— | 2 | —|—|—]| 1 1 — 1 — |] 5/22 22, 82 days 
of the minimal (+ 4 mo.) 
latent period * 
20 days after the i 
termination of 12 2 | 1 |—]|2}1ijļijļ]—=-|—|—-]—]—-l~-]—-i-]|— 7/12 58 27 days 
the minimal i (+ 4 mo. 
latent period 20 days) 















































* Minimal latent period in this experiment was 4 months. 


Table 3. DYNAMICS OF TUMOUR INDUCTION IN HAMSTERS SV 4o-INFECTED WHEN NEW-BORN AND IMMUNIZED AFTER TERMINATION OF THE LATENT PERIOD 


























E Dynamics of tumour induction (days) Percentage Average 
Immunization by No. of Total of latent 
re-infection (period) | animals 10 20 30 40 50 60 70 80 90 100 | 110 tumours period 
Control (non- a 26 3 1 1 2 — —_ 3 — — —- — 10/26 38 37 
immunized) (+ 4 mo.) 
At the day of the 7 Í 
termination of the 28 _ 1 2 2 4 — 2 — — — — 11/28 89 47 
minimal latent (+ 4 mo.) 
period * 
e -e 





* Minimal latent period in this experiment was 4 months. 
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The induction of resistant state in hamsters immunized 
20-27 days before the termination of the latent period 
reduces the frequency of tumours in these animals as 
compared with non-immunized control animals from 
62 to 22 per cent (P<0-05), and increases the average 
latent period. Immunization of the SV4,-infected ham- 
sters at the day of the termination of the minimal latent 
period and 20 days later failed to influence the frequency 
of tumour induction in such animals as compared with 
control ones. 

Thus evidence is obtained for the possibility that 
tumour prevention is dependent on what moment of the 
latent period the resistant state was induced. 

The effect of prevention is connected with the action of 
the live SV,, virus, because it is absent in the case of 
heat-inactivated virus inoculation. It follows from our 
results that the effect of prevention is specific; inoculation 
of polyoma virus and polyoma tumour cells did not 
influence the SVa, tumour induction. Apparently the 
effect of prevention is due to the systemic immunological 
reaction, as intraperitoneal injection of SV,, virus protects 
the animals against subcutaneous sarcomas. 

The results obtained present a new example of the 
ability of the organism to reject its own cells if they 
became ‘foreign’. The possibility of artificial induction 
of this phenomenon might be the principal basis of specific 
prophylaxis of malignant tumours. 
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Inhibitory Effect of ‘Diamox’ and 
Chloroquine on the NADH,-Monodehydro- 
ascorbic Acid-transhydrogenase Activity of 

Retinal and Ciliary Microsomes 


CYANIDE-INSENSITIVE, ascorbic acid-dependent NADH, 
oxidation has recently been demonstrated in plant}? and 
animal? tissues. It has been postulated? that ascorbic 
acid is oxidized by cytochrome b; to monodebydroascorbic 
acid, which is later reduced to ascorbic acid by NADH,- 
monodehydroascorbic acid-transhydrogenase. As the 
oxygen uptake of the retina‘, ciliary body‘, lens? and 
cornea’ is not completely inhibited by cyanide and these 
tissues all contain high levels of ascorbic acid®, it was 
decided to investigate the occurrence of this enzyme in 
ocular tissues, 

Fresh bovine eyes were rapidly dissected, the tissues 
homogenized in 0-25 M sucrose and separated by differen- 
tial centrifugation into nuclei, mitochondria, microsomes 
and soluble fraction. The change in optical density due 
to the oxidation of NADH, was followed at 340 mu. 
Each cuvette contained 45 uM NADH,, 1 mM potassium 
cyanide, 0:067 M phosphate buffer, pH 7-4, enzyme sus- 
pension equivalent to 100 mg wet weight of tissue and 
2-3 mM ascorbic acil in a final volume of 3 ml. The 
ascorbic acid-dependent NADH, oxidation was localized 
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Table 1. NADH,-MONODEHYPROASCORBIO AOCID-TRANSHYPROGENABE 
AOTIVITY OF BOVINE OCULAR TISSUES 
D No. of mu-moles NADH, oxidized/ 
Tissue experiments min/10 mg protein 

Ciliary process 3 187 + 13-0 
Retina 6 173 + 7:0 
Ciliary body 3 189 + 14-4 
Ornea 4 7O+ 81 
Corneal epithelium 2 81+ 45 
Lens 3 18+ 36 


in the microsomes and the highest activities were found 
in the retina and ciliary process (Table 1). NADPH, 
could not replace NADH,, neither could dehydroascorbic 
acid, cysteine, reduced glutathione nor ergothioneine be 
substituted for ascorbic acid in the reaction. The addition 
of ascorbic acid oxidase greatly increased the rate of 
oxidation of NADH,. Cytochrome 6, was shown to be 
present in retinal microsomes. The cytochrome was 
extracted from retinal microsomes with 3 ml. of 0-5 per 
cent w/v sodium deoxycholate solution in 0-05 M car- 
bonate-bicarbonate buffer, pH 9-5, containing 2 mM 
EDTA. The absorption spectra had maxima at 414 mu 
(oxidized) and at 423, 527 and 557 my (reduced, with 
sodium dithionite)’. 

The ascorbic acid-dependent oxidation of NADH, by 
retinal or ciliary microsomes was not inhibited by cyanide, 
‘Amytal’, urethane, cortisone, hydrocortisone, 11-deoxy- 
corticosterone, dexamethasone or malonate but was 
partially inhibited by chloroquine and ‘Diamox’ (acetazol- 
amide). Prolonged therapy with chloroquine can lead to 
irreversible retinal damage**, and accumulation of this 
drug in tissues is known to occur. Chloroquine, at micro- 
molar concentrations, did not inhibit the transhydro- 
genase but caused 35 per cent inhibition at millimolar 
concentrations. This drug inhibits other sulphydryl- 
containing enzymes"', and the histopathological changes in 
the retina are similar to those in iodoacetate toxicity. 
Iodoacetate and p-chlormercuribenzoate also inhibited the 
microsomal reaction. The inhibitory effect of ‘Diamox’, 
however, differed markedly from that of chloroquine. 
Although ‘Diamox’ exerted 29 per cent inhibition at 
millimoler concentration, this inhibitory action decreased 
only slightly as the concentration of the drug was lowered 
and, at 10-? M, 16 per cent inhibition was still observed. 
The lower concentrations of ‘Diamox’ are within the levels 
attained in tissues and plasma during therapy. 

‘Diamox’ only partially inhibits the formation of 
aqueous humour, and its physiological action in this 
respect would appear to be distinct from its action on 
carbonic anhydrase. Friedenwald, Buschke and Michel? 
have demonstrated histochemically that ascorbic acid is 
oxidized in the ciliary epithelium, even in the presence of 
cyanide. These workers showed that, in scorbutic guinea 
pigs, the rate of formation of aqueous humour was greatly 
retarded, normal secretion occurring after administration 
of ascorbic acid. They postulated that the secretion of the 
aqueous was effected by the active transport of ascorbic 
acid, reversible oxidation and reduction of the vitamin 
occurring during the process. Electron microscopic 
studies have revealed that the smooth form of the endo- 
plasmic reticulum predominates in the ciliary epithel- 
ium}, This endoplasmic reticulum is arranged in numerous 
tubules and vesicles, which extend to the cell surface and 
appear to be implicated in the formation of aqueous 
humour. Holmberg" has shown that ‘Diamox’ alters the 
appearance of these vesicles, but when Tormey** performed 
these experiments under urethane anesthesia, he found 
that these alterations did not occur. It is interesting to. 
note that Friedenwald observed the inhibitory effect of 
urethane on the rate of aqueous secretion. The presence 
of the cyanide-insensitive NADH,-monodehydroascorbic 
acid-transhydrogenase in the ciliary epithelium is further 
support for the foregoing hypotheses. Moreover, the 
enzyme is localized in the mierosomal fraction derived 
from the endoplasmic reticulum and is partially inhibited 
by ‘“Diamox’. 
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It has been proposed? that NADH,-monodehydro- 
ascorbic acid-transhydrogenase, in adrenal microsomes, is 
involved in steroid hydroxylation. Such a function is 
improbable in the retina and ciliary processes. The 
adrenals, like the ocular tissues, contain high levels of 
ascorbic acid, and it is well established that the ascorbic 
acid content of the adrenals is rapidly depleted after 
stimulation with ACTH. The active transport of ascorbic 
acid is a function common both to the adrenals and ciliary 
processes, and the possibility exists that NADH,-mono- 
dehydroascorbic acid-transhydrogenase takes part in this 
process. 
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Association of Myxovirus-like Particles with 
Acute Leukæmia of Childhood 


TuE presence of virus-like particles in thin sections of 
material from mice and chickens with virus-induced 
leukemias has been reported’-*. Particles of similar 
morphology have been observed in thin sections of human 
leukemic tissue’ as well as in leukemic plasma‘-*. 
However, because of a lack of a suitable biological system, 
there is still no conclusive evidence that human leukemia 
or any other human malignancy is virus-induced. We, 
therefore, feel that the application of physical methods, 
not only for recognition but also for quantitation of 
viruses, is especially valuable at this time. For this reason, 
part of our efforts in the investigation of acute leukemia of 
childhood (see ref. 9 for details of study design and tissue 
culture findings) are being directed toward applying 
recently developed electron microscopic methods for the 
staining and counting of virus particles!*-!*, We have 
avoided the use of thin-sectioning methods because of their 
poor sensitivity in revealing low concentrations of virus 
and the difficulties associated with interpreting the results 
quantitatively. The results of investigations of sera 
and heparinized plasma from children with acute 
leukemia, from healthy children, and from normal adults 
are reported here. The purpose of the work was not only 
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Fig. 1. Electron micrograph of particles from plasma of a child with 
acute leukemia. Stained with potassium phosphotungatate for particle 
counting. The white bar is 100 my in length 


to search for particles with internal structure, but also to 
determine quantitatively the number of particles with 
limiting membranes having the size and general appearance 
of myxoviruses. 

Examination of many leukemic specimens during the 
earliest phase of these investigations revealed, in a large 
proportion of the samples, the presence of numerous 
myxovirus-like particles, 90~250 my in size with well- 
defined limiting membranes. The particles were stained 
with potassium phosphotungstate and counted by a 
procedure developed for known viruses!!-?, The particles 
were practically indistinguishable in morphology from 
those previously described. for murine and avian leukemia 
viruses‘-®, except that no ‘tails’ were demonstrable as has 
been reported for some of the murine leukemia viruses*:*. 

In order to avoid bias in the electron microscopic 
evaluation, the specimens were coded before testing. 
Micrographs were taken of 5 randomized fields taken at 
5,000 times magnification. Only particles falling within 
the 90-250 my size range which exhibited well-defined 
limiting membranes were counted. Since cell debris can 
sometimes resemble myxoviruses, the presence of occa- 
sional particles could not be relied on for purposes of 
identification and quantitation. Thus only those speci- 
mens exhibiting more than 10 particles per field were 
scored positive. Those with 6-9 particles were con- 
sidered questionable, and those having less than 5 particles 
per field were scored negative. The majority of the 
specimens which were scored negative did not exhibit any 
structured particles within the myxovirus size range. as 
shown in Table 1. 

Of the 24 leukemic children tested, serum or plasma 
samples from 19 (79 per cent) were positive, that from one 
child was questionable and samples from the remaining 
4 children were negative. Samples from 4 of the 40 
normal children (10 per cent) were found to be positive, 
those from 8 were questionable and those from 28 
wore negative. Serum or plasma samples from all 13 


Table 1, RESULTS OF ELECTRON MICROSCOPIO EXAMINATION OF PLASMA OR SERUM SAMPLES STAINED WITH POTASSIUM PHOSPHOTUNGSTATE AND EXAMINED 
AT 4,800-5,000 MAGNIFICATION 








No. of subjects showing the following results* when specimens tested at 1: 200 dilution 





an 











| No. of 
subjects 
Subject group in group Positive Questionable Negative š 
40 or more* ; 20-39* I 10-19" 6-9* -5* | ot , 
. y 
Leukæmie children 24 4 10 1 6 3 1 3 1 
i Normal children i 40 0 9 ` 4 8 16 12 
| Normal adults H 13 0 0 : 0 0 e 12 
. i 








e. Particles per field. 
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adults (laboratory workers) were negative. It should be 
pointed out that the 4 positive control children were all 
less than 12 months of age (19 children tested in this age- 
group) while 23 of the 24 leukemic children were 2-10 
years of age. None of the 14 healthy children in this age- 
group was positive, and only 3 were scored as question- 
able. It has been our impression that there is no morpho- 
logical difference between the type of particles seen in the 
positive samples regardless of whether they came from 
the leukemic children or the healthy control children. 
Greater numbers of normal children in various age-groups 
should be tested before further conclusions can be drawn. 

The biological activity of the particles described is as 
yet unknown, even though the results show a significant 
association of the particles with leukemic children. Until 
a method is found for demonstrating their biological 
activity, if any, we shall continue the quantitative physical 
study of specimens from diseased as well as healthy child- 
ren and of tissue cultures derived from their bone marrow. 
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BIOLOGY 


An Early European Description of an 
Australasian Mammal 


Tau first description to reach Europe of a member of 
the kangaroo family is generally held to be that of the 
Dutchman Pelsaert in 16291. He described from Western 
Australia an animal like a civet cat with short fore-legs 
and long hind-legs the young of which grew out of a 
pouch attached to nipples. This has been identified as one 
of the scrub wallabies, Protemnodon (Thylogale) eugenii'?. 

Reading some of the early travellers’ accounts of the 
East Indies I have recently come across an earlier account 
of an indigenous Australasian mammal which may be a 
marsupial of the kangaroo family. 

In 1606 the Spaniard Diego de Prado y Tovar sailed 
with Torres from the New Hebrides along the south coast 
of New Guinea and passed between New Guinea and 
Cape York, Queensland, through Torres Strait. In his 
Relación he described how on the south-east tip of New 
Guinea in July “. .. we killed an animal which is in the 
shape of a dog, smaller than a greyhound, with a bare and 
scaly tail like that ofthe snake, and his testicles hang from 
a nerve like a thin cord; they say that it was the castor, we 
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Table 1 
Found in Reason 
south-east Small for Good Testes 
uinea grey- name Scaly Eats to evi- 
hound castor tail leaves eat dent 
Protemnodon agilis 
agile wallaby - + = - + r+ + 
Thylogale stigmatica 
or brunii red- 
Dair pademelon + + =: = + + + 
lagus doranis 
EA kangaroo - — = = + + + 
Dorcopsis mulleri 
a wallaby + + - — P+ TH + 
Hypsiprymnodon 
a musk A 
ngaroo = + + + 2+ t+ + 
Echymipera rufescens 
bandicoot + t+ rae = Gn + + 
Thylacis sp. 
bandicoot + t+ — — - a+ + 
Uromys caudi- 
maculatus giant 
naked tailed rat + 2+ - + + + - 
Ayomys goliath 
New Guinea rat - - + + ?+ f+ - 
Hydromys chryso- 
gaster Australian 
water rat + — + - — - ?+ 


ate it and it was like venison, its stomach was full of 
ginger leaves and for that reason we ate it’’s. 

There are several mammals which this description might 
fit. These are given in Table 1 and, following recent 
authorities on the mammals of Australiat+5, plotted 
against the points in Diego de Prado y Tovar’s description. 

In evaluating the closeness of fit to the description for 
each animal the? + has been counted as half a point in 
its favour and the + as a whole point. It is arguable that 
the points should not be given equal weighting, but any 
attempt to weight such points as scaly tail, prominent 
testicles or presence in south-east New Guinea more 
heavily than other features leads to obvious problems and 
an even more personal interpretation of the evidence than 
the method used. 

All these mammals fit some part of the description and 
none of them fits all of it. Thylogale and Hypsiprymnodon 
show more of the positive features in the description than 
any of the others, followed by Echymipera, Uromys and 
Dorcopsis if each point of Prado’s description is given 
equal value. 

The rodents might be considered less-likely candidates 
than the marsupials because their testes only descend 
during the breeding season while those of the male 
marsupials are permanently external and apparent, 
although it is just possible that Hydromys might have 
entered the breeding season by July}. There is insufficient 
information on the breeding cycle of Uromys in New 
Guinea to make a judgment on this particular point. 

Thylogale is not a satisfactory choice because there seems 
little reason to call it castor since it is neither odoriferous 
nor water living nor does it chop trees for dam building 
and, furthermore, it has a furred tail. 

In two important features Diego de Prado y Tovar’s 
description fits Hypsiprymnodon. It is one of the few 
marsupials described as having strongly smelling scent 
glands and would, therefore, fit the name castor in one 
respect. Prado does not say whether it smelt but he does 
say that they ate it. Any smell of the animal might have 
been neutralized or mistaken for the ginger leaves. The 
description of the tail is perhaps even more significant. 
Kangaroos and wallabies have furred tails and Hypsi- 
prymnodon is remarkable in the family for its scaly tail. 
Two other features in the description do not fit the musk 
kangaroo so well. Musk kangaroos are said to feed on 
berries, roots, worms and insects and yet Prado’s animal 
was full of ginger leaves. However, the omnivorous diet 
recorded would not necessarily exclude a meal of leaves. 
More serious to the argument, the musk kangaroo is not 
listed as occurring in New Guineas. 

Echymipera, the New Guinea bandicoot, is also unsatis- 
factory because of its omnivorous diet and its short, furred 
tail. In other respects it conforms well with the description 
and. has the advantage of occurring in New Guinea. 
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Uromys, the giant naked tailed murine rat, also inhabits 
south-east New Guinea and has the added advantage of 
being the only mammal under serious consideration, other 
than Hypsiprymnodon, to have a scaly tail. But it is said 
to eat only coconuts! and it is neither water living nor 
odoriferous. 

Dorcopsis has fewer points in its favour and the same 
disadvantages as Thylogale. 

Whether Prado touched one of the islands of northern 
Queensland as he passed through Torres Strait is a 
debated point”. No help, therefore, can be obtained 
towards the zoological identification of the animal from 
its geographical distribution, particularly as the Relación 
was probably written some years later, after Diego de 
Prado y Tovar’s return to Spain in 1615. 

It seems impossible, therefore, to decide between 
Thylogale, Hypsiprymnodon or the rodent Uromys on the 
present evidence though the description fits Hypsiprym- 
nodon well. Other members of the New Guinea fauna, 
cockatoos and cassowaries, were described with consider- 
able accuracy by Prado and therefore there seems little 
reason to doubt his accuracy in this case. It is possible, 
however, that writing some years later he confused two 
mammals that he had seen, Thylogale and Uromys, and 
the result is a composite picture of the two. Alternatively 
Prado may have been describing the musk kangaroo from 
one of the north Queensland islands, or this animal may 
once have inhabited the south-eastern tip of New Guinea. 

Whatever the identification, there seems no doubt that 
Diego de Prado y Tovar was one of the first to bring back 
to Europe a description of an indigenous Australasian 
mammal. 


No. 4937 


WILMA GEORGE 


Lady Margaret Hall, 
Oxford. 
1 Troughton, E., The Furred Animals of Australia (Sydney, 1947). 
1 Tate, G. H. H., Bull. Amer. Mus. Nat. Hist., 91, 237 (1948). 
3 Stevens, H. N., and Barwick, G. F., Hakluyt Soc., second ser., 64 (1930). 
t Tate, G. H. H., Bull. Amer. Mus. Nat. Hist., 97, 189 (1951). 
* Laurie, E. M. O., and Hill, J. E., List of Land Mammals of New Guinea, 
Celebes and Adjacent Isles (London, 1954). 
* Bayldon, F. J., J. Roy. Austral. Hist. Soc., 11, 158 (1925). 
‘Sharp, A., The Discovery of Australia (Oxford, 1963). 


Fossil Rodents from Fort Ternan, Kenya 


Tue rodent fauna from Fort Ternan which Dr. L. S. B. 
Leakey has sent to me for examination consists for the 
moment of only a few specimens comprising the following: 

Seventeen mandibles, a fragment of a skull in which the 
teeth are unfortunately very worn, and 26 incisors. The 
mandibles represent creatures of small size, but on the 
other hand six of the incisors suggest the presence of 
species of the size of the large Phiomyidae of Rusinga and 
Songhor. Nine mandibles belong to the Cricetodontini, 
one represents a small Phiomydae similar to one of the 
forms from Songhor, one represents a Sciuridae, while 
three of the mandibles belong to a new genus, Leakeymys 
ternani nov. gen., nov. sp., to which genus and species I 
also provisionally attribute the skull fragment. (The 
collection also includes a mandible of a murine, but in 
this specimen the bone is not completely fossilized. as it is 
in all the other material, and it is, therefore, I believe, an 
intrusive specimen which can be ignored at the present 
time.) 

On the basis of a single molar, I would in the first 
instance have suggested that the new genus, Leakeymys 
ternani, was close to the living Gerbillidae represented by 
Tatera Lataste, but the complete dentition is very clearly 
distinguishable from this genus, and one can give the new 
genus the following diagnosis: The lower dentition is of 
the cricetodont pattern, but somewhat evolved with 
transverse crests generally resembling those seen in 
Tatera Lataste, but with more strongly cutting edges 
which are well separated from each other; there is no 


NATURE 


1131 





Fig. 1. Leakeymys ternani eect te rg sp. The lower left tooth of 
trace of any longitudinal medium link: an external 
cingular crest unites the prelobe with the first full lobe 
of the lower first molar, as in Mystromys Wagner. The 
lower third molar has two lobes. 

The upper teeth which are attributed to this form have 
an outline which is clearly that of a Cricetodont, and 
particularly the prelobe of the upper first molar. These 
teeth display strongly worn transverse crests which are. 
however, each clearly separated from the next. 

It may therefore be said that the similarity which was 
first thought to be present with the Gerbillidae is not 
anything like so certain when we are faced with more 
complete specimens, and I prefer, therefore, for the 
moment, to treat the new genus as a member of the 
Cricetidae, which is as much evolved, but in a different 
direction, as Myocricetodon, Lavocat, while awaiting more 
complete knowledge of the upper dentition, which will 
enable us to fix this relationship more precisely. 

The general appearance of this fauna, with Cricetodon 
Lartet, relatively common, and a new form unknown from 
either Songhor or Rusinga, agrees well with the pre- 
pikermian age which Dr. Leakey provisionally attributes 
to this site as a result of his preliminary examination of 
the ungulates. The new material does not, however, 
for the moment make it possible to confirm this age in a 
decisive manner. 


Ecole Pratique des Hautes Etudes, 
Paris. 
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Correlation of Ultrastructure, Autofluor- 

escence and Acid Phosphatase Activity in 

Granules isolated from Proximal Tubules 
of the Kidney of the Rat 


Sz6stRAND has shown that renal proximal tubule cells 
of several mammalian species contain autofiuorescent 
granules with a characteristic segmental distribution 
within the proximal tubule’. Electron microscopic 
observations of proximal tubule cells have demonstrated 
several structurally different varieties of cytoplasmic 
granules and vacuoles?-*. Although none of these has 
been directly identified with the autofluorescent granules. 
I have observed that one type of dense granules has a very 
similar distribution along the proximal tubule’. Novikoff 
and Koenig have pointed out that acid phosphatase 
positive granules seen by light microscopy seem to corre- 
spond to the autofluorescent granules**. Direct informa- 
tion has now been obtained concerning the identity and 
ultrastructural properties of the autofluorescent granules 
by isolation of a fraction from rat ki@neys in which they 
are highly concentrated. 
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Blood-free renal cortex was homogenized in 0-3 M 
sucrose and centrifuged at 150g for 10 min. The super- 
natant was layered over 0-6 M sucrose and contrifuged 
at 9,000g for 3 min (Spinco model L centrifuge, rotor 
No. 40). The large pellet thus formed consisted macro- 
scopically mainly of two layers, a small dark brown 
bottom layer and a large upper layer which was light 
yellow to light brown in colour. The transition between 
the two layers was very sharp. The dark layer could 
be isolated separately if the upper light layer was care- 
fully resuspended and removed. This resuspension of 
the light layer was aided by the clear colour difference 
and by the greater tendency of the light layer to become 
resuspended. 

By electron microscopy, involving complete cross- 
sections of the pellet, the dark layer contained membrane- 
limited granules, 1-1-5u in diameter, with dense contents 
(Figs. la and b). The granules showed varying amounts 
of internal membranous material and dense stippling, 
which at high magnification sometimes resembled ferritin. 
Although most of the granules were round, some were 
more irregular in shape and had somewhat denser internal 
contents. The granules represented the dominant com- 
ponent of this layer but contamination was also present in 
the form of some small mitochondria and minute amounts 
of microsomal structures (Figs. la and b). 

The light layer of the large initial pellet contained, 
primarily, mitochondria and only occasional dense 
granules (Fig. Ic). The transition between the bottom 
layer (with the dense granules) and the mitochondrial 
layer was rather distinct. When the dark granule layer 
had been isolated as described above, electron microscopy 
showed that all parts of the light mitochondrial layer had 
been removed. Membrane-limited granules with the same 
ultrastructure as those in the granule layer are frequent in 
normal proximal tubule cells. As similar granules are 
not present in other cells within the renal cortex, the 
isolated granules obviously originate from the proximal 
tubules. Xa ; 

Untreated suspensions or smears of the dark layer (con- 
taining granules) and the light layer (containing mito- 
chondria) were studied separately using fluorescence and 
phase contrast microscopy alternately. Essentially, all 
the large round granules of the dark layer showed a 
bright yellow autofluorescence. Due to the size and 
frequency of these granules, it is apparent that they 
correspond to the dense membrane-limited granules seen 
by electron microscopy. In contrast, the light (mito- 
chondrial) layer, studied by fluorescence and phase con- 
trast microscopy, showed small granules with a compara- 
tively weak . green autofluorescence. These granules, 
apparently mitochondria, were also present to some extent 
in suspensions of the granule layer. 

Determinations of acid phosphatase activity on isolated 
granule layers, using B-glycerophosphate as a substrate, 
showed that this activity was increased six to ten times as 
compared. with the original homogenate. This indicates a 
similarity of the fractions in the present study with 
biochemically :studied ‘droplet’ fractions isolated by 
Strauss’*1, Although those fractions were isolated in a 
different way and not analysed by eléctron microscopy, 
it is likely that they contained, to some extent, granules 
similar to those discussed here. It is reasonable to assume 
that the increased acid phosphatase activity is associated. 
with the dense membrane-limited granules since these are 
the dominating components of the fraction and the con- 
taminating mitochondria most likely do not contain this 
activity. Furthermore, the microsomal elements are 
present only in very small amounts. The assumption that 
the acid phosphatase activity is associated with the dense 
membrane-limited granules is also compatible with the 
histo-chemical localization of acid phosphatase to similar 
granules in situ ingat proximal tubule cells*:*.75, The 
present observations thus indicate that both auto- 
fluorescence and acid phosphatase activity are connected 
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Fig. 1. a, Low-magnification electron micrograph from cross-section 
of the dark brown layer where dense granules represent the dominant 
structure (x c. 2,700). b, Higher magnification from the dark layer 
showing mostly dense granules with a limiting membrane seen when 
cut through their largest diameter. Between the granules occasional 
mitochondria (arrows) and a few microsomal elements are present 

x e. 13,300). c, The light layer contains mostly mitochondria, some 

of which are swollen ( x 6,700) 


with granules of a characteristic ultrastructure. As acid 
phosphatase is considered a.marker of lysosomes®14 these 
isolated proximal tubule granules also represent lysosomes. 
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- + Transmission by Snails of the Species of 
Phytophthora which causes Foot Rot of 
Piper nigrum L. in Sarawak 


Achatina fulica Bow., the giant African snail, was first 
introduced into Sarawak in 19281, It is now a relatively 
common pest. In infested pepper gardens as many as 
10-20 snails per vine have been counted. 

. Prior to the onset of the 1962—63 north-east monsoon 
season, pepper vines in widely scattered localities in 
western Sarawak, attacked by A. fulica, developed a wilt 
and die-back which could not be accounted for by simple 
mechanical damage. Attacked vines exhibited one or a 
number of wilted, necrotic lateral or terminal branches, 
the leaves of which remained attached, but were desiccated 
and yellow or necrosed. Lesions, similar to those found in 
normal subterranean attacks of foot rot disease, were 
invariably found at the bases of these wilted branches. 
However, the juncture between the necrotic and healthy 
tissues, as.described by Holliday and Mowat? and Holliday? 
for subterranean attacks, was not always clearly defined. 
Where a lesion had developed in a branch-fork or on a 
leader, low down in the vine, one-quarter to one-half of 
the canopy wilted. In the majority of cases examined, the 
snail, A. fulica, was associated with the lesions and wilted 
branches. Where snails were not found, signs of recent 
infestation in the form of feces and trails were present. 

The species of Phytophthora which causes foot rot of 
pepper has been consistently isolated from aerial-lesion 
material. Using fresh apple tissue baits, the pathogen has 
been isolated from the fæces of the snail species. Faces 
were obtained from snails infesting healthy vines and vines 
with die-back, and, in addition, were collected from vines 
directly. After moistening, the fæces were inserted into 
0-5 cm bore-holes in fresh apples, which were then kept 
in .damp-chambers for 4 days. The pathogen was then 
readily isolated from the invaded apple tissue, on to plain 
agar, and has been obtained from 75 per cent of all isola- 
tions performed. Zoospore suspensions, prepared from the 
isolates, were pathogenic to three-week-old, single-node 
pepper cuttings. 

Faces of A. fulica, collected from gardens with vines 
exhibiting the die-back, when examined microscopically, 
have been found to contain sporangia of the fungus. 

On first consideration it would seem improbable that 
the thin-walled sporangia could survive digestion by the 
cellulytic enzymes in the alimentary tract of the snail. 
However, resistant spores are rare, oospores having been 
found only in pure culture. Proof that sporangia remain 
viable after passing through the alimentary tract has 
been demonstrated under laboratory conditions. Batches 
of sriails of the species A. fulica, collected from sites where 
pepper is not grown, were caged and starved for periods 
of 24 h. They were then fed with either zoospore- 
inoculated pepper leaves, on which sporangia had 
developed, or with four-day-old, 0-5 cm, oatmeal agar, 
culture disks of the Phytophthora species. The disks, prior 
to ingestion, had been placed in Petri’s solution to induce 
sporulation. Only those fæces which fell outside the cages 
containing the snails were collected for testing for the 
presence of the fungus, to avoid contamination with spores 
from the food materials. On examination, sporangia were 
found in all fæces collected and the fungus was isolated by 
baiting with apple tissue. Zoospore inocula prepared from 
the isolates were found to be pathogenic to pepper 
cuttings. 

The composition of fæces from snails fed with pepper 
leaves in the laboratory and fæces collected from pepper 
gardens appeared to be identical, and it is therefore 
considered that the snails become vectors by ingesting 
naturally infected leaves, 

The role of A. fulica in the spread of foot rot is limited. 
It only assumes importance at times when climatic 
conditions are not conducive to the normal rapid spread 
of the disease, as during the south-west monsoon when the 
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weather is dry. During these times the snail has been 
found to transmit the disease from infected gardens to 
surrounding healthy gardens and to healthy vines within 
infected gardens. Vines attacked by infective snails will 
recover after pruning out the wilted branches and lesions, 
providing the roots are not diseased. 

As all other records of plant disease transmission by 
slugs and snails have been made under artificial conditions 
in the greenhouse (Commonwealth Mycological Institute, 
personal communication, 1963), it is considered that this 
is the first record of the transmission of a plant disease by 
a snail species in the field. 

I thank the Director of Agriculture for permission to 
publish this communication. 

G. J. TURNER 

Department of Agriculture, 

Kuching, 
Sarawak. 
1 Jarrett, V. H. C., Hongkong Nat., 2, 262 (1931) (abst.). 
2 Holliday, Paul, and Mowat, W. P., Nature, 179, 543 (1957). 
3 Holliday, P., Rep. Sixth Commonw. Myc. Conf. 1960: CMI (1961). 
‘Turner, G. J., Nature, 195, 201 (1962). 


Probable Function of Macromolecules in 
Tissue Culture 


THE role of macromolecules in cell cultures remains 
obscure. For this reason tissue culture media are supple- 
mented with serum or with purified protein fractions. In 
some instances other macromolecules, for example, 
carboxymethyl] cellulose, are used}. 

A method for preparing an active macromolecular 
factor showing intense growth-promoting activity from 
the previously described «-globulin? has been devised in 
our laboratory. The growth-promoting «-globulin was 
fractionated by column chromatography on DEAE- 
cellulose. 400 mg of protein was adsorbed on a column 
of 21 mm x 105 mm and eluted first with 0-1 M phosphate 
buffer, pH 7:6 (inactive protein), and afterwards with 
0-02 N hydrochloric acid (active factor). The solution 
with the active factor was adjusted to pH 9 by the 
addition of 3 N sodium hydroxide and then dialysed 
twice for 12 h against 100 vol. of demineralized water. 

The activity of the factor was estimated by the method 
described previously’. As shown in Table 1, 80y of the 
active factor in 1 ml. caused an attachment and flattening 
of the cells in the absence of any additional compounds 
in the synthetic medium. 


Table 1. HELA CELLS INCUBATED IN A SYNTHETIC MEDIUM (REF. 4) 
SUPPLEMENTED WITH THE AOTIVE Faoror (20 h, 87° ©) 


Amount of the factor Percentage of flattened cells 
(y/ml,) (inoculum = 100 %) 

b’ 10 

10 27 

20 54 

40 86 

80 97 

160 5 


Further experiments indicate that the active factor 
differs from the complete growth-promoting «-globulin in 
that it is composed, according to an ultracentrifugal 
analysis, of two components, one of which represents 
about 10 per cent of the total amount only. It gives a 
positive reaction to hexoses and a positive direct Ehrlich 
reaction®. Amino-acid analysis by paper chromatography 
of an acid hydrolysate of the active factor (a butanol- 
acetic acid~water mixture was used) revealed the presence 
of at least ten amino-acids. 

The attachment and flattening of HeLa cells in synthetic 
medium was found to depend on the form of the active 
factor. A comparison was made of the activities of the 
factor dialysed directly after chromatography on DEAE- 
cellulose column (pH value of the solution after dialysis, 
5-6) and after alkalization with sodium hydroxide (pH 
value after dialysis 7-3). If not rerfMered alkaline, the 
factor is inactive and the cells are destroyed in 20 h at 
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37°C in synthetic medium containing 80y of the factor 
per ml. This treatment, however, did not result in an 
irreversible damagé to the factor, as was shown by the fact 
that it could be reactivated through alkalization to 
pH 7-3 by the addition of sodium hydroxide. Using this 
reactivated factor a flattening quantitatively comparable 
to that obtained in the medium described in Table 1 was 
obtained. 

From these results it can be concluded that the basic 
function of the active factor is that of a sodium donor, 
possibly for the transfer of carbon dioxide produced by 
the cells. These findings are also of interest with respect 
to the degree of adhesiveness of HeLa cells to a glass 
surface, which therefore depends on the Na: concentration 
on the surface’. 

J&t Mion 
Tissue Culture Department, 
Institute of Sera and Vaccines, 
Prague, Czechoslovakia. 

x Holmes, R., and Wolfe, S. W., J. Biophys. Biochem, Cytol., 10, 389 (1961). 
? Michl, J., Exp. Cell Res., 28, 324 (1961). 
3 Michl, J., Neoplasma, Supp. 1, 7, 75 (1960). 
t Michl, J., Ezp. Cell Res., 26, 129 (1962). 
5 Ledvina, M., Mukoproteidy v organismu (SZAN, Praha, 1958). 


* Rappaport, C., Poole, J. P., and Rappaport, H. P., Ezp. Cell Res., 20, 
465 (1960). f a d g 


Morphological Effects of Temperature on the 
Growth of Theobroma cacao : 


Tue effect of temperature on the growth of Theobroma 
cacao is being investigated in constant environment growth 
rooms’. The normal growth of cocoa is by production of 
flushes, and the rate of flushing, number of leaves per flush 
and the average size of leaf vary with environmental 
factors. 

. Field experimental work? has associated size of leaf very 

largely with light intensity, cocoa being a crop usually 
grown under shade trees. . In the work recorded here, 
cuttings of the clone ICS 95 were grown under similar 
conditions of light intensity and humidity but in one case 
at a temperature of 20° C and in the other at 32° C. The 
appearance of the plants after 4 months in the rooms is 
shown in Fig. 1.. At the lower temperature, apical flushes 
of 3-4 large leaves were produced. At the higher tem- 
perature, loss of apical dominance has occurred and a 
large number of axillary. flushes carrying very small leaves 
has resulted. 


b 





fe ag 
ram! 


Fig. 1. T. cacao grown, at 20° C (left) and at 32° C (right) 

The appearance of the plants grown at the higher tem- 
perature is very similar to that of a plant grown. in the 
field without shade, and growth of the plant at the lower 
temperature is similar to that of a plant grown under 
fairly heavy shade” The implication is that the mor- 
phological differences found between plants grown with 
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and without shade are a result of temperature differences 
and not light intensity as such. 
. D. B. Mupray 
Regional Research Centre, 
University of the West Indies, 
Trinidad. 


1 Murray, D. B., Rep. Cacao Res., 1959-60, 11 (Imp. Coll. Trop. Agric., 
Trinidad, 1881). ` 

? Evans, H., and Murray, D. B., Rep. Cacao Res. 1945-51, 67 (Imp. Coll. 

Trop. Agric., Trinidad, 1953). 


A Metabolite of Dacryomyces deliquescens 
(Duby) 


LABORATORY culture of the basidiomycete Dacryomyces 
deliquescens has been previously reported!. Aqueous malt 
cultures maintained at room temperature develop a 
sweetish odour which is sometimes reminiscent of apples. 
Large volumes of culture liquid have been distilled and 
extracted with benzene or alternatively with diethyl 
ether. Subsequent evaporation of either solvent followed 
by recrystallization from ethanol gave small prisms. 

Absence of melting point and eventual charring of the 
product indicated an organic salt which was found to 
contain potassium by the flame and cobaltinitrite tests. 

The odour of valerie acid was often noticed from stealing 


. cultures and more particularly when these were distilled. 


Acidity of the distillate was indicated using phenol- 
phthalein. : 
Solutions of the potassium salts of Valeric, isovaleric, 
butyric and isobutyric acids were prepared by neutraliza- 
tion with potassium carbonate: The-odour of potassium 
valerate solution approached that of the culture liquid. 
Crystals of potassium valerate prepared by ‘neutraliza- 
tion of the acid with potassium carbonate, followed by 
distillation extraction with benzene or-diethyl ether and 
subsequent recrystallization from ethanol, were identically- 
similar to thosé of the fungus product. ; f 
I thank Prof. M. Stacey for ħis advice. - 


J. H. FELD 


Handsworth New Road 
Boys’ School, 
Birmingham, 18. 
1 Field, J. H., Nature, 198, 907 (1983). zs 


An Extension of the Known Distribution of 
_Eutypa armeniacae we 

WueEn E. armeniacae Hansf. and Carter was described. 
as the perfect stage of a known Cytosporina pathogen}, 
there was no record of the occurrence of a similar pathogen 
on apricot outside Australia. Soon afterwards, however, 
Dingley*: reported its presence in New Zealand after a 
collection referred to the Waite Institute had been matched 
with the type specimen. 

Later, a Cytosporina morphologically similar to the 
Australian apricot pathogen was reported by English 
et al.3 as the cause of apricot branch-killing in California, 
but not until Dr. W. H. English visited the Waite Institute 
in September 1962 was it possible to confirm its identity 
as the imperfect stage of H..armeniacae. 

Flentje, who visited the Rhéne Valley of France in 
1949, noted symptoms identical with Cytosporina damage 
to apricot trees, and he cultured a fungus which he 
believed to be the same Cytosporina long known in 
Australia (personal communication). Some four years 
later, one of us (G. S. M.) photographed similar symptoms 
in this district of France. - 

In September 1963 we visited apricot orchards in the 
Rivesaltes and Avignon districts, and found abundant 
symptoms indicative of Hutypa damage. Although 
fructifications were not found, isolations from cankered 
branches yielded the Cytosporina stage, and subsequent 


June 13, 1964 


inoculations and re-isolations have confirmed its patho- 
genicity to apricot. 

By Australian experience’, the mean annual rainfall of 
20-24 in. (500-600 mm) in the Rivesaltes district 
(Pyrénées-Occidentales) should be adequate for production. 
of perithecia, It was interesting to note the abundance 
there of Tamarix sp. among the roadside vegetation, and 
the occurrence on. this species of a cankering resembling 
that caused by E. armeniacae on apricot. Since Tamarix 
is a known, host of the perfect stage’, it seems likely that 
it may play a part in the life-cycle of the pathogen where 
apricots are cultivated in the drier parts-of southern 
Europe. 

Furthermore, it will be of interest to see whether the 
alternative host Ceanothus, recently reported by Moller’, 
proves to be important as a source of inoculum in Cali- 
fornia, where that genus is endemic. 
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M. V. CARTER 
Waite Agricultural Research Institute, 
i Adelaide, 
South Australia. 
GQ. S. Morvan 


: ©. CaSTELAIN 
Station Expérimentale d’Arboriculture Fruitiére, 
St.-Genis-Laval (Rhône), 
France. 
1 Carter, M. V., Austral. J. Bot., 5, 21 (1957). 
2 Dingley, J. M., Orchard N.Z., 33, 78 (1960). 
2 English, W. H., Davis, J. R., and Devay, J. E., Phytopath., 52, 361 (1962). 
“Carter, M. V., Austral. J. Agric. Res., 11, 498 (1960). 
* Moller, W. J., J. Dept. Agric. S. Austral., 67, 251 (1964). 


MICROBIOLOGY 


A Method for investigating the Cause of Death 
of Airborne Bacteria 


WHEN bacteria are sprayed into the air their ability to 
survive depends on a large number of factors. The usual 
criterion for deciding if they are alive or dead depends on 
the appearance of visible colonies on an agar plate after 
the’ organisms have been recovered from the air and 
subjected to certain laboratory handling techniques. 
Since, by this method, it is usually difficult or impossible 
to determine the cause of death, it would be an advantage 
to be able to distinguish between death resulting from a 
breakdown of the cell’s productive capacity (for example, 
its enzyme systems) or loss of its reproductive power (for 
example, nucleoprotein integrity). Attempts have been 
made to produce a laboratory technique enabling this 
differentiation to be made. The principle is to label the 
organisms with a suitable phage. Following aerosolization 
and recovery of the cells a comparison is made between the 
degree of lysis of the test cells (containing phage) and the 
survival of control (phage-free) cells. If the extent of 
lysis in the test cells is different from the survival-level of 
control cells then deductions can be made as to whether 
death is attributable to failure of the cell’s productive or 
reproductive powers. The argument is best demonstrated 
by example. 

A culture of E. coli (American type B) was prepared in a 
conventional manner using a shake flask technique, 
growth being for an 18 h period at 37° C. One aliquot was 
centrifuged and the cells resuspended in the chosen spray 
fluid. Another aliquot was inoculated with phage T'7, the 
bacterium/phage ratio being 1/10; phage adsorption was 
achieved by suspending the bacterium/phage mixture in 
tryptic meat broth for 10 min, before centrifuging to 
ee unadsorbed phage and re-suspending in the spray 

wad. 

Each suspension was atomized, the resulting mono- 
dispersed aerosols being held in adjacent rotating drum 
containers' at controlled temperature and humidity. 
Samples of the aerosols were taken at regular intervals by 
means of.a slit sampler’, in such a way that the behaviour 
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of individual cells on the agar collecting surface could be 
studied microscopically. Growth of the control cells was 
recorded together with the extent of lysis of the test cells 
containing phage, and thus it was possible to compare 
survival with degree of lysis. 

Results are given in Table 1. 


Table 1. AEROSOL VIABILITY OF E. coli AND PHAGE T7 IN AIR 


Aerosolage Percentage survival Percentage lysis 
(min) of control of E. coli 
0 100 100 
30 57 (46) 99 
120 42 (26) 66 


Temperature, 20°C; relative humidity, 50 per cent; collector, slit 


sampler; spray fluid, tryptic meat broth, 


The values given for the survival of the control collected 
by a slit-sampler include those cells which did not remain 
static (for example, cells which showed swelling, filamen- 
tous growth, etc.) but failed to divide, since a range of 
response from bacteriostasis to colony formation was 
observed. The proportion of the survivors which formed 
colonies is indicated in Table 1 by the figures in paren- 
thesis, the values quoted being in close agreement with 
those obtained from samples collected in raised impingers’. 

The results show that, for aerosol ages of the order of 
0-5 h, more E. coli cells are capable of supporting phage 
growth and lysis than can support colony formation. In 
addition, the results suggest that: (a) phage T7 deoxy- 
ribonucleic acid inside the cell maintains its activity; 
(b) part of the productive capacity of the cell involved in 
phage replication remains active. At aerosol ages of 2 h 
the proportion of cells able to support phage growth and 
become lysed declines. This suggests that, whereas by 
0-5 h the reproductive integrity of the cell is impaired, by 
2h the ability of phage to replicate and hence cause lysis 
is also impaired, that is, (2) and/or (b) no longer apply. 

One variation of the technique is to collect control 
(phage-free) cells from the aerosol and subject a portion of 
these cells to phage. Comparisons of the resulting degree 
of lysis with the levels of survival and lysis detailed above 
provide more information relevant to the causes of death 
of cells. 

The examples quoted are taken from an investigation of 
the death of airborne bacteria. The method, however, has 
wider application as Benzer‘ appreciated from his studies 
of phage inactivation by ultra-violet irradiation, and is 
being used in studies of the death of bacteria resulting 
from other stresses. 

We thank Mr. I. H. Silver for his interest and his 
advice. 
; C. S. Cox 
F. BALDWIN 
Microbiological Research Establishment, 

Porton, Nr. Salisbury, 
Wilts. 
1 Goldberg, L. J., Watkins, H, M. S., Boerke, E. EB., and Chatigny, M. A.. 
Amer. J. Hyg., 88, 85 (1958). 
4 Somaihon T B., Lidwell, O. M., and Thomas, J. C., J. Hyg. (Camb.), 41. 
> May, K. R., and Harper, G. J., Brit. J. Indust. Med., 14, 287 (1057). 
‘Benzer, S., J. Bact., 68, 59 (1952). 


Energy Requirement for Microbial Growth 


MICRO-ORGANISMS provide good experimental material 
in the examination of energy requirements for the growth 
of living matter, because the supply of energy source 
may be readily controlled and the amount of growth 
easily determined. In 1942, Monod! reported on the 
growth of Bacillus subtilis, Escherichia coli and Salmonella 
typhimurium in a mineral medium with a wide range of 
carbohydrates as the source of energy. He found that, so 
long as the energy supply was the limiting factor for 
growth, the dry weight of the organigns produced (that is. 
growth) under anaerobic condition was proportional to 
the weight of the source of energy added. These findings 
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were confirmed by DeMoss, Bard and Gunsalus’. A 
comparison of the growth yields of different micro- 
organisms was recently made by Bauchop and Elsden® on 
the basis of dry weight produced per mole of adenosine 
triphosphate (ATP) formed during the catabolism of the 
energy-yielding substrates (Yield CoefficientAT? or YATP), 
In their experiments, which were also conducted under 
energy-limiting and anaerobic conditions, they found a 
striking agreement in the YATP for a number of organisms, 
including Streptococcus faecalis, Saccharomyces cerevisiae 
and. Pseudomonas lindneri. The mean of 8 values for YATP 
is 10-5 g dry cells per mole of ATP (range, 8-3~12-6). 

In the determination of growth yield, whether expressed 
per mole of energy substrate or per mole of ATP formed, 
it is assumed that almost all the substrate added was 
catabolized to furnish energy; little was synthesized into 
cellular matter. These conditions may be fulfilled under 
anaerobic conditions in a medium which contains most of 
the monomers necessary for the synthesis of cell material. 
For example, Bauchop and Elsden? showed that, under 
their experimental conditions, less than 1 per cent of the 
supplied glucose was synthesized into cellular constituents. 
However, whether the results obtained under the con- 
dition of restricted growth (that is, anaerobic) may be 
extended to aerobic conditions has not been demonstrated. 
The difficulties in comparing the results obtained under 
anaerobic and aerobic conditions have been adequately 
discussed by Gunsalus and Shuster‘. They pointed out 
that, under aerobic conditions, the diversion of 25-55 per 
cent of the energy (carbon) substrate to the formation of 
cellular constituents made it necessary to base the 
energy calculations on the oxidized fraction of the sub- 
strate. When calculations were made on the total substrate 
added, very low values of either ATP yield or YATP were 
obtained. 

While this difficulty is readily appreciated, I believe 
that some of the information may be supplied by & 
material balance of the substrate and the cellular sub- 
stance. It has long been recognized that in the growth of 
yeast, for example, a maximum growth and high yield 
can be obtained only under aerobic and substrate-limiting 
conditions. The presence of excess substrate results in 
an accumulation of intermediary products and lower 
growth efficiency. Therefore, in order to achieve & 
maximum growth and high yield, the substrate, such as 
glucose, is usually fed continuously and/or incrementally 
to the growth vessel in an amount proportional to the 
cellular population’. Under these conditions, namely, 
aerobic and substrate-limiting, the substrate carbon can be 
quantitatively recovered in the cellular substance and 
carbon dioxide. A negligible amount of intermediary 
products, such as ethanol, is produced’. In other words, 
the substrate supplied under these conditions is either 
converted into cellular substance or completely oxidized 
to carbon dioxide. 

One of the highest growth yields obtained under these 
conditions with Torulopsis utilis was reported to be 60 g 
of dry cells per 100 g of glucose substrate’. The minimum 
quantity of glucose required for the formation of such an 
amount of cellular matter can be calculated from the 
material balance shown below. According to Sperber’, 
who made a most exhaustive examination of the elemen- 
tary composition of Torulopsis utilis, the mean com- 
position (per cent) of 32 Torulopsis yeast samples grown 
with ammonia and glucose was as follows: C, 45-94; 
H, 6-72; N, 7-31; O, 32-08; ash, 7-75. On the basis of 
these results, the following material balance equation 
may be arrived at: 


74-1 g glucose + 5-33 g NH, + 4-65 g ash———> 
60-0 g dry yeast cells + 7-29 g CO, + 16-65 g H,O 


Thus, a minimum of 74:1 g of glucose is required for the 
formation of 60 g of dry yeast cells, based. on material 
balance alone. The remaining part of the glucose, that is, 
100-741 = 25:9 g, may be assumed to be completely 
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oxidized to carbon dioxide for energy supply, since, as 
pointed out in a previous section, only a negligible amount 
of intermediary products is produced under aerobic and 
substrate-limiting conditions. In accordance with the 
at present accepted value of 38 moles of ATP formed per 
mole of glucose completely oxidized via the Embden- 
Meyerhof scheme and the tricarboxylic acid cycle path- 
way’, 25-9 g or 0-144 mole of glucose should give rise to 
5-48 moles of ATP. Thus, the YATP is equal to 60/5:48 or 
10-96 g of dry yeast cells per mole of ATP (ref. 10). This 
value" is in excellent agreement with those of Bauchop 
and Elsden’ obtained under anaerobic conditions. 

The growth yield of Saccharomyces cerevisiae is usually 
lower than that of T'. utilis. About 50 g of dry yeast cells 
may be produced under aerobic and substrate-limiting 
conditions per 100 g glucose supplied’. On material 
balance alone, 61:8 g of glucose is required. The remain- 
ing part of the glucose substrate, that is, 100-61-:8 = 38-2 g 
or 0-212 mole, is assumed to be completely oxidized to 
give rise to 8-05 moles of ATP. The YATP is, therefore, 
equal to 50/8-05 = 6-21 g dry yeast cells per mole of ATP. 
This value is definitely lower than the average values of 
YATP cited previously. It may well mean that the 
maximum growth yield has not yet been achieved with 
S. cerevisiae under aerobic conditions. 


S. L. CHEN 


Research Department, 
Universal Foods Corp., 
Milwaukee, Wisconsin. 
1 Monod, J., Recherches sur la croissance des cultures bactériennes (Librairie 
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3 Bauchop, T., and Elsden, 5. R., J. Gen. Microbiol., 23, 457 (1960). 
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I. C., and Stainer, R. Y., 2, 1 (Academic Press, New York, 1961). 
3 White, J., Yeast Technology (Chapman and Hall, Ltd., London, 1954). 
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ë Sperber, E., Arkiv Kemi, Mineral. Geol., 21, A, No. 3 (1945). 


? Fruton, J. S., and Simmonds, S., General Biochemistry (John Wiley and 
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10 Marr, A. G. (personal communication). As an alternative, if all the carbon 
of glucose which does not appear in cells is assumed to be oxidized 
with equal efficiency to carbon dioxide, the YATP should be equal to 

9-13 g/mole of ATP. After correcting the energetic demand of monomer 

synthesis, the YAT? rises to 9-73/mole of ATP. 


11 Marr, A. G. (personal communication). In view of Senez’s results (Bact. 
Rev., 26, 95; 1962), this value may be 6 per cent higher, if an amino- 
acid-containing complex medium is used. 


ENTOMOLOGY 


Hæmocyte Counts on the Large Milkweed 
Bug, Oncopeltus fasciatus 


TE increasing interest in biological means of controlling 
insects intensifies the need for investigations of the response 
of insects to disease organisms and foreign proteins. The 
hemolymph, the hemocytes in particular, offers a readily 
accessible criterion of response. For work on responses of 
insects to be meaningful, the normal laboratory insect 
should be examined thoroughly throughout its life. It 
was decided to use the milkweed bug (Oncopeltus 
fasciatus: Hemiptera, Lygaeidae) as the experimental 
animal in these investigations because it represents a 
relatively important group of plant-sucking insects and it 
can be reared easily in the laboratory throughout the 

ear. : 
7 Jones! has reviewed the literature on insect hamocytes. 
This communication reports a comparison of different 
counts on the same insect and an examination of the total 
hemocyte count throughout the life-cycle of the milkweed 
bug. 

‘The bugs were reared at room temperature (70°-75° F). 
To obtain the hemolymph the bugs were ansthetized 
lightly with carbon dioxide and their legs were clipped off 
close to the body. The hemolymph was drawn to the 
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Table 1. DILUTING FLUID (REF. 8) 
Constituent Concentration 
NaCl 0-081 M 
KCl 0-002 M 
CaCl, 0-001 M 


Gentian violet 


0-005 per cent 
Glacial acetic acid 


0125 per cent 
0-1 mark on a white blood cell counting pipette and diluted 
to the 11 mark with diluting fluid (Table 1). Both cham- 
bers of the improved Neubauer hemocytometer were 
carefully filled and all the cells in the ruled areas were 
counted (9 mm?). The average number of cells/mm!* was 
obtained by the formula: 
(No. of cells counted in 18 mm*) x 100 x 0'1 
18 

In the first part of the work a count was made on the 
first drop of hemolymph which issued from the severed 
leg, and a second count was made on the second drop of 
hemolymph from the same insect. Two successive counts 
were thus made from 100 late fifth instar nymphs. Fig. 1 
shows the results of these counts. 


Frequency/100 counts 
wr Oh ANSTO oO 





500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 


Celis/mm> 


Fig. 1. Comparison of hæmocyte counts on successive drops of hemo- 
lymph. @,—-~—~—, First drop, average, 1,336 cells mm°; O , second 
drop, average, 670 cells mm? 





It can be seen that the first drop yielded an average 
count of 1,336 cells/mm‘, which was approximately twice 
the number obtained from the second drop of hemolymph 
(670 cells/mm*). A much wider range of counts was 
obtained with the first drop and so it would seem that 
greater consistency was obtained with the second drop. 
However, in younger instars only one drop could be 
obtained and this would be a limiting factor in some 
experiments. This work shows that consistency in taking 
the same drop of hemolymph and reporting which drop 
was used in an experiment is important for comparing 
results with other laboratories. 


8,600 


3,000 
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~ 
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Total hemocyte count (cells/mm?) 


600 





5 10” 16 2 25 30 
Days after hatching 
Fig. 2. Total hemocyte counts on a fasciatus, —~--, Instar; ——, 
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In following the hemocyte count throughout the life- 
cycle it was found that no counts were possible from the 
first instar nymphs and that it was necessary to pool the 
blood from several nymphs of the second instar and third 
instar in order to obtain blood to the 0-1 mark. It was only 
rarely that insufficient haemolymph was obtained from a 
fourth or fifth instar and in these cases the specimens were 
discarded. Because of the limitations of obtaining enough 
blood from the early instars the first drop of blood was 
used throughout this experiment. 

Fig. 2 shows the cyclic variation in the total hemocyte 
count throughout the life-cycle of Oncopeltus fasciatus. 
Each point represents an average of 3-5 counts. The 
newly-moulted and 24-h insects showed a low total 
hemocyte count. The peak number of cells came about 
48 h post-moult. 

From the data in Figs. 1 and 2 it can be seen that there 
is a wide range of ‘normal’ counts on untreated laboratory 
insects both within a particular stadium and throughout 
the life-cycle of the insect. Fig. 1 represents a small 
segment of Fig. 2 since only late fifth instar nymphs 
(within approximately 48 h of the adult moult) were used 
and still the variation in the hemocyte count is large, 
although the range is not so great as in the entire fifth 
instar. These graphs emphasize the need to know the 
post-moult age of insects when hemocyte counts are used 
as criteria in experiments. Simply knowing the instar is 
not enough. 

In comparing the total hemocyte counts of the milk- 
weed bug with those reported for other insects? it is seen 
that the milkweed bug has a relatively low total count 
regardless of the stadium considered. No explanation can 
be offered for this finding at this time. 

This work was supported by U.S. Public Health Service 
grant H-4215. 


Dorotsy FER 


Department of Biology, 
St. Louis University, 
Missouri. 
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Thirst in the Blowfly, Lucilia cuprina 


Facrors controlling the oral intake of water by the 
blowfly, Phormia regina, have been investigated by Evans! 
and Dethier and Evans?, who demonstrated that the 
acceptance or rejection of water by this insect is correlated 
with ‘the volume of the blood. This communication 
describes experiments which indicate that the thirst 
mechanism of Lucilia cuprina differs in some respects 
from that of P. regina. 

The possible importance of crop volume was investi- 
gated in a series of experiments in which the crop weights 
of and amounts. of water imbibed by flies mounted on 
waxed sticks were determined at intervals during the 
10-h period after the flies had been allowed to drink to 
repletion. The results of these provide evidence that 
thirst is not controlled by the volume of the crop per se 
but by events which occur after its emptying is complete. 
This is well illustrated by consideration of the results 
obtained for groups of flies which had been allowed to 
drink 4 and 6 h previously. The percentages of flies with 
empty crops are little different at the two times, being 
60 per cent at 4 h and 70 per cent at 6 h. The intake of 
water by individuals of the two groups is, by contrast, 
strikingly different. At 4 h only 11 per cent of the flies 
imbibed more than 1 mg of water whereas at 6 h 66 per 
cent of the flies took in more than this amount. 

The effects of the osmotic pressure and the composition 
of the blood were investigated in a nuber of experiments 
in which both thirsty and water-satiated flies were given 
an injection into the hemocel of 2 yl. of one of the follow- 
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ing solutions: water, 0-1 M, 0-3 M, 0-5 M or 1-0 M sodium 
chloride, 0:5 M sodium bicarbonate, 1-0 M fucose, 1-0 M 
glucose or 4 timds Bodenstein’s Ringer. The flies were 
mounted on waxed sticks and the injection given with a 
fine glass needle; controls were ‘stabbed’ with a needle of 
similar diameter. Of the solutions injected only sodium 
chloride at concentrations of 0-5 M or greater and 4 times 
Bodenstein’s Ringer caused significant increases in the 
durations for which flies drank when tested on water 15 
min after injection. All other solutions tended to reduce 
the duration. These results differ markedly from those 
obtained for P. regina by Evans’, who demonstrated that 
all injections caused this fly to become less thirsty. It is 
clear that thirst in L. cuprina is correlated with the 
concentration of one or more blood constituents, but that 
it is not simply correlated with the osmotic pressure of 
the blood. The effectiveness of sodium chloride in 
increasing thirst indicates that the concentration of either 
sodium or chloride ions may be important. The lack of 
effect shown by sodium bicarbonate suggests that sodium 
ion concentration plays little part. It was not possible 
to test directly the hypothesis that oral intake depends on 
the chloride ion concentration of the blood as all chlorides 
tested (potassium, cæsium, magnesium, hydrogen and 
choline) other than that of sodium were at least to some 
degree toxic. 

Attempts were made to demonstrate an effect of blood 
volume similar to that shown by Evans? for P. regina. 
Flies initially showing a positive response to water were 
given injections of 2 uJ: and 8 pl. of 0-3 M sodium chloride. 
The mean durations of drinking were found to be 14 sec 
for controls, 16 see for the flies which received an injection 
of 2 ul. and 18 sec for flies which received 8 pl. of 
the solution. Clearly, increasing the blood volume by as 
much as 8 pl. had no significant effect on thirst. Numerous 
experiments were carried out in which flies were bled by 
the insertion of a glass needle in the thorax and the 
application of suction. In this way from 1-5 to 2-5 pl. of 
blood can be removed from a fly. In tests carried out 
immediately after bleeding no convincing evidence was 
obtained to indicate that the treatment ever caused flies 
which had responded negatively to water before bleeding 
to become positive in their response; nor was there any 
significant effect of bleeding on the duration of drinking of 
already positive flies. By contrast, natural weight losses 
equal to those achieved by bleeding caused. in most 
instances, significant increases in the duration of drinking. 
It was not found possible to investigate long-term effects 
of bleeding as ‘stabbed’ controls became abnormally 
thirsty some little time after the treatment even when care 
was taken immediately to seal the wound. This effect is 
thought to be a response to stress or physical injury. It 
seems, however, that thirst in L. cuprina, unlike that in 
P. regina, is not immediately increased by bleeding. 


L. Barron BROWNE 
C.S.I.R.O. Division of Entomology, 
Canberra. 


1 Evans, D. R., Nature, 190, 1132 (1961). 
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VIROLOGY 


Nutrition and Biochemistry of Survival 
during Newcastle Disease Virus Infection: 
Diurnal Changes in Protein, Nucleic and 

Free Amino-acids of Avian Liver 
Smor intracellular exchange of nutrients is extremely 
rapid, research in this area is basic to the further under- 
standing of biochemical changes in tissues of chicks 
subjected to virus infection. Earlier reports from these 
laboratories have “vered the incubation (0-72 h post- 
inoculation) and active involvement stages (72-144 h) of 
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a Newcastle disease virus (NDV) infection in chicks'~. 
The investigations have shown that composition and 
intake of diet, clinical symptoms, and stage of the disease 
cycle may significantly affect the liver protein, deoxy- 
ribonucleic acid (DNA), ribonucleic acid (RNA), and free 
amino-acids of infected chicks. 

The results reported here concern changes in body- and 
liver-weights and in liver protein, DNA, RNA and free 
amino-acids observed in birds during the first 24-h period 
of the active involvement stage of an NDV infection. 

Day-old White Leghorn cockerels were maintained in 
all-wire batteries in an isolated, air-conditioned room with 
constant artificial light. A balanced diet! and water were 
provided ad libitum. When the chicks were 4 weeks old 
they were inoculated with a 10-* concentration of NDV; 
approximately 50 per cent mortality can be expected 
from such a concentration‘. 

At the beginning of the active involvement stage of the 
NDV, chicks with similar respiratory symptoms? were 
weighed, body temperatures recorded, then killed and 
liver samples obtained. The same procedure was repeated 
at 12.00, 16.00, 20.00, 24.00 and 04.00 h. Another trial 
was run with uninfected birds as controls; conditions of 
the first experiment were replicated except that the 
initial sampling began at 08.00 instead of 10.00 h. 

The free amino-acids were analysed according to Squibb*® 
and the protein, DNA and RNA by methods previously 
described'!. Data were calculated on the basis of fresh 
tissue weight and statistically analysed’. 

Average values of all parameters for control and infected 
chicks at the first sampling period are presented in Table 1. 
Figs. 1 and 2 show the percentage changes from these 
initial values at each succeeding sampling period. 

In the infected chicks the diurnal oscillations of the free 
amino-acids, in terms of DNA (Fig. 1), followed a definite 
pattern, with maximum peaks at 12.00 to 16.00 and 
24.00 h; minima were reached at 20.00 h. The changes 
for alanine, arginine and aspartic acid were significant 
(< 0-05), with borderline significance for lysine, valine, 
histidine and the leucines. In the uninfected chicks 
fluctuations were of less magnitude but followed a similar 
diurnal pattern, except for histidine and alanine. The 
percentage changes for aspartic acid and valine in tho 
controls were significant (< 0-05). 
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Fig. 1. Diurnal oscillations of liver free amino-acids of control and 
Newcastle disease virus-infected chicks. A, Alanine; 4, arginine; 
x, aspartic acid; O, histidine; ©, leucines; @, lysine; +, valine 
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Table 1. AVERAGE INITIAL VALUES OF BODY- AND LIVER-WEIGHTS, PROTEIN, Nuorsro AND FREE AMINO-ACIDS OF CONTROL AND NEWOASTLE DISEASE VIRUS- 
INFECTED CHIOKS 




















Liver as 2 
Body- Liver- percentage of f 
wt. wt, body-wt. DNA RNA Protein Lys. Hist. Arg. Asp. Ala, val, Leu.* : 
g g mg ~ mg/mg DNA - =) 
Controls: 464 13-9 3-0 1-8 8-37 145 0-42 0-21 0-28 0-43 0-44 0-19 0:30 
Infected 373 18-3 3-6 1-72 8-28 123 0-52 0-36 0-39 1-00 7 ý 


* Isoleucine and leucine combined 





+ Ma/g fresh tissue. 


t Controls, 10 birds/group ; infected, 6 (matched for respiratory symptoms). 


Fluctuations in liver-weight, DNA, RNA/DNA and 
protein/DNA are presented in Fig. 2. In the infected 
birds DNA. oscillated significantly (< 0-05) with minimum 
peaks at 12.00 and 04.00 and maximum at 20.00h. Both 
RNA, and protein had linear increases which bordered on 
significance. The linearity, however, indicated minimum 
peaks at 20.00 h. Starting at 12.00 h, body- and liver- 
weights decreased, as would be expected at this stage of 
an NDV infection':*. Body temperatures averaged 42-2° 
C ab 10.00 h and then dropped to an average of 41-6° C 
for the remainder of the period. In the uninfected chicks 
the changes in body- and liver-weights and in DNA and 
RNA were not significant. On the other hand, there was a 
significant linear (< 0-05) rise in protein. 

The results reported here describe some of the effects 
NDV had on cellular metabolism in chicks just prior to 
the time mortality occurs. An understanding of the 
relationship of these effects to survival must await 
further research. The significant fluctuations of DNA, 
generally assumed to be a cellular constant, indicate 
there were rapid changes in liver cell numbers in the 
infected bird. 

Diurnal fluctuations of DNA also have been observed in 
normal rat and mouse tissues by Horvath’ and Pilgrim 
et al, 

The fluctuations of free amino-acids in both diseased 
and control birds conformed to clock hours; but in the 
infected chicks the oscillations were amplified consider- 
ably. The changes could not be related specifically to the 
essential or non-essential status of the free amino-acids 
determined. An array of the values for individual birds 
showed that NDV also increased within group variation, a 
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Fig. 2. Diurnal oscillations of body- and liver-weights, protein and 

nucleic acids of control and Newcastle disease virus-infected chicks. 

@, Body-weight; ©, liver-weight; x, liver as percentage of body- 
weight; 4, DNA; A, RNA; +, protein 


predictable phenomenon since each bird at the time of 
killing carried 50 per cent odds for survival. Interestingly 
enough, the results also revealed that the within-group 
variation of free amino-acids of infected birds was signifi- 
cantly less at 20.00 h than during the other time periods. 

The results indicate that biological samplings of avian 
tissue which are to be used for comparative purposes 
must be undertaken at the same hour of the day. More- 
over, care should be used in interpreting the biological 
significance of nucleic and free amino-acid ratios because 
of the varying magnitudes of the diurnal oscillations. 
One may speculate further that other stresses such as 
inanition and emotion would also influence the magnitude 
of diurnal oscillations of various body constituents. 

The work was supported in part by U.S. Public Health 
Service grant H-3645. 

ROBERT L. SQUIBB 
Laboratories of Disease and Environmental Stress, 
Bureau of Biological Research, 
Rutgers—The State University, 
New Brunswick, New Jersey. 
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Propagation of Mouse Adenovirus on Cell 
Lines of Human Origin 


Some common properties described for adenovirus 
strains are: (1) distinct intranuclear inclusion bodies in 
infected cells; (2) grape-like pattern of cytopathogenic 
effect; (3) group complement-fixing antigen; (4) uniform 
hexagonal ultrastructure; (5) æ “relative species specific 
host range in animals and in tissue cultures” as described 
by Rowe and Hartley. Strains of human adenoviruses 
induced. disease in the natural host or in closely related 
genera, and the titres of virus were higher in human cells. 
Human adenoviruses have been propagated in non-human 
tissues: Betts et al.2 demonstrated infection in pathogen- 
free piglets with human adenovirus, Type 1; and the 
oncogenic effect of human adenovirus 12 and 18 was 
demonstrated by Trentin et al. and by Huebner et al. in 
hamsters. In addition, human adenovirus has been 
propagated in tissues of various animals: Guerin and 
Guerin‘ in pig kidneys; Rowe et al.* in rabbit trachea and 
cotton rat tissues; Kelly and Pereira’ in rabbit kidneys; 
and Warren, and Cutchins$ in bovine and embryonic tissue 
culture. In regard to propagation of animal adenoviruses 
it has been stated by Ginsberg’ that “adenovirus of animal 
origin propagates best and initiates distinctive cyto- 
pathology in tissues from homologous species”, and in 
another report Rowe and Hartley! stated that mouse and 
chicken adenoviruses were quite species-specific in 
pathogenicity for animals and tissue cultures. 

This communication describes the propagation and 
maturation of mouse adenovirus’, in cell cultures of 
human origin, as well as in cell cultures of mouse origin. 

Mouse adenovirus (pool 480, strain @ Zn, received from 
Rowe) was incubated for 5 days at 37° C in cells prepared 
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from trypsinized mouse kidney. Nutrient medium con- 
sisted of mixture 199 with 0-5 per cent LAH, 10 per cent 
heat inactivated Horse serum and 100 units penicillin and 
0-1 mg streptomycin sulphate per ml. of medium. Stock 
virus was prepared from infected cultures which were 
frozen and thawed once, disintegrated for 5 min in an 
M.S.E. sonicator, and stored in ampules at — 40° C. 

Cell monolayers prepared from mouse kidney were 
infected with mouse adenovirus and incubated at 37° C. 
Distinct DNA-staining intranuclear inclusion bodies 
appeared 2-3 days later as observed by acridine orange 
fluorescence microscopy". The titre of virus was calcu- 
lated by counting the number of infected cells per unit 
area, according to the technique developed for PLT 
Kan by Weiss and Huang? and modified by Tanami 
et ab}, 

When mouse adenovirus was inoculated into cultures 
of human synovial tissue cells (McCoy strain) small DNA- 
staining intranuclear inclusion bodies appeared in the 
cells after 3 days of incubation at 37° C, and they developed 
to the distinct adenovirus-type inclusion bodies 3-5 days 
later. Virus from washed and lysed McCoy cells was 
infective when assayed in mouse kidneys. After five 
passages of the virus in McCoy cells, distinct inclusion 
bodies were observed in fresh cultures on the third day. 
Infective virus was demonstrated from each passage in 
McCoy cells when assayed in mouse kidney cell cultures. 

The appearance of typical inclusion bodies of mouse 
adenovirus in McCoy cell line suggested that additional 
cell lines of human origin might be receptive to the virus. 
Cultures of human epidermoid carcinoma No. 2 (HEp, 
cells) were examined for their ability to support the 
replication of mouse adenovirus. 

HEp, cell cultures on coverslips were inoculated with 
mouse adenovirus. The infected cultures were incubated 
at 37° C and every day thereafter a set of tissue cultures 
were examined for inclusion bodies. Intranuclear inclusion 
bodies appeared in the HEp, cells on the fourth day. 
As an additional example of versatility, mouse adenovirus 
induced inclusion bodies in mouse fibroblasts (LM) cells 
which appeared one day earlier than in the HE», cells. 

Since cell lines of mouse and of human origin supported 
maturation of mouse adenovirus, the possibility of 
quantitative differences in yield was investigated. Un- 
diluted mouse adenovirus (0-1 ml.) was inoculated into 
culture tubes of the various cell lines and incubated at 
37°C. On the third day after inoculation and on each of 
the 4 succeeding days a set of culture tubes, representing 
each cell line, was assayed for inclusion bodies. The 
number of infected cells did not reveal a significant change 
in each cell line during the 5 days of examinations; 
however, a significant difference was noted among the cell 
lines (Table 1). Titration of the same virus inoculum 
yielded 1-3 x 10" particles in mouse kidney cell cultures, 
1-9 x 104in LM cells, 1-0 x 105 in McCoy cells and 3-5 x 10$ 
in HEp, cells. 

The high sensitivity of mouse kidney cells to mouse 
adenovirus may have been due to original adaptation of 
the virus to this tissue, and so the use of a virus which 
was propagated in an alternative cell line would reveal the 
relative sensitivity of this cell line to the virus. Mouse 
adenovirus, propagated in McCoy cells for 4 passages, was 
processed and stored in ampules as stock virus. The same 
difference in sensitivity was observed although the titre 
of this virus was lower than that of the original stock virus 
(Table 1). Mouse kidney cells showed a greater sensitivity 
to the virus than McCoy cells by 2 logs, and visible inclusion 
bodies failed to appear in cells of HEp, and LM lines. This 
could be attributed to a limit in the sensitivity of the assay 
method. 

Infected HEp, and LM cells, free of detectable inclusion. 
bodies, were washed, trypsinized and assayed on mouse 
kidney cells; and wany clear intranuclear inclusion bodies 
appeared. Therefore, it may be assumed that inapparent 
virus was present in the HEp, and LM cells. 
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Table 1, DIFFERENOES IN YIELD OF VARIOUS CELL LINES INFECTED WITH 
MOUSE ADENOVIRUS 


Stock mouse adenovirus from 


Assay Mouse 
celllines kidney cells McCoy cells 
Mouse kidney cells 1-3 x107 1-2x106 
McCoy cells 1-0 x 108 4-2 x10? 
LM celis 2-9x10‘ Negative 
HEp, cells 3-5 x 104 Negative 


Infected cultures were first examined 3 days after inoculation, and on 
each of a 4 succeeding days. The numbers given represent the mean of 
© counts, 


Penetration, propagation and maturation of mouse 
adenovirus in cell lines of human origin were demonstrated. 
However, the detection of inclusion bodies was dependent 
on the concentration of virus in the initial inoculum. 

The results reported here with mouse adenovirus, and 
by Hammon eż al.44 with viruses from feline, swine and 
simian origin, suggest that the point of view of species 
specificity should be reviewed. Probably viruses can be 
adapted to propagate in cell lines of diverse origins, if 
suitable conditions for the specific virus-cell interaction 
can be provided. 

This investigation was supported by a grant from the 
U.S. Public Health Service. 
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Growth of Ectromelia Virus in the Liver 
Parenchymal Cells of Different Strains of 
Mouse 


THE virulence of an animal virus depends on its ability 
to grow in and damage the cells of the host. If death is to 
occur, the damage must be to a vital organ. So-called 
‘toxic’ actions of viruses im vivo depend, in all cases, on 
massive doses of virus!“ and are probably not significant 
in virulence. The extent to which the liver is damaged by 
virus growth is believed to be critical to the survival of 
mice infected with ectromelia virus‘. 

In a study of the growth of a virulent and an attenuated 
strain of ectromelia virus in the livers of mice of the Bagg 
strain, it was demonstrated that the attenuated virus had 
greater difficulty in infecting Kupffer cells. Once liver 
parenchyma! cells were infected, the virus strains grew in 
them with equal facility. Further experiments, and the 
published results of another study*, make possible a com- 
parison of the rates of growth of different strains of ectro- 
melia virus in the liver parenchymal cells of different 
strains of mouse. 

This comparison (Table 1) indicated that the virus 
strains used grow with equal facility in the liver paren- 
chymal cells of each strain of mouse. However, there is a 
significant difference in the between-mouse strain rates of 
growth. Thus while the growth of ectromelia virus in 
reticulo-endothelial cells of mice depends on the strain of 
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Table 1. RATES of GROWTH OF DIFFERENT STRAINS OF KOTROMELLA VIRUS 
IN THE LIVER PARENCHYMAL CELLS OF DIFFERENT STRAINS OF MOUSE 


Rate of growth Significance of 
2 . in liver paren- difference of 
Virus strain Mouse strain chymal cells growth-rate by Ref. 
logo IDsofh Student ¢ test 
Hampstead 
mouse 
guent) Bagg (inbred) 0:056 + 0-006 5 
ampstead \ 
egg 
(attenuated) Bagg o-o520-008!) 28d 5 
Hampstead W. and E. H. I. Significant 
ne, paléad putoa) E 0-079 + 0-010 at 2-5 per 
. and È. H, I. 
egg (maintained in | cent level 
cold environment) 0-089 + 0-016 
Moscow ] n.s.d. 
(virulent) W. and E. H, I. 0-077 + 0-005 6 


W. and E. H. I., Walter and Eliza Hall Institute, Melbourne strain. 
n.s.d., no significant difference, 


virus, growth of virus in liver parenchymal cells depends 
on the strain of mouse. 
J. A. ROBERTS * 
John Curtin School of Medical Research, 
* Australian National University, 
Canberra. 
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SOIL SCIENCE 


Effect of Soil Mesh-size on the Estimation of 
Mineralizable Nitrogen in Soils 


Ir is generally accepted that the most satisfactory 
methods now available for assessment of the potential 
ability of soils to provide nitrogen for crop growth are 
those involving estimation of the mineral nitrogen formed 
when soil is incubated under conditions that promote 
mineralization of soil nitrogen!®. Methods involving 
incubation under aerobic conditions at 28°-35° C for 2-4 
weeks have been generally preferred, and numerous 
investigations of factors affecting the results obtained by 
these methods have been reported}-?. However, very little 
attention has been given to the effect of soil mesh-size, 
and many workers have not considered it necessary to 
describe the method used to grind and sieve soil samples for 
estimation of mineralizable nitrogen by incubation tech- 
niques. Published work on the effect of mesh-size appears 
to be confined to rather limited investigations by Fitts? 
and, Hagin and Halevy*, which indicated that mesh-size is 
of minor importance. This conclusion is not supported by 
the work reported here. 

The soils used in our work were mainly black earths from 
the Darling Downs, Queensland, but they included a 
variety of Canadian and U.S. soils. Most comparisons 
were made by using samples ground to pass a 10-mesh 
screen and samples prepared by grinding the < 10-mesh 
soil to pass an 80-mesh screen, but comparisons using the 
10-30 mesh fraction of < 10-mesh soil and samples 
prepared by grinding this fraction to pass an 80-mesh 
screen were included. Nitrogen mineralization during 
incubation under aerobic conditions was estimated by a 
method similar to that described by Bremner*. Nitrogen 
mineralization during incubation under waterlogged con- 


ditions was estimated by the method described by Waring ` 


and Bremner‘. 

Typical results are shown in Table 1. It can be seen 
that a decrease in soil mesh-size resulted in a marked 
increase in the amount of nitrogen mineralized under 
aerobic or water-logged conditions. With 52 soils exam- 
ined, n decrease in mesh size from <10 to <80 led to a 
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Table 1. EFFECT OF SOIL MESH-SIZE ON MINERALIZATION OF NITROGEN 
DURING INCUBATION OF SOIL UNDER AEROBIC AND WATER-LOGGED CONDITIONS 


Nitrogen mineralized on 


Soll incubation at 30°C for 


Mesh-size 2 weeks (p.p.m. of soll) 
Great soil Aerobic  Water-logged 
Type and location group conditions conditions 
Houston silty clay, Rendzina <10 80 52 
Texas <80* 45 75 
Melfort silty clay Chernozem <10 49 64 
loam, Saskatchewan <80* 65 88 
Webster clay loam, Brunizem <10 21 41 
Towa <80* 28 
Fargo silty elay, Chernozem 10-30 30 37 
Minnesota 80t 45 77 
Waco clay, Queens- Black earth 10-30 31 48 
land 80} 43 


* Prepared by grinding <10 mesh soil. 
{Prepared by grinding 10-80 mesh soil. 


25-124 per cent increase in the amount of nitrogen 
mineralized during incubation under water-logged con- 
ditions at 30° C for 2 weeks. 

The results in this work show that the importance of 
soil mesh-size in the estimation of mineralizable soil 
nitrogen by incubation methods has been underestimatod 
and that it is essential to standardize the method of 
grinding and sieving soil samples for this estimation. 
They also indicate that some of the organic matter in soil 
aggregates is not susceptible to microbial decomposition 
until the aggregates are disrupted by grinding or other 
processes that render this organie matter physically 
accessible to micro-organisms. 

S. A. Warrnc* 
J. M. BREMNER 


Department of Agronomy, 
Iowa State University, 
Ames, Iowa. 


* Present address: Department of Agriculture, University of Queensland, 
Brisbane. s 


1 Harmsen, G. W., and van Schreven, D. A., Adv. Agronomy, 7, 299 (1955). 


3 Bremner, J. M., Methods of Soil Analysis, edit. by Black, C. A. (Amer. 
Soc. Agron., Madison; in the press). 


2 Fitts, J. W., Iowa State Coll. J. Sei., 27, 172 (1958). 
t Hagin, J., and Halevy, J., Israel J. Agric. Res. (Ktavim), 11, 81 (1961). 
š Waring, S. A., and Bremner, J. M., Nature, 201, 951 (1964). 


PSYCHOLOGY 


Response Learning 


ALL theories of behaviour have to make predictions 
about observable responses. Despite the arguments of 
Kendler}, this should not be allowed to conceal the fact 
that different behaviour theories differ radically as to the 
rules by which they determine membership of a response 
class. If we are to go on using the term ‘response’ for the 
units of behaviour among which we seek orderly relation- 
ships, it is important that we should be clear what we 
mean by it. 

Two extreme views are possible. We may characterize 
a response by the movements it involves (allowing, 
perhaps, some degree of response generalization). There 
has been evidence for many years*~ that this is not always 
satisfactory. We may, on the other hand, identify 
responses by the goal to which they take the animal, 
having no regard to the sequence of movements used. 
This view has acquired new interest recently through the 
publication by Deutsch’ of a structural theory of behaviour 
in which the response is essentially tropistic. 

In a situation where two routes of equal length lead 
from a single starting section to a common end-box, and 
the animal is rewarded for taking one route, but not the 
other, the two kinds of theory predict differently. If the 
‘response’ which is reinforced is a set of movements, tho 
problem presents no difficulty; but if a ‘response’ is a 
goal-directed, tropism, no consistent solution is possible. 
It follows from Deutsch’s theory that an animal will be 
unable to choose between two routes @f equal length lead- 
ing to & common goal when it has had experience of both 
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of them. Deutsch’s theory has a number of interesting 
formal properties, and it has met with some predictive 
success in other situations®.”. It therefore seemed worth 
testing. Two experiments are reported. 

Rats were trained in the maze shown as Fig. 1. The 
apparatus was in the vertical plane, with one route 
leading up from the choice point, and the other leading 
down. It was made of metal except for the wall between 
the experimenter and the rat, which was one-way ‘Perspex’. 
The doors and the cover for a recessed food-cup in the 
floor of the goal-box were operated by the experimenter. 
Preliminary observations on six rats showed that when 
one route was reinforced consistently, and the other never 
reinforced, learning was rapid and consistent. Three 
animals learned initially to go up, and three to go down; 
all were afterwards able to reverse this learning. 





eS Oon ee 
Fig. 1 


A more formal experiment was run with fifteen rats 
(hooded females) in which choice of one route was rein- 
forced every time it occurred, and choice of the other 
randomly half the times it oceurred. For eight animals 
choices of the upper route were consistently reinforced ; 
for seven it was the lower route. After pretraining the 
animals were given four trials a day. To ensure full and 
equal exposure to the two reinforcement schedules 
animals were given forced trials on both routes to balance 
the choices made on the free trials with which they were 
interspersed. (On forced trials one route was blocked. 
half-way between choice-point and goal.) The measure of 
performance was preference for the consistently rein- 
forced route on free trials. Fourteen out of fifteen animals 
reached the criterion of fifteen choices of the consistently 
reinforced route over sixteen successive free trials. The 
remaining animal gave no sign of learning over 100 trials. 

This indicates an important weakness in Deutsch’s 
theory. Animals can choose, on the basis of reinforce- 
ment, between different ways of reaching the same goal. 
The response is not simply tropistic. To put it differently, 
rats can solve conditional problems—-problems where 
which of two responses the animal performs determines 
whether or not reinforcement will occur in a particular 

lace. 

F The apparatus for the second experiment could take 
either of two forms. Again two routes led (up and down) 
from a single starting box. In one version, virtually 
identical to that used in the previous experiment (Fig. 1), 
both routes led to the same goal-box. By minor adjust- 
ments, however, it was possible to arrange that the two 
routes led to different goal-boxes (Fig. 2). Two groups of 
twelve animals were trained on a successive discrimina- 
tion. The discriminanda were signals delivered while the 
animal was in the starting-box: a buzzer and a flashing 
light. In each group half the animals were trained to go 
up for the buzzer and down for the light, and half down 
for the buzzer and up for the light. For Group A there 
was a single plain goal-box; for Group B there were two 
goal-boxes, one wit#a black metal insert, the other with a 
white one. 
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Fig. 2 


The procedure and reward contingencies were identical 
for the two groups. Animals received six trials a day, by 
the correction method. Buzzer and light alterntted 
irregularly in a cycle which repeated every five days. The 
criterion for learning was at least five trials correct on 
each of four successive days. The experiment stopped at 
the point where all the animals in Group B had reached 
criterion. The results show that Group B learned signifi- 
cantly faster. (In calculating scores for Group A it was 
assumed that those animals which never reached criterion - 
would have performed perfectly if the experiment had 


gone on.) 
Group 4 Group B 


Mean trials to criterion 208-5 1545 U = 255 P < 002 

(All probabilities are two-tailed as calculated by the 
Mann-Whitney U test.) All animals received 216 trials. 
The difference between mean total trials correct for the 
two groups was scarcely significant. However, if the 
training period is split into two equal parts, the difference 
in performance during the second half is significant. 


Group á Group B 


Mean total correct (-216) 182-8 151-3 U=38 P< 010 
Mean correct trials 1-108 . 60-1 64:0 U = 48 N.S. 
Mean correct trials 109-216 72-6 87-3 U =29 P < 0-02 


Since the conditions of reinforcement (primary and 
secondary) are identical for the two groups, it does not 
seem that the superiority of Group B could have been 
predicted by any available brand of stimulus-response 
theory. The first experiment shows that the fact that 
two routes of equal length lead to the same place does not 
make it impossible for an animal to learn to take one 
rather than the other. But the second suggests that the 
place to which a response takes an animal affects the 
course of learning independently of the probability of 
reinforcement associated with it. We may be wrong to 
classify responses simply by the goal to which they lead, 
but at the same time our definition of a response must 
specify more than a set of movements. 

It is intended to follow the work briefly reported here 
by a series of experiments designed to carry this analysis 
further. This work was done with the support of a 
Medical Research Council scholarship for training in 
research methods. i 

I am grateful to Mr. A. J. Watson for his advice. 


MICHAEL SHELDON 


Psychological Laboratory, 
University of Cambridge. 


1 Kendler, H. H., Psych. Rev., 59, 269 (1952). 

2 Macfarlane, D. A., Univ. California Pub. Psych., 4, No. 18 (1980). 

3 Lashley, K. S., and McCarthy, D. A., J. Comp. Psych., 6, 423 (1926). 
‘Lashley, K. S., and Ball, J., J. Comp. Psych., 9, 71 (1929). 

* Deutsch, J. A., The Structural Basis of Behaviour (Cambridge, 1960). 

¢ Deutsch, J. A., Quart. J. Exp. Psych., 11, 155 (1959). 

? Deutsch, J. A., and Clarkson, J. K., Quart. J. Exp. Psych., 11, 150 (1959). 
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FORTHCOMING EVENTS 


Tuesday, June 16 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 5.30 p.m — 
Prof. R. King: ‘Chemical Change and Physical Change’. (Lecture for 
Fourth Form Boys and Girlsfrom Schoolsin London and the Home Counties. 
Further lectures on June 17, 23 and 24.) 


Wednesday, June 17 


Thursday, June 18 


ROYAL SooreryY (at Burlington House, Piccadilly, London, W.1), at 
4.30 p.m.—Sir Lindor Brown, F.R.S.: “The Release and Fate of the Trans- 
mitter Liberated by Adrenergic Nerves” (The Croonian Lecture). 


INSTITUTION OF MINING AND METALLURGY (at the Geological Society, 
Burlington House, Piccadilly, London, W.1), at 5 p.m.—Meeting on “Mine 
Legislation and Taxation”. 


Roya SOCIETY oF TROPIOAL MEDICINE AND HYGIENE (at Manson House, 
26 Portland Place, London, W.1), at 7.80 p.m.—Annual General Meeting, 
followed by Prof. A. W. Woodruff: ‘‘Darwin’s Voyage in H.M.S. Beagle, 


and this Illness”, 
Monday, June 22 


BRITISH SOCIETY FOR THE PHILOSOPHY OF SCIENCE (in the Joint Staff 
Common Room, University College, Gower Street, London, W.C.1), at 
5,30 p.m.—Prof. G. A. Miller: “‘Psycholinguistics”. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before 
the dates mentioned: 

ASSISTANT LECTURER IN THE DEPARTMENT OF PSYCHOLOGY—~The Secre- 
Cr ame rity College of Science and Technology, George Street, Glasgow, 

.1 (June 18). 

ASSISTANT LEOTURER IN BIOCHEMISTRY IN THE DEPARTMENT OF PHYSIOL- 
OGY AND BIOCHEMISTRY, Queen’s Conege The Secretary, University of St. 
Andrews, Queen’s College, Dundee, Scotland (June 19). 

LECTURER (Grade II) IN Puysics—The Registrar, University of Bristol, 
Senate House, Bristol, 2 (June 20), . 

LECTURERS or ASSISTANT LECTURERS (with qualifications in either pure or 
applied mathematics) IN MATHEMATIOS—The Registrar (Room 22, O.R.B.), 
The University, Reading (June 20). 

RESEARCH ASSISTANT (with, or expecting to oblain, a good honours 
degree) IN THE DEPARTMENT OF AGRICULTURE (Crop Husbandry), to 
out experimental work on the use of herbicides in crop production and 
grassland improvement—The Registrar, University College of Wales, 
Aberystwyth (June 20). 

LECTURER (graduate in agriculture, with experience of agriculture in parts 
of the world where soil conservation is practised) IN TROPICAL AGRICULTURE 
AND BOIL CONsERVATION—Clerk to the Governors, National College of 
Agricultural Engineering, Silsoe, Bedford (June 21). 

ASSISTANT LECTURER IN GEOLOGY with special reference to Stratigraphy 
and Palwontology-~The Secretary, Birkbeck College (University of London), 
Malet Street, London, W.C.1 (June 22). 

ASSISTANT LECTURER IN PsyoHoLOGY—The Secretary, Birkbeck College 
(University of London), Malet Street, London, W.C.1 (June 22). 

DEMONSTRATOR (ASSISTANT LECTURER) IN THE DEPARTMENT OF PHYSIOL- 
ogy~-The Registrar, The University, Leeds, 2 (June 22). 

LECTURER or ASSISTANT LECTURER (with an honours degree or its equiv- 
alent in agriculture or agricultural science, with strength in genetics, or in 
genetics or holding a postgraduate diploma in genetics) IN ANIMAL GENETICS 
Gea University College of North Wales, Bangor, North Wales 

une 22), 

RESEARCH ASSISTANT (graduate (preferably honours) in agriculture, 
agricultural science or geography) IN THE DEPARTMENT OF AGRICULTURE, 
for work in connexion with the effects of shelter on physical environment, 
animal behaviour and performance—The Professor of Agriculture, University 
College of North Wales, Memorial Buildings, Bangor, North Wales (June 22). 

SENIOR SCIENTIFIO OFFICER (at least 26 years of age, with a first- or 
second-class honours degree and a minimum of three years postgraduate 
research experience) IN THE CHEMICAL LABORATORIES, to lead a team 
investigating chemical problems arising in the large-scale processing of 
volatile and reaction fluorides—The Personne] Manager, Capenhurst Works, 
United Kingdom Atomic Energy Authority, Capenhurst, Chester, quoting 
Ref. CAP/307/J14 (June 22). 

TEMPORARY LECTURER (with a special interest in experimenta] neurology) 
IN ANATOMY; and an ASSISTANT LEOTURER IN ANATOMY—The Registrar, 
The University, Manchester, 13 (June 25), 

CHAIR OF Botany at Queen Mary College—The Academic Registrar, 
University of London, Senate House, London, W.C.1 (June 26). 

LECTURER or ASSISTANT LECTURER (with specialinterests in biochemistry) 
IN BroLoay—The Registrar, University of East Anglia, Earlham Hail, 
Norwich, Nor. 05G (June 26). 

ASSISTANT KEEFER (with a special knowledge or entomology or botany, 
an appropriate degree, and at least one year’s relevant postgraduate exper- 
ience) IN THE DEPARTMENT OF BIoLOGY—The Director, Museum and Art 
Gallery, New Walk, Leicester (June 27). 

RESEARCH ASSISTANT (with a good honours degree or Diploma in Tech- 
nology in pure or applied chemistry, and preferably some research or other 
appropriate experience) IN THE DEPARTMENT OF CHEMISTRY, to work on a 
selected research project in the field of gas chromatography—tThe Registrar, 
Brunel College, Woodlands Avenue, Acton, London, W.3 (June 27). 

_LROTURER (graduate in electrical or mechanical engineering, and preferably 
with experience in electronics and/or contro] mechanisms) IN AGRICULTURAL 
oe Registrar (Room 22, O.R.B.), The University, Reading 
June 29). 

CHIEF TECHNICIAN (28 or over, with a pass degree in science or F.LALL.T. 
or equivalent) for the National Blood Typing Service for Cattle—Dr. J. G. 
Hall, Animal Breeding Research Organization, King’s Buildings, West 
Mains Road, Edinburgh,-9 (June 30). 
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LEOTURER IN THE DEPARTMENT OF MATHEMATICS, and a LECTURER IN 
THE DEPARTMENT OF MECHANICAL ENGINEERING at the University of the 
Witwatersrand, Johannesburg--The Secretary, Association of Common- 
wealth Universities (Branch Office), Marlborough House, Pall Mall, London, 
S.W.1 (South Africa and London, June 80). . 

LECTURER or ASSISTANT LECTURER (preferably with research interests in 
the field of theoretical nuclear or solid state physics) IN THE DEPARTMENT 
OF MATHEMATICAL Puysios—The Assistant Registrar (Science), The Univer- 
sity of Birmingham, Birmingham, 15 (June 30). 

LECTURER (qualified in the field of mechanics and/or control) IN MECHANI- 
OAL ENGINEERING—Secretary of the University Court, The University, 
Glasgow (June 80). n 

RESEARCH ASSISTANT (graduate or person expecting to graduate this 
summer) IN THE SOHOOL OF BIOLOGICAL SCIENCES, to investigate control 
mechanisms in plants, under the supervision of Dr. D. D. Dayies, Reader in 
Biology—The Registrar, University of East Anglia, Earlham Hall, Norwich, 
NOR O05G (June 30). 

RESEARCH ASSISTANT IN THE DEPARTMENT OF BOTANY to work on 
distribution of nucleic acids and lipids in embryonic tissue (the research will 
involve ultraviolet microspectrography and high-resolution autoradiography, 
but lack of experience of these techniques will not debar)~—The Secretary, 
University College, Gower Street, London, W.C.1 (June 30). 

RESEAROH FELLOW IN THE DEPARTMENT OF THEORETICAL PHYSICS, 
Research School of Physical Sciences, Institute of Advanced Studies, 
Australian National University—The Secretary, Association of Conmon- 
wealth Universities (Branch Office), Marlborough House, Pall Mall, London, 
S.W.1 (Australia and London, June 30). be g Š 

RESEARCH STUDENTS IN Puysics—The Registrar, University of Kent at 
Canterbury, Westgate House, Canterbury, Kent (June 30). ; 

SENIOR LECTURER IN STATISTICS at the University of Melbourne, Australia 
—The Secretary, Association of Commonwealth Universities (Branch Office), 
ety eee House, Pall Mall, London, 8.W.1 (Australia and London, 

une 30). 

SENIOR LECTURER/LECTURER IN APPLIED MATHEMATICS; a SENIOR 
LECTURER/LECTURER IN PURE MATHEMATICS; and LECTURERS IN MATHE- 
MATICS at the University of Ghana—The Registrar, University of Ghana, 
P.O. Box 25, Legon, Accra; or The Assistant Registrar (Overseas), University 
of Ghana, 15 Gordon Square, London, W.C.1 (June 80). 

SENIOR RESEARCH ASSOCIATE (post-doctoral appointment) IN THE SCHOOL 
OF BIOLOGICAL SCLENCES, to conduct research into the biochemical aspects 
of control mechanisms in plants—The Registrar, University of East Anglia, 
Earlham Hall, Norwich, NOR O5G (June 30). Í 

LECTURER (dental, medical or science graduate with bacteriological 
experience) IN DENTAL BACTERIOLOGY at the Turner Dental School—The 
Registrar, The University, Manchester, 18 (July 1). 

PROFESSORIAL FELLOW (with research interests in the fleld of neuro- 
physiology with special reference to such fundamental problems as neural 
organizations, synaptic mechanisms, and trophic influences) IN THE DEPART- 
MENT OF PHYSIOLOGY in the John Curtin School of Medical Research, 
Australian National University—The Secretary, Association of Common- 
wealth Universities (Branch Office), Marlborough House, Pall Mall, London, 
S.W.1 (Australia and London, July 8). : 

CHAIR OF PURE MATHEMATICS (the Erasmus Smith’s Chair)—The Secretary 
to the College, Trinity College, Dublin, 2, Republic of Ireland (July 4). 

SENIOR LECTURER and a LECTURER IN CHEMISTRY at the University of 
Ibadan, Nigerla—The Secretary, Inter-University Council for Higher 
Education Overseas, 33 Bedford Place, London, W.C.1 (July 4). 

ASSISTANT LECTURER or LECTURER IN BIOCHEMISTRY—The Dean, Guy’s 
Hospital Medical School, London Bridge, §.H.1 (July 6). À 

LECTURER or ASSISTANT LEOTURER (with an honours degree or equivalent 
qualifications, together with practical experience of one or more aspects of 
leather manufacture) IN THE PROCTOR DEPARTMENT OF FOOD AND LEATHER 
SorzncE—The Registrar, The University, Leeds, 2 (July 6). 

SENIOR LECTURER, LECTURER and an ASSISTANT LECTURER (scientists 
with an interest in food technology or nutrition or microbiology) IN TBE 
DEPARTMENT OF BIOCHEMISTRY, University of Ibadan, Nigeria—The 
Secretary, Senate Committee on Colleges Overseas in Special Relation, 
University of London, Senate House, London, W.C.1 (July 6). . 

CHAIR OF MicroBloLoGy—The Registrar, The University of Birmingham, 
Birmingham, 15 (July 8). 

LECTURER (experience in meteorology not essential, but candidates should 
be interested in observational science or fluid dynamics and have demon- 
strated capacity for physical (experimental or theoretical) research) IN THE 
DEPARTMENT OF METEOROLOGY—Prof. P. A. Sheppard, Imperial College of 
Science and Technology, London, 8.W.7 (July 15). g 

READER (with high academic qualifications, teaching experience and 
extensive research experience in mechanical engineering, and preferably 
some administrative experience) IN MECHANICAL ENGINEERING at the 
University of Queensland, Australia—The Secretary, Association of Common- 
wealth Universities (Branch Office), Marlborough House, Pall Mall, London, 
S.W.1 (London and Brisbane, July 17). 

BIOCHEMIST (Basic Grade) to be based at Black Notley Hospital, Braintree 
—The Group Secretary, St. Helena Group Hospital Management Committee, 
14 Pope’s Lane, Colchester, Essex. . 

BIocHEMIST (national of the United Kingdom or the Republic of Ireland, 
with a first- or second-class honours degreein chemistry, or veterinary quali- 
fications with additional specialization in biochemistry, and prefcrably 
experfence of the application of modern biochemical techniques to the study 
of animal diseases), to work with other members of the research stafi in 
establishing modern biochemical techniques for research into adaptation and 
diseases of domestic livestock in Uganda—Department of Technical Co- 
operation, Room 301, Eland House, Stag Place, London, S.W.1, quoting 
Ref. RC 217/183/05. 

CHEMIST or BIOCHEMIST (young honours graduate), to investigate chemical 
aspects of cardiovascular disorders—The Director, Atheroma Rescarch Unit, 
Western Infirmary, Glasgow, W.1. 

DISTILLERS COMPANY RESEARCH STUDENT IN THE DEPARTMENT ot 
CHEMICAL ENGINEERING, for work leading to a higher degree on the mars 
spectrometric investigation of free radical reactions in hydrocarbon cem- 
bustion—The Secretary, University College, Gower Street, London, W.C.1 

GRADUATE PHYSIOLOGIST or PHARMACOLOGIST for work on blocd flow 
and for investigations into the pharmacology of arteries and veins—J. G. 
Murray, Ch.M,, F.R.C.8.E., Department of Surgery, King’s College Hospital 
Medical School, Denmark Hill, London, S.E.5, 

MASTER TO TEACH PHYSICS (good share of sixth form work)—The Head- 
master, Newcastle High School, Staffordshire. 

RESEARCH ASSISTANTS (B.Sc., Dip.Tech., or Grad. R.I.C.) in the three 
branches of chemistry, botany, and in zoology—The Academic Registrar 
Hatfield College of Technology, Hatfield, Hertfordshire. 

RESEARCH FELLOW IN THE DEPARTMENT OF PM¥Sics to work on nuclear 
magnetic resonance in solids—Prof. E. R. Andrew. Department of Physics 
The University, Nottingham. - 
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RESEAROH OFFICER (with an honours degree in zoology, and national of, 
and permanently resident in, the United Kingdom or the Republic of Ireland) 
at the East African Virus Research Institute, Entebbe, Uganda, to undertake 
the study of the ecology and bionomics of East African bats (and perhaps 
other smaller mammals) on a wide front—Department: of Technical Co- 
operation, Room 404, Eland House, Stag Placo, London, S.W.1, quoting 

f. RC 205/214/02. 

RESEARCH STATISTICIAN (with a good honours degree in mathematics or 
statistics, and preferably A pag slr experience and some knowledge of 
agriculture or Biology} e Secretary, Rothamsted Experimental Station, 

arpenden, Hertfordshire. 

SENIOR BrocHEMIST (with an appropriate science degree or other approved 
qualifications, and preferably some research experience)—The Consultant 
Pathologist, Hill End Hospital, St. Albans, Hertfordshire. 

STUDENT TECHNICIANS IN THE DEPARTMENT OF CHEMIOAL PATHOLOGY—~ 

a Prof. F. T. G. Prunty, St. Thomas’s Hospital Medical School, London, S.E.1. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


University of Oxford, Report of a Committee appointed by the Hebdo- 
madel Council to consider points arising out of the Robbins Report. 
iexpploment No. 7 to the University Gazette, March 1964.) Pp. 11. (Oxford : 

‘he University, 1964.) 6d. 263 

Planning, Vol. 30, No. 479, (23 March 1964): Trade Unions and the Law. 

TA 19ra Cotton, Pp. 119-150. (London : Political and Economic Planning, 
.) 48, 

The Royal Society. British National Committee for the International 
Biological Programme. Proposals for the International Biological Programme 
prepared by the I.0.5.U, Special Committee, January 1964. Pp.27. (London: 

e Royal Society, 1964.) 263 

Electrical Research Association. Report No. 5003 : Low Mobility Materials 
and Debye Dielectric Loss Due to Electrons. By H. Fröhlich, Pp. 8. 
(Leatherhead: Electrical Research Association, 1963.) 7s. 6d. {263 

Annual Report of the British Aerosol Manufacturers’ Association for the 
year ended 31st December, 1968. Pp. 15. (London: British Aerosol 
Manufacturers’ Association, 1964.) 263 

The Nature Conservancy. National Nature Reserves—Local Nature 
Reserves—Forest Nature Reserves—Wildfowl Refuges in Great Britain. 
Pp. 30. (London: Nature Conservancy, 1963.) 263 

Transactions of the Royal Society of Edinburgh. Vol. LXV, No. 16: 
Metamorphism of Tertiary Lavas in Strathaird, Skye. By Dr. D. Œ. Almond. 
Pp. 418-484+map. 10s. 6d. Vol. LXV, No. 17: Some Specimens of 
Stenomyelon and Kalymma from the Calciferous Sandstone Series of Berwick- 
shire. By Albert G. Long. Pp. 435—447 +4 plates. 8s, 6d. Vol. LXV, No. 
18: The Geological Structure of North-East Northumberland. By K. A. G. 
brag Pp. 449-484. 158. (Edinburgh: Royal Society of mam 

General Register Office. Census 1961: England and Wales. County 
Report--Cambridgeshire. Pp. xxiiii44. 12s. net. County Report— 
Cornwall and the Isles of Sciliy. Pp. xxiii+85. 193. net. County Report— 
Devon. Pp. xxtii+143. 28s. net. County Report—Gloucestershire. Pp. 
Xxlii+114. 23s. net. County Report—Huntingdonshire. Pp. xxiii+52. 
133. net. (London: H.M. Stationery Office, 1964.) [263 

Government of Northern Ireland: Ministry of Agriculture. Leaflet. No. 
88: Tomato Growing in Glasshouses. Pp. 20. (Belfast: Ministry of Agri- 
culture, 1964.) 263 

The Gardeners’ Sunday Organization. Gardens Open to the Public on 
many dates from March to October 1964. Pp. 48. (White Witches, Claygate 
Road, Dorking, Surrey: Mrs. K. Collett, 1964.) 1s. 263 

Nutrition in Britain 1950-60 : a Critical Discussion of the Standards and 
Findings of the National Food Survey. By Royston Lambert. (Occasional 
Papers on Social Administration, No. 6.) Pp. 46. (Welwyn: The Codicote 
Press, 1964.) 7s. 6d. {263 


Other Countries 
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Pp. 827-567+plates 26 and 27. (Lisboa: Companhia de Diamantes de 
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E. Böhlke. Pp. 10. (Philadelphia: The Academy of Natural Sciences of 
Philadelphia, 1963.) {263 

United States Department of the Interior: Geological Survey. Water- 
Supply Paper 1499-E : Water Resources of the Flint Area, Michigan. By 
S. W. Wiitala, K. E. Vanlier and R, A. Krieger. . Viii+86 +plates 1-6. 
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ZABUS 


EPITYP 


This metallurgical microscope is ideal for 
bench work. It incorporates an inverted stage, 
a revolving objective turret, photo-micro- 


graphic equipment and a test strip attachment 
for comparing metallurgical specimens. The 
instrument is extremely robust, portable and 
compact. Magnification range, 40 X to 2000 X 
using the Zeiss plane field achromats. 


Please write for details to: 
C. Z. SCIENTIFIC INSTRUMENTS LIMITED 
12a Golden Square, London, W.I. Tel: Gerrard 4488. 
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DIE INFLORESZENZEN 


Typologie und Stellung Von 


Prof. Dr. WILHELM TROLL, 


im Aufbau des Vegetationskorpers Poe 


4 Teile 


Bearbeitet mit Unterstiitzung der Akademie der Wissenschaften und der Literatur in 
Mainz. 


Teil 1: Etwa 640 Seiten, 533 Abbildungen. 16,7 x 24 em. 1964. Leinen etwa 65,—DM. 


Die Morphologie der Bliitenstinde ist in entscheidenden Punkten bis heute unerforscht 
geblieben. Als führender deutscher Morphologe hat es der Verfasser unternommen, 
die sehr verwickelten Beziehungen, in denen die mannigfachen Formen der Inflores- 
zenzen zueinander stehen, aufzudecken, wobei ‘auch die Frage nach der Stellung der 
Blitenstinde im Aufbau des gesamten Vegetationskérpers eine wichtige Rolle spielt. 


Weitere Titel unseres Verlages sehen Sie auf der Weiltbuchausstellung in London 
vom 10.—20.6.64, Stand Nr. 106. 


VEB GUSTAV FISCHER 


German Democratic Republic 
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inch. Colour (orange) £15 extra. Is, is 
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advertisements with a box number. 
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Limited, 1 Clement's Inn, Strand, London, 
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APPOINTMENTS VACANT 


KENYA 
DIRECTOR OF COFFEE RESEARCH 


Applications are invited for the post of Direc- 
tor of Coffee Research with the Coffee Research 
Foundation, Kenya. The Foundation is con- 
cerned with research into all aspects of coffee 
production and is responsible for advising growers 
throughout Kenya, The main station is at Ruim, 
23 miles from Nairobi. Candidates should have 
recognized qualifications in an agricultural science 
with proven scientific and administrative experi- 
ence. The successful candidate will be expected 
to assume duty by November 1, 1964, or later 
by agreement. The terms offered are a two-year 
contract renewable for further periods of two 
years ; salary of £3,500 to £4,000 per annum 
according to qualifications and experience, plus 
25 per cent gratuity. Overseas leave of three 
months every two years. Modern house and hard 
furniture available at nominal rental. If a serv- 
ing officer of the Kenya Government is selected 
for secondment to the post, the appointment will 
be made in the Senior Research Officer grade 
(Grade I or II). 

Applications, with the names of two referees, 
should be sent to the Chairman, Coffee Research 
Foundation, P.O. Box 1011, Nairobi, Kenya. 
Closing date July 31, 1964. 


_ AUSTRALIAN NATIONAL 


UNIVERSITY 
INSTITUTE OF ADVANCED STUDIES 


THE JOHN CURTIN SCHOOL OF 
MEDICAL RESEARCH 


DEPARTMENT OF BIOCHEMISTRY 
RESEARCH FELLOWSHIP 


Applications are invited from biochemists for 
a Research Fellowship in the Department of Bio- 
chemistry to work, under direction, in one of 
the following fields: Metabolism of D-amino 
acids in animal tissue and the occurrence and 
formation of these compounds in bacteria ; 
kinetic studies of phosphory! group-transferring 
enzymes ; the structure and function of enzymes 
using folic acid and vitamin Bi2 derivatives. 
Applicants should have the degree of Ph.D. in 
biochemistry, with at least one or two years post- 
doctoral research experience. The salary range 
for Research Fellows is £A1,980 to £A2,680 per 
amum ; initial salary depends on qualifications 
and experience. The appointment is for three 
years in the first instance with a possible exten- 
sion to five years. Superannuation is on the 
F.S.S.U. pattern, A grant sufficient for travel 
both ways by the Research Fellow and his de- 
pendants is payable and assistance with housing 
is provided. 

Further particulars about the position and in- 
structions for applicants may be obtained from 
the Secretary, Association of Commonwealth 
Universities (Branch Office), Marlborough House, 
Pall Mall, London, S.W.1, or by writing direct 
to the Head of the Department, Professor A. H. 
Ennor. Applications close in Australia and Lon- 
don on June 29, 1964. 


UNIVERSITY OF EAST ANGLIA 
SCHOOL OF BIOLOGICAL SCIENCES 
Applications are invited for a post-doctoral ap- 
pointment as Senior Research Associate in the 
School of Biological Sciences to conduct research 
into the Biochemical aspects of control mechan- 
isms in plants: an investigation which is being 
supported by the Agricultural Research Council. 
The appointment is from October 1, 1964, on the 
salary scale for Assistant Lecturers: £1,000 by 
£50 to £1,150 (under review) with F.S.S.U. 
membership. The commencing salary will be de- 
termined according to qualifications and experi- 

ence. 

Applications, containing the names of two 
persons to whom reference may be made, should 
be addressed to the R@istrar, University of East 
Anglia, Earlham Hall, Norwich, NOR 05G, so 
as to reach him not later than June 30, 1964, 
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ATTRACTIVE OPPORTUNITIES 


with the 


NATIONAL MUSEUM OF CANADA 


OTTAWA 


PALAEONTOLOGIST INVERTEBRATE ZOOLOGIST 
$9,140-$10,700 $7,560-$9,000 


To act as curator of national To investigate taxonomy distribution 
collection of fossil vertebrates. and ecology of invertebrates in Canada. 
Reference 64-704-02. Reference 64-704-03. 


University graduation with post-graduate train- 
ing and several years’ experience is required. 


For further details and application forms, write IMMEDIATELY to thee 
CIVIL SERVICE COMMISSION OF CANADA, OTTAWA 4, ONTARIO, 
Please quote reference number as indicated. 7 


WELLGOME LABORATORIES OF TROPICAL MEDICINE 


ANTIVIRAL CHEMOTHERAPY 


Antiviral chemotherapy is a field of great challenge in human and 
veterinary medicine. It is proposed to expand research in this field, and 
applications are invited for appointments in the Department of Virology of 
these Laboratories. Experience in virus tissue culture techniques is essen- 
tial; a qualification in medicine would be an advantage. The work will 
require close collaboration with organic chemists and biochemists. 


Graduates with suitable qualifications and experience are invited to seek 
further particulars, quoting U.53, from the Head, Wellcome Laboratories 
of Tropical Medicine, 183-193 Euston Road, London, N.W.1. 


AUSTRALIAN ATOMIC ENERGY COMMISSION 
RESEARCH ESTABLISHMENT — LUCAS HEIGHTS, N.S.W. 


Vacancy 


ISOTOPE DIVISION 


Isotope Application Research Section 


RESEARCH OFFICER £A1,794 to £A2,711 or 
SENIOR RESEARCH OFFICER £A2,845 to £A3,205 


Position R 53 


Duties ; The successful applicant will be required to work in the Research Group of 
the Isotope Application Research Section. This group undertakes fundamental studies 
on the interaction of radiation and carries out long term research into the application 
of radioisotopes in industry and science. The applicant may be required to participate 
in field experiments to assess the practicability of isotope applications. Current 
interests of the section include work on the Mossbauer effect, interaction of 8 particles 
with matter and the application of X-ray excited X-ray sources. 


Qualifications: Ph.D. in physics or post graduate research experience of equivalent 
standard and duration supported by satisfactory evidence of research ability. Experi- 
ence in nuclear physics and electronics is desirable, but not essential. 


Application forms may be obtained from the Atomic Energy Adviser, A.A.E.C. 
Office, Australia House, London, W.C.2. The closing date for applications is July 
31, 1964. 
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AGAROSE 


Atneutral galactose polymer obtained from 
Agar by a unique method using reagents 
having no toxicity. 





* Negligible electroendosmotic pro- 
perties. 

* High gel strength. 

* Non-toxic. 

¥ Minimum adsorption properties. 





This product and many ENZYMES and 
RELATED BIOCHEMICALS of the highest 
possible integrity are produced entirely in 
our own laboratories. 


Send for descriptive brochure 


SERAVAC LABORATORIES (PTY.) LTD. 


Moneyrow Green, Holyport, 
Maidenhead, Berks., England. 
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Murex Ltd., Rainham. Architects: P. Ednie & Partners, A.R.I.B.A., London 


We equip many of this country’s most important laboratories. 
Progressive design, superb craftsmanship and versatility of 
arrangement contribute to the maximum efficiency of our installa- 
tions. Specially selected timbers are used for our furniture- 
and we can supply single units or complete installations at 
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No, 12.0f Griffin's Statistical Monographs and Courses 


by H. A. David 


This recently published monograph gives a 
unified picture of paired comparisons, dealing 
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choice of appropriate probability models. Like. 
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28s. net 


Send for new l6 pp. brochure on 
Books and Monographs on Statisties 


CHARLES GRIFFIN & CO. LTD. 
42 DRURY LANE WC2 


LONDON 





@) Precision nstruMeNTS 
The a 
PHOTO-ELECTRIC ATTACH MENT 


for any Model ‘A’ Polarimeter produced 
since 1932 


Write for details to Dept. N 






Bellingham stenley Linit 


71 HORNSEY RISE, LONDON, N.19. PHONE: ARCHWAY 2270 ` +. 
a | 


No. 4938 June 20, 1964 


NATURE 1145 


CONCEPTS OF CULTURE d 


IR CHARLES SNOW’S second look at the two cul- 
‘J tures* appears at a time when much of the noise 
aroused by Dr. Leavis’s interference has subsided, but 
when some of the main issues are being soberly and 
realistically debated. In The Two Cultures: and a 
Second Look, Sir Charles replies to some of the criticism 
of his Rede Lecture, eschewing the personal aspects, 
together with the original lecture. Dr. C. Bibby, for 
example, discussing science as an instrument of culture in 
the first annual Guinness Award Lecture (Nature, 202, 
331; 1964), while endorsing the relevance of what Snow 
said about the cultural role of the modern sciences, argues 
that if two cultural camps are to be identified, they are 
those of the creative artists and the scientists on one 
hand; and the purely verbal scholars on the other. Dr. 
Bibby is not entirely satisfied even with his own dicho- 
tomy, although it is in line with the views that Sir Richard 
Gregory (former editor of Nature) was wont to expound, 
and has firm support in Shelley and Wordsworth. More- 
over, it would seem to be akin to Sir Charles Snow’s own 
‘second thoughts, for, although he reiterates firmly his 
defence of the intellectual, esthetic and moral values 
inherent in the pursuit of science, he equally repeats that 
neither the scientific system of mental development, nor 
the traditional system, is adequate for our potentialities, 
for the work we have in front of us, for the world in which 
we ought to bogin to live. 

While Snow holds to the appropriateness of the 
phrase “the two cultures” for his purpose, that purpose 
seems to be allied to Dr. Bibby’s main purpose—to 
promote a society in which everyone shares a common 
scientific culture, and the divisions of power and function 
depend on decisions about ability and social desirability 
rather than on the accidental consequences of failure of 
cultural contact. That is why science must move right 
into the centre of education so that every citizen gains an 
understanding of science and thus prevents society from 
being effectively controlled by a scientific hierarchy 
which could be as pernicious as every other all-powerful 
priesthood. This danger was clearly seen by Sir Charles 
in his Rede Lecture, and, while he is now less anxious, and 
believes it is possible to repair communications to some 
extent, he concludes on a similar note. “With good for- 
tune ... we can educate a large proportion of our better 
inds so that they are not ignorant either of the endow- 
ents of applied science, of the remediable suffering of 
ost of their fellow humans, and of the responsibilities 
hich, once they are seen, cannot be denied.” 

That note finds some further justification in the tempo 
f Dr. G. Templeman’s seventeenth Amos Memorial 
cture (Nature, 202, 636; 1964)-in which, discussing 
esearch and education in a new university, he outlines 
ome of the objectives that the University of Kent at 
anterbury has set itself. Much of what Dr. Templeman 
aid should encourage Snow to hope that, despite what 
ome of his crities have said, his Rede Lecture found 
some receptive listeners and readers and that the new 
mniversities are making serious efforts to awaken their 
cience students to the larger implications of science and 
vill not be content to leave their other students in ignor- 
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ance of the methods and outlook of science. Prof. L. 
Edelstein, it is true, has argued firmly that no rapproche- 
ment between the sciences and the humanities, no form of 
humanism, conventional or unconventional, will avail 
unless a new and adequate philosophy is forthcoming; 
but the improvement of communications should at least 
facilitate the evolution of such a philosophy and under- 
standing. 

Alone of recent commentators on Snow’s lecture. 
Dr. G. H. Bantock, in his Education in an Industrial 
Society}, refers to the onslaught by Dr. F. R. Leavis. 
Dr. Bantock holds that neither the Robbins Committee 
nor Prof. A. E. Sloman in his Reith Lectures showed 
sufficient awareness of the cultural needs of our society. 
In this book he is concerned with the function of education 
in an industrial society and argues cogently that the needs 
of practical life and vocationalism have been allowed to 
force the element of humanization too much into a corner. 
It is in this context that he refers to Snow’s Rede Lecture, 
and more particularly to Snow’s indictment of the literary 
writer. 

While Dr. Bantock accepts that ‘the two cultures” 
confronts us with a fundamental issue of our times, and 
does not deny the lack of understanding, nor defend the 
indifference or hostility of the literary intellectual to the 
application of science, he suggests that what is here at 
stake between the two cultures is not so much a gap of 
incomprehension as a clash of moralities. Two conflicting 
views of the ends of human existence are in question, and 
opposed to Snow’s view is that of which Dr. Bantock 
regards Dr. F. R. Leavis as the great exponent in Education 
and the University and other books. He considors that 
the discipline implicit in the Leavis approach has a 
wide benefit, although his claim that it permits an incom- 
parable extension of moral sensibility will be received with 
considerable scepticism after the outburst of Leavis him- 
self, even by those who recognize that good literature 
affords us the means of moral and perc>ptual growth. 

Dr. Bantock does not magnify the conflict and rofers 
to it rather to substantiate his belief that the arts have 
too small a part to play in the education of able children. 
While science and technology play a universally important: 
part in the modern world, and their claims to attention, in 
so far as they provide a degree of mental stimulation, 
should be met in the schools, they do not provide that 
moral insight, that degree of affective control, that ordering 
of the emotional life through intelligence, that self-aware- 
ness through psychological insight, that sensitizing to the 


‘life of situations, which great literature can afford. Dr. 


Bantock quotes Prof. I. A. Richards in support, but here 
he is open to challenge quite apart from the personal 
issue of the teacher. 

Equally he can be challenged on his assertions that 
science is simply a way through which the creative talents 
of certain people express themselves. However, although 
he adds that the majority may live qualitatively rich and 
fine lives with only the slightest knowledge of science, 
he admits that the scientific approach remains a great 
achievement of the human spirit, and that people can 
scarcely be called highly educated unless they know 
something about the sort of activity that science is. Dr. 


e 
} Education in an Industrial Society. By G. H. Bantock. Pp, 238. (London: 
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Bantock in fact stands very close to the position taken 
by Snow, and while he has some concern that excessive 
concentration on scientific or technical activities may 
make the task of artistic vocation more difficult, his 
two main criticisms of present educational trends are: 
first, that they may produce a far larger number of 
scientific and technical experts than we really need; 
secondly, that we may channel into rapidly expanding 
universities many who would find deeper satisfaction in 
other ways. 

On the first point, it will be noted that Dr. Bantock 
frankly challenges some of the assumptions on which the 
recommendations of the Robbins Report are based. On 
the second, he is deeply concerned over the human needs 
of the student and on the maintenance of university 
standards. First, he pleads that we should consider 
students as human beings; there are sources of high satis- 
faction in life for some who, if in terms of ability appear 
fitted for a university education, lack the temperament to 
respond either to academic demands or to the opportuni- 
ties afforded. This in itself can engender deep cultural 
resentments. No less important, it can endanger the 
university itself. A teaching institution can only become 
what its students will allow it to become, and Dr. Bantock’s 
warning of the danger of admitting in our planned expan- 
sion of universities a large number of students who are 
not university minded or temperamentally fitted for such 
institutions is one to be taken seriously. 

Dr. Bantock’s book is not to be judged on this issue 
alone. He takes the whole of education for his field, 
challenging outright some of the assumptions of John 
Dewey regarding the school and the community, particu- 
larly in relation to industry which he regards as inade- 
quate and as detrimental to the individual, pupil. The 
emphasis throughout is on the individual, and his analysis 
of some social and ideological roots of modern education 
serutinizes carefully the implication of the Crowther and 
other reports. On organization he is realistic; readiness 
to experiment does not mean sacrificing existing good 
schools, for example. On technical education he touches 
briefly, and there is a chapter on the education of the less 
able child which points out the need to be much clearer 
as to what exactly, in terms of skill and sensibilities en- 
gaged, is required of the new race of machine minders. 
We cannot ignore the brutal question: What is the future 
of the stupid ? 

What Dr. Bantock challenges above all is our pre- 
occupation with organization of education, almost to the 
exclusion of the effective element in human nature, which 
is much nearer the springs of life for most people than our 
present cognitively based education, with its emphasis 
on consciousness and decision making, recognizes. He 
has wise words on moral education, and points out that 
the demands the school makes in the discipline it exacts 
over learning must have some repercussions on character. 
Furthermore, the school needs, in varying degrees, to 
combat certain tendencies of the modern world. Dr. 
Bantock’s stimulating book asks some searching questions 
and challenges some assumptions which have gone un- 
challenged in high places. It is, above all, for its stout 
championing of human values that his book is most 
welcome. It fully recognizes the vital importance of 
science in all education: but equally it recognizes that only 
when science is seen and taught as one of the great human 
values can it make the contribution to our industrial 
society that is inhgrent in science and necessary for sur- 
vival. 
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TOWARDS A POLICY FOR 
OCCUPATIONAL TRAINING 


The Training Revolution 
From Shop-Floor to Boardroom. By John Wellens. Pp. 
136. (London: Evans Brothers, Ltd., 1963.) 12s, 6d. 


al ee Industrial Training Bill received some searching 
criticism in Parliament early this year before it 
reached the Statute Book, and even then the composition 
of the Industrial Training Councils was regarded with some 
mistrust by many on both sides of the House who saw little 
hope of real advance from bodies in which trade unionists 
and employers were equally balanced and in overwhelming 
majority. Much more fundamental criticism is now 
advanced by John Wellens in his book The Training 
Revolution, for, as his title suggests, he advocates a 
revolution in Britain’s whole approach to the question of 
industrial training. The obsession with apprenticeship 
is challenged and his constructive criticism of the present 
situation leads him to propose the replacement of the 
whole system by what he terms the ‘spectrum principle’ 
in which young workers are trained for any and every 
job, the character and duration of the training depending 
on the nature of the job itself. 

Mr. Weillens’s objective is a system that would provide 
society with a balanced labour force adequate to its 
present and future needs. With this assurance, moreover, 
society should ensure that every individual is enabled to 
make the maximum contribution of which he or she is 
capable and that every job is adequately filled. He does 
not deny that this is an immensely complex task, but he 
insists that the dual nature of the problem should be 
recognized from the start, and thus early in his book he 
supports the new efforts now being made to forecast 
demands for man-power. : 

It should not be thought that all Mr. Wellens’s comments 
on Britain’s present training effort are negative. Ho 
believes that in general Britain trains her later school- 
leavers very well, though she does not train enough young 
people for her national needs, partly because she has never 
identified the national need, and partly because almost 
all training for industry is within the large firms. The 
small firms have not the resources, and the group organ- 
ization in which they could co-operate for training pur- 
poses has not been provided. Outside the engineering 
industry, however, Britain has also been weak in providing 
training for the graduate or professional recruit. Again, 
Britain is weak in management training, because she has 
never decided what she requires from a system of manage- 
ment training, and her training and re-training of estab- 
lished workers has so far been defective because she has 
neither provided the organization, nor recognized the 
fundamental importance of occupational training in 
the industrial economy. Above all, she has neglected the 
training of foremen and supervisors: more than 95 per 
cent of her foremen, Mr. Wellens asserts, have never been 
trained for this job. 

Against this background, Mr. Wellens urges the need 
to develop a new attitude to and a new awareness of 
industrial training, and proposes that the whole practice 
of apprenticeship should be abolished. Britain should 
stop using the word ‘apprenticeship’ and speak instead 
of training the young worker. Furthermore, he maintains 
that developments in industrial society demand increas- 
ingly more ability at the top of the scale: the industrial 
society has an automatic built-in tendency to upgrade its 
workers, and. it is that which not only intensifies the 
importance of training for management but also increas- 
ingly demands that all workers are given work to do 
which makes full use of their ability. He does not appear 
to accept the pessimism of Sir George Thompson and 
some others about the future of the less skilled or less 
able, and he pleads for an entirely new way of thinking 
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‘about the way Britain brings new entrants into employ- 
| ment: a dynamic conception of the industrial society 
must replace the static conception in the apprenticeship 

principle, in which the needs of the situation are first 

identified and then met by conscious and deliberate steps. 

Two chapters of the book are given to a critical review 

of the apprenticeship system and of its historical develop- 

ment up to the issue of the White Paper in 1962, and he 

then outlines the proposals issued on September 26, 

1961, by the Commission of the Common Market for a 

| common policy on occupational training. This he 
regards as essentially a statement of the needs of any 
highly industrialized community in the second half of the 
twentieth century, and he claims that his proposals are 
| halng to meet the new situation and its educational 
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challenge. Like Dr. G. H. Bantock in his Education in 
an Industrial Society, he is critical of Britain’s pre- 
‘occupation with educational organization, though he 
does not minimize the importance either of organization 
‘ or of new techniques and research in occupational training. 
What matters is that Britain should accept the need for 
| total reform and reject piecemeal alternatives. A policy 
and a plan are needed, covering twenty-five years or more. 

First, the training must be seen not as an end in itself, 
but as a part of a greater whole—the correct utilization 
of Britain’s resources, and both the plan and its execution 
raust be in the hands of experts, not of a consortium of 
employers and Trade Unions. The first step is the estab- 
lishment of what he terms a “National Occupational 
Training Authority”, to formulate and implement a 
national policy, to integrate all actions in this field, to 
co-ordinate the work of other bodies, to supervise and 
inspect the work of the training boards, and generally to 
provide a central focus for occupational training. This is 
far more important at this stage than the training boards 
themselves. Britain also needs the institutions which 
should be the focus of training in, and research into, 
occupational training, and Mr. Wellens refers particularly 
to the need of encouraging the study of occupational 
training within the universities, the colleges of advanced 
technology and the technical teacher training colleges, as 
well as for some central organization to investigate the 
figures collected by the Overseas Migration Board relating 
to the immigration and emigration of highly trained 
personnel. 

The Authority visualized by Mr. Wellens is a small body 
of about nine members about half of whom would be 
experts in occupational training and covering all fields of 
training activity, and provided with a secretariat and 
experts in Trade Union practices and law, in education 
and in industrial organization, practice and law. It would 
not be a consultative body and would thus contrast 
sharply with the Government’s present proposal under the 
Industrial Training Act for a Central Training Council, 
of which, as announced on March 16, Sir John Hunter is 
to be chairman. 

In spite, therefore, of some progress in setting up 
Industrial Training Boards—the names of chairmen for 
these for construction, engineering, wool textile and iron 
and steel were announced by the Minister of Labour, 
Mr. J. Godber, on April 20—and of considerable support 
for some of Mr. Wellens’s ideas evidenced in the debates 
in Parliament early this year, Britain has far to go before 
she has anything like the national system of occupational 
training urged by Mr. Wellens. Meanwhile, however, 
there are two implications in his proposals which call for 
close consideration. Fundamentally he proposes that 
the number of training places available should be related 
to industrial needs. 

This in essence seeks at relating supply and training 
opportunities to demand in a way that has not been 
attempted before outside the U.S.S.R. It could be de- 
scribed as directed education, if not directed labour, and 
the implications of any such limitation of educational 
aspirations need to be weighed very carefully. Such a 
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policy may indeed be inescapable if the emphasis on 
vocational education (if not training) which sometimes 
finds expression in present plans for university education 
is followed to its logical conclusion. Otherwise, excesses 
of trained man-power can scarcely be avoided in fields 
where demand is less than supply. 

The alternative is a system of education and occupa- 
tional training which is sufficiently broadly based to 
facilitate’ transfer or re-training in fresh occupational 
skills. To be fair to Mr. Wollens, this is what he has in 
mind, for he does not neglect the human aspects of the 
situation. The whole trend of his book in fact supports 
the arguments recently advanced by Dr. G. H. Bantock 
and others for much closer attention to the whole purpose 
and content of further education than has been manifest 
in the Robbins Report or in Prof. Sloman’s Reith Lectures 
last winter. These are not questions lightly to be dis- 
missed, and Britain should have at least some idea of the 
answers to them before she takes the further steps which 
Mr. Wellens desiderates as so urgent and imperative if 
she is to have a national policy for occupational training 
appropriate to industrial needs to-day. 

R. BRIGATMAN 


VIEWS ON TEKTITES 


Tektites 
Edited by John A. O’Keefe. Pp. xii+228. (Chicago and 
Tis. 


HETR nature is still controversial: to one group they 

are certainly of cosmic, to the other surely of ter- 
restrial origin. Both opinions are reflected in the repre- 
sentative volume, in which O’Keefe and nine collabora- 
tors have collected all available data to review the present 
state of our knowledge concerning these mysterious bodies 
of glass, which are called ‘tektites’. 

So, while the various properties of tektites are dealt 
with by a number of collaborators, each a specialist in his 
own field, there is no general agreement as to their 
origin. I found that the most difficult to understand was 
Barnes’s explanation for the strewn-fields in Cambodia 
and Laos, which “may be the result of impact of a diffuse 
object such as a comet or it may be the result of some 
nuclear or electrical phenomenon not yet fully under- 
stood” (p. 49). 

Baker’s chapter on form and sculpture is based on an 
intimate knowledge of the Australian tektites (australites). 
They form a unique assemblage of regular bodies. where 
all kind of dates can be calculated and the degree of 
ablation ean be measured. Baker distinguishes three 
different phases: a primary at time of origin; a secondary 
where the tektites have been shaped by aerodynamical 
forces during their supersonic flight through the Earth’s 
atmosphere; and a tertiary phase of terrestrial erosion. 
All australites (including the curious ‘button-types’ with 
typica) flanges and flow ridges) are products of the second- 
ary phase; also many (not: “perhaps a few” (p. 2)) 
javanites show clear signs of ablation. The degree and 
intensity of ablation depend, as we think, entirely on 
the angle of entry into the atmosphere and the original 
shape of the tektite. 

Barnes deals with the strewn-fields. Darwin glass and 
Lybian Desert glass (I would agree with Baker (p. 1) ) 
should no longer be regarded as true tektites and would 
best be omitted. Australites, indomalayasianites, indo- 
chinites and philippinites are described as different 
entities. While they all form a closed strewn-field, 
reaching from Thailand to Tasmania, Barnes believes that 
even in the Malaysian region “‘it is unsafe to assume that 
they all belong to the same shower”. A glance at Zährin- 
ger’s Table 2 concerning the potassigm/argon content 
(p. 142) reveals that all the Iedoanstnmien tektites have 
the same absolute age and therefore represent one event. 
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Chao on the petrography concludes that tektites are 
bodies of glass, distinguished from all other natural 
glasses by: (a) the universal presence of flow structure 
accompanied by strain birefringence; (6) the general 
presence of siliceous glass inclusions; (c) the complete 
absence of microlites. He is in favour of the terrestrial 
hypothesis for the origin of tektites (p. 91) and so also are 
Schnetzler and Pinson (p. 126), who deal with chemical 
composition. The question as to whether the parent 
material for tektites could be igneous, or sedimertary 
rocks, has not been solved. The extremely low water 
content (for other reasons for extra terrestrial origin) 
“even lowor than in atomic-bomb-produced glasses” is 
regarded as a sign of an “extremely high-temperature 
fusion process”. 

A chapter is provided on ‘‘Physical Properties and Gas 
Content”, by Friedman, and one on “Isotopes”, by 
Zéhringer. Most important are the potassium/argon 
ages, where three large units of different age can be 
distinguished: North America, 34 million years; Czecho- 
slovakia, 14:8 million years; Indo-China—Australia, 0-63 
million years. The Ivory Coast tektites probably repre- 
sent a fourth independent strewn-field. 

Adams and Cohen deal especially with the origin of 
tektites. Adams explains tektites as “released as liquid 
fragments from the ablating surface of a hypothetical 
parent body in hypersonic flight in the Earth’s atmo- 
sphere” (p. 161), while Cohen advocates an ‘“‘Asteroid- or 
Comet-Impact Hypothesis’. He tries to link the molda- 
vites with the Ries and the Ivory Coast tektites with the 
Bosumtwi Crater; here I would comment that only the 
Indo-China strewn-fields clearly show no connexion with 
any crater (Barnes)—a phenomenon which does not occur 
in any other Far Eastern and Australian strewn-fields. 

I found the most interesting chapter to be that by the 
editor, who gives a well-balanced discussion on the origin 
of tektites. His conclusion is that tektites are of lunar 
origin, and, at the same time, he furnishes important data. 
on the history of the Earth—Moon system. 

I myself share O’Keefe’s opinions. The two periods of 
melting and the immense size of the indoaustralian tektite 
field can only be explained by a cosmical event; it might 
be added that the geologically older strewn-fields were 
perhaps inferior in size, but probably have suffered so 
much from erosion that only remnants of the original 
fields are preserved. 

This book on tektites contains the most complete 
information so far available, and reflects, at the same time, 
the different opinions expressed by various authorities on 
the difficulties encountered in such a complex and fascinat- 
ing problem, which cannot be solved by direct observation. 

G. H. R. vow KOENIGSWALD 


A GREAT GEOLOGICAL HOAX 


The Lying Stones of Dr. Johann Bartholomew Adam 

Beringer, being his ‘‘Lithographiae Wirceburgensis” 
Translated and annotated by Melvin E. Jahn and Daniel 
J. Woolf. Pp. xiv+221+14 plates. (Berkeley and 
Los Angeles: University of California Press; London: 
Cambridge University Press, 1963.) 6.50 dollars; 52s. net. 


OOR Beringer ! He acquired a place in the history of 
science not for any valuable contribution he made to 
science but because of a long-accepted story which pictures 
him as the victim of a nasty hoax, played on him by his 
students who cleverly planted artificial fossils in his 


favourite ‘real’ fossil locality. Beringer, it appears, was so’ 


fascinated by this remarkable collection that he published 
in 1726 a book entitled Itthographiae Wirceburgensis, 
containing 21 plates with more than 200 drawings of these 
objects. The story goes on to say that after publication 
he-found his own name among these alleged fossils and, 
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presumably as a consequence of this, impoverished 
himself in the effort to buy up the book and died shortly 
afterwards. 

So much for the old story. What is definitely knowm 
is that Johann Bartholomew Adam Beringer (1667- 
1740), senior professor and dean of the faculty of medicine 
in the University of Würzburg, adviser and chief physician 
to the Prince~Bishop of Würzburg and to a hospital, was, 
like so many medical men of his time, fascinated by 
fossils. With the help of three obliging young men he 
collected fossils from the well-known’ limestone called in 
Germany ‘Muschelkalk’, which belongs to the Middle 
Triassic system. In 1725, however, strange new limestone 
specimens began to appear in his collection—queer 
figures of insects, spiders spinning their webs, slugs, 
snails, lizards, frogs, fish, birds and other peculiar 
creatures, as well as plants. Even ‘curiouser’, slabs of 
limestone began to be unearthed bearing Hebrew letters, 
some even spelling “the unutterable name of the 
Almighty”. Out of these strange finds emerged the book 
published in 1726. , . 

The book by Melvin E. Jahn and Daniel J. Woolf, 
now under review, contains the following items: (1) 
Pp. 11-109—the first English translation from the Latin 
of Beringer’s book (14 chapters) together with the original 
21 plates and two additional plates giving photographs of 
some of the objects which are preserved in the Museum 
of the University of Würzburg. (2) Four appendixes: 
A, bibliographical citation from Chapter 1 (pp. 111-125) 
which is most valuable as giving a bibliography of books. 
dealing with fossils published before 1726; B, an account 
of the Beringer hoax and the subsequent trials (pp. 
125-141); C, Lhwyd’s letter to John Ray (pp. 142-153); 
D, Hueber’s medical corollaries (pp. 154-158). (3) Notice 
to the translation and appendixes (pp. 159-202)—a most 
valuable part of the work. (4) Bibliography (pp. 203- 
209). (5) Index (pp. 211-221). 

Clearly one of the most fascinating parts of the book is- 
Appendix B, which unfolds the true story of the famous 
hoax. In the first place Beringer, while writing his book, 
knew all about the plot against him by ‘The Pair’, who 
actually sent him ‘figured stones’ manufactured by them- 
selves. Without actually naming them, Beringer makes 
reference to these malefactors in his introduction (pp. 
21-37) and in Chapters 1, 2, 12 and 14. This discovery 
of ‘The Two’ and of a mysterious third was made in 1935 
by Heinrich Kirchner, who published an article in the 
Journal of the German Geological Society (Z. Deutsche 
Geologische Gesellschaft, 87, 607; 1935) on his discovery 
of documents in the Würzburg Archives, relating to the. 
judicial proceedings against the three youths who supplied 
Beringer with ‘fossils’. From these documents, it appears 
that the ‘figured stones’ were carved by J. Ignatz Roderick, 
professor of geography, algebra and analysis at the 
University of Wiirzburg, assisted by the Hon. Georg von 
Eckhart, privy councillor and librarian to the Court and 
to the University. Behind the ‘Two’ lurks the shadowy 
figure of Baron von Hof. The whole intrigue is both 
complex and undignified. One is appalled by the mean- 
ness and nastiness of the plotters and by the stupidity 
of the victim. But the victim was not quite as green as 
the original story painted him. Apparently he never 
identified the manufactured ‘figured stones’ with real 
fossils, although he regarded them as natural or super- 
natural phenomena. 

He discussed at length all the hypotheses proposed to- 
explain the origin of fossils—astral, aura seminalis, forma- 
tive force of light, panspermia and lusus nature, but he 
failed to see and to include the natural explanation, sug- 
gested by Steno, Palissy and Hall, that fossils are relics» 
of former animals and plants. 

Apart from the melodrama of the scandal in academic 
circles revealed in Appendix B, the book by Jahn andi 
Woolf, full of meticulous erudition, is of great value to 
the historian of science as giving a cross-section of learned 
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opinion at the beginning of the eighteenth century on the 
nature and on the origins of fossils. Here was a story 
of trial and error which was to prepare the way for a 
reasoned science of paleontology and ultimately for an 
organized science of geology and evolutionary biology. 
S. I. TOMKEIEFF 
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MATERIALS OF NUCLEAR 
TECHNOLOGY 


Metallurgy and Fuels 

Edited by H. M. Finniston and J. P. Howe. Vol. 3: 
Basic Materials and Phenomena. Pp. 1-476. Vol. 4: 
Metallurgy of Nuclear Reactor Components. Pp. 477- 
910. (Progress in Nuclear Energy Series 5.) (London 
and New York: Pergamon Press, 1961.) 105s. per 
volume; 15 dollars per volume. 


Metallurgy in Nuclear Power Technology 

By Dr. J. C. Wright. (Nuclear Reactor Technology 
Series.) Pp. 188. (London: Iliffe Books, Ltd.; Engelwood 
Cliffs, N.J.: Prentice-Hall, Inc., 1962.) 32s. 6d. 


HE two volumes of Progress in Nuclear Energy 

reproduce material from about eighty papers which 
were presented at the 1958 International Conference on 
the Peaceful Uses of Atomic Energy held in Geneva, and 
all of which appear in the Proceedings of the Conferences. 
Most of the papers are to be found within two volumes 
of the Proceedings and these volumes may be bought 
individually. The need for an alternate source of these 
papers is not clear to me: it seems improbable that two 
volumes sold for ten guineas will bring the papers within 
the purchasing range of many individuals. 

More than half these papers are reproduced in full from 
the Geneva text. A few are reviewed, two or three 
together, in slightly shortened form; and two reviews 
cover much larger numbers of papers. The author who 
with wise and merciful selection compressed material from 
eighteen Geneva papers into twenty-four pages was, by 
editorial reward or oversight, alone allowed his academic 
distinctions ! 

Subjects covered in these two volumes are reactor 
materials and effects of irradiation and corrosion on some 
of them. Much has been published in this field since the 
Geneva papers were prepared, and it is doubtful whether 
reviews based on knowledge in 1958 of neptunium or of 
fuel elements for particular reactors were of great value 
a few years later. Other papers report researches on 
particular problems, having the character of papers in 
scientific journals, and reasons for reproducing them are 
not always clear. Apart from a small number of unim- 
portant editorial slips (two different papers claim to be 
Geneva Conference Paper P/29), there is nothing to criticize 
about the production of these volumes. The writing by 
authors who have reviewed groups of papers is clear and 
covers the original matter well. Indeed, what is done 
in these volumes is very well done, but it is not clear 
that it was really worth doing. 

The book by Wright is altogether different. It is an 
introduction and general survey at a fairly elementary 
level of metallurgical developments and problems raised 
by nuclear technology. It is a well-planned book, cleverly 
arranged in the point at which the author takes up each 
theme, in the space allocated to each subject, and in the 
balance in treatment of different subjects. 

It would appear that the book is based on experience 
of teaching the subject, and this may have contributed to 
its virtues. If it is in part based on the author’s lecture 
notes, this could account for the numerous irritating but, 
on, the whole, otherwise trivial blemishes. 

Typical of these are the unnecessary use of chemical 
formule in the text (‘CO,’ and ‘carbon dioxide’ in the 
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same short paragraph); references to phenomena without 
advice that these are explained, later in the book (‘above 
450° swelling results’ without a hint that swelling is 
introduced five pages later); and the complementary 
defect of a few words of explanation repeated when a 
term is re-introduced. When a new edition of this helpful 
little book is prepared it should not be difficult to rid 
it of these shortcomings. One or two more serious faults 
should be dealt with at the same time. Thus the flow- 
sheet on p. 101 for the production of niobium from 
ferroniobium is puzzling because numbering of alternative 
routes does not tally with the numbering in the text; it 
would also be much clearer if the points at which niobium 
and iron separate were clearly marked. No sources are 
given as authorities for material in the book or to help 
further reading; in itself this does not matter and is 


common practice in books at this level. However, sources - 


are given for many diagrams, and most of these originated 
in the United States. This was not always necessary 
and may mislead readers new to this subject into under- 
estimating the significance of work done in other countries. 
Appendixes at the end of the book deal usefully with 
terminology of mineral dressing, briefly with that of 
crystallography, and very sketchily with certain metal- 
lurgical terms. 

Basically this is a useful book which should be valuable 
as a student’s text, and as a balanced survey for an 
engineer, chemist or metallurgist not familiar with 
the field. It will be of value for many years, and 
later versions should tidy away faults in the present 
edition. G. A. GEACH 


VOICES OF THE WILD 


Acoustic Behaviour of Animals 

Edited by R. G. Busnel. Pp. xx+933. (Amsterdam, 
London and New York: Elsevier Publishing Company, 
1963.) 250s. 


Aver? Behaviour of Animals, edited by Prof. 
Busnel for the International Committee of Bio- 
Acoustics, had its beginning in 1956 at the meeting 
convened to form the Committee arranged by Prof. H. 
Frings at University Park State College, Pennsylvania. 
Bio-acoustics is a discipline that has made great advances 
during the past decade, and the book was designed to 
present a view of present and future lines of research but 
also includes a summary of much of the information on 
the subject available at the time of that meeting. 

The striking advances in ‘electronics and acoustics that 
have been made since 1945 have given biologists a new 
and powerful tool for the investigation and analysis of 
animal sounds. Students of sensory physiology and 
animal behaviour are now able, as never before, to base 
their work on objective measurements rather than sub- 
jective observations. Bio-acoustics is one of the growing 
points in biology and is expected to bring great additions 
to the knowledge at present available about many aspects 
of the life of animals. 

The book is the work of 24 contributors, each chapter 
being an article complete in itself from introduction to a 
list of references. Nevertheless, they hang together very 
well and, as claimed by Prof. Frings in his introduction, 
“should be a source of critical information for tho 
specialist, a review of current progress in selected areas 
of bioacoustics for the interested non-specialist, and an 
inspiration for the beginner in the field”. 

The first of the five parts opens with a valuable chapter 
by Dr. Broughton on method in bio-acoustic terminology, 
in which the attempt is made to standardize the terms 
at present in use, and to codify them to avoid the con- 
flicting meanings of terms as used by @ifferent authors, and 
so avoid a threatened state of chaos that would seriously 
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handicap research. The author summarizes his proposals 
in a useful synoptic key to the general terminological 
framework. Chapters follow on techniques used in the 
physical study of animal sounds in which microphones, 
recorders and frequency analysers are described and dis- 
cussed and the principles of under-water acoustics are set 
forth. Part 1 closes with a chapter by. the editor to 
illustrate, by a series of widely varied examples, what 
may be attained by the use of such apparatus. 

The second part deals with general aspects of animal 
acoustic signals in three chapters, which discuss the 
relations between signals and behaviour, signals and 
information theory, and the theory of algorithms applied 
to methods of vocel communication between monkeys. 
The third part covers special aspects of animal acoustics 
including auto-information or echo-location, inheritance 
and learning in animal vocalization, and the audiogenic 
seizure. Part 4 considers the morphological, physiological 
and physical aspects of the emission and reception of 
sounds in invertebrates and vertebrates. Some of the ten 
chapters in this part cover a wide field, such as the 
morphology of sound emission apparatus in arthropods 
or the emission and reception of sounds at the level of 
the central nervous system in vertebrates, but others are 
much more specialized, such as those on the acoustic 
behaviour of Hemiptera or sound reception in Lepi- 
doptera. 

Among many other interesting subjects, the importance 
of bio-acoustics to systematics is emphasized. There are 
several examples, both among the arthropods and the 
amphibians, in which animals which superficially appear to 
be very closely allied or even conspecific, are separated as 
breeding groups by the character of the sounds emitted 
at the breeding season. In the Hemiptera, an intra- 
specific acoustic communication is known in numerous 
forms and the interspecific differences in pulse repetition 
frequency are regarded as functioning as behavioural 
barriers to cross-mating in the field. Among the amphi- 
bians: ‘One hopeful development of the immediate past 
is the tendency to include structural analyses of the 
mating call in the descriptions of new species of frogs. It 
is to be hoped that this trend continues since the structure 
of the call is often the most distinctive feature of a species 
population’. This is particularly interesting to those 
naturalists who have for long recognized apparently 
specific differences in the populations of European tree 
frogs solely by ear. 

The first four parts of the book lead up to the main 
subject continued in the 200 pages of Part 5, which deal 
with acoustic behaviour in arthropods, fishes, amphibians, 
birds and mammals. 

The book concludes with an appendix of addenda to 
six of the chapters, necessitated by advances made during 
the six years needed for its production. There are three full 
indexes—systématic, glossarial and alphabetical. The 
delay in bringing out the book has been due, not only to the 
fact that the editor has had to extract contributions from 
no less than two dozen authors, but also to the necessity 
for translating into English those articles which wero 
written in other languages. The editor has well succeeded 
in his onerous task and deserves the gratitude of all 
biologists and others interested in this fascinating field 
of research. He points out that in some respects the book 
has already been outstripped by subsequent specialized 
investigations which have added considerably to our 
knowledge in the past two years, but he adds, “I know 
that the book will only be up to date for a short time, 
but it will have the merit of presenting within its covers 
the facts that this new branch of biology has discovered 
up to the present” 

Workers in a new field inevitably concentrate on those 
aspects which promise early results and it is noticeable 
how they have doge so in that of acoustic behaviour, 
for this book deals almost exclusively with the acoustic 
mechanisms and behaviour of only two phyla, the arthro- 
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pods and some of the chordates. There is, of course, an 
immense amount of research yet to be done on these 
phyla, for the book bristles with unsolved problems and 
pointers for further work; but what of the other animals ? 
Some of them naturally do not appear to be encouraging 
subjects for this kind of work, but others must surely 
offer great opportunities for investigation. With this book 
as a stimulus, we may expect a great expansion of research 
in animal acoustics in the next decade. The expansion 
will be helped not only by what is in this book but also 
by what may come out of it in pecuniary reward, for the 
editor tells us, “all the contributors have kindly waived 
their copyright in favour of the I.C.B.A. for the purpose 
of establishing a fund to enable young research workers 
to undertake voyages of study”. 
L. HARRISON MATTHEWS 


NORTHERN LAND PLANTS AND THE 
PLEISTOCENE ICE-AGE : 


North Atlantic Biota and their History 
A Symposium held at the University of Iceland, 
Reykjavik, July 1962, under the auspices of the University 
of Iceland and the Museum of Natural History. Edited 
by Askell Live and Doris Love. Pp. xii+ 430. (Oxford and 
London: Pergamon Press, 1963.) 100s. 


N spite of its title and the misleadingly marine-looking 
dust-cover, North Atlantic Biota and their History has 
nothing to do with marine biology, or even with the 
Atlantic Ocean which is mentioned only in connexion 
with the possibility of former land bridges across it. The 
main theme of the book is the present distribution of land 
plants in Norway, the Faeroes, Iceland, Greenland and 
north-eastern Canada, and the possibility of explaining it 
by means of former land connexions or by postulating the 
survival of many species in ice-free refuges throughout, 
in any event, the last (Wiirm) glaciation. 

The book begins with some papers on the geology and 
ancient climates of the region, with special reference to 
Tertiary Iceland and the Faeroes. In one of these papers, 
Heezen and Tharp discuss the likelihood of a northern 
land bridge along the present Wyville Thomson Ridge; 
they conclude that an early or mid-Tertiary one was 
possible, but that a Pleistocene one, involving as it must a 
vertical displacement of the sea-bed by more than 200 
metres in the past 200,000 years, was most unlikely. 
There follow several papers on the same theme from plant 
geographers, who are by no means unanimous; the 
majority opinion seems to be that it is very tempting to 
postulate a Pleistocene land bridge from Norway to 
Greenland to provide for the dispersal of land plants, but 
that probably no such bridge existed. 

Then come two zoological papers, on oligochaetes by 
Omodeo and on land gastropods by Waldén. The latter 
finds little or no relationship between the gastropods of 
Europe and those of North America, whereas Omodeo 
finds very definite connexions between the families of land 
oligochaetes of the Americas, Africa and Southern Asia, 
a pattern of distribution which he explains by the hypo- 
thesis of continental drift. (Heezen and Tharp, in their 
paper, summarize the recent geophysical ideas which 
have at last made it respectable to believe in continental 
displacement.) This contrast between gastropods and 
oligochaetes may be more apparent than real; the former 
are discussed on the level of genera, the latter on that of 
families. 

The book ends with some interesting ‘situation reports’ 
on recent work on pollen-analysis and Pleistocene plant 
remains in Iceland, but before this there is a series of 
exciting papers on some extraordinary patterns of plant 
distribution particularly in Norway and Iceland. In 
Norway there are many species of plants which occur only 
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in tiny localities in either or both of two quite circum- 
scribed mountainous regions, one in northern and one in 
southern Norway; the nearest other representatives of 
these species may be as far away as Central Europe or 
even the Altai Mountains. This pattern is strongly 
suggestive of a relict population, and the botanists are 
unanimous that it could not be the result of a northward 
immigration behind the retreating ice-sheet; they main- 
tain that there must have been ice-free refuges throughout 
at any rate the last glaciation, one near the Lofoten 
Islands and another along the north-west coast of southern 
Norway. Not all the geologists condemn this idea—Ives 
in this book maintains that parts of northern Labrador 
and even Baffin Land remained unglaciated—but Hoppe 
(pp. 321-333) denies the possibility of such refuges in 
Norway. To the outsider, the geological arguments 
against refuges seem less cogent than the botanical 
arguments for them. The present position is summed up 
on p. 231 by Faegri as follows: “The current situation is 
extremely unsatisfactory. The present-day distribution 
pattern of the Scandinavian mountain flora has been 
referred to ecologic and to historical reasons: Ice Age 
survival has been referred to marginal areas in the east, 
south and west of the ice sheet, and, in addition, to the 
coastal refugia as well as to nunataks. None of the ideas 
has been properly proved, none of them definitely dis- 
proved. Biologists have a problem and an attempt at 
an explanation. Geologists refuse to accept the explana- 
tion and cannot offer any solution to the problem”. 
The editors, Askell and Doris Love, who are also con- 
tributors, deserve great credit for the production of this 
admirable book. The whole volume is written in English, 
although almost every author must have had some other 
language as his or her native tongue. The English- 
speaking peoples are continually in debt in this way to 
the linguistic ability and courtesy of their neighbours. 
All the same, one cannot but regret that plant geo- 
graphers find it necessary to use such words as ‘anthro- 
pochthonous’ (‘spread by man’ would be both English 
and shorter), ‘anthropochorous’ (presumably not a male- 
voice choir) and ‘menotrophication’. J. S. COLMAN 
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SCHOOL SCIENCE IN AUSTRALIA 


Science for High School Students 

An integrated four-year course in physics, chemistry, 
biology and geology based on and covering the science 
syllabus approved by the New South Wales Secondary 
Schools Board. By the Nuclear Research Foundation 
School Certificate Integrated Science Textbook Group of 
Authors and Editors under the Chairmanship of Prof. H. 
Messel. Pp. 1040. (Sydney: Published by the Nuclear 
Research Foundation within the University of Sydney, 
1964.) 52s. sterling; 65s. Australian; 7.50 dollars. 


Science for High School Students 

Teachers’ Manual for use in conjunction with the inte- 
grated four-year course in physics, chemistry, biology 
and geology based on and covering the science syllabus 
approved by the New South Wales Secondary Schools 
Board presented in the textbook. By the Nuclear Re- 
search Foundation School Certificate Integrated Science 
Textbook Group of Authors and Editors under the 
Chairmanship of Prof. H. Messel. Pp. 480. (Sydney: 
Published by the Nuclear Research Foundation within 
the University of Sydney, 1964.) 24s. sterling; 30s. 
Australian; 3.50 dollars. 


“HIS is a four-year course in general science for 
Australian high school children. The pupil’s book 

has more than a thousand large pages, and the accom- 
panying Teachers’ Manual has nearly five hundred. The 
book would seem to be too heavy to be carried regularly 


NATURE 


1151 


Å 


between school and home. It is, in fact, an encyclopædia 
of science. General science includes mechanics, physics, 
inorganic, organic and applied chémistry, astronomy, 
geology, botany, zoology and physiology. 

There is much to praise in this work if it is accepted as 
an encyclopedic text-book. It is the work of many prac- 
tical teachers acting under an integrating and executive 
committee. The book was put out experimentally for 
pilot testing in many schools before it was printed in its 
present form, and even this will be subject to modification 
in the light of experience. This is a good point. Too many 
text-books are written without the necessary ‘feed-back’ 
from the teachers and students who are going to use 
them. 

The contents of the book are related to the flora, fauna, 
geology, life and industries of Australasia. The language 
and style are appropriate, spirited and immediately - 
attractive. The diagrams, of which there are many 
hundreds, the coloured plates, the simple experiments, 
are all of a high quality. There is a considerable selection 
of questions on the contents of each chapter, and most of 
these are framed to encourage the pupil to apply what he 
has learnt to problems which will lead to a further under- 
standing of the world around him. The Teachers’ Manual 
gives the answers, suggestions concerning the techniques 
of experiments, further reading for all the topics, suitable 
films and other visual aids. The pupil’s book terminates 
with a comprehensive set of tables which in itself is a 
mine of factual information. As a volume which sets forth 
facts, applications and demonstrations, often miscalled 
experiments, of the physical and biological sciences, it 
must rate very highly. The amount of information it 
contains is quite staggering, and it is difficult to believe 
that even an intelligent pupil can accomplish all this work 
in four years, particularly as science appears to be a 
compulsory subject in Australian schools. 

Although the book could not be of general use in Britain 
because of its indigenous nature, it would only be a most 
sophisticated teacher of general science who could not 
learn something from it. It makes an honest attempt to 
see a large field, to delay narrow specialization, to relate 
together the subjects of science, and the whole to life and 
the world around us. Our education at a higher level has 
suffered because of the science teacher who knows no 
physics or no biology, the English teacher bedevilled by a 
few set books and the modern language teacher who 
professes only one language besides his own. 

Nevertheless, against this general science teaching there 
remain some big question marks. If the field is so wide, 
are the furrows going to be deep enough? If science specia- 
lization is delayed, are Advanced Level results in the 
General Certificate of Education in any particular branch 
jeopardized as a result? With the extension of higher 
education a new appraisal of the whole situation of science 
teaching is urgently necessary with a clear statement of 
aims at each stage, and a continuity from primary school 
to secondary school to the age of sixteen, again from six- 
teen to eighteen, to undergraduate and other post-school 
courses, and even postgraduate work. 

There is another point of prime importance. The 
presentation of such an enormous corpus of scientific 
fact between two covers may make one wonder whether 
the wood of scientific method and endeavour has been 
obscured by the trees of scientific detail. In the present 
volume the pupil has reached space travel, atomic fission 
and the sources of the Sun’s energy, the properties of 
astatine, among thousands of other things, and one must 
admit that the selection of topics has been skilful. The 
logarithmic growth of scientific knowledge is adding to 
the burden of determining what is worth teaching and the 
degree of specialization which is necessary at any time. 
Thus, it is increasingly important that the aims, contents, 
methods, uses and limitations of scignce should be con- 
sidered carefully in the whole field of education. 

W. L. SUMNER 
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Praktische Arbeitsphysiologie 

Von Prof. Dr. Gunther Lehmann. Zweite, uberarbeitete 
und erweiterte auflage. Pp. viii+409. (Stuttgart: 
Georg Thieme Verlag, 1962.) 59 D.M. 


RAKTISCHE ARBEITSPHYSIOLOGIE is a book 
familiar to anyone interested in the application of 
physiology in industry. The text of the second edition, 
now available, varies only in detail from the original 
version and is based mainly on research carried out by the 
author and his colleagues in the Max-Planck Institute in 
Dortmund. 

After defining work physiology, the author describes 
briefly the structure and function of muscles, their 
reflexes and co-ordination. A long chapter follows, dealing 
with the physiological responses to work, the relationship 
of fatigue and recovery and the way in which rest pauses 
oan best be arranged. Alterations to the original text in 
this chapter are concerned mainly with an expansion of 
information on the assessment of periods of work and rest 
and include an attempt to assess the combination of 
frequency and force in estimating maximal allowable 
activity by certain groups of muscles; a complete section, 
on. body posture, has been removed in the second edition 
from this to a later chapter. 

Next comes a chapter concerned with energy expendi- 
ture during different kinds of work and which considers 
the relationship between the duration of work and the 
maximum permissible energy expenditure for that period 
of time. The following chapter, which now includes the 
section on body posture, otherwise remains similar, 
illustrating the use of physiological results in the assess- 
ment of work routines and machine design. 

The effect of working in different climates is then con- 
sidered. Here the original text has been altered mainly 
in the assessment of environmental limits for different 
occupations. In the remaining chapters, the text dealing 
with the effects of noise and vibration on work has been 
expanded, while comments relating to atmosphere pressure, 
nutrition, wages systems and hours of work remain similar. 

The production of the book is excellent, and, over all, it 
successfully shows the value of applied physiological 
research in industry. It would be satisfactory to see 
English added to the various languages into which the 
original version was translated. A. R. LIND 


The Challenges of Space 

Edited by Hugh Odishaw. Pp. xviii +379. (Chicago and 
London: University of Chicago Press, 1962.) 6.95 
dollars; 52s. 

N 1961 the Bulletin of Atomic Scientists published a 

special double issue devoted to scientific aspects of 
space exploration; the articles in the Bulletin have been 
expanded and revised to form this book. The first of the 
book’s five sections is entitled ‘Applications of Space 
Research” and includes chapters on meteorological 
satellites by H. Wexler and D. S. Johnson, and on com- 
munication satellites by L. Jaffe and J. R. Pierce. There 
is also a chapter on “Space Research and the Earth 
Sciences”, which could more appropriately have been 
placed in the second section, on “Space Research”. This 
section contains contributions on biology in space, the 
zones of radiation, orbiting telescopes, the Earth, Sun and 
Moon; the authors include J. Lederberg. J. A. Van Allen 
and G. de Vaucouleurs. 

The third section of the book, entitled “National Space 
Programs”, brings a rather different emphasis. The 
United States space projects, both civil and military, are 
outlined in useful detail by W. H. Shapley, H. E. Newell 
and A. G. Waggoner, and the activities of other nations 
are described by J. Orlen. Part 4 is on “International 
Space Co-operation’ and gives an account of the various 
organizations which seek to promote such co-operation. 
Part 5 is entitled “Space Technology” and is largely 
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devoted to propulsion, with chapters on existing and 
future systems by G. P. Sutton, R. S. Cooper and A. T. 
Forrester. To complete the book there are notes on the 
authors and an excellent index. 

A compilation of this kind, with separate articles 
written by acknowledged experts, is always useful, butit has 
dangers too, some of which are not entirely avoided here. 
For example, very little is said about research into the 
upper atmosphere, or ionospheric studies, because these 
subjects happen to fall in gaps between the areas covered 
by the individual contributors. Apart from these slight 
reservations, the book is a satisfactory review of space 
science. D. G. Kiye-HELE 


Thermodynamic Assessment of Rocket Engines 

By B. A. Nikolayev. Translated by W. E. Jones. Transla- 
tion edited by B. P. Mullins. (International Series of 
Monographs in Aeronautics and Astronautics. Division 7: 
Aerodynamics, Vol. 4.) Pp. xviii+150. (London and 
New York: Pergamon Press, 1963.) 638. net. 4 


F RORMODYNAMIO Assessment of Rocket Engines 
is the fourth in the Aerodynamics Division of the 
International Series of Monographs in Aeronautics and 
Astronautics published by Pergamon Press. Its scope is 
rather less than might be expected from its high-sounding 
title. In fact, the whole book is taken up in providing 
an arithmetically simple solution for two problems of 
rocket performance calculation, namely: given a combina- 
tion of rocket propellants containing only the elements 
carbon, hydrogen, oxygen and nitrogen burnt at a particu- 
lar pressure, (1) What are the equilibrium conditions in 
the combustion chamber? (2) What is the specific 
impulse obtained from an equilibrium expansion of these 
products to a lower pressure ? 

The standard method of solution is, of course, well 
known. One writes down the mass balance equations for 
each of the elements involved, the enthalpy and entropy 
balances and an equilibrium equation for each of the 
dissociation reactions. Suitable relationships between 
enthalpy, entropy, equilibrium constants and temperature 
are provided, and the whole set of simultaneous equations 
is programmed for a computer. Many thousands of such 
calculations have been performed and the results are 
available in, for example, publications issued by the 
National Aeronautics and Space Administration. 

Suppose, however, one had no computer and no access 
to American literature, then, and only then, one would be 
prepared to examine Mr. Nikolayev’s short cuts and empir- 
ical graphs and accept an answer of unknown inaccuracy 
(probably less than 1 per cent over the limited range to 
which his methods apply), rather than face wearisome 
weeks of trial and error computation. To any man in 
such a position this book may well prove useful. 

The standard of translation is high, and the text is 
certainly as comprehensible as that of the original. How- 
ever, a pedant might complain of the sentence on page 86 
which reads, “It is impossible to anticipate large scale 
errors in the results of the calculations” (my italics). 

S. L. Brace 


Essays 1958-1962 on Atomic Physics and Human 
Knowledge 

By Niels Bohr. Pp. x+100. (New York, London and 

Sydney: Interscience Publishers, a Division of John Wiley 

and Sons, Ltd., 1963.) 30s. 


HE present volume is the third in a series and con- 
tains seven articles written by Niels Bohr during 

the five years before his death in November. 1962. The 
first four articles reflect Bohr’s interest in philosophy, in 
the unity of human knowledge and the connexion between 
the sciences, particularly between physics and biology. 
The last three articles deal with developments in atomic 
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physics and quantum theory, and include many personal 
reminiscences. The Rutherford Memorial Lecture of 
1958 in its expanded form completed in 1961 is reprinted 
from the Proceedings of the Physical Society (78, 1083; 
Dec. 1961); “The Genesis of Quantum Mechanics”, a 
translation of the German, was delivered to celebrate the 
sixtieth birthday of Werner Heisenberg and recounts many 
of the conversations and discussions between Bohr and 
Heisenberg; and in the final essay of the book Bohr at 
the opening of the 1962 Solvay conference describes his 
improssions of previous conferences back to 1911, pointing 
out the steady development and important steps in the 
progress to the understanding of present-day quantum 
physics. To those who knew Niels Bohr, re-reading these 
essays will bring back pleasant memories of Bohr as a 
friendly personality and of his stimulating discussions and 
clear thinking and writing. 
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Complex Angular Momenta and Particle Physics 

By Dr. Euan J. Squires. (Frontiers in’ Physics: a 
Lecture Note and Reprint Series.) Pp. x+161. (New 
York and Amsterdam: W. A. Benjamin, Inc., 1963.) 
5.95 dollars, paper; 9 dollars, cloth. 


BOUT three years ago it was suddenly realized that 
the treatment of angular momentum as a complex 
variable, being quietly developed by Regge and his group, 
would be a powerful and exciting tool in particle theory 
and high-energy physics. Since then, a whole new indus- 
try has sprung up to exploit this idea, with its own 
vocabulary, theorems and folklore. 

There were naturally no text-books at first, but some 
are now appearing and the subject of this review is a 
worthy example. It is billed as a “lecture note and 
reprint volume”, suggesting a rough and ready presenta- 
tion, but this is not a fair description. Dr. Squires has 
written a careful, reasoned and rather condensed account 
of the formal theory in sixty pages. The next thirty are 
devoted to the main applications and the experimental 
evidence, with a few miscellaneous developments. Finally, 
come sixty pages of assorted reprints, including several 
of the most significant original papers. 

This is certainly a useful book, both for learning the 
subject and for later reference. It is authoritative, for 
the author has worked in this field almost from the start. 
It is also reasonably up to date; the main text is dated 
April 1963, but a short note about more recent develop- 
ments was inserted at the proof stage in August. 

The original lectures were given at Cambridge, so this 
book is aimed at mathematicians with a little physics 
rather than physicists with a little mathematics. But 
this is fair enough; the complex angular momentum game 
was invented by mathematicians and you need a good bit 
of mathematics to play it well. R. J. N. PHILLIPS 


Eight-Place Tables of Trigonometric Functions for 
Every Second of Arc 

With an Appendix on the Computation to Twenty Places. 

By Jean Peters. Pp. xi+954. (New York: Chelsea 

Publishing Company, 1963.) 18.50 dollars. 


HIS reprint is a handsome memorial to the two great 

table-makers of our time, for, as Peters tells us in his 
preface, the enterprise was planned in conversation with 
L. J. Comrie in 1930, and a substantial fraction of the 
computation was carried out by him. The first edition 
appeared in 1939, there was a war-time edition published 
in the United States in 1943, and the Chelsea Publishing 
Co. has now added the volume to its long and impressive 
list of reprints. 

The title describes the main table. At an opening, the 
sine, cosine, tangent and cotangent are given at every 
second for each of six consecutive minutes: the three 
leading digits occur only at the head and foot of a column, 
but ample advertisement of a mid-column change in a 
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leading digit is given. Supplementary tables give: 
0 cot 6 for 0° (10”) 2°; sine and cosine to 21 places. 
0° (10’) 45°; sine and cosine to 21 places, 0°(1”) 0° 10’, 
with first, second and third differences. 

Since each page of the main table carries 732 entries, 
apart from head and marginal arguments, the page is 
bound to be heavy, but the use of a pleasant fount of 
old-style ‘head and tail’ figures somewhat relieves tho 
weight. Precision in selecting a row is assisted by boxing 
the tenth second, with horizontal leads separating blocks 
of three seconds. There are too many vertical rules, and 
a clearer page could have been obtained by eliminating 
those between the four functional columns. 

For information about the vital matter of accuracy 
we naturally turn to the Fletcher, Miller, Rosenhead and 
Comrie Index. One error in the original edition is reported. 
not corrected in this reprint; and an error which crept - 
into the first reprint is also reproduced here. It is not 
surprising that the Index remarks that, “Peters was the 
most industrious and accurate table-maker of this century, 
if not indeed of all time”. T. A. A. BRoADBENT 


Plant Metabolism 

By Prof. H. E. Street. (The Commonwealth and Intor- 
national Library of Science, Technology. Enginecring and 
Liberal Studies. Botany Division, Vol. 2.) Pp. ix+ 238. 
(London : Pergamon Press; New York: The Macmillan 
Company, 1963.) 20s. net. 


N this book, Prof. Street deals with expected topics 

such as enzyme action, photosynthesis, respiration and 
protein synthesis, but in addition he covers ground 
which, in the past, has not been regarded as falling 
within the province of metabolism. Thus there are 
sections on osmotic properties and water-uptake by cells, 
on ion-intake and translocation, and also on growth 
(including mitosis) and differentiation. He holds the 
reasonable view that the last two of these are appro- 
priately included because they are reflexions of changing 
metabolism. The justification for including the others is 
doubtless that they may, or do, involve expenditure of 
energy of metabolic origin. 

The book is intended primarily for students at universi- 
ties and elsewhere who have already attained the Advanced 
Level of the General Certificate of Education in biology 
and organic chemistry, and such students are indeed 
fortunate that Prof. Street has found time to allow them 
the benefit of his stimulating, well-informed mind and 
marked faculty for exposition. More advanced students 
also will learn a lot by reading this book, as have I. 
Particularly valuable are the chapters on the regulation 
of metabolism and on growth and differentiation. 
Thoroughness of treatment is a notable feature; terms 
such, as ‘falling’ electrons, triplet state, hydrogen bonds. 
Michaelis constant, and positive, negative and cross-feed- 
back mechanisms, which have been known to worry plant 
physiologists, are clearly explained. 

With so much in the book which is praiseworthy it will 
seem rank ingratitude to offer any criticisms. Misprints 
are, however, rather numerous, some forty having been 
noted on a first reading, though few of them will cause 
any uncertainty in the reader’s mind. One which may is 
the use on p. 3 and elsewhere of the numeral ‘1’ as the 
abbreviation for ‘litre’. The legends or lettering to text- 
figures could in some cases have been improved (for 
example, Figs. 1, 36 and 40), while Fig. 31 does not show 
the features which the text indicates. Slips occur on 
p. 31 in the treatment of the osmotic properties of cells. 
while elsewhere there is some uncertainty about the sense 
in which the author is using the term ‘Pasteur effect’. 
These are only minor blemishes in a book which cannot 
fail to exert a beneficial effect on the study and the 
teaching of metabolic aspects of plant physiology. The 
book is (to adapt Prof. Fogg’s phrase) of semi-disposable 
type, well illustrated and reasonably priced. G. Bonp 
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ROLE OF SCIENCE IN INDIA’S SELF-DISCOVERY* 
By GERARD PIEL 


Publisher, Scientific American, 415 Madison Avenue, New York 


N my arrival in New Delhi six weeks ago I addressed 
an urgent message to my fellow Americans, half a 
world away, calling on them to pump up to flood heights 
the flow of capital and technical assistance that at present 
* trickles from the industrial to the developing nations'. 
Now, on the eve of my departure from India, I have 
the temerity to address with equal urgency a message to 
India. 

My message comes in three parts: First, that in deploy- 
ment of her limited physical resources and precious 
human resources India should take care to distinguish 
technology from science. Secondly, that India should 
import technology of the highest order and on the grand 
seale (hopefully, my fellow citizens, among others, will 
heed the call) from the industrial nations. Finally, on 
the other hand, that India should nurture science on her 
own soil, striking its roots deep in questions indigenous to 
India and deep in the education of her children. 

The great and the saving fact about the next round 
in the world-wide industrial revolution is that technology 
can be exported and imported. Ontogeny, in this case, 
need not recapitulate philogeny. India can overleap the 
eotechnic and paleotechnic eras and shop abroad for 
capital equipment of the latest kind. 

In general, India’s planners should observe the rule: 
the more primary the industry the more advanced the 
technology. India’s heavy industries, in other words, 
should be capital-intensive and not labour-intensive. 
India must not attempt to solve the cruel problems of 
unemployment and under-employment at the expense 
of the efficiency of her technology, especially India’s 
primary technology. The shopping for capital equipment 
should be done with discrimination, of course, and should 
look at once to efficiency and to maximum acceleration 
in the expansion of capacity and output. With energy 
and primary materials entering the pipelines at the lowest 
costs, India will have latitude to experiment with dispersal 
of plant, with diversity of scale and with the allocation 
of the various factors of production in the forward, phases 
of processing and manufacture down to finished products. 
Here, and in the creation of the supporting ‘infra-structure’, 
India will find the means not only to solve the employment 
problem but to adapt modern industrial technology most 
rationally to Indian institutions, culture and life-ways. 

Above all, India should let the industrial nations do the 
costly developmental work of modern technology. In 
the generation of electrical energy, for example, the 
industrial nations during the past twenty years have 
stepped up the efficiency of thermal power plants from 
25 to 45 per cent and, by pushing to higher and higher 
voltages on the transmission lines, have been drastically 
reducing the cost of distribution. Now they are going 
on to multi-megawatt dynamos able to absorb at ever- 
higher efficiencies the torque of still higher-temperature 
turbines. In the shops of the General Electric Co., at 
Schenectady, New York, they go on boasting that: 


“Old King Coal is a fiery old soul 
Each year he makes steam that is hotter. 
So down comes the price of power and light 
Even fasterghan Niagara's falling water !” 


* Indian Parliamentary and Scientific Committee, Parliament House, New 
Delhi, on March 3. 


This bit of doggerel could be amended at the expense 
of another source of energy as well as hydroelectric 
stations. The latter usually generate flood control, 
navigation and irrigation as well as power to justify their 
cost. It will be quite some time, however, before nuclear 
furnaces begin operating at the temperatures of optimum 
efficiency now attained and in process of being surpassed. 
by modern turbo-generator sets. 

India should take full advantage of the technologic&l 
breakthroughs at present being achieved in the industrial 
countries and should install no cast-off or obsolescent 
equipment in its rapidly expanding industrial system. 
Admittedly, not all the new technology will prove to be 
readily adaptable to India’s resources, climate and other 
circumstances. Some developmental outlay is unavoid- 
able and essential. In the case of energy technology, 
especially, India is endowed with two great resources 
which can be exploited only if Indians are willing to do 
some quite unglamorous developmental work. 

I have in mind, in the first place, the peculiar Glos- 
sopteris coals of Gondwanaland, so unlike the coals of tho 
northern hemisphere. India should be pushing with high 
priority the adaptation of these coals for fuelling the latest 
‘coal-burning power reactors’. Promising studies along 
this line are, in fact, going forward in the national labora- 
tories of India; they deserve greater recognition and 
support. Significantly, no one can be more’ highly 
motivated to carry on this work than the Indian scientists 
and engineers already engaged in it, and the backing 
they need will impose no significant burden on foreign 
exchange. 

India’s second great and neglected energy resource is 
her 300 days of sunlight: the equivalent of 180,000 
kilowatt hours of heat per each 100 square metres of land 
area per annum. It is perfectly plain that man will never 
learn to transform this energy with high efficiency, so the 
figure can be discounted by 90 per cent at the outset. 
But the 18,000 kilowatt hours that remain are worth 
working for: this is equivalent to 120 man-years of labour. 
Since Europe and America are not nearly so richly 
endowed, only the most sporadic and wrongly conceived 
research in solar energy is going forward in the universities 
and research institutes of those areas. To make solar 
energy effective where it can count in India—in, the lives 
of 360 million villagers in 600,000 villages—will require the 
collaboration of anthropologists and economists, who 
know village folkways and technology, as well as physicists 
and engineers. There is no glamour in the research and 
development called for here—no big, expensive and shiny 
instruments; just intelligence, judgment and determ- 
ination. One thing is certain: atomic energy can be 
more readily extracted from the Sun than from the 
atom! 

Except for the kind of developmental work I have urged 
here, therefore, my counsel is that India brings her 
technology in off the shelf from the rich inventory of 
technique available in the industrial nations. When it 
comes to science, on the other hand, my counsel is just 
the opposite. India ought not to import or imitate the 
science of the industrial nations, especially the big science 
in which they vie for such hollow prestige. In the first 
place, India cannot afford it; I know this because America 
cannot. The most grievous cost of big science is the waste 
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of a people’s always finite intellectual resources. This is 
the ‘brain drain’ to beware of—an internal hemorrhage ! 

Two decades ago, American physicists were singing a 
lugubrious ballad: 
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“Take away your billion dollars, 

take away your tainted gold, 

You can keep your damn ten billion volts, 
my soul will not be sold. 

Oh, dammit! Engineering isn't physics, 
is that plain ? 

Take, oh take, your billion dollars, 
let’s be physicists again.” 


Tho annual outlay for what American publicists call 
“R and D” has now mounted to 15 billion dollars, out of 
which less than 1 in 40 dollars goes to science. Very likely 
real science in America could use no more than that 
1 out of 40 dollars. But the osmotic pressures of the rich 
solution of gold in which our science is immersed push 
men and institutions all in the wrong direction: from the 
hard question to the easy answer, from the search to the 
result, from the man to the project, from achievement to 
reputation, from glory to power. It is true that physics 
faced a significant internal intellectual crisis as it emerged 
in the industrial nations from a decade of weaponeering. 
But the pressures—and temptations—of the big pro- 
grammes, the giant instruments and the para-industrial 
organizations have not promoted attack on the funda- 
mental questions. 

In sum, big science turns out to be gadgeteering, that is 
technology for its own sake. Since India has better uses 
for technology and can import it from abroad, she can do 
without big science. 

Science, in contrast to technology, cannot be imported. 
The work of science is done by people, not by machines. 
More precisely it is done by individual—by highly in- 
dividualistic—men and women and not by boards or 
committees. When a question is ready to be asked by a 
team, it has already been framed by some one creative 
scientist. The work of science at this stage is easy to 
support. At the earlier, more critical stage, the scientist 
stands in greater need of backing and encouragement. In 
fostering science, therefore, India’s planners and bursars 
must learn to sponsor the man ahead of the project. This 
policy is easy to declare but correspondingly difficult to 
carry into effect. It calls for the wisdom to recognize 
promise in the younger scientist, the courage to make 
unreserved, long-term commitment to his support, and 
the administrative restraint necessary to secure his inde- 
pendence. 

The only safe way to give effect to such a policy is to 
be open-handed in the granting of support. The hand of 
the granting agency must be especially open on the first 
grant; making many small initial grants, it can encourage 
the launching of many careers and secure the widest 
diffusion of initiative and enterprise in the rising genera- 
tion. 

My fellow countryman, Warren Weaver, in looking back 
over his 25 years as the bursar for the natural sciences at 
the Rockefeller Foundation, has judged that the most 
important dollars he spent were in support of fellowships 
for young scientists. During the past decade of his 
tenure, Weaver had the satisfaction of making his biggest 
disbursements to scientists whose first independent ventures 
were financed by the earlier modest fellowship grants. In 
1962, all the Nobel Prizes in the sciences went to former 
holders of these “Weaver Fellowships”. In other words, 
the United States in her time has had little science as well 
as big. Fortunately the Gresham’s law of grantsmanship 
has not yet driven all science ‘out of America even 
to-day. 

It need scarcely be added that the proper locus for 
the cultivation of careers in science is the.university. I 
admire, however, the fact that India’s national laboratories 
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function as teahing institutions along with pursuit of 
their primary mission of research. This liaison with the 
universities works benefits both ways: keeping university 
science in touch with questions raised by Indian develop- 
ment or peculiar to India’s resources, and keeping the 
extra-mural research laboratories exposed to the stunulus 
of youth. 

At this juncture, I should like to depolarize the distine- 
tion between science and technology which I drew at the 
outset. By no means did I intend the sterile opposition of 
science ‘pure’, because esoteric, to science ‘impure’, because 
useful. In India’s self-discovery, the full range of motiva- 
tion, from truth-seeking to utilitarian, must be mobilized. 
I meant rather to urge the distinction between enterprises 
that are indigenously Indian because they are motivated 
by the general welfare and by the genuine determinution 
to dispel mystery and enterprises with less urgent and . 
significant motivation. 

Again and again in the course of my visit to India, I 
have been astonished and delighted to encounter truly 
original investigators at work on questions that no one 
but an Indian would have the inspiration to ask. There 
is the young botanist who has observed that plants which 
grow asymmetrically may grow either clockwise or 
counterclockwise. This is not, perhaps, surprising, except 
that no one has ever taken note of it before; look more 
closely at the unfolding blossoms of the Hibiscus next 
time you have occasion to admire them. This trait 
assumes a practical significance when it is observed in 
such an economically important plant as the coconut 
and when it is found that left-handedness is associated 
with higher productivity! Finally, the whole develop- 
ment gains a profound significance in the same young 
botanist’s demonstration that this handedness in plants 
is not inherited in accord with Mendelian laws. Here is 
work ready now for larger financial backing, both for its 
economic implications and for the questions it raises 
about the mechanism of heredity. 

My notes tell me about another botanist who has found 
that mixed sowings of seed strains enhance the yield of 
grains and who is trying to find out why; about a biochem- 
ist whose investigation of the molecule of castor oil has 
revealed new beauties and utilities in its structure with 
special relevance to India’s foreign exchange; about a 
young geologist who has mapped foldings in the ancient 
continental shield of India that lend support to the revival 
of continental drift and point to forces of sufficiently large 
scale; about an anthropologist who discovers in the 
technology and culture of India’s villages important 
insights into Indian pre-history. I could go on. But 
you will soon be hearing from these investigators in 
Scientific American and perhaps even sooner in the pages 
of our bright new contemporary the Indian Science 
Reporter. 

This sampling of my notes will serve to show that India 
has already begun to nurture science in her own soil. 
Such work and such workers it is uniquely India’s oppor- 
tunity and obligation to foster. A policy that gives honour 
and priority here will serve also to diffuse the scientific 
attitude and a thirst for understanding more widely and 
swiftly in the younger generation of India now in school 
and in the generation to follow. Above all, the growth of 
an indigenously Indian scientific enterprise will endow 
the world of learning and human welfare with a new 
source of creative initiative. 

The progress of India is not to be reckoned by the degree 
to which her development approximates the experience 
of the nations which have preceded her into industrial- 
ization. On the contrary, the world hangs on the hope 
that India will make of development a rational and humane 
enterprise. So, also, in the imminent flowering of Indian 
science we look for the radical and significant departures 
that distinguish those places and, times when human 
beings discover their innate capacity and worth. 

1 Nature, 202, 120 (1984). ` 
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ANIMALS AS MATHEMATICIANS * 
By Dr. H. KALMUS 


University College, London 


A SAYING traditionally ascribed to Plato! and pro- 
claiming that “God is a geometrician” expresses an 
old belief in the divine origins of design and number 
corresponding to the feeling of awe and sometimes of 
power which mathematical insight has inspired through 
the ages. At present people are more interested in the 
secular aspects of ‘mathematike Techne’, the art of measur- 
-ing which men, and to a lesser extent women, have for 
centuries been busy exploiting and applying. Recently 
two more controversial kinds of mathematicians have 
come to the fore, namely, computers? and some hypotheti- 
cal inhabitants of space’. But for various historical 
reasons which cannot here be discussed, there is little 
interest in a much more tangible class of aspirants, the 
animals. Here I propose to discuss a few achievements 
of these sorely neglected mathematicians. 

Some people remembering the counting and calculating 
exploits of horses like “clever Hans’’4 might feel that this 
is a discredited and obsolete subject suitable only for 
credulous fools, but to them one might paraphrase the 
wise saying of the philosopher Lichtenberg, who asserted 
that “to believe something again was quite different 
from persevering in unscrutinized, error”. There is now 
little doubt that some animals such as squirrels or parrots 
can be trained to count, as was indeed demonstrated by 
Prof. Otto Köhler! in films shown a few years ago in 
University College, London. Since then, counting faculties 
have been reported for seals’, rats* and for pollinating 
insects®. Some of these animals and others can distinguish 
numbers in otherwise similar visual patterns, while others 
can be trained to recognize and even to produce sequences 
of acoustic signals. A few can even be trained to tap out 
the numbers of elements (dots) in a visual pattern. The 
implication of a sensory motor component in these count- 
ing processes probably varies a great deal. That it can 
also-operate in man has been demonstrated by Denes, 
Fry and myself!? in experiments using delayed acoustic 
feed-back. Fig. 1 shows the effects of such a proce- 
dure on a man trying to apply groups of six taps to 
a table, but in fact producing groups of seven. This 
particular man was quite unaware of his mistakes, while 
other subjects, realizing what they did, tried in various 
ways to suppress the seventh stroke. Experiments doing 
similar tests with animals have so far failed. 

While to the unsophisticated counting appears quite basic 
to mathematics, it is considered rather a trivial matter by 
logicians like Russell#?, and consequently we shall not 
dwell any longer on this subject. Instead, we shall look at 
some of the multifarious activities of animals indicating 
an involvement of mathematical processes which are con- 
sidered more fundamental to-day. But before doing so it 
is as well briefly to consider what mathematics is supposed 
to be and how human mathematicians—ranging from the 
child to the genius—function. 


What is Mathematics ? 


In spite of whole books dealing with this question", 
useful definitions of mathematics are not easily come by, 
and I will quote only two which are fairly different. A 
rather popular one from a Mathematical Dictionary™ says 
that mathematics “‘is the logical study of shape, arrange- 
ment and quantity”, and a sophisticated one by Bertrand 
Russell, who describes pure mathematics as ‘‘the class 
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* Substance of a lunch-hour lecture delivered on February 4 at University 
College, London. 


of all propositions of the form ‘p implies q’ where p and 
q are propositions containing one or more variables, the 
same in the two propositions, and neither p nor q contain. 
any constants except logical constants”. Russell adds that 
the inclusion of non-logical constants makes the system 
capable of accommodating applied mathematics and we 
may add all science. Both definitions think of mathe- 
matics as part of logic; but ‘logical study’-in the first 
definition implies the operation of a mind, whereas Russell 
specifically considers the mind to be a totally irrelevant 
notion for considering his system of symbolic logic. 
Consequently he also rejects the Kantian view that 
mathematical reasoning is not strictly formal but always 
uses intuition. 

As a non-mathematician I will not attempt a judgment 
in these matters, but will confine myself to note for the 
purpose of this article that mathematics has to do with 
logic, arrangement, quantity, propositions, and symbols 
(that is, things which stand for other things); that its 
principles may or may not be contingent on the existence 
of a mind; and that mathematical reasoning has been 
described as formal or as intuitive. 


How do Mathematicians Work ? 


Galton’s!* enquiries into human faculty describe many 
instances in which different people pursue similar ends by 
quite different means. Enquirers into the psychology of 
mathematicians such as Poincaré and Hadamard!’ have 
shown that this also applies to the creative activities 
of mathematicians. Both these authors, for example, 
consider Riemann as typically intuitive and Weierstrass 
as typically formal. It is said that in the entire published 
works of the latter, only one diagram occurs which he 
may not even have drawn himself, and one can see that 
this abstract approach naturally appeals to modern 
algebraists. Riemann’s intuitive geometry on the other 
hand was apparently congenial to Einstein, who, in a 
letter to Hadamard, described the elements of his pro- 
ductive thought as ‘‘more or less clear images” and “of 
visual and some of muscular type”. Einstein added that 
“conventional words or other signs have to be sought for 
laboriously only in a secondary stage ...”. I think that 
Einstein’s two stages of mathematical reasoning also 
occur in the development of the human. child’s conceptions 
of geometry and space as investigated by Piaget and his 
pupils?’1*, and I have indeed heard Piaget refer in a 
lecture to the connexion between the infant’s untutored 
experience of motion and some of the ideas in. the theory 
of special relativity. However that may be, I shall later 
show that the sensory motor skills of animals provide 
the same kind of evidence for mathematical processes as 
many human skills, which often are subconscious and do 
not involve language or its derivatives. 

The lack of the spoken numeral and the written symbol 
makes many people reluctant to accept animals as 
mathematicians, though few people would nowadays 
agree with Max Miller’, who asserted that thought without 
words was impossible. However, most social animals and 
many solitary ones communicate by means of various 
symbolic actions, some of which, like the waggle dance of 
bees, have very striking numerical characteristics. 


Evidence from Design 


Further demonstrations of mathematical activities are 
found in a number of animal artefacts. If one accepts the 
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design and position of the pyramids or of Stonehenge as 
showing mathematical computations, there is no reason to 
reject the regularity of the honey-bees’ cells®® or the 
north-south orientation of the compass, termites nests?! or 
a spider’s web as similar in significance; and if one accedes 
to Russell’s proposition that the notion of mind is dis- 
pensable for the notion of mathematics, one might do 
without the nervous system as well, and count the 
geometry of animal and plant morphogenesis*?-*4 and also 
genetical combinatorics” as mathematical activities. We 
do not by this imply that individual plants and animals 
arrange their growth patterns, or that they shuffle their 
enos. 

: After this digression we shall return to some mathe- 
matical aspects of animal activities which definitely are 
mediated by a brain. We shall start with general types of 
the behaviour of higher vertebrates very comparable to 
common human behaviour, even to the point of being 
badly understood, and proceed to more specialized insect 
activities which correspond to procedures in human 
technologies. 


Plausible Inference 


Let us consider an everyday situation in which animals 
and people are interacting. Imagine a man at home in the 
evening and playing the violin. His wife sits near the fire 
reading and his dog lies sprawled on the floor near her 
feet. Neither of the two probably likes the playing very 
much, but both seem quite relaxed. After an hour or so 
the man stops playing, closes his music and puts the 
fiddle and bow on a table. While he does so both 
wife and dog become active: the wife goes to the kitchen 
and the dog jumps up joyfully and bounds towards the 
front door. What is common in the behaviour of the 
two? Can it be described in probabilistic terms and, if 
so, how ? 

Mathematicians will easily recognize that the actions of 
the wife and of the dog, though different, arise from 
‘plausible inferences’**. Both have guessed that the man 
having stopped playing will want to do something else, 
though the wife thinks he might like a cup of tea and the 
dog hopes he’ will take him out. However, the man just 
goes upstairs to the lavatory and resumes playing after 
his return. The inferences drawn by the captive audience, 
though—in common language—plausible, credible, likely 
or probable enough at the time, had in the event been 
quite unexpectedly wrong. 

Would it have been possible to put numerical values— 
definite’ odds—on the expectations of. the wife or on the 
‘hope of the dog? Laplace? might have thought so; he 
` believed that one could measure degrees of such reasonable 
beliefs—for example, the probability of the Sun rising 
-to-morrow morning—and that this could be.done by the 
‘ealoulus' of probability. The majority of..statisticians 
to-day beliéve that Laplace’s attempt to link induction 
with probability i is absurd * and that. the latter should be 


* On’ the other haad, since life began-on Earth millions’ of species -have 

- evolved very elaborate, "machinery in: the firm anticipation.of the Sun rising 

again and again (ref. 28), and | the watch and clock industry ig based on the 
same conviction. 
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Effect of delayed acoustic feed- baik on number tapping. Groups of 6 taps following a signal (recording on top) are transformed 
into groups of 7 taps by a playback of 0-4 sec delay 


‘confined to the examination of frequencies in mass pheno- 


mena. But the eminent economist Keynes?! thought that ` 
one could indeed make numerical predictions concerning 
economic, demographic or political events. Following 
Polya, I think that the best one can do is to put some 
relative value on expectation. Most people, for example, 
would consider it more likely that there will be a greater 
number of people living in Britain in a year’s time than 
that there will be fewer of them; but that it is impossible 
to guess with any confidence how many times more 
likely. 

Let us now consider on what experiences the dog’s 
hopes for being taken out were based. Assuming that 
he had had to listen to his master’s playing before and 
that afterwards his master had sometimes—but not 
always—taken him out, the frequency of these two sequels 
could perhaps be made the basis for a reasonable numerical 
guess. But why then did the wife with presumably similar 
experiences come to a different conclusion ? There must 
be other factors entering into the question. A prob- 
abilistic base for expectations appears even more prob- 
lematical for another event which I have experienced 
myself. One day my then small daughter came from the 
garden in great excitement and said that a big black 
bird had settled in our apple tree; would I catch it? Iwas 
just having tea and on impulse put some milk’ and bread 
on a saucer, then went out into the garden, held the 
saucer shoulder high and said something like ‘‘Come here, 
Jackie” or similar words: and to my astonishment and 
my daughter’s admiration the young jackdaw immediately 
perched on my arm and began pecking the bread. After- 
wards it turned out that the bird—a tame one—belonged 
to some neighbour’s boy, had escaped the day before, was 
probably hungry and quite used to being called to feed 
from a saucer. But not in my garden and not by me. Still, 
some sort of learning might have occurred. I, on the 
other hand, have never had any dealings with jackdaws— 
and yet I half expected what in fact happened. I believe 
that the guessing of the dog and of the jackdaw was quite 
comparable to my own and that choice actions of the 
higher animals like the plausible inferences of man should 
be investigated by imaginative mathematicians. A small 
step towards this “underworld of probability” has been 
taken by Fisher”, and a promising multi-dimensional 
mathematical model of common sense, showing how the 
brain might plausibly reason, has been proposed by 
Jaynes*, I might add that in most ‘ordinary’, that is 
complex, situations, animals like man are superior to any 
contemporary computer. 


Orientation in Space and Time 


Some kinds of diurnal behaviour appear to us to be 
specific tasks, and we can in experimental conditions 
investigate their quantitative properties. Thus con- 
sidered, animal orientation and chronometry appear as 
subjects for applied mathematicians and engineers usod 
to handling numbers, intensities and vectors as well as 
flow diagrams. In suitable condibidhs this approach may 
yield very ‘precise results , as I ‘learned: from personal 
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experience, when working on the optomotor reactions of 
insects’. Having calculated how a fly would move under 
the influence of moving visual patterns I found it to 
behave as expected except in one set of conditions, when 
it consistently did the opposite. I then found that I had 
miscalculated the system, and that after this was put 
right the fly behaved ‘correctly’. 

At this point a few words may be said concerning 
optomotor reactions. To man—as to most higher animals 
—the outside world appears at rest not only when he is 
himself at rest but also when actively moving about®, 
He does, however, notice when he is passively displaced 
or accelerated when the world seems to move. This 
appreciation. of rest or motion depends on the joint input 
of visual, labyrinthine and kinesthetic sensations. One 
might describe the situation of any animal at rest as being 
. ‘anchored’ by means of all of its space perceptions. A fly 
has no strong mechanical or kinesthetic sensations when 
running on a slowly turning surface and—being entirely 
dependent on visual impact—cannot apparently dis- 
tinguish this situation from active circling. This can be 
demonstrated by means of two coaxial disks which can 
be independently turned; the larger disk carries a cylinder 
covered on its inside by vertical black and white stripes 
while the smaller disk, which is placed somewhat higher 
on the axis, carries a glass container in which a fly can 
move freely (Fig. 2). 

When the latter disk is stationary a fly will follow the 
patterned cylinder whether turned clockwise or anti- 
clockwise, and it will reverse its circling when the move- 
ment of the cylinder is reversed. If, on the other hand, the 
cylinder is kept at rest and the inner platform with the 
fly on it turned it will oppose the direction of its passive 
rotation, also changing its circling direction when the 
platform rotation is reversed. For mechanical reasons a 
fly in either of these situations responds by circling only 
when’ moving either on the floor or the ceiling of its 
container; on vertical walls it can follow the visual pattern 
only some way (Fig. 2). 

The optomotor reactions so far described could be 
interpreted as results of a tendency of the fly to abolish 
the movement of the black and white contours across its 
visual field and thus to keep the appearance of its visual 
environment constant. However, at the time of these 
experiments I had reason to doubt this simple explanation 





inside a rotating striped cylinder. 


Fig. 2. Reactions of fil a, Free 

circling on a plane verti€&&l to the cylinder axis; b, c, and d, postures 

assumed when the fly is sitting on a plate arallel to cylinder axis (from 
Kalmus 1949) 
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Fig. 3. Half-view of coaxially rounded disks, which can be turned 
independently, The lower d, being larger carries a striped cylinder 
and the smaller a slitted cylinder (from Kalmus 1949) 


and I wanted to find out what a fly would do in situations 
where it could not get rid of the contour movements. 
For this I used a machine (Fig. 3) consisting of a central 
platform round which two coaxial drums could be turned 
independently. The outer drum carried vertical black and 
white stripes on its inside, but the inner cylinder consisted 
of black bars only having empty interstices instead of 
white stripes. When the two cylinders were turned in 
opposite directions a fly in the centre of the arrangement 
perceived two interlocking contour systems moving 
against each other. Clearly in this situation contour 
movement can never be abolished altogether, for if the 
fly abolishes the movement of one pattern by following 
it the other will appear to move faster in the opposite 
direction and vice versa. In these circumstances the fly 
tended to keep the sum of all rotatory vectors at or near 
zero. In detail the reactions of the fly depended—other 
conditions being equal and within certain limits—on the 
number of contours in both systems and on their relative 
speed. When the number of contours was the same in 
both systems the fly would follow the one which was 
turned with the greater angular velocity. However, 
greater angular velocity in one system could be compen- 
sated for by having more contours in the other more 
slowly rotating system. Experience showed that of the 
two opposing contour systems that sweeping a larger area 
per unit time would prevail; these areas are proportional 
to the product of contour number and angular speed. Thus 
eight black bars constituting the inner system and 
turning round once every 2 sec just compensated for four 
black stripes on the outer cylinder turning in the opposite 
direction every one second. ‘But seven bars were too few 
and nine too many. Calculating such slightly overbalanced 
conditions I expected that eight black bars turning every 
60 sec would prevail over 7 black stripes revolving every 
50 sec in the opposite direction. But, as I have said before, 
the fly knew better. The integrative action of its nervous 
system*4 was in its strictly mathematical meaning superior 
to mine. 

In experiments which it would take too long to explain 
here I have shown that insects and other animals can 
resolve any moving system of contours into a visual 
rotatory vector and into a translatory vector. They 
always minimize the former, whereas the latter is mini- 
mized by those animals passively carried by water or wind 
but maximized by actively moving ones. 
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Fig. 4. Demonstration of the translatory optomotor component in a 

predominantly rotatory arrangement. The patterns D! and C are put 

on the rotating disk D and presented to a fly contained in the glass 

tube 7. Bis a light bulb from which the fiy is shielded. According 

to the sense of rotation of D the flies run to or fro. Flies confined in a 

flat eylindrical dish parallel to D circle In the directions of the moving 
pattern (from Kalmus 1949) 


By constraining flies in transparent containers of 
suitable shapes and sizes one can force them to react 
either to the rotatory or to the translatory components 
of visual movements and even make them walk back- 
wards (Figs. 4 and 5). ; 

An optomotor reaction can be elicited equally by an 
advancing dark edge and by an advancing light edge. 
This is quite inexplicable in terms of phototaxis but can 
be understood to follow from a possession of multiplica- 
tive faculties by groups of adjacent retinal elements, as 
demonstrated by Hassenstein®. His arrangement con- 
sists of three concentric cylinders in the middle of which 
a beetle (Chlorophanus) is firmly held by its back. The 
beetle passes through its legs a strap made of straw, which 
is part of a basket in the form of a globular tetrahedron 
allowing the animal at four points to make a left or right 
choice. The innermost stationary cylinder is painted 
black and carries six pairs of narrow vertical slits, the 
angular distance between which approximates the angle 
between neighbouring omnatidia of the beetle, while the 
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outer cylinder, which is also stationary, carries 6 black 
and 6 white vertical stripes of equal width on its inside. 
In between the two stationary cylinders a grey cylinder 
with three equally spaced gaps of 60° width can be 
turned in either direction. By positioning the outer 
cylinder in different ways it is possible to align black or 
white backgrounds against each slit and by rotating the 
grey cylinder successively to lighten or to darken each 
of a slit pair. Calling the position of one slit 12 o’clock 
and that of its partner 1 o’clock, and turning the patterned 
cylinder in a clockwise direction, one may produce the 
sequences of events shown in Table 1. Calling a change to 
light positive and a change to dark negative and also 
denoting a clockwise reaction as positive and an anti- 
clockwise reaction as negative, we can see in Table 1 
that the sign of the (clockwise or anticlockwise) reaction 
of the beetle appears as a product of the signs of the 
successive changes of illumination at the two slits. 


Table 1 
Slit at 12h Slitatlh Beetle circling 
Change tolight(-++) Followed by (x } change tolight (+) Clockwise(+) 
Change to dark(—) Followed by (x ) change todark(—) Clockwise(+) 
Change tolight (+) Followed by (x ; change to dark{—} Anticlockwise $ —) 
Change to dark(—) Followed by (x ) change tolight {+} Anticlockwise (—) 





Distance, Angle, Time 


In the past decades many of the powers of orientation 
and of communication of many animals have been 
investigated**:*?, The processes involved in these faculties 
are of the nature of analogue computation, translation 
or coding, and involve the distance and direction of 
biologically significant objects relative to each other 
and to other terrestrial or celestial objects. 

Numerical relations have thus been established in 
many species between computed sensory input on the 
one hand, and locomotor or communicatory output on 
the other. This applies, for example, to the migration of 
birds and fish and to the waggle dance of honey-bees. 
In these animals we think we know what purposes the 
numerical relations serve, but when sensory input and non- 
locomotor activity are numerically connected in a solitary 
animal, one almost feels that such an animal is indulging 
in pure mathematics. According to Blest®* the moth 
Automeris ‘rocks’ side to side on its legs when settling 
after a flight. The number of these rocking movements is 
nearly linearly proportional to the duration of the flight 
preceding it. The brain of a moth, deprived after its 
return of much of its body and thus unable actually to 
rock, still produces the correct number of motor impulses. 





e 


@ 
Fig. 5. Drosophila fly being induced to walk forwards by a striped pattern underneath moving backwards (a); walking backwards 
momentarily when the pattern underneath moves forwards (b); and turning in this unstable situation (e) 
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Fig. 6. Change with the hour of day of menotactic angle of water 
skaters (Vela) reacting to a stationary light source. Means of 10 
animals. (After Birukow 1960) 


Computations of angles by animals occur in the mani- 
fold activities deriving from menotactic reactions. Meno- 
taxis (Jander®*) describes a kind of behaviour in which an 
animal, whether moving or at rest, assumes definite angles 
between its body axes and one or several vectorial stimuli; 
for instance, light or gravitation. The animal’s orientation 
can be described by an equation connecting the directions 
of the stimulus vectors; and its body axes. If, for example, 
the angle between the sum of the input vectors and the 
main body axis is zero or 180° we may speak of a positive 
or negative taxis, but if it assumes any other value 
menotaxis obtains. Both the sign of a taxis and the 
menotactic angle are subject to external influences or to 
the animal’s internal state. The positive phototaxis of 
many green flagellates can, for example, be reversed into 
negative phototaxis by an increase in light intensity. 
A stick insect’s negative geotaxis changes into positive 
geotaxis when the animal reaches the end of a vertical 
twig, and ‘discovers’ that it can no longer proceed up- 
wards*?, 

In natural conditions menotactic reactions keep 
insects flying in a particular geographical direction when 
confronted with the Sun or the Moon. But man’s intro- 
duction of millions of artificial light sources into the 
terrestrial environment has transformed menotactic 
behaviour into a suicidal mechanism producing paths in 
the form of a logarithmic spiral and resulting very often in 
the proverbial lethal collision course of the moth towards 
the flame. It is interesting that this behaviour has not 
been eliminated by selection. 

In the orientation of very many animals one stimulus 
such as light can often be substituted for another (for 
example, gravity) and vice versa. One important feature 
of these substitutes is angle translation of varying 


accuracy. The angle between the direction of the Sun. 


and the path toward a familiar crop which a foraging bee 
will take when leaving its hive will be fairly precise, as 
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will be the corresponding angle between its dance axis 
and the vertical. On the other hand, the angles between 
the Sun and the paths which her newly alerted companions 
will take will be imprecise and widely scattered. To be 
useful an angular transformation from one sense modality 
to another need not be proportional, but it should be 
unique. This is not always the case. As shown by 
Vowles*!, transpositions from phototactic to geotactic 
behaviour in ants may result in four preferred directions 
of locomotion instead of one—a situation indicating in- 
volvement of some complex trigonometric equation. In 
bees, on the other hand, the deviation of the flight direction 
from the Sun and of the dance direction from the vertical 
always have the same sign, though not the absolute value. 
But, as the angle transpositions are unique, this does not 
result in any misdirection. 

A most interesting development of menotactic behaviour 
is its frequent gearing with the complex chronometric 
mechanisms of animals. The diurnal phases of motor 
activity*? are associated with the menotactic angle at any 
particular time (Fig. 6). Like the sailors of olden times, 
migrating animals can set their course according to the 
momentary position of the Sun, the Moon or the stars, 
and they do this by gradual changes of the menotactic 
angle. The navigation of many animals in the wild is 
more accurate than that of unaided modern man. 
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OBITUARIES 


Prof. D. Thoday, F.R.S. 


Wiru the death of Prof. David Thoday, emeritus pro- 
fessor of botany in the University College of North Wales, 
Bangor, on March 30, at the age of eighty, British botany 
lost a distinguished scholar, investigator and exponent. 
Elsewhere his life and work will be dealt with in appro- 
priate detail: here the aim must be to convey some 
impression of his singular personal quality and distinctive 
scientific achievement. This presents difficulties: even for 
his own times, Thoday had an unusual width of outlook, 
practical experience and competence in different fields, 
and an enviable precision and maturity of expression. 
His work, always characterized by a lively curiosity, 
showed acute powers of observation of the varied phen- 
omena of plant life, including their growth, structure and 
functioning. Behind all this lay intuitive perception and 
powers of reflexion which led him to a deep understanding 
of the essential harmony of development in organisms. 
His conversation left one in no doubt of his awareness of 
the fragmentary nature of many botanical ‘explanations’ 
and, more generally, of the limitations and superficiality 
of much botanical scholarship. Because of these qualities, 
his teaching and research have pervaded botanical 
science, perhaps to a greater extent than many realize. 

David Thoday was born on May 5, 1883, the son of 
a schoolmaster of Huntingdon stock. Thoday himself 
intended to enter the teaching profession and for a time 
worked as a pupil-teacher. However, he won a scholar- 
ship to Trinity College, Cambridge, and, in due course, 
was awarded a first-class in both parts of the Natural 
Science Tripos and also the Walsingham Medal, in 1908. 
His research career was begun with Dr. F. F, Blackman, 
of the Cambridge Botany School, and during 1909-11 
he was a University demonstrator. Thereafter he joined 
Prof. F. E. Weiss in the University of Manchester as 
lecturer in plant physiology and remained there until 1918. 
It was during this period that he wrote an excellent little 
treatise, Botany: A Senior Book for Schools (1915). 
Its clarity of expression and simplicity of experimental 
approach revealed the man: suffice it to say that it ran 
to five editions. 

In 1918 Thoday was appointed to the chair of botany 
at Cape Town; but, for family reasons, he returned to 
England four years later. He greatly enjoyed this South 
African sojourn, and his observations on, the. remarkable 
flora of that region evidently impressed him with the 
virtually unlimited fields, not only in plant physiology, 
but also in all aspects of botany, which awaited inves- 
tigation. (I recall, on first meeting Thoday in Switzerland 
in 1925—and at the age of forty-two he still looked so 
briskly youthful even to younger eyes—how enthusias- 
tically he talked about all the improbable-looking plants 
he had seen, of their many enigmatic phenomena, and of 
the critical difficulties that beset botanists attempting to 
explain their ecology, evolution and adaptation; all this 
with a genial gleam in those quietly searching eyes.) In 
1923 he was appointed to the chair of botany at Bangor 
and remained there until his retirement in 1949. But 
‘retirement’ is scarcely the right word; for thereafter he 
was professor of botany in the University of Alexandria 
for two years, then visiting professor of botany at Leeds 
for a period, eventually returning to the Bangor Depart- 
ment in 1952—at the age of sixty-nine—to continue his 
researches and participate in teaching. To complete this 
unusual academic record, Thoday became Sc.D. of 
Cambridge in 1933, was president of Section K (Botany) 
of the British Association in 1939, was created a Fellow 
of the Royal Society in 1942, and was awarded an honorary 
D.Sc. of the University of Wales in 1960. His wife (née 


Mary Gladys Sykes), who died in 1943 (Nature, 152, 406; 
1943), was also a botanist of wide scholarship and was 
well known for her cytological and anatomical studies, in 
particular of Psilotaceae and Gnetaceae and of phanero- 
gamic parasites such as Cuscuta. f 

To give a brief account of Thoday’s published work 
presents real difficulties; for ho contributed important 
papers on many different topics: experimental studies of 
assimilation and respiration; water relations in the cell— 
his cell-turgor diagram, published in 1918, has been 
widely used, though not always appropriately acknow- 
ledged; the structure of transpiring tissues in xeromorphie 
plants; the metabolism and physiology of succulent 
plants; the mechanism in contractile roots; the parasitic 
mode of life and structural features in the Loranthaceae; 
and physiological-morphological studies of growth and 
differentiation. 

The assessment of such a varied and extensive con- 
tribution tends, unavoidably, to be coloured by one’s 
own. special interests. Many botanists would, no doubt, 
emphasize Thoday’s outstanding qualities as an experi- 
mentalist, especially in plant physiology: witness his 
practical skill in devising simple but effective apparatus 
such as the Thoday potometer and the Thoday respiro- 
meter, and his clarifying graphical representation of water 
relations in cells; or his perception that visually compar- 
able parenchymatous cells in succulents may be very 
different in their physiological properties and reactions— 
a rich vein which others have since mined more extensively 
with important results. Again, his investigations of 
xerophytic and xeromorphic plants, and his criticism of 
the too ready acceptance of facile ‘explanations’ of the 
functional significance of special structural features, did 
much to dispel erroneous ideas that had been widely held. 
For contemporary physiologists, perhaps his most pene- 
trating and precise studies were those dealing with the acid 
metabolism and respiration of succulent plants (Kleinia 
spp.); for here he laid much of the basis for the extensive 
biochemical studies subsequently undertaken by others. 

Another kind of botanist may well find his interest 
caught by Thoday’s investigations of the parasitic phanero- 
gams, especially the mistletoes, and by his reflexions, 
sometimes in a philosophic vein, regarding the intricacy 
and precision of their adjustments, during growth. to 
their hosts. These papers are a source of instruction and 
delight. (I recall how, on meeting Thoday occasionally 
in the late ‘fifties, when he must have been close on 
seventy-five, he would bubble over with his latest observa- 
tions on the curious developments found in some of the 
more advanced Loranthaceae.) The relevant papers were 
published in the Proceedings of the Royal Society: others 
as well as myself must have been astonished that he had 
the heart to tackle materials of such obscurity and 
complexity. 

For me, it is Thoday as the widely read and broadly 
based botanist and thinker that seems to be of pervasive 
and prevailing significance. With unsurpassed authority 
he showed that morphology and physiology are not, and 
cannot be, separate disciplines if we are to have any 
adequate understanding of the differentiation and func- 
tioning of organs and tissues. In a wide survey, all his 
more general thinking appears to have been concentrated 
on this aspect, the essence of his outlook being presented 
with compelling clerity and an elegance of simplicity in 
his presidential address to the British Association in 1939. 
For those, like me, who had pondered the problems of 
phyletic morphology and also of causation in the develop- 
ment of plant structure, this was, ang remains, a crucially 
revealing document. One feels impelled to do honour to 
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its author by extensive’ quotation, but here one single 
passage must suffice. “Natural selection of harmonious 
changes may have been more important than elimination 
of functionally unfit mature organisms. It is develop- 
mental harmony which is important, of which functional 
efficiency of adult organs is but a part.” With thoughts 
such as these he enriched his own times and left an 
enduring heritage. C. W. WARDLAW 


Dr. A. P. Thurston, M.B.E. 


Britatn has been blessed with some remarkable 
engineers, none more remarkable than those who fostered 
aeronautics from its infancy and with boundless energy, 
vision and enthusiasm devoted themselves to its growth. 

One of the last of these great pioneers, Dr. A. P. 
Thurston, died on April 17 at the age of eighty-two. 
From his father Dr. Thurston inherited a passion for 
engineering and applied science, and as a boy he con- 
structed and experimented with kites, model helicopters 
and other flying machines. He was educated at Hast 
London College (later to become Queen Mary College) 
where he read engineering, and in 1902 he became chief 
assistant and designer to Sir Hiram Maxim and helped 
him in the development of his steam- and petrol-driven 
flying machines. In 1905 Dr. Thurston joined the exam- 
ining staff of the Patent Office, but was permitted to 
continue to assist Maxim. By that time he was developing 
his own research interests. He started lecturing in aero- 
nautics as a spare-time activity at East London College, 
and with funds raised from among his friends, notably 
Mr. P. Y. Alexander, he built a small aerodynamics and 
structures laboratory there for teaching and research. 
Thus in 1908-9 was founded the first university depart- 
ment of aeronautics in Britain, and one of the first in 
the world. He was aware of the importance of under- 
standing the aerodynamic characteristics of wings and 
proceeded to study them systematically in his wind 
tunnel. Of particular significance was his work on what 
he called ‘rider planes’, auxiliary aerofoils in front of a 
main wing. He demonstrated their effects on the dis- 
tribution of wing pressure and lifting characteristics and 
showed how his rider planes, if suitably positioned, could 
be used to increase considerably the lift and delay the 
stall. This work was presented in lectures and articles 
between 1912 and 1914; but its importance at that time 
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was evidently not appreciated. It is a matter of specula- 
tion as to how far Dr. Thurston’s work directly inspired 
the subsequent developments of ‘leading-edge devices’, 
as they are now called, which range from the Handley Page 
slot to the leading-edge flaps which are to-day so necessary 
to ensure the sate handling of modern jet aircraft with 
their highly swept wings, but the essential generic idea 
was manifest in his work. 

In 1913 Dr. Thurston was awarded the first D.Sc. 
granted in Britain for research in aeronautics. By then 
his laboratory was receiving some financial support from 
the newly formed Advisory Committee for Aeronautics, 
and he and his colleague, Dr. Piercy, were concerned 
with structural as well as aerodynamic investigations. In 
1915 he joined the Royal Flying Corps and learned to 
fly. Soon after he was given the task of formulating the. 
design requirements for safety for military aircraft and 
methods of testing their structural integrity, and he held 
this post until the end of the First World War. One of 
the last machines with which he was closely concerned 
in this position—the Vickers Vimy—was the first to fly 
the Atlantic non-stop. 

Dr. Thurston never returned to work in the department 
at East London College after the War, although he con- 
tinued to maintain an interest in it. He became a patont 
consultant and specialized in matters relating to aero- 
nautics and to the protection of industrial property. 
Although he no longer engaged in active research he closely 
followed developments in aeronautics. He was at one 
time a member of the Council of the Royal Aeronautical’ 
Society, and he combined this interest with his enthusiasm 
for encouraging young people by becoming president of 
the Northern Heights Model Flying Club and of the 
Society of Model Aeronautical Engineers. The breadth 
of his engineering interests is manifest in the fact that 
he was also a member of the Institution of Mechanical 
Engineers and of the Institution of Electrical Engineers, 
president of the Newcomen Society and editor of two 
Molesworth engineering handbooks. 

He was a man of great personal charm and simple 
dignity; his twinkling eyes and warm friendly humour 
endeared him to everyone. He had an astonishing memory, 
and to the end he remained physically and mentally alert 
with the freshness and vigour of spirit of the true pioneer 
to whom the future is always full of hopeful promise 
and wonder. A. D. Youna 
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NEWS and VIEWS 


Applied Mechanics in the University of Liverpool: 
Prof. G. D. Galletly 


Dez. G. D. GALLETLY has been appointed to the chair 
of applied mechanics in the Department of Mechanical 
Engineering in the University of Liverpool. Dr. Galletly 
graduated with first-class honours in civil engineering at 
Liverpool in 1947 and was awarded the McMenemy Prize. 
He was awarded a master of science degree by the Massa- 
chusetis Institute of Technology in 1950 for his work on 
cylindrical shell roofs, a master of engineering degree by 
the University of Liverpool in 1950 and an Sc.D. by the 
Massachusetts Institute of Technology in 1952 for his work 
on shear panels. Dr. Galletly has had wide experience in 
the engineering industry and in research establishments in 
the United States. He was head of the plates and shells 
section at the Taylor Model Basin of the United States 
Navy from 1953 until 1955, and worked as a specialist in 
structural mechanics for the Shell Development Co. from 
1955 until 1961. Since then, he has been assistant director 
of the Advanced Materials Research and Development 
Laboratory of the gratt and Whitney Aircraft Engine 
Co. Dr. Galletly has written papers on a wide variety of 


problems in the field of applied mechanics, which have 
been published principally in the Proceedings of the 
American Society of Mechanical Engineers. He is recog- 
nized as an international authority on plates and shells. 
More recently ho has been concerned with research on 
creep and with the development of elastic-plastic methods 
of stress analysis of high-speed rotating machinery. 


National Gas Turbine Establishment : 
Mr. lL. M. Davidson 


Mr. I. M. Davipson has been promoted to deputy chief 
scientific officer and appointed to the post of deputy 
director (research and development) at the National Gas 
Turbine Establishment. Mr. Davidson graduated from 
the University of Glasgow in 1943, when he joined the 
gas turbine division of the Royal Aircraft Establishment 
at Pyestock. He has remained a member of that team 
during its metamorphosis through Power Jets (Research 
and Development), Ltd., to the National Gas Turbine 
Establishment. ` During this period, Mr. Davidson has 
been involved in advancing the technologies of high- 
efficiency air cleaners, supersonic and transonic axial 
compressors, the jet flap, aerodynamic circulation control, 
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turbo-fan engine design and latterly aircraft engine and 
helicopter rotor noise control. 
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Botany in Monash University, Melbourne: 
Prof. M. J. P. Canny 


Dr. M. J. P. Canny has been appointed to the founda- 
tion chair of botany in Monash University. Dr. Canny, 
who is at present University lecturer in botany in the 
University of Cambridge, was born in Sydney. Prior to 
his Cambridge appointment he was senior research 
chemist in the Central Research Laboratories of Imperial 
Chemical Industries (Australia and New Zealand), Ltd., 
in Melbourne, where he worked on the movement and 
metabolism of weed-killers and carbohydrates in plants. 
His principal interest is in ‘whole-plant’ physiology. He 
has had long experience of radioactive isotopes and their 
assays applied first to investigations on ion accumulation, 
later to movement and metabolism of growth substances, 
and more recently to carbohydrate translocation. He has 
published, singly or with others, some sixteen papers in 
learned journals, and is at present writing a book on 
carbohydrate translocation in plants. 


Walther Hermann Nernst 

Born one hundred years ago on June 25, Walther 
Nernst goes down in chemical history along with Arrhenius, 
Ostwald and Van’t Hoff as a father of physical chemistry, 
yet also as one having fruitful contacts with industry 
during his Berlin period. From his West Prussian birth- 
place of Briesen he went on to Zürich and Würzburg, and 
after meeting Ostwald at Graz, joined that eminent chemist 
at Leipzig. But it was after Nernst succeeded Landolt 
at Berlin and took charge of the physico-chemistry 
department there that his brilliant researches came. 
Nernst, who was awarded the Nobel Prize for Chemistry 
in 1920, is remembered whenever his heat theorem is 
encountered by students, his third law of thermo- 
dynamics which perpetuated him; or his work on electro- 
chemistry, begun as he pictured electrodes as “reservoirs 
of ions” with their solution pressure. There came also 
his classic “Theoretical Chemistry from the Standpoint 
of Avogadro’s Rule”, together with other contributions 
on photochemistry, solubility products, on lithium 
hydride and other topics. Nernst might well have bene- 
fited chemical engineering had he not been fully engaged 
in foundations, for he was ever constructing practical 
apparatus to verify his concepts. As examples of his 
breaking away from such essentials came his piano with 
strings vibrated electrically, and also the Nernst filament 
lamp with ceramic rod, a lamp with no future in industry 
when first tantalum and then tungsten filaments super- 
seded all others. Nernst died in Berlin on November 18, 
1941. ` 


Towards a National Industrial Organization 

A REPORT on the formation of a National Industrial 
Organization made by two joint commissioners, Sir Henry 
Benson and Sir Sam Brown, to the National Association 
of British Manufacturers, the Federation of British 
Industries and the British Employers’ Confederation, 
proposes, in accordance with the task entrusted to them 
in July 1963, the constitution of a National Industrial 
Organization embracirg these three organizations (Pp. 
vii+ 62+ 16 appendixes. London: National Association 
of British Manufacturers—Federation of British Indus- 
tries—British Employers’ Confederation, 1964). It 
should not be a Trade Union but should be incorporated 
by Royal Charter: the main objects of the new Organ- 
ization should be to provide for industry the means of 
formulating, making known and influencing general 
policy in regard to economic, fiscal, commercial, labour, 
social and technical questions, and to act as a national 
point of reference for those seeking industry’s views; to 
develop the contribution of industry to the national 
economy; to encourage industry’s efficiency and com- 
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petitive power; and to provide advice, information and 
services to British industry to that end. Nothing in the 
constitution should empower the Organization to interfero 
in the conduct or management of the affairs of its mem- 
bers. Its membership should comprise individual busi- 
nesses in the United Kingdom, trade associations and 
employers’ federations, and full membership should only 
be available for those engaged in the United Kingdom in 
productive or manufacturing industry. Nationalized 
industries should be admitted to membership. The ‘small 
manufacturer’ is defined as a business employing up to 
200 persons. A strong regional organization is recom- 
mended and close ties with the British Institute of 
Management. 


Library Development at the Bradford Institute of 
Technology ; 
Tx report of a working party on library development 

ai the Bradford Institute of Technology well illustrates 

the problems now facing librarians in the colleges of 
advanced technology (Pp. 24. Bradford: Bradford In- 
stitute of Technology, 1964). The working party recog- 
nizes that, in view of the increasing importance of a good 
library service and the rapid growth of scientific literature, 
and assuming the continued use of books as the main 
vehicle for conveying information, a large, up-to-dato 
collection of books and periodicals is essential. Calculating 
on @ projected daily population in 1973 of 4,195 siudents 
and 950 academic and research staff, it finds the present 
stock of 26,000 volumes inadequate, and comparing un- 
favourably with universities and foreign technological 
institutions. The ultimate stock should not be less than 

500,000 volumes; an increase to 100,000 volumes by 

March 1969 is essential and then to 200,000 volumes by 

March 1973. By March 1967 about 25 per cent of the 

stock should be in science, 35 per cent in pure science, 

16 per cent in social science, 8 per cent in literature, and 

5 per cent in general works. A strong central library is 

recommended as offering the best service. Departmental 

needs should be met by laboratory collections and 
quick-reference works in departmental reading rooms. 

The formula recommended for calculating the size 

of the library would provide seats for one-fifth of the 

estimated daily population and space for books on open 
and limited access. Ancillary accommodation would also 
be provided for offices, cataloguing, micro-text rooms. 
control counter, catalogues, periodical racks and exhibi- 
tion display. There would be adequate space for internal 
circulation. All students should have instruction in the 
use of the library and in the bibliographical approach to 
their subject. Assistance to readers should be improved 
and extended. Audio-visual facilities should be provided, 
and the use of automatie data processing equipment of 
library routines investigated. Annual expenditure on 
books, periodicals and bindings would rise to about 
£40,000 in April 1964, and to about £65,000 from April 

1969, while additional expenditure on staff might be 

about £7,000 from April 1964, and a further £6,000 from 

April 1969. 


The Commonwealth Institute 

THe annual report of the director to the board of 
governors of the Commonwealth Institute for 1963 records 
the first full year’s work in the new building opened in 
November 1962 (Pp. 52. London: Commonwealth 
Institute, 1964). During the year, 612,000 visitors came to 
the exhibition gallery and some 27,000 people attended 
concerts, film-shows, receptions and other evening 
occasions; the grand total compares with 246.000 visitors 
to the old building in 1961. The director sees as the 
Institute’s most urg2nt task to help people of all ages. 
especially in Britain, to understand the new Common- 
wealth. The report, which is illustrated, gives a com- 
prehensive account of the Institu@e’s activities, which 
included the continued development of work with teachers 
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in training colleges. During the year, eighteen one-day 
study conferences, attended by some 2,690 students, were 
held in these colleges, and in addition 60 conferences on 
similar lines were held for students at technical colleges 
and the sixth forms of grammar schools all over Britain. 
Iwo types of special courses are now offered to training 
college students, one academic and the other professional. 
The academic courses consist of a series of ‘sample 
studies’, and the short professional courses are designed 
to show students the services that the Institute can give, 
and also provide them with practical experience. 


The City Museum, Sheffield 

Wirz no changes in the membership of the staff, the 
annual report of the City Museum, Sheffield, for the year 
ended March 31, 1963, records a period of stability and 
. forward planning (Pp. 18+4 plates. Sheffield: City 
Museum, 1964). This was especially evident in the 
formulation of a definite archeological policy incor- 
porating specific recommendations regarding records, 
research, collecting, excavation and publication. The 
Schools Service is rapidly expanding its activities, the 
most popular subjects being history, including the 
development of Sheffield’s industries, ancient history and 
natural history. The Museum’s meteorological station 
was also a frequent choice for talks and demonstrations. 
The compilative note on the glass industry of South 
Yorkshire deserves more permanent publication in the 
journal of @ local society as it will be lost in such an 
ephemeral place as an annual report. An impressive 
series of exhibitions were staged during the year. The 
list of events arranged for the Sheffield Museum Society 
showed imagination and a determined effort to attract 
members of verying interests. 


The Museum of History and Technology, Smithsonian 

Institution 

A RECENTLY published booklet presents in a permanent 
form the speeches made at the dedication of the Museum 
of History and Technology of the Smithsonian Institution 
on January 22 (Dedication of the Museum of History and 
Technology of the Smithsonian Institution. Pp. 26. 
Smithsonian Publication No. 4531. Washington, D.C.: 
Smithsonian Institution, 1964). The retiring secretary of 
the Institution, Dr. Leonard Carmichael, who presided, 
expressed gratitude to all concerned in the building, 
while the chancellor, Mr. Earl Warren, outlined the 
history of the Smithsonian. Senator Clinton P. Anderson 
emphasized the historically significant role that the Con- 
gress of the United States has played in the development 
of the Smithsonian. The President of the United States 
dedicated the building and said that “the more we 
understand the meaning of the past, the more we appre- 
ciate the winning of the future”. 
. Dr. Leonard Carmichael has been succeeded by Dr. S. 
Dillon Ripley II as secretary of the Institution (Nature, 
201, 243; 1964). 


The C? Resonance 

~ Yur recent discovery of the Q- particle has given con- 
siderable support to the ideas of unitary symmetry. 
According to this theory, which is an extension to the 
concept of isotopic spin, elementary particles fall into 
sots of 1, 8, 10, 27 . . . members, each with the same 
spin and parity, and with roughly equal and related 
masses. The Q- completed a set of ten particles of spin 
3/2 and positive parity. The C° resonance recently 
announced at CERN (Physics Letters, 9, 207; 1963) could 
be the first of a new set of spin 1 and positive parity, 
though it is possible that the B resonance, already 
observed, has these same quantum numbers. In this case, 
these could both be members of the same octet, as they 
have roughly equal masses. The resonance was discovered 
in an investigation o$ the annihilation of antiprotons on 
protons, and decays into a K meson and two m mesons with 
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a lifetime of 10-*° sec, so that it is only seen as an enhance- 
ment of the Krr distribution at the energy of the reson- 
ance, 1-23 GeV/a?. The spin and parity have only been 
provisionally estimated, and the isotopic spin not determ- 
ined at all; it may be $ or 3/2. If the latter is the value, 
the C° would have to belong to a set of at least 10 
members. 


VOL, 202 


Mineragraphic Investigations in Australia 


MINERAGRAPHY, a rather unusual term defined as one 
that is “. . . particularly associated with the study of ore 
minerals by reflected light microscopy using polished 
sections .. .”’, according to the Commonwealth Scientific 
and Industrial Research Organization in its annual report 
for 1962-63 (Pp. 11. Melbourne: Commonwealth Scientific 
and Industrial Research Organization, 1963). The 
C.S.I.R.O. Mineragraphic Investigations Group was 
originally established to provide this technique as a ser- 
vice for Australian mining companies, but it has so far 
extended its facilities to cover the examination of minerals 
and rocks of all kinds that “. . . it has become a generål 
reference point in the organization for most problems 
concerned with the nature, origin and utilization of such 
materials”. Although the investigation of metallic ores 
still forms the most important section of the Group’s work, 
the range of projects undertaken has been facilitated by 
the installation of additional equipment, notably for 
microscopy, cartography, photography and X-ray dif- 
fraction studies—the last-mentioned was made possible 
by contributions from certain mining companies through 
the good offices of the Australasian Institute of Mining 
and Metallurgy. As the report briefly shows, the investi- 
gations undertaken are varied and include: examination 
of heavy mineral sands; oil exploration samples; brown 
coal and associate materials; tin ores; gold; copper; 
pegmatite mineralogy; bauxite, laterite, magnesite and 
gypsum deposits; sand drift at Portland, Victoria: a 
contribution to the U.N. Conference on “The Application 
of Science and Technology to Less Developed Areas”, held 
at Geneva. It is noted that: “Fhe work at Portland 
has been the major Australian application of heavy 
mineral marker techniques to the investigation of coastal 
sand movements and the potential effect of these on 
siltation of harbours’. Similar projects of the same 
type are in hand, concerned with foreshore reclamation, 
also the search for suitable harbour sites along the 
Western Australian coastline. 


The Registrar General’s Quarterly Return 


Tue Registrar General’s Quarterly Return for the fourth 
quarter of 1963 which has recently been published enables 
& provisional assessment to be made of the vital statistics 
for that year (Quarterly Return for England and Wales— 
Births, Deaths and Marriages; Infectious Diseases ; 
Weather; Population Estimates, Quarter ended Ist 
December, 1963. Pp. 28. No. 460, 4th Quarter, 1963. 
London: H.M.S.O., 1964. 2s. 6d. net). Live births at 
856,000 were higher than in any year since 1947, when 
the number was 881,000. Deaths at 572,000 were also 
higher, but the natural increase of 284,000 compares with 
an average of 230,000 during the years 1957-61. The 
infant mortality continues to drop and, for the year as a 
whole, was the lowest on record at 20-9 per thousand live 
births, and 0-9 points lower than in the previous year. 
The resumption in its fall is particularly gratifying in 
view of its relative stickiness during the past four years. 
The seasonally adjusted figures for live births show a 
welcome check during the fourth quarter of 1963, but it 
is too early yet to say whether the check is more than 
temporary. Latest projections published in the return 
estimate an increase in the population of England and 
Wales of 17-7 million during the next forty years; the 
decennial estimated rates of increase for the next four 
decades being 7-8, 7-3, 8-5 and 9-5 per cent, respectively. 
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The proportion of children under fifteen is likely to rise 
from 226 per thousand now to 256 per thousand in 2003; 
and the proportion of these aged sixty-five and more after 
rising from its present value of 120 per thousand to 135 
per thousand in 1983 will fall back to 119 per thousand 
in 2003. A detailed assessment of the significance of 
these figures will have to await the appearance of the 
1961 Census report on the fertility of marriage. 


University News : Leeds 


Tue fifty-second annual report of the University of 
Leeds, which covers the academic year 1962-63, is pro- 
ceded, by the Vice-Chancellor’s statement to the Court 
of the University (Pp. 144. Leeds: The University, 1964). 
In this, Mr. R. B. Stevens expresses the opinion that the 
target aim of the Robbins Report of 197,000 students for 
1967-68 may fail in its purpose even if achieved on paper, 
unless there is proper integration of staff, departments 
and facilities, and on this point the larger civic univer- 
sities have particular cause for anxiety. Mr. Stevens 
stresses the importance of proper access to adequate 
facilities for study and research, a reasonable numerical 
balance between departments, and for the closest possible 
relation between teacher and student. The Committee 
on Academic Participation in University Government 
continued its work through the 1962-63 session, and the 
university is assessing the value of developments which 
have already resulted from some recommendations of this 
Committee. There were 6,094 full-time students in 
October 1963, an increase of 533 over 1962, the number 
of new students being almost the same as in the previous 
year, 2,058 compared with 2,061. Student residential 
accommodation continues to call for much attention, and 
a report on a tour undertaken to investigate the pro- 
vision made for students in fifteen universities in seven 
European countries is now being examined. Policy 
decisions are now being made on the proportion of places 
in the Precinct which should be provided in conventional 
halis and the proportion to be provided in independent 
study-bedrooms, and a working party on residence was 
established towards the end of the session. On scientific 
research, the report quotes Sir Charles Morris’s opinion 
that at least twice as much money will be needed for the 
purpose as the university now has. The Department of 
Chinese Studies was established during the session, under 
the directorship of Prof. Owen Lattimore, and a chair 
of politics was instituted during the session. The report 
also gives the conclusions of a working party on the 
establishment of a central University Television Centre 
to provide closed-circuit facilities for television as a visual 
aid in teaching, as an aid to research, as a medium of 
teaching and as an object of educational research. ‘The 
conclusions of the working party, which believed that 
such a Centre should be established, are given in the 
report. 
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Imperial College of Science and Technology 


THe Governing Body of the Imperial College of Science 
and Technology has elected five former students and one 
of its members to fellowships of the College: Prof. J. S. 
Anderson, proféssor of inorganic chemistry in the Univer- 
sity of Oxford since 1963, student and member of staff in 
the Department of Chemistry during 1926-38, director of 
the National Chemica] Laboratory, Teddington, during 
1959-63; Dr. R. Beeching, chairman of the British 
Transport Commission since 1962, student and member of 
staff in the Department of Physics during 1931-36; Sir 
Charles Lillicrap, member of the Governing Body since 
1947, director of Naval Construction during 1944-51, 
president of the Johnson Society during 1955-56, presi- 
dent of the Institute of Welding during 1956-58; Mr. 
G. S. C. Lucas, director and chief engineer, Associated 
Electrical Industries (Rugby), Ltd., student in the 
Department of Electrical Engineering during 1923-25, 
vice-president during 1956-61 and president during 
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1961-62 of the Institution of Electrical Engineers; Mr. 
H. C. Tett, chairman and managing director, Esso 
Petroleum, Ltd., since 1959, student in the Department 
of Physics during 1925-28; Prof. W. F. Whittard, pro- 
fessor of geology at the University of Bristol since 1937; 
undergraduate student of geology and zoology during 
1922-24 and research student in geology during 1924-26 
and 1929-31, member of staff during 1931-37, president 
of the British Naturalists’ Society during 1952-54, vice- 
president of the Palwontological Society since 1961. _ 

Associateship of the Royal College of Science honoris 
causa has been conferred on three members of the College 
staff: Prof. W. O. James, professor of botany; Prof. 
Helen K. Porter, professor of plant physiology; and Prof. 
F. C. Tompkins, professor of physical chemistry. 

Prof. B. G. Neal, professor of applied science with 
special reference to engineering in the Department of. 
Mechanical Engineering, has been elected dean of the 
City and Guilds College from October 1. At his request, 
Prof. D. Williams will stand down from the headship of 
the Dopartment of Geology at the end of the present 
academic year: Prof. J. Sutton, professor of geology, has 
been appointed in his place. Prof. Williams will continue 
to occupy the chair of mining geology. The following 
appointments to lectureships have also been announced: 
Dr. P. A. Blythe (aeronautics); Dr. P. Dolan (mathe- 
matics); Dr. R. W. Davidge (metallurgy); K. G. Bignell 
(meteorology). 


Nottingham 


Pror. Dyrep Lewis, at present professor of agri- 
cultural chemistry in the University of Leeds, has been 
appointed to the chair of agricultural chemistry in the 
School of Agriculture, Sutton Bonington, as from August 
l. Prof. Lewis succeeds Prof. E. G. Hallsworth, who has 
been appointed chief of the Division of Soils, Common- 
wealth Scientific and Industrial Research Organization, 
Australia (Nature, 199, 1237; 1963). Prof. H. Halberstam, 
who has been Erasmus Smith professor of mathematics 
in the University of Dublin since 1962 (Nature, 195, 
1254; 1962), has been appointed to the chair of pure 
mathematics. 


St. Andrews 


Tse following appointments have been made in the 
Faculty of Science, in Queen’s College, University of 
St. Andrews: Miss E. A. Strevens and Dr. J. M. Aldous. 
lecturers in mathematics; Dr. R. G. Sutherland, Imperial 
Chemical Industries Fellow in chemistry. 


Commonwealth Islands Expedition 1964-66 


Tue Commonwealth Islands Expedition 1964-66 is a 
private expedition which is leaving England on August 25 
to investigate the smaller islands and island groups in 
the British Commonwealth. A converted trawler, 65 ft. 
long, 17 ft. beam, will be used as a base when on station 
as well as the means of transport. Although small, 
this vessel was chosen because of its shallow draught, 
only 6 ft., which will enable small channels, reefs, etc., 
to be negotiated. The party will include a geographer, 
a, botanist, a marine biologist, a physical anthropologist, a 
doctor, a captain and an engineer. During the course of 
the two-and-a-half year voyage opportunities are being 
offered for research workers to join the party for limited 
periods to enable them to carry out specific investigations 
and/or collections in specific areas. Anyone joining the 
party will have the use of the laboratory, 17 ft. x 16 ft., 
which is well equipped for its size, and the free use of such 
services as are available. Persons wishing to make uso 
of the facilities must be financially self-supporting while on 
board, must provide their own transport to the picking-up 
point and must make a contribution to the expedition 
funds for the use of the services® Further information 
can be obtained from the Secretary, Commonwealth 
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Islands Expedition, 6 Woodland Court, Woodlands, 
London, N.W.11. 


Meres Senior Studentship for Medical Research, 1965 


Tue Council of St. John’s College, Cambridge, is 
offering a Meres senior studentship for medical research. 
A candidate must be a graduate of a university, and may 
be of either sex. It is not a condition of election that he 
shall have been admitted to a degree in medicine or 
surgery. The student will be elected for a period of not 
less than one year or more than three years, as from a 
date not earlier than October 1, 1965, or later than 
April 1, 1966, to be approved by the Council. The 
student will be required to devote himself to medical 
research in any field approved by the Council. The 
research must be pursued in the University of Cambridge 
. or in some place in the neighbourhood of Cambridge 
approved by the Council. The emolument of the student- 
ship will be between £1,500 and £3,000 per annum 
depending on qualifications, seniority, and other circum- 
stances of the applicant. The studentship is not, without 
the consent of the Council, tenable with a fellowship 
of any college or with any other studentship, scholarship 
or emolument, or with a salaried post; nor will the 
holder, without the consent of the Council, be permitted 
to undertake paid work, engage in private professional 
practice, or be a candidate for examinations for diplomas 
or professional qualifications. Applications must be sent, 
not later than November 1, to the Master, St. John’s 
College, Cambridge, from whom further details of the 
studentship and the method of application can be 
obtained. 


The Night Sky in July 


New moon occurs on July 9d lih 31m v.t. and full’ 


moon on July 24d 15h 58m. The following conjunctions 
with the Moon occur: July 5d 12h, Jupiter 3° N.; July 
7d 06h, Mars 2° N.; July 27d 03h, Saturn 3° N. Mars is 
in conjunction with Aldebaran on July 1d 18h, Mars 
being 6° N., Mercury with Pollux on July 5d 18h, Mercury 
beir.g 5° S., Venus with Mars on July 18d 07h, Venus 
being 5° S., and Mercury with Regulus on July 27d 02h, 
Mercury ben g 0:3° S. There is a partial eclipse of the 
Sun on July 9, invisible at Greenwich. Mercury is too 
close to the Sun for observation. Venus is a morning 
star, rising at 3h 00m, 2h 10m and 1h 30m on July 1, 15 
and 31, respectively. Its stellar magnitude is —4-1; 
greatest brilliancy is attained on July 26. Its distance 
from the Earth increases during the month from 29 to 
46 million miles and the visible portion of the apparent 
disk from 0-045 to 0-320. Mars rises three hours before 
the Sun on July 31, and is visible low in the east before 
sunrise. Jupiter rises at lh 00m, Oh 10m and 23h 05m 
at the beginning, middle and end of the month, respec- 
tively. It is in Aries, its stellar magnitude is —1-8 and 
its distance from the Earth at the middle of the month 
is 500 million miles. Saturn rises at 22h 50m, 21h 50m 
and.20h 50m on July 1, 15 and 31, respectively. It is in 
Aquarius, its stellar magnitude is +0-9 and its distance 
from the Earth on July 15 is 838 million miles. There 
are no occultations of stars brighter than magnitude 6 
visible at Greenwich. The è Aquarid meteors are active 
during July 15—-August 10, with a maximum on July 29, 
but they cannot be well observed in latitudes so far 
north as Britain. The Earth is at aphelion on July 5, 
when its distance from the Sun is 94-6 million miles. 


Announcements 


Pror. K. ZIEGLER, of the Max Planck Institute, Mul- 
heim, has been awarded the Swinburne Medal of the 
Plastics Institute in recognition of his distinguished con- 
tributions to the field of olefine polymerization. 


Dr. M. W. Horpe4rn, of the Biological Unit, British 
Antarctic Survey, has been awarded the Dr. W. S. Bruce 
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Memorial Prize for 1964, for his work on the ecology of 
the islands of the Antarctic Seas. The Prize is awarded 
jointly by the Royal Scottish Geographical Society, 
the Royal Physical Society, and the Royal Society of 
Edinburgh. 


Mr. D. M. WARRINGTON, of the University of Otago, 
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_Dunedin, New Zealand, has been appointed by the Royal 


Society, under the terms of the scheme to commemorate 
the late Lord Rutherford of Nelson, to a Rutherford 
Scholarship for three years, to work at the Clarendon 
Laboratory, University of Oxford, in the field of the 
investigation of the properties of resonance radiation. 


A CONFERENCE on “‘Air Pollution”, arranged by the 
Council of Europe. will be held in Strasbourg during 
June 24-July 1. Further information can be obtained 
from the Information Officer, National Society for 
Clean Air, Field House, Breams Buildings, London, 
E.C.4. 


A THREE-DAY residential summer school entitled 
“Progress in the Chemistry and Technology of Pigments” 
will be held in the University of Leeds during July 14-17. 
Further information can be obtained from Dr. D. Patter- 
son, Department of Colour Chemistry and Dyeing, 
University of Leeds. 


Tes summer biological symposium of the University 
of Michigan on “Problems of Capillary Permeability in 
Health and Disease” will be held in the University during 
July 13-15. Further information can be obtained from 
the Symposium Co-ordinator, Department of Anatomy, 
University of Michigan, Ann Arbor. 


A stupY week on ‘‘Plasmas in Space and in the Stars”, 
arranged jointly by the Departments of Astronomy and 
Radio Astronomy of the University of Manchester, will 
be held in the University during July 20-24. Further 
information can be obtained from Dr. F. D. Kahn, 
Astronomy Department, University of Manchester. 


AN international symposium on “Organic Photo- 
chemistry”, sponsored by the International Union of 
Pure and Applied Chemistry, will be held in Strasbourg 
during July 16-24. Further information can be obtained 
from Dr. G. S. Hammond, Gates and Crellin Laboratories 
of Chemistry, California Institute of Technology, Pasa- 
dena, California. 


A SUMMER school, under the sponsorship of NATO, will 
be held at the University of Ghent during July 27- 
August 7. The subject of the school will -be lasers, 
with special reference to non-linear phenomena. Further 
information can be obtained from Prof. W. Dekeyser, 
Laboratorium voor Kristallografie en Studie van Vaste 
Stoffen, Rozier 6, Ghent. 


A course of lectures on ‘Engineering Information 
Retrieval”, arranged by the Institution of Chemical 
Engineering, will be delivered by Mr. B. E. Holm (E.I. 
Du Pont de Nemours and Co.) at the Imperial College 
of Science and Technology during June 29-July 2. 
Further information can be obtained from the Institution 
of Chemical Engineers, 16 Belgrave Square, London, 
S.W.1. 


Tax fourth International Congress of Photobiology, 
organized by the British Photobiology Group under the 
auspices of the Comité International de Photobiologie, 
will be held in Oxford during July 26-30. The programme 
will include discussions on the following topics: basic 
photochemistry in relation to photobiology; photo- 
chemistry of nucleic acids and its biological implications; 
human colour vision; photoreception; photoenvironment; 
energy conversion and the photosynthetic unit; micro- 
irradiation of cells. Further information can be obtained 
from the Congress Office, Blandford Site, Whiteknight 
Park, Reading. 
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BRINGING SCIENCE TO THE FARMER 


HERE are many organizations, both within and 

outside the Government, the main task of which is 
to keep farmers up to date with new ideas, and to ensure 
that the relatively large sums spent on agricultural 
research are not wasted as a result of farmers not knowing 
about useful discoveries which have been made. A few 
years ago, the Agricultural Education Association set up 
a new section, the Advisory Methods Section, which has 
as its main interest methods of communicating with 
farmers. This Section has now held a number of meetings 
on this topic, and it has set up a committee which pro- 
duced a report recommending that there should be more 
evaluation of advisory methods, and discussing ways in 
which this might be organized. The most recent venture 
in this field was for the Agricultural Education Association 
to hold a two-day conference based on the general theme 
of how to communicate with farmers. This conference 
was held on April 14-15 at Seale-Hayne Agricultural 
College, and an audience of 100 heard papers by a number 
of distinguished speakers from the academic and research 
world, as well as papers by those with considerable experi- 
ence in conveying information to farmers. 

The first day of the conference was devoted to the 
general theme of the farmer as a person, and the role of 
the farmer’s family and of the farming community as a 
whole in encouraging him to adopt, or reject, new tech- 
niques. The conference was opened by Sir John Winni- 
frith, Permanent Secretary, Ministry of Agriculture, 
Fisheries and Food, who outlined the part played by the 
Government in agricultural research and in the com- 
munication of research results. The first paper was read 
by Prof. W. M. Williams, who dealt with the farmer and 
his family, and the importance of kinship networks in 
farming communities, for spreading new ideas, and even 
for lending and borrowing equipment. A paper by Dr. 
D. Sheppard dealt with attempts to find out objectively 
the extent to which farmers influence each other, and 
he concluded that although farmers may know about 
what other individual farmers are doing, in considerable 
detail, they have only rather hazy ideas about what the 
majority of the other farmers in their own districts are 
doing. As against this, there was evidence that informa- 
tion from ‘other farmers’ was a particularly convincing 
source of information, to a farmer who was considering 
adopting a new technique. It was suggested that the 
technique of conveying information to leader farmers 
was an economic way of disseminating information to a 
large number of others, with the advantage that this 
method was particularly likely to persuade other farmers 
to adopt the new techniques in question. 

Mr. G. E. Jones discussed various aspects of leadership 
among farmers. He said it would be rare for one farmer 
to be the leader in many aspects of farming, and it would 
be likely that dairy farmers would have one leader and 
arable farmers another. He discussed the different func- 
tions which a leader might have, and distinguished 
between such types as the “innovator”, the man who was 
the first to adopt the new farming technique, and the 
“legitimator’’, the farmer who was regarded by others as a 
sound man who would not adopt a technique unless it 
was wise to do so, so that when he had been observed to 
do so, others ceased to hesitate about whether they 
should adopt the technique. 

Mr. H. T. Williams gave an address in which he dis- 
cussed the farmer’s understanding of the financial aspects 
of farming, and the ways in which farmers reached 
decisions on what to produce and how much. He felt 
that such decisions were usually made on a relatively 


naive basis, using fairly simple calculations based on 
simple and perhaps misleading ideas on costs and 
profits. 

Mr. A. W. Stobbs discussed the farmer’s understanding 
of science. He pointed out that most farmers would 
have ceased their formal education at the age of fifteen 
or earlier, and that their training in science would prob- 
ably have consisted of little more than ‘rural science’. 
This was a real difficulty to the National Agricultural 
Advisory Service, which had the problem of telling farmers 
about new techniques, knowing that these would be more 
readily appreciated if the farmers concerned had better 
understanding of science. Mr. Stobbs described one 
method for dealing with this which the National Agri- 
cultural Advisory Service had practised, in which 
‘academies’ were held—these being one-day schools for 
farmers in which some particular farming topic was 
discussed completely and thoroughly, including some 
teaching on quite basic theories and hypotheses. 

The second day of the conference dealt with sources of 
communication and their effect on farmers. In a paper 
dealing with the agricultural societies, Mr. C. V. Dadd 
discussed the part played by the societies in bringing new 
information to farmers, in particular by means of the 
agricultural shows. He outlined the results of recent 
surveys carried out at shows, which found what type of 
people came, and what they looked at when they did 
come. One finding was that farmers only looked at half 
the exhibits on a stand, on the average, and that they 
only learnt from a constant number of these, usually 
about five. : ) 

Mr. M. Messer dealt with the role of the farming Pross, 
and claimed that farmers came next to doctors in the 
extent to which they were subjected to a barrage of 
information via the printed word. He commented on 
the problems of dealing with a wide range of intercsts 


‘among farmers, as well as a wide range of knowledge and 


reading ability. He emphasized the value of carrying out 
a survey among readers in such a situation, and described 
some results of an enquiry of this nature. Among other 
features of interest which this revealed was the fact that 
60 per cent of the farmers have no books on farming. 
Thirty-seven read the agricultural Press, which nowadays 
contains a great deal of technical and scientific information. 

Mr. B. P. Emmett dealt with sound radio as a method of 
communicating with farmers. He listed the various 
farming programmes run by the British Broadcasting 
Corporation, and gave figures showing what percentage 
of the farming population listened to each. He put for- 
ward his view that broadcasts on farming were unlikely 
to change a habit, and that the listener’s power to select 
programmes was one cause of this. Audience research had 
shown the limitations of broadcasting as a teaching 
medium, and its lack of power to convince. 

Television was the subject of a paper delivered by Mr. 
H. J. Hine, who, in particular, dealt with a programme 
for farmers put out regularly by the National Agricultural 
Advisory Service. He pointed out that there were 
occasions when having a visual demonstration could be a 
disadvantage for understanding, though it tended to 
increase attractiveness. He described the results of @ 
survey which showed what topics had proved to bo of 
most interest to farmers, and pointed out that, while it 
was not difficult to inform people by means of television, 
it was difficult to change people’s attitudes or to convince 
them by this means. 

Mr. A. R. Barfield considered the ole of the associated 
industries and described the work done by the advisers 
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in commercial firms. He pointed out that there were 
many more salesmen and commercial advisers than there 
were Government advisers, and that the former had to 
show results in order to keep their jobs. He described 
the methods of selling which are used, and emphasized 
that commercial firms have been using ‘leader farmers’ 
for some time now. The personal approach is favoured 
rather than the mass approach. He pointed out that the 
less-efficient farmers are reached neither by commercial 
firms nor by the National Agricultural Advisory 
Service. 

Mr. J. Gibbons spoke about the National Agricultural 
Advisory Service and in particular the problems attendant 
on advising farmers on an individual basis. On the 
average, each adviser has 700 farmers in his district, and 
on an individual basis he cannot do more than 350 
visits a year. Advisers like this part of their work, and 
even though for some kinds of advice the visit might 
be an uneconomic method, even then it could establish 
a good relationship between the farmer and the adviser, 
which would help in any future contacts, even when mass 
media are to be used. For advice on some topics, where 
elaborate and detailed discussion were needed, no tech- 
nique could replace the farm visit. He commented on the 
need for evaluation of advisory methods and referred to 
the report of the Agricultural Education Association 
Committee on Evaluation of Advisory Methods, which 
had called for more investigations of this nature. 
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Mr. A. J. Davies also dealt with the National Agri- 
cultural Advisory Service, but he was mainly concerned 
with advising by mass and group methods. He stressed 
the necessity for reducing the number of individual visits 
and quoted the report of an investigation which showed 
thet large changes could be produced with only a 
relatively small expenditure on mass media. The present- 
day trend was to favour small discussion groups rather 
than large meetings, or demonstrations. 

There were lively discussions following each paper, and 
it was clear from these that there were many in the 
audience who had given much thought to problems con- 
cerning the best ways of communicating with farmers, 
and providing them with new information on scientific 
and. technological problems. Nevertheless, although there 
are basic data about farmers and about what sources of 
information reach them, there are very few studies which 
were designed to examine the value of particular sources of 
information on farming for this purpose. 

There is probably no other industry which is so 
well served with people whose main task it is to bring 
it up to date and to see that it makes full use of new 
scientific and technological findings. It is good to know 
that for those whose job it is to do this, the stage has 
arrived where expertise is not enough, and that those 
concerned are now applying research techniques to test 
the value of their own methods of communication. 

D. SHEPPARD 


BARLEY GENETICS 


(poe first International Barley Genetics Symposium 
was held at Wageningen during August 26-30, 1963. 
The Syraposium had been initiated by Dr. H. Lamberts 
of the Foundation for Agricultural Plant Breeding, 
Wageningen, and the programme had been discussed 
between several barley investigators following which 
an organizing committee had been established in the 
Netherlands to realize the plans. 

The objective of the Symposium was to provide a 
survey of the present status of research in barley genetics. 
Several research workers had been invited to present the 
results of their recent investigations, in connexion with 
other results and problems in similar fields. In addition, 
other investigators were able to deliver short papers 
dealing with their investigations on more specialized topics. 
The lectures and the shorter contributions were grouped 
together according to subject. A general discussion was 
held after each session. 

The Symposium began with an address of welcome by 
Dr. F. E. Nijdam, president of the organizing committee, 
and was opened officially by an address from Ir. J. G. 
wee General Director of Agriculture in the Nether- 
ands. 

The first session, which dealt with the origin and phylo- 
geny of barley, opened with an address by Bakhteyev 
(U.S.S.R.). First, the historical development of several 
discoveries and their related hypotheses and theories were 
reviewed. In addition, Bakhteyev discussed his own 
recent investigations with regard to the natural variability 
of the wild species Hordeum spontaneum. He had found 
in the southern parts of the U.S.S.R. some specimens of 
six-rowed wild barley, which he named H. langunculiforme. 
Later this species appeared to be conspecific with two- 
rowed H. spontaneum, hence it should be considered as a 
sub-species of the latter. These findings, Bakhteyev 
considered, supported the theory of monophyletical 
descent of all cultivated barley forms from the wild species, 
H. spontaneum. 

The two other contributors in this session arrived 
more or less at this é¢heory of a monophyletical descent. 
Takahashi (Japan) came to this conclusion after investi- 


gating the geographical distribution of several genes, 
which might have been important in evolution. Zohary 
(Israel) criticized the suggestion that the origin of the 
six-rowed brittle barley types, like Aberg’s H. agriccrithon 
and Bakhteyev’s H. lagunculiforme, followed a possible 
hybridization between H. spontaneum and six-rowed 
cultivated barleys, which would result in a six-rowed 
brittle barley. Instead, he claimed that the first wild 
six-rowed barley has still te be found, and that the 
descent of barley for the time being must be considered 
to be monophyletic. 

Mutation research was the subject of the second session, 
which opened with a review by Nilan et al. (United States) 
of chemical mutagenesis in barley. Investigations in 
this field have only been undertaken comparatively 
recently and the first period of screening has only just 
been completed. Nilan discussed the scoring of direct 
and indirect biological effects of chemical mutagens, their 
appearance and the methods of observing them. Further- 
more, he gave a review of the various chemical mutagens, 
their methods of treatment, specific effects, etc. Special 
attention was directed to the influence of the environ- 
mental conditioas, both during the treatment and during 
the observation of the effects. 

Hagberg (also for Persson, Sweden), in his address, 
outlined the practical uses of mutation research in genetics, 
taxonomy and plant breeding. The use of translocations 
and the so-called erectoides mutants (short internode 
length) were discussed in detail. Both types of mutations 
are being used as genetic markers, while translocations 
have been further used to break linkage groups or to 
double special parts of the chromosomes; ert-mutations 
are being used in investigations of the finest structure of 
chromosomes or in plant breeding, so as to obtain varieties 
with short and stiff straw. However, this direct use of 
mutations in. plant breeding is somewhat rare, and 
generally the mutagenic treatments are given. to introduce 
a high and renewed variability in populations, so as to 
produce suitable material for selection. 

In two contributions, results were presented of com- 
parative studies of the effects of ionizing radiation and 
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chemical mutagens. There are specific differences in the 
ways in which both types of mutagens act. Favret 
(Argentina) outlined special investigations which he had 
carried out on the cytological and physiological effects, 
- while Moés (Belgium) directed attention to work that he 
had done on dosage effects. Finally, Udda Lundqvist 
(Sweden) presented the results of her investigations of the 
production of mutations by irradiation of pollen with 
X-rays and ultra-violet light. 

In the session devoted to chromosome aberrations, 
macromutations, aneuploidy and polyploidy were con- 
sidered. Ramage (United States), discussed the transloca- 
tions, that is, the ways of obtaining them and the various 
possibilities of using them in genetic research. As genetic 
markers, they have been used to establish the connexion 
between linkage groups and chromosomes, so that the 
number-designations of all the linkage groups had been 
reconsidered. Translocations are also an important 
expedient in establishing the exact place of the centro- 
mere. Finally, the connexion between translocations and 
trisomics was treated by Ramage. In the following 
lécture Tsuchiya discussed aneuploids, in particular the 
trisomics. These trisomics have been produced from 
triploids and translocation lines. All seven possible 
‘trisomies were obtained; they showed distinct morpho- 
logical types. The fertility of trisomics appeared to be 
good; they have been used in cytogenetic research. 

The final contribution in this session considered auto- 
tetraploids in barley, and was presented by Reinbergs 
(Canada). Since the discovery of colchicine, many auto- 
tetraploid barleys have been produced, and their character- 
istics could be investigated. However, the main problem, 
a high degree of sterility, has not yet been solved; the 
sterility is induced, among others, by irregularities during 
meiosis. Investigations in this field are still being carried 
out on this problem. 

During the session dealing with new genes and linkage 
investigations a map of the chromosomes of barley was 
presented. In this map an attempt had been made to 
place the breaking points of translocations on the genetic 
linkage map. The map is not yet complete, due to 
insufficient evidence; however, already a clear picture 
has been obtained. Robertson (United States) reviewed 
many new marker genes in the scope of the present status 
of the linkage investigations. Helgason (Canada) pre- 
sented linkage data of some morphological characteristics; 
and Holm (Sweden) talked about linkage investigations 
of many new chlorophyll mutants and their possible use 
in an investigation of the physiological background of 
chlorophyll formation. 

The session on interspecific and integeneric hybrids 
in the genus Hordeum was rether short; only in one 
lecture, by Rajhathy et al. (Canada), was this subject 
treated. After a brief description of the species (about 27) 
of the genus a description followed of the methods of 
producing hybrids and of the various hybrids obtainəd so 
far in Canada. The interspecific relationships in the genus 
have been investigated. Tho cross-barriers between the 
species are rather severe, hence the production of hybrids 
is fairly difficult. The use of interspecifics in plant breed- 
ing is not yet possible, due to sterility of the hybrids. 
Further research in this fiold is needed, in particular with 
regard to the possible importance in breeding for winter 
hardiness, drought resistance and disease resistance. 

The fifth session of the Symposium dealt with disease 
resistance. Every year, several barley diseases cause 
tremendous damage to the crop. In the first address. 
Moseman (United States) reviewed the results obtained 
so far in the investigation of the gene-for-gene relationship 
between barley and its powdery mildew fungus, Erysiphe 
graminis f. sp. hordei. A method has been developed for 
determining the inheritance of the pathogenicity of the 
pathogen; it is also possible to locate the genes for resist- 
ance. Thus the genetics of the host—pathogen relationship 
has been established; however, it is time and labour 
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consuming. The results of thesb investigations have been 
used in investigations of physiology, histology and cytology 
of the host-pathogen relationship. , 

Two more contributions dealt with powdery mildow. 
Wahl (also for his co-workers, Israel) discussed the specific 
difficulties involved in this disease in Israel. He directed 
special attention to the over-summering of the pathogen 
under rainless conditions and to the part played by the 
ubiquitous wild species. Baker (Australia) presented the 
results of a genetic study of possible allelic series of resist- 
ance alleles on the Algerian locus in barley. 

The two virus diseases, barley yellow dwarf and barley 
stripe mosaic, were discussed by Schaller (United States). 
These viruses have their own problems concerning trans- 
mission by vectors, their ability to infect other crops 
such as oats and grasses, their virulence and the resistance 
or tolerance of their hosts. Another virus or virus-like 
dwarfing disease, ‘enanismo’, was mentioned by Gibler ' 
and Krull (Colombia); the inheritance has been investi- 

ated. 

7 Poehlman (United States) discussed the breeding for 
resistance to loose smut, Ustilago nuda. Zadoks (The 
Netherlands) gave a description of the use of race nurseries 
in cereal resistance breeding. This method is a useful 
tool for race differentiation. 

Finally, Moseman gave a review of the present status 
of plant pathological research on barley in the United 
States. 

In the session entitled “Physiological and Quantitative 
Genetics”, various subjects were grouped together. Olien 
(United States) opened with a discussion on winter hardi- 
ness in barley. This character of a plant is a complex 
property; it involves the ability to escape, to modify 
or to withstand many different types of stress. A new 
method was described to evaluate the various types of 
stress by freezing. By this method three principal types 
of freezing patterns have been identified; however, theso 
different types of freezing frequently occur simulta- 
noously . 

Grafius (United States) presented a geometric scheme 
for the construction of populations which provide a 
maximum chance of success in the breeding for yiold. 
The scheme is based on a detailed analysis of the parents 
which contributed to the constructed population. In the 
population only a limited number of plants can be selected 
on the basis of more readily observable traits. 

Finally, Wiebe (United States) discussed the contribu- 
tion of DDT and its analogues to the genetics and breeding 
of barley. 

Several investigators contributed to the session dealing 
with breeding techniques and malting quality. Bel 
(Great Britain) presented a general review of barley 
breeding techniques, including such topics as mutation 
breeding, hybridization, selection, resistance breeding, 
etc., and reviewed more specialized aspects, such as 
breeding for physiological characters (yield and malting 
quality). This address helped to bridge the gap between 
specialized research and practical breeding, because in 
many cases the relation between these two sides of barley 
research was involved. 

Suneson (United States) in his paper outlined the so- 
called ‘evolutionary breeding’, the use of populations in 
breeding, and a possible economic use of heterosis. Tn 
this field ‘composite crosses’ (bulks of hybrids) are being 
used and explored, sometimes together with male sterility, 
to produce hybrid barley for the evaluation of heter- 
osis. 

Breeding for malting quality was discussed by various 
contributors, all of them presenting their own methods 
and systems or their own recent results with already 
known methods. Lein (Germany) reviewed the problems 
and results of the European practical breeders. Some 
remarks were made about the methods practised in selcc- 
tion for specific properties of malting barley. The inter- 
ests of breeders, maltsters and brewers were mentioned. 
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Whitehouse (also for Whitmore, Great Britain) and 
Wilten (also for Wijvekate, The Netherlands) described 
the methods used at their institutes for evaluating the 
malting quality. The practical uses of these micro-malting 
tests in genetic experiments and breeding were discussed. 
Raw (Australia) reviewed the breeding for malting barley 
in southern Australia; Lekeš (Czechoslovakia) presented 
a similar review of the problems in his country. 

Finally, Gotoh (Japan) described phenotypic expres- 
sivity of various genotypes and the use of differences 
of expressivity in various environments in order to arrive 
at an efficient selection. Finlay (Australia) presented an 
investigation of the classification of varieties as to their 
adaptability to environments. The evaluation of this 
investigation for selection was discussed. 

The closing session dealt with three main subjects. The 
first concerned the election of a Permanent Barley Com- 
* mittee. This Committee, with Dr. G. A. Wiebe (United 
States) as president and Dr. R. A. Nilan (United States) 
as secretary, will have the task of organizing the next 
barley symposium and of co-ordinating barley research. 
It was difficult to decide in advance the full task of this 
Committee; its activities will be made more precise in 
the near future. 
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Two resolutions were presented and discussed which 
had been prepared in small discussion groups of special- 
ists. Tho first dealt with the “Origin and Phylogeny of 
Barley”. It is proposed to undertake joint investigations 
and co-ordinate the work in this field: the organization 
of international expeditions was specially mentioned. 
The second resolution dealt- with “Procedures for the 
Nomenclature and Handling of Genetic Stocks”, where 
specialists would like to see closer co-operation. A motion 
was presented concerning the appointment of co-ordina- 
tors for maintenance and nomenclature of genetic stocks 
(for example, genetic markers, translocations, trisomics, 
resistant lines, autotetraploids, ete.). The stocks will 
be available to all investigators and any new stock will 
be sent to collaborators, together with complete informa- 
tion on this stock. 

Finally, it was announced that the Proceedings of this 
Symposium, containing the full text of all papers, dis- 
cussions and resolutions, would be published some time 
in 1964 by the Centre for Agricultural Publications and 
Documentation (PUDOC), Wageningen. 

The Symposium was a great success; the organizinty 
committee, with Dr. Lamberts as secretary, earned tho 
appreciation of all participants. W. LANGE 


SAFETY AND RELIABILITY OF SEA AND AIR TRANSPORT 


CONFERENCE entitled ‘“The Safety and Reliability 

of Sea and Air Transport” was held by the British, 
French and German Institutes of Navigation in the Con- 
gress Hall at Eastbourne on May 12, and was attended by 
some four hundred delegates. 

In his presidential address, Dr. G. E. R. Deacon, 
president of the Institute of Navigation in London and 
director of the National Institute of Oceanography, 
Wormley, pointed out that such conferences offered 
opportunities for specialists from all sides, meeting on 
level terms, to identify and appraise a problem and 
research area of wide significance. The results of previous 
work were beginning to bear fruit. After the last tripartite 
conference, the Dover Strait Working Group had boen 
formed to look into the desirability of routing at sea in 
general, with particular reference to the Dover Strait. 
The Group’s recommendations had received overwhelming 
support from master mariners, and had recently been 
accepted by the Maritime Safety Committee of the Inter- 
governmental Maritime Consultative Organization, and the 
Maritime Safety Committee was proposing that as early 
as possible Governments should be asked to advise their 
ships to follow the routes suggested by the Working 
Group. 

This was quite speedy action compared with the start 
of the North Atlantic routes, and Dr. Deacon commented 
that a recent biography of Matthew Fontaine Maury, 
U.S. Navy, was a good reminder of their early history. 
After 300 lives had been lost in a collision between the 
U.S. steamer Arctic and the French steamer Vesta in 
thick fog in 1854, a prominent shipowner in Boston had 
consulted Maury on the practicability of defining lanes in 
which steamers would be required to travel. This was soon 
followed by a formal request from a group of underwriters, 
shipowners and merchants, and Maury drew up a scheme 
which was published in 1855. Many steamships used the 
scheme and at least one company advertised that travel- 
lers could trust in the safety of its ships because they 
followed Maury’s steam lanes. When the Ville de Havre 
was lost in 1874 The Times had commented that “If she 
had followed Maury’s steam lanes this terrible loss of life 
and ship would have been avoided”. It was not until 
1889 that a marine conference at Washington considered 
the question of sea lgnes, and not until 1898 that a plan 
was agreed upon. 


The findings of the present conference, Dr. Deacon 
pointed out, had no official authority, but the considered 
view of & representative group of specialists, speaking 
rather more freely in Eastbourne than they might in their 
own. capital cities, must be to everyone’s advantage. The 
programme of the conference covered a wide range of 
subjects, but with many a common theme. When two 
sailors debated a difficult point it might well be that an 
airman would supply the answer, and the seamen would 
no doubt profit from seeing some of their rather unyielding 
problems translated into the more rarefied environment of 
high-speed flight. In many branches of science and 
technology the increasing necessity for better and more 
economical performance meant that it was necessary to 
concentrate on the second-order terms—the sort of things 
that the conference had felt able to neglect in its first 
and very serviceable approach. In all-weather landing, 
for example, the human pilot must to an increasing extent 
be assisted by automatic techniques. The same was true 
for the special problems of supersonic flight where the 
information that instruments provide must be extensively 
‘processed’ if the human pilot was to act on it fast enough. 
In the sea supplementary methods and refined techniques 
could be devised. which, although at first appearing to 
be too novel or elaborate for ordinary use, would permit 
advances to be made with the times as safely and reliably 
as all forms of transport. 

The ‘business’ part of the conference was divided into 
thirteen consecutive sessions which dealt with many 
diverse aspects of navigation. Papers presented included 
insurance and. the collision problem at sea; recommended 
routes in congested areas; the separation of aircraft and 
regulation of air traffic; all-weather landing; radar and 
the human operator; marine radar development; bridge 
design and human factors; shipborne communications and 
nav-aids; the regularity of traffic flow on inland water- 
ways; meteorological factors in supersonic flight, etc. 
Contributors, while coming mainly from Britain, France 
and Germany, also included representatives from the 
United States, the Netherlands and Italy. 

At the end of the conference there was general agree- 
ment that immediate measures should be taken to enable 
ships to navigate through heavily congested areas with 
more efficiency and a higher degree of safety. The three 
Institutes, the Institute of Navigation, Institut Francais 
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de Navigation and Deutsche Gesellschaft fiir Ortung und 
Navigation, agreed to set up a working group to determine 
and propose solutions for the areas in which the problem 
is most acute. The working group would comprise the 
representatives of shipping interests as well as experts 
from the various organizations which would have the 
technical responsibility for establishing the routes. In 
addition to making recommendations for the separation 
of traffic the group would consider the navigational aids 
which might be required. 

Concerning air travel the discussion on supersonic 
transport indicated that a deeper investigation of the 
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environment and its influence on the specification of the 
navigation system was necessary. The conference agreed 
that here the Institutes could perhaps make a unique 
contribution by clarifying the governing parameters and 
co-ordinating the various investigations that had so far 
been made. The three Institutes agreed to form an inter- 
national working group to investigate the whole 
problem. 

Further information concerning the conference can be 
obtained from Mr. M. W. Richey, executive secretary, the 
Institute of Navigation, at the Royal Geographical Society, 
1 Kensington Gore, London, S.W.7. 


THE DIELECTRICS EVAPORATION GROUP 


HE Dielectrics Evaporation Group was formed some 
.A five years ago under the auspices of the Ministry of 
Aviation to promote the interchange of information 
between active workers in the field of evaporated thin 
dielectric films and relevant subjects such as formation 
and properties of the metal electrodes. 

Meetings are held every six months at some centre of 
research at which a number of informal papers dealing 
with the most recent research topics are delivered. These 
are reported in the form of notes on the meetings which 
are duplicated and distributed to all scientists with a 
genuine interest in the subject. Attendance at the meet- 
ings is by invitation and is restricted to active workers 
capable of making a significant contribution. 

The Group is now under the patronage of the Joint 
British Council for Vacuum Studies and under the chair- 
manship of Mr. L. Holland (Edwards High Vacuum, Ltd.). 

The tenth meeting of the Dielectrics Evaporation 
Group was held on March 25 at the Plessey Research 
Laboratories, Caswell. The following papers were read: 
“A Survey of the Resistive and Conductive Properties of 
Thin Metal Films”, by Mr. J. Bennett (British Scientific 
Instrument Research Association); “The Mechanism of 
Conduction in Thin Films”, by Dr. R. Hill (Hlectrical 
Research Association); ‘Structure Studies on Nickel- 
Chromium Films”, by Mr. H. Blackburn (Plessey Research 
Laboratories, Caswell); “The Quartz Crystal Rate-Meter’’, 
by Mr. H. Bath (Edwards Hi-Vacuum); ‘‘Studies of Rate 
Controlled Growth inside the Electron Microscope”, by 
Messrs. D. J. Stirland, D. Carpenter and D. Dobbs 
(Plessey Research Laboratories, Caswell); “Studies of 
Thin Film Active Devices”, by Mr. J. Acton (Plessey 
Research Laboratories, Caswell); “Vapour Phase Deposi- 
tion of Thin Films”, by Mr. B. A. Joyce (Plessey Research 
Laboratories, Caswell); “Deposition of Germanium Films”, 
by Dr. J. O. Courvoisier (Battelle Research Institute, 
Geneva); ‘Differences in Growth Characteristics on Air 
and Vacuum Cleaved Substrate Surfaces”, by Dr. O. 8. 
Heavens (Royal Holloway College); “The Scanning 
Electron Microscope as a Means of Surface Study”, by 
Mr. A. N. Broers (Department of Electrical Engineering, 
University of Cambridge). 

From these papers some points emerged as worthy of 
special notice. 

The conduction processes in very thin metal films are 
not yet fully understood. Such films usually consist of 
incompletely aggregated island structures on an insulating 
substrate. Conduction must therefore consist of the 
passage of electrons from island to island either directly 
or by means of the substrate. Dr. Hill considered that 
the former process may be discounted as leading to 
unacceptable values of resistance and. temperature co- 
efficient. He preferred the mechanism based on the passage 
of electrons to unoccupied levels in the macroscopically 
amorphous substrate and the ejection of equivalent 
electrons from the substrate into other such metal islands 


at a lower potential. Such a view could be consistent with 
Fréhlich’s ideas on the existence of localized band struc- 
tures in glassy materials. The small energy gaps would 
be overcome by the effects of the space charge developed. 
Results obtained by rough calculation were in reasonable 
agreement with experimental results for gold films on 
glass substrates, for which the island structure has been 
determined by electron microscopy. 

Such an island structure had been observed by Mr. 
Blackburn, who had been studying the stability of evapor- 
ated nickel-chromium alloy resistors. It consisted of 
metal islands embedded in a glassy medium thought to be 
chromic oxide. Dr. Hill’s proposed conduction mechanism 
could here well apply. 

The processes of nucleation and growth (leading eventu- 
ally to the island structure) depend critically on substrate 
conditions and residual atmosphere. Dr. Heavens showed. 
that single crystal substrates freshly cleaved give very 
different results according to whether this has been done 
in air or in a good vacuum. The characteristic cleavage 
step decoration observed for air cleaved substrates gave 
way to a random distribution of nucleation sites. The 
coalescence of these nuclei gave evidence of a high degree 
of orientation at much lower temperatures than is ordin- 
arily the case. These effects were observed when the rate 
of arrival of metal atoms was at least comparable with 
that of the residual gas molecules (pressure approximatcly 
2 x 10-7 mm mercury). 

Similar effects had been observed in the preparation of 
epitactic films of germanium by M. Courvoisier, using a 
poor vacuum, but depositing at a very high rate on a sub- 
strate heated almost to its melting point. 

Nucleation processes very similar to those observed in 
vacuum. deposition were described by Mr. Joyce for the 
vapour phase deposition of silicon from organic com- 
pounds. 

The scanning electron microscope, with its large depth 
of focus and small electron spot size (~ 100 A), is emerging 
as a powerful tool for the study of surfaces. Mr. Broers 
described its use in combination with controlled ion- 
bombardment etching for investigating such structures 
as thermally grown oxide films on iron, to which normal 
electron microscopy could not readily be applied. Tho 
depth of progressive etching of the surface can be con- 
trolled (+ 100 A) so that examination of the various 
layers can then be carried out with the electron probe. 
(Secondary emission during the ion bombardment makes 
it necessary to interrupt the etching during the electron 
scan.) The possible applications of this technique to 
thin films are clear. Such a process can be applied to the 
investigations of p or n conductivity in semiconductors, 
which emit secondary electrons of slightly different 
energies, although resolution may not be so high. 

It is hoped the next meeting of the Group will be held 
some time in October. e J. R. BALMER 

J. H. BRUCE 
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PREFERENTIAL LOCALIZATION OF RADIOISOTOPES IN MALIGNANT 
TISSUE BY REGIONAL OXYGENATION 


By J. W. FINNEY, R. E. COLLIER, G. A. BALLA, J. W. TOMME, J. WAKLEY, G. J. RACE, 
H. C. URSCHEL, A. D. D’ERRICO and Pror. J. T. MALLAMS 


Charles A. Sammons Research Division, Baylor University Medical Center, Dallas, Texas 


HE lethal effect of an ionizing radiation is governed 
to a degree by the oxygen-dependent damage. It is 
. well established that an increased amount of dissolved 
oxygen in the tissue at the time of exposure rosults in a 
proportional increase in the killing effect of the radiatio 
—within certain limits. ` 

Various groups have used hyperbaric oxygen to achieve 
this result in the treatment of malignant tumours!?. 
Our group has used intra-arterial hydrogen peroxide in a 
regional system to achieve the same results*-’, It has 
been. noted that by adding hydrogen peroxide to blood 
or other biological fluids, these media become ‘super- 
saturated’ with oxygen and carry several atmospheres 
equivalent total oxygen content*. 

It has been observed that when certain isotopes are givon 
‘intra-arterially following the intra-arterial infusion of hy- 
drogen peroxide, the isotope localizes preferentially in the 
-malignant tumour area being infused. These investigations 
were conducted in the rat using the Walker 256 carcino- 
sarcoma, the rabbit using the VX-2 carcinoma, and in 
human beings with a variety of malignancies. The follow- 
ing is a preliminary report of the results of this work, 
which was carried out on both rats and rabbits. Fifteen 
rats received liver implants of Walker 256 carcinosarcoma. 
Two groups of rabbits were examined having VX-2 
carcinoma implants; 10 were implanted in the liver and 36 
with bilateral hindlimb implants. In both groups of animals 
receiving the hepatic implants the aorta was exposed at 
the level above the renals and below the ceeliac axis. A 
PH-50 catheter was introduced through a purse-string 
suture and passed retrograde to the level of the diaphragm. 
The animals were infused with a 0-24 per cent hydrogen 
peroxide in ‘Ionosol T” (Abbott Laboratories, Chicago) 
solution (5 ml. in the rat and 10 ml. in the rabbit) at a 
rate of 1-1-5 c.c./min. The rats were then given 5 uc. 
radioiodinated human serum. albumin, the rabbits were 
given 15 uc.; the isotope was flushed through with the 
hydrogen. peroxide solution (2 ml. of solution was used 
for the rat and 5 ml. for the rabbit). The control groups 
were exposed to the same procedure using ‘Ionosol T’ 
without hydrogen peroxide for the infusion. The animals 
were scanned externally at 24. 48, and 72 h; they were 
then killed, the livers removed and sections taken from 
‘normal’ liver, liver adjacent to tumour, and tumour 
tissue, and the activity determined in a well-type counter. 
The ratio of isotope in the tumour when compared to 
normal tissue was 2: 1-4: 1, and the same relative ratio 
held for both rats and rabbits. ` Animals receiving just 
‘Tonosol I” with iodine-131-labelled human serum albumin 
showed no significant difference in isotope concentration 
between normal and malignant tissue. 

The second group of rabbit experiments consisted of 
36 animals bearing bilateral hindlimb implants of the 
VX-2 carcinoma. The tumours were allowed to reach a 
size of 4 cm in diameter, at which time the animals were 
prepared for aseptic surgery. A midline incision was made 
and the aorta exposed approximately 5 cm above the 
bifurcation of the aorta into the iliacs. A PH-50 catheter 
was introduced into the, aorta through a purse-string 
suture and passed ingo the right iliac artery. The limb 
was infused with 10 ml. of 0:24 per cent hydrogen peroxide 


solution followed by 15 ye. of radioiodinated human 
serum albumin, which was then flushed through with 
5 cc. of the hydrogen peroxide solution. The catheter 
was then partially withdrawn and passed into the left 
iliac artery and 15 ml. of the carrier solution, ‘Ionosol T’, 
was injected at 1-5 c c./min followed by 15 uc. of iodine-131 
labelled human serum albumin; the iodine was flushed 
through with 5 c.c. carrier solution. The catheter was 
then removed, the artery repaired. and the animal 
closed. Alternate animals were infused with alternate 
legs being infused first so that the first animal received 
hydrogen peroxide and iodine first in the right leg the 
next animal received carrier solution and iodine first in 
the left leg. The results of this group of animals showed 
no significant difference with respect to limb infusion 
sequence. The animals were scanned at 24, 48, 72, 96 
and 120 h following the isotope and hydrogen peroxide 
solution. Typical examples are shown in Figs. 1 and 2. 
Tt will be noted that the isotope concentrated primarily 
in the right limb (the limb which received hydrogen 





Fig. 1, External photoscan of rabbit No. 360 bearing identical bilateral 
hindlimb V.X-2 carcinomas. The right tumour area was infused intra- 
arterially with hydrogen peroxide and jodine-131-labelled human serum 
albumin. The left tumour area was infused intra-arterially with carrier 
solution and the isotope. The animal was scanned 24 h after the 
infusion. Note the Increased isotope uptake in the right tumour area 





Fig, 2. External photoscan of rabbit No. 340 taken 72 h after treatment 
identical with animal No. 360 
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Fig. 3. Photoscan of patient E. B., taken 24 h after the infusion of 

hydrogen peroxide and iodine-131-labelled human serum albumin. 

The isotope localized in a 4 cm x 5 cm area which corresponded to a 
palpable carcinoma of the colon 
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Fig. 4. Photoscan of patient J. H. C. taken 4 h after the conventional 
intravenous isotope (Hg). This represents a proved glioblastoma 
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Fig. 5. Photosean of the same patient as Fig. 4 taken 96 h after the 
intra-arterial infusion of hydrogen peroxide and isotope 


peroxide and isotope). Again, the ratio of isotope in the 
tumour as compared to normal tissue was 2: 1-4: 1. The 
ratio of isotope in the tumour of the hydrogen peroxide- 
infused limb compared to the tumour in the control- 
infused limb was 1:5:1-4:1. 

After further investigations, the experiment was carried 
out on a preliminary basis with human beings with known 
malignancies which were then being treated with hydrogen 
peroxide intra-arterially and external irradiation or chemo- 
therapy. So far, 35 patients have been completed during 
this preliminary investigation. The categories of malig- 
nant tumours have been carcinoma of the ovary, cervix, 
endometrium, leiomyosarcoma, liposarcoma, adenocar- 
cinoma of the pancreas, adenocarcinoma of the stomach, 
primary hepatoma, and liver metastases from the colon, 
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glioblastoma, and brain lesions metastatic from breast 
and lung. Figs. 3, 4 and 5 are typical examples of the 
results of these investigations. 

Case No. 1. A 56-year-old white female with carcinome 
of the colon. A 5-French catheter was inserted into the 
femoral artery and passed retrograde to a point below 
the ‘renal arteries. She was infused with 200 c.c. of a 
0-48 per cent hydrogen peroxide solution with 25 mg of 
‘Priscoline’, was then given 250 pe. of radioiodinated 
human serum albumin through the catheter, which was 
then flushed with 50 c.c. hydrogen peroxide solution. 
Fig. 3 represents the tumour localization of the isotope 
at 24h. The patient was scanned at 24, 48, 72 and 96 h, 
and by 96 h some dissolution of the isotopo was evident. 

Case No. 2. A 42-year-old male with a glioblastoma 
multiforme, Grade IV. Fig. 4 represents a routine scan 
at 4h following the injection of 700 uc. (3-(chloromercuri)-2- 
methoxypropyl)—urea*“Hg, The scan was repeated at 
24 h, at which time there was very little or no isotope 
remaining as detected by this procedure. Two days later 
a Cournand needle was placed into the left common carotid 
artery. 200 c.c. of 0-12 per cent hydrogen peroxide 
solution with 50 mg of ‘Priscoline’ was given followed by 
700 ue. (3-(chloromercuri)-methoxypropy!)—urea-?"Hg, and 
flushed through with 50 c.c. hydrogen peroxide. Fig. 5 
represents the scan 96 h after the isotope was given. This 
patient was scanned periodically for a period of 20 days, 
and at 20 days isotope was found remaining in the tumour 
area. 

A number of control studies have been conducted in the 
35 human beings in whom the isotope has been given 
intra-arterially with no peroxide, and no localization was 
noted. The same patients have since been given the 
isotope with peroxide, and very good tumour localization 
of the isotope was noted. 

Three of the patients with brain lesions (two primary 
and one metastatic from breast) received the intra-arterial 
hydrogen peroxide and (3-(chloromercuri)-methoxy- 
propyl)—urea-?°Hg and were taken to surgery for oxcision 
of the mass 24h after the scan dose was delivered. Sections 
of tumour were taken from surgery and radioautographs 
prepared. Preliminary evidence indicates that tho isotope 
is associated with either cytoplasm or cell-wall, primarily, 
of the malignant cells; very little isotope appears to be in 
the area of fibrous tissuc, vascular tissue, or white cell 
components. 

In summary, it has been shown that both iodine-131- 
labelled human serum albumin, and (3-(chloromercuri)- 
methoxypropyl)-urea-?"Hg will localize preferentially 
in the area of malignant tissue when given intra-arterially 
during the intra-arterial infusion of dilute hydrogen per- 
oxide in either tumour-bearing animals or human beings. 
It is our opinion at this time that further investigation is 
necessary; but that there is potential application in both 
diagnosis and treatment of malignant tumours. 

We thank Dr. J. E. Miller, Radiology Department; 
Dr. H. Dorman, Physiology Department; Mr. E. Lambert, 
Mrs. E. McCormick, Mr. B. Jay, Mr. H. Pingree, Miss G. 
Davis, Mrs. J. Copeland, Mrs. N. Petty, Mrs. M. Bratton 
and Miss M. Schneider for their assistance. 

This work was supported in part by A.C.S. grant 
T--284, U.S. National Institutes of Health grant CA 
07127-01, and the Abbott Laboratories. 
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HETEROGENEITY OF THE L (B) CHAINS OF GAMMA-GLOBULINS 


By Dr. M. D. POULIK 


Child Research Center of Michigan and Department of Pediatrics, 
Wayne State University School of Medicine, Detroit 


T is now generally agreed that all three main classes 

of y-globulins have a basically similar structure con- 
sisting of two pairs of dissimilar polypeptide chains’. 
The two types of polypeptide chains called H and L 
(ref. 2) or alternatively A and B (ref. 3) can be separated 
by electrophoretic or chromatographic methods after 
reduction and alkylation in the presence or absence of 
urea?»?, The patterns of the L (B) chains of 7S y-globulins 
obtained by urea starch-gel electrophoresis in formate 
buffer (pH 3-0-3-5) suggested heterogeneity of the chains. 
The L (B) chains of myeloma y-globulins generally 
exhibited one band, although exceptions were observed’, 
The heterogeneity of the L (B) chains of normal and 
abnormal globulins were recently re-investigated by 
Cohen? and Cohen and Porter’, using starch-gel electro- 
phoresis in glycine buffer containing 8 M urea (pH 7-8). 
They separated the L (B) chains of normal y-globulins into 
about ten distinct components and the L (B) chains of 
myeloma globulins into one or two components. The 
purpose of this communication is to present evidence that 
under different electrophoretic conditions, L (B) chains of 
y-globulins may display greater heterogeneity than 
reported. ° - 

Normal 7S and myeloma y-globulins were isolated by 
starch-block electrophoresis according to Kunkel’. The 
methods of reduction and alkylation as well as isolation 
of the chains by chromatography were those of Fleisch- 
man et al.1. Vertical starch-gel electrophoresis? was 
performed in a discontinuous system of buffers*. Starch 
gel was prepared in tris-citrate buffer containing 8 M urea 
(pH 7-8); electrode vessels contained 0-03 M boric acid 
and 0-06 M sodium hydroxide (pH 8-3). Electrophoresis 
was performed at room temperature for 16-18 h with a 
voltage gradient of 3-4 V/em. Results obtained with 
two 6,4 myeloma y-globulins (patients B. R. and L. A.), 
two 7S myeloma y-globulins (patients C. A. and N. E.), 
and 7S y-globulins (Cohn Fraction II) are presented. All 
materials were analysed to determine the degree of 
purification. Both 8,4 myeloma y-globulins exhibited 
multiple polymeric forms by starch-gel electrophoresis and 
ultracentrifugation. The other two myeloma 
y-globulins were typical of the 7S variety by 
the same criteria already described here. 

Patterns obtained by electrophoresis in a 
formate urea-starch gel!® are shown in 
Fig. 14, and those obtained in a tris-citrate 
urea-starch gel in Fig. 1B. The normal 7S 
y-globulin revealed about 10-13 zones, 
whereas at least six components could be 
demonstrated for the myeloma globulins. 
The 6,4 myeloma globulins were different 
from the preceding two classes of immune 
globulins. Several of these were character- 
ized by exceedingly narrow discrete adjacent 
bands in addition to a small number of strong 





Fig. 1. Electrophoretic patterns of reduced y-globulins. A, in formate 
urea-starch gel (pH 3-3-5); B, in tris-citrate urea-starch gel (pH 7-8). 
aa’, fully reduced Fraction Il; b-b’, 8,4 myeloma y-globulin (patient 
B.R.); c-c, fast 6.4 myeloma y-globulin (patient L.A.); d-d’,7S myeloma 
y-globulin (patient oe e-e’, 7S myeloma y-globulin (patient N-E.): 
city Prey reduced rinsed II he wne manod of Edelman and 

ef. 2); 9-9’, partially reduced and alkylated y-globulins by the 

method of Fleischman et al, (ref. D 5 n 











Fig, 2. Electrophoretic patterns of chromatographically isolated 

chains of norma] and abnormal y-globulins. A, in formate urea-starch 

gel; B, éris-citrate urea-starch gel; a-a’, L (B) chains of 7.5 (Fraction 

ID) y-globulins; b-b’, D (R chains of patient C.A.; c-c’, L (B) chains of 

patient N.E.; d-d’, H (A) chains of patient N.E.; e-e’, H (A) chains 
of patient C.A.; f-f’, H (A) chains of 78S Fraction IT y-globulins 





bands. These findings are diagnostically 
significant. - 

Electrophoresis in both kinds of gels 
performed on the chromatographically isol- 
ated L (B) and H (A) chains of 7S (Fraction 
TI) and myeloma y-globulins confirmed the 
above results (Fig. 2). Again, marked hetero- 
geneity (Fig. 2B, a’—g) of the L (B) chains 
was established in the tris-citrate urea- 
starch gel. 








Fig. 3. Two-dimensional patterns of isolated L (B) chains. A, Fraction iv y-globulins; 
B, patient C.A. a and b, patterns obtained by separation in the first dimension; a’ and 
b’, patterns obtained by separation in the second dimension 





Fig. 4. Alkali urea gel electrophoretic patterns (A) and immunoelectrophoretic (B) 
patterns of fragments obtained by papain digestion of Fraction II y-globulin. a’, reduced 
and alkylated (undigested); b-b’, whole papain digest; c-c’, isolated S (A-C, I-II) frag- 
ment; d-d’, reduced and alkylated S fragment. Chromatographically separated peaks, first 


(e-e’), second (f-f’), third (g-g’). A-h’, chromatographically isolated F fragment (B, III 
were developed with rabbit-anti-. 
serum, and those drawn below each starch-gel block were developed with rabbit-anti-F 


Precipitin lines drawn above each starch-gel bloc 


serum 

Since the observed heterogeneity could be an artefact 
of chemical treatment, or due to the presence of meta- 
stable polymers, the latter possibility was excluded by a 
two-dimensional starch gel-starch-gel electrophoresis per- 
formed on the chromatographically isolated L (B) chains 
of normal 7S y-globulin and those of a patient (C. A.). 
The chains were first separated in starch gel containing 
tris-citrate buffer and 8 M urea. Blocks of this starch gel 
(0-5 cm wide, 8 cm long, and 0-5 cm thick) were then 
dissected parallel to the migration of the components and 
introduced into another gel likewise prepared in tris- 
citrate buffer and in 8 M urea. Electrophoresis in the 
second dimensions was conducted under identical con- 
ditions as for the first dimension. The results obtained 
are shown in Fig. 3. Since no new major components were 
demonstrated, the possibility of metastable polymers was 
excluded by this method. Substantial chemical evidence 
that the resulting zones are not artefacts was presented 
by Cohen and Porter’. 

Further experiments were conducted on papain-digests 
of 7S (Fraction IT) y-globulins. Chromatographically 
isolated S (A-C; I-H) was reduced and alkylated}, 
subjected to further chromatography on carboxymethyl- 
cellulose**, and three distinct peaks were obtained. 
When the material in the peaks was analysed by electro- 
phoresis in formate urea starch gel, the protein components 
migrated as broad zones to the cathode with very slightly 
different velocities. When analysed in tris-citrate urea— 
starch gel, they migrated with different mobilities and 
each peak was shown to contain at least 9-10 components 
as shown in Fig. 4, e, f, g. Immunoelectrophoretic analy- 
sis of the separated components of the three peaks 
(Fig. 4, e’, f’, 9’) gave positive reaction with an antiserum 
directed against the S determinant (or L (B) chains). In 
addition, three components of the second peak (Fig. 4, f’) 
reacted with a specific antiserum directed against the F 
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determinant (or H (A) chains) The 

unreduced fragment, under no circum- 

stances gave positive reaction with the 

game antiserum. Whether these compon- 

ents represent the A piece of the S fragment 

remains to be seen. The possibility exists 

that indeed, after proper chemical treat- 

ment and adequate separation, the ‘hidden’ 

antigenic determinant(s) is now exposed 

and made available for the antigen—anti- 

body reaction. The three zonos in 

question reacted, however, with both anti- 

sera, and the zones may thus represent a 

small amount of unreduced fragment S, or 

alternatively the A piece may be joined 

to the B chain with a so far unrecognized 

bond. It should also be noted that the- 
); L (B) chains of undigested 78 (Fraction IT) 

y-globulins and those of the reduced S 

fragment display zones of the same 
mobility. This finding would suggest 
that these L (B) chains are resistant to the proteolytic 
action of papain. Contrariwise, the L (B) chains of 
myeloma y-globulins were found susceptible to the action 
of papain as well as trypsin. 

Thus these findings corroborate and extend those of 
Cohen and Porter’. The large number of L (B) chains 
shown in the 7S (Fraction II) and the myeloma y-globulins 
is only relative since an even greater number of zones was 
observed with higher concentrations. Individual zones 
in both normal and abnormal y-globulins could be related 
so far as mobility was concerned. The greater number of 
zones found in the alkali-buffer gels would imply that the 
L (B) chains originate from a heterogeneous population 
of cells. This plausible explanation can be accepted only 
when artefacts are completely ruled out. To provide 
further support of the observations and the deductions, 
our investigations are now directed to the exploration of 
the heterogeneity of the Bence—Jones proteins and L (B) 
chains originating from the myeloma y-globulins of the 
same individual. 

This work was supported by grants from the National 
Institutes of Health (H#-07495 and AJ-—05785), and in 
part by the Children’s Leukemia Foundation of Michigan. 
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BLOCKED ANTIGENIC SITES ON THE L-CHAIN OF HUMAN 
GAMMA-GLOBULIN - 


By Pror. WALLACE V. EPSTEIN, MARGARET TAN and DALE GROSS 


Rheumatic Disease Group, Department of Medicine, and the Proctor Foundation, 
University of California School of Medicine, San Francisco, California 


ONSIDERABLE information on the structure of 
human y-globulin has derived from studies of the 
distribution of antigenic groupings on the intact molecule 
and on naturally occurring sub-units such as the Bence 
Jones proteins. By means of reference rabbit antisera to 
individual Bence Jones proteins (BJP), two major anti- 


genic groups (1 and 2) have been defined among both the 
Bence Jones proteins and the homogeneous serum proteins 
characteristic of multiple myeloma and macroglobulin- 
æmia!. Purified fragments (S and F; A-C and B) of the 
entire y,-globulin may be prepared b¥ proteolytic enzymes 
and subsequent chromatographic separation. The heavy 
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(H) and light (L) polypeptide chains. of the y,-globulin 
may be obtained by reduction and alkylation and separa- 
tion by gel filtration.” The L-polypeptide chains and the 
S or A-C fragments have been shown to constitute the 
locus of the 1 and 2 antigenic specificity of the entire 
globulin molecule?. i . 

Rabbit antisera to group 1 and to group 2 determinants 
are usually either antisera to purified y multiple myeloma 
(MM) protein or the corresponding Bence Jones protein. 
By means of such antisera, Mannik and Kunkel® were 
able to define and give relative per cent distributions for 
the group 1 (60 per cent) and group 2 (30 per cent) 
y-globulin molecules present in normal human serum. 
Antisera to Bence Jones proteins have an advantage 
over antisera to MM y,-proteins in that all antibody 
specificity is directed toward L-chain configurations. In 
addition to the specificity for the D-chain configuration 
alone, there appeared a second possible advantage. If 
some antigenic determinants of L-chain are blocked when 
5-chain is bound to H-chain, the antisera to Bence Jones 
protein or L-chain might show antibody specificity not 
present in antisera to intact y,-globulin or to fragments 
obtained after proteolysis. The work of Korngold* and 
afterwards of Franklin’ has suggested the possibility of 
blocked L-chain sites in the intact as well as fragmented 
Ye-globulin molecule.. The presence of a prominent spur 
of Bence Jones protein over 79 y-globulin using antisera 
to Bence Jones protein led Franklin® to postulate cither 
a blocked site in the intact ya molecule or a unique determ- 
inant on the Bence Jones protein. 

In the work recorded here we have examined the ques- 
tion of blocked £-chain determinants using rabbit antisera 
to Bence Jones protein, to isolated L-polypeptide chains, 
and to the S = 5 (5S) fragment obtained after pepsin 
treatment of y,-globulin. The antigens examined for 
E-chain determinants were those used for animal immun- 
ization together with the 3-58 fragments obtained by 
reduction and alkylation of the 5S fragment. 

The 5S fragment obtained after pepsin treatment of 
Gm a({+) pooled normal y.-globulin was considered free 
of intact yz globulin when there was no residual Gm a(+) 
activity as determined by hemagglutination inhibition’. 
All rabbit antisera wore prepared by foot pad injection of 





Fig. 1. Centre well, antibody to Bence Jones protein groups 1 and 2. 
Peripheral wells: (1) pooled normal y,-globulin; (2) E-chain of pooled 
normal y,-globulin; (8) equal parts BJP 1 and 2; (4) fragment 83:58 of 
roteolysis reduction and “alkylation; (5) 
(6) fragment 5S of y-globulin 
- after pepsin proteolysis 


yxBlobulin after pepsin i 
‘L-chain of pooled normal y.-globulin; 
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Fig. 2. Centre well, antibody to L-chain of pooled normal y-globulin 
absorbed with pooled normal yaglobulin, eripheral wells same as 
ig. 


2 mg of antigen with 0-1 ml. of Freund’s complete adjuvant 
and after three weeks stimulating injections of 1-0 mg of 
antigen subcutaneously. Antisera forming strong pre- 
cipitin lines in agar with the homologous antigen were, 
with very rare exceptions, produced within six weeks 
after initial immunization. Precipitin formation was in 
2 per cent agar in barbital buffer, 0-075u, pH 8-6. 

As anticipated, antisera to group 1 Bence Jones proteins 
in no instance reacted with any Bence Jones group 2 
proteins nor did the reverse occur. Most variable of the 
results of immunization was the ability of antiserum to an 
individual Bence Jones protein to react with pooled 
normal y.-globulin. In four of six animals used to prepare 
antisera to three Bence Jones 1 and three Bence Jones 2 
proteins, no precipitin line formed with all tested concen- 
trations of normal y,-globulin, while in two other animals 
the antisera. formed very weak lines to pooled normal 
Y2-globulin. 

The centre well in the double diffusion pattern shown 
in Fig. 1 contains a mixture of equal amounts of rabbit 
antisera to a BJP of group 1 and a BJP of group 2, both 
of which failed to show a reaction with pooled normal 
y-globulin as demonstrated by well No. 1. The antigens 
contained in wells 2, 4, 5 and 6 are derived from the 
y-globulin used in well No. 1. The failure of the antigens 
of wells 1, 4 and 6 to form a precipitin line stands in 
contrast to the behaviour of the L-chains of y,-globulin 
contained in wells 2 and 5 which form a clear double line 
that fuses with the double line formed by the combined 
BJP 1 and BJP 2 contained in well No. 3. The BJP 1 and 
2 in woll No. 3 are not those used for the preparation of the 
antiserum. 

In Fig. 2 the same arrangement of antigens is used with 
rabbit antiserum to the content of well No. 2 after 
absorption with pooled y,-globulin. No precipitin line is 
seen using the 7S y-globulin and 55 fragment forms of the 
homologous antigen and only a very faint line is noted 
using the 3-59 fragment. To our surpriso there is no 
spur formation of L-chain antigen (well No 2) over BJP 1 
plus BJP 2 (well No. 3) since it appeared likely that L-chain 
of pooled y,-globulin would contain some determinants 
not represented by a single BJP 1 and 2 combination. 

Rabbit antisera to Bence Jones 1 or Bence Jones 2 
proteins which do produce faint precipitin lines to intact: 
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Fig. 3. 
globulin obtained by pepsin Droteolyeis. Peripheral wells same as 
: ig. 


Centre well, antibody to 5S fragment of pooled normal ys- 


‘Yo-globulin also form lines when reacted against the 5S 
and 3-5S products of proteolysis. Absorption of such 
antisera, with intact y,-globulin ‘eliminates precipitate 
formation with the contents of wells 1, 4 and 6, but leaves 
the reactivity with the contents of wells 2, 3 and 5 exactly 
as shown in Figs. 1 and 2. 

In contrast, the antiserum to the 5S fragment (Fig. 3) 
shows strong precipitating ability with 78, 5S and 3-58 
antigens. The presence of antibody to some L-chain 
antigens is shown by the lines formed by Bence Jones 1 
and 2 as well as L-chain. All spurs noted can be explained. 
by the reaction of H-chain determinants 

The observations presented here confirm and extend 
the observations of Stein et al.*, who used antisera to 
BJP which had been absorbed with normal human serum 
to “remove antibody activity against non-specific con- 
taminants in the immunizing sample” as well as with 
pooled y,-globulin. Such absorbed antiserum retained its 
anti-BJP specificity but no longer precipitated with 
y2-globulin. We have no immediate explanation for the 
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inability of most of our unabsorbed antisera to Bence 
Jones protein to react with intact yy globulin or with those 
fragments which maintain H-chain in proximity to 
L-chain. The use of gel filtration chromatography with 
‘Sephadex G-100’ may have provided Bence Jones protein 
antigen. quite free of y-globulin contaminant. 

Of the three possible explanations presented by Stein to 
explain antigenic differences between pooled y,-globulin 
and BJP (and in the work recorded here, L-chain), only 
one appears tenable on the basis of this work. 

(1) Primary structural differences. It would appear 
unlikely that the activity residual in rabbit antisera to 
BJP after absorption with normal pooled y-globulin is 
due to a unique abnormality of an abnormal protein since 
we have found similar results using the L-polypeptide 
chain of normal y-globulin in place of BJP. 

(2) Preparative artefact. Tt is unlikely that the results 
are due to a preparative artefact since results are similar 
when comparing L-chains which result from relatively 
drastic procedures to Bence Jones proteins isolated by gel 
filtration. 

(3) Hidden antigenic sites. It is most likely that 
antigenic determinants of the L-chain are blocked by the 
proximity of H-chain since neither the 5S nor 3-58 
fragments of pooled y.-globulin showed precipitating 
reactivity with antisera to Bence Jones proteins or 
L-chains. Franklin’ observed that the 3-55 “C” fragment 
lacks the capacity to undergo precipitation with antibody 
to Bence Jones protein but was able to inhibit precipita- 
tion of Bence Jones protein with its homologous antiserum. 
This again suggests a blocked or at least partially blocked 
L-chain configuration. It would appear that rabbit 
antiserum to the L-polypeptide chains obtained from 
pooled normal y.-globulin would provide the widest 
spectrum of specificities directed toward all L-chain and 
Bence Jones protein antigenic determinants and that 
multiple potential antigenic sites of the L-polypeptide 
chains are inaccessible in the intact y,-globulin molecule 
due to steric effects of adjacent H-chain. 

This work was supported in part by grants A-1229 and 
B-1099 from the U.S. National Institutes of Health and 
by a grant from the National Foundation. 
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DELAYED ENZYME INACTIVATION: A SOURCE OF ERROR IN 
ANALYSES OF MYOFIBRIL-BOUND NUCLEOTIDES 


By Dr. C. MOOS 


Department of Biophysics, State University of New York at Buffalo, 
New York 


N biochemical investigations it is often necessary to 

interrupt the enzymatic reactions to permit chemical 
analysis of changes in the concentration of a reactant or 
product. Most commonly this is accomplished by the 
addition of chemical egents which rapidly destroy enzyme 
activity (specific enzyme inhibitors or non-specific protein 
precipitants), but physical agents (heat or cold) are widely 
used, as well. In interpreting the results of such experi- 
ments, one must assume that enzyme activity has been 
destroyed so rapidly that any changes occurring during 
the inactivation process constitute a negligible fraction of 
the total measured change. This assumption is generally 


valid when the enzymes are present in ‘catalytic amounts’, 
because then, even if some of the enzyme sites are able to 
convert one or two additional molecules of substrate 
during the process of enzyme inactivation, the amount of 
reaction occurring in this period is negligible. 

Tf, on the other hand, the total change in concentration 
of substrate or product being measured is stoichiometric- 
ally comparable to the concentration of enzyme, then 
additional substrate conversion occurring after tho 
‘termination’ of the reaction is much more likely to con- 
stitute a significant fraction of the @otal measured change. 
This additional reaction, of course, occurs while the enzyme 
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is being inactivated rather than under the intended 
experimental conditions, and therefore it constitutes an 
error. Hence, in such cases, it is essential that enzyme 
inactivation be accomplished in a short time relative to 
the time required for catalytic conversion of a substrate 
molecule. 

As a specific example let us consider a compartmental- 
ized system which contains an enzyme and its substrate 
in stoichiometrically comparable amounts, but in which 
the substrate is protected from enzymatic attack by being 
firmly bound to another protein component. In the 
particular case at hand, the enzyme is creatine kinase, 
and the substrate is adenosine diphosphate (ADP) which 
is present as the bound nucleotide of skeletal muscle 
myofibrils!. This bound ADP has generally been regarded 
as inaccessible to enzyme attack!*, but more recently, 
evidence has been reported suggesting that high concentra- 
tions of creatine kinase could transfer phosphoryl groups 
from phosphorylereatine (PC) to the bound nucleotide of 
deoxycholate-treated myofibrils*. We therefore undertook 
to determine chemically whether or not a net increase 
in myofibrillar adenosine triphosphate (ATP) content 
occurs during incubation with creatine kinase and PC#:, 
Details of that work will be published elsewhere, but a 
typical experiment is described here to illustrate the pitfall 
which is the subject of this article. 

Myofibrils were isolated by differential centrifugation 
of a rabbit muscle homogenate in a solution containing 
0-1 M potassium chloride, 4 mM magnesium chloride, 
4 mM ethylenediamine tetraacetic acid, 10 mM imidazole, 
and enough sodium hydroxide to bring the pH to 7:0. 
They were then washed at least five times in 0:1 M 
potassium chloride containing 10 mM imidazole-hydro- 
chloric acid at pH 7:0 (refs. 3 and 6). Purified creatine 
kinase (procedure B, fraction IV of ref. 7) was treated 
with charcoal before use, to remove contaminating 
nucleotides?. The experimental mixtures contained, in a 
total volume of 5 or 10 ml., 4-10 mg/ml. myofibrils, 2-8 
mg/ml. creatine kinase, 1-2 mM PC, 20-70 mM potassium 
chloride, 1 mM magnesium chloride and 40 mM imidazole- 
hydrochloric acid buffer at pH 7-0. At a selected time, 
usually a few minutes after the addition of PC, the mixture 
was poured rapidly into 0-3 ml. 70 per cent (w/w) perchloric 
acid with vigorous mechanical stirring, the precipitated 
protein was removed by filtration, and the clear solution 
was neutralized with an excess of 2 M potassium bicar- 
bonate. After removal of the potassium perchlorate 
precipitate, the solution was analysed for total nucleotide 
content by ultra-violet spectrophotometry, and for ATP 
by the fire-fly luminescence method’, using internal 
standards to avoid errors due to inhibition by residual 
perchlorate. 

Results of a typical experiment are presented in 
Table 1. At first glance, data like these appeared to con- 
stitute a demonstration of the net phosphorylation of 
myofibril-bound ADP‘. However, subsequent work 
showed that the amount of ATP formed in replicate 
experiments was highly variable, ranging from virtually 
zero to as much as 50 per cent of the total adenine nucleo- 
tide. Furthermore, the result seemed unrelated to the 
duration of incubation of the reaction mixture before the 
addition of perchloric acid, or to prior treatment of the 
myofibrils with deoxycholate. High ATP values were 
sometimes observed even when the acid was added 
just before the PC. 


Table 1. APPARENT PHOSPHORYLATION OF MYOFIBRIL-BOUND NUCLEOTIDE 


In a total volume of 10 ml., the complete mixture contained 7-1 mg/ml. 

myofibrils, 4 mg/ml. creatine kinase, 1 mM PC, 1 mM MgCl, 31 mM KCl, 

and 40 mM imidazole-HCl buffer, pH 7-0. Ten minutes after addition of 

the PC, 0-3 ml. 70 per cent HCIO, was added, and the samples were analysed 
as described in the text 


Total nucleotide ATP 

Mixture (uM) (uM) 
Complete mixture 21-4 59 
PC omitted ® 211 0-6 
CrK omitted 20-6 0-9 
Myofibrils omitted ~0 ~0 
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Table 2. PHOSPHORYLATION OF ADP BY CREATINE KINASE IN THE PRESENCE 
OF PERCHLORIG ACID 


In a total volume of 5 ml., each semple contained 22 uM ADP, 1 mM MgCl,, 
28 mM KCI, 40 mM imidazole-HCl buffer, pH 7-0, 8 mg/ml. creatine kinase, 
2mM PC, and 0-6 M HOLO,. The perchloric acid was added initially, followed 
by the creatine kinase and PC as indicated. After 6 min, the samples were 
centrifuged and the supernatants analysed as described in the text 
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Total nucleotide ATP 

Sample (#M) (M) 

CrK added 15 sec before PC 23 08 * 
CrK and PC added simultaneously 22 9:8 
” ” ” 23 21 
” ” » 22 17 


* This amount of ATP is normally present as a contaminant in the com- 
mercial ADP used. CrK, creatine kinase. 

The possibility then arose that the observed ATP 
resulted not from phosphorylation of bound ADP but 
rather from the survival of some creatine kinase activity 
for a short time after the liberation of the ADP by per- 
chloric acid. That is, the observed phosphorylation might 
have occurred after the ‘termination’ of the reaction. A 
control experiment was designed to test this possibility, 
using conditions similar to those described above except 
that the myofibrils were replaced by an equivalent 
amount of free ADP. The perchloric acid was added to 
the initial mixture, followed by @ solution containing 
both the creatine kinase and PC. As exemplified in Table 
2, considerable amounts of ATP were often observed in 
these experiments, demonstrating that, at this high 
concentration of creatine kinase, a significant amount 
of transphosphorylation can occur even in the presence 
of 0-6 M perchloric acid. It should be recognized, of 
course, that the amount of ATP formed in these experi- 
ments is less than 1 mole per mole of transphosphorylase, 
assuming a molecular weight of 80,000 for creatine kinase?®. 

When trichloracetic acid was used instead of per- 
ehloric acid to stop the reaction and liberate the bound 
nucleotides, much smaller amounts of ATP were observed 
in the myofibril experiments®, and control experiments 
like that of Table 2 only rarely showed any ATP forma- 
tion, a finding which is consistent with earlier reports 
that trichloracetie acid is a more effective protein pre- 
cipitant than perchloric acid. 

These results indicate that the apparent increase in the 
bound ATP of myofibrils during treatment with creatine 
kinase and PC is probably an artefact resulting from the 
method of analysis; however, it is likewise impossible to 
say with confidence that phosphorylation of bound 
nucleotide does not occur. This question will be dealt 
with more fully elsewhere. together with other related 
experimental results. 

An error like that described above might also account 
for the contradictory results regarding the composition 
of the bound nucleotide of well-washed myofibrils. It had 
been thought that a considerable fraction of the total 
nucleotide (roughly 10 per cent or so) was ATP? 5, but 
recent evidence indicates that, in actuality, practically 
no ATP is present 2, Quite possibly, the ATP observed 
earlier arose from the action of myokinase on the liberated 
ADP during perchloric acid extraction, since myokinase 
is a common contaminant of myofibril preparations’ and 
is remarkably acid-stable'*. Indeed, when we added 
perchloric acid to a concentrated suspension of myo- 
fibrils with adequate stirring, considerable amounts of 
ATP could be demonstrated in the extract, while if we 
used more dilute myofibril suspensions, taking careful 
precautions to ensure rapid mixing, ADP was the only 
nucleotide present in significant amounts. Extraction of 
myofibrils in boiling water yielded essentially an equili- 
brium mixture of adenosine mono-, di- and tri-phosphates, 
as measured by ion-exchange chromatography. 

These examples show that the method by which an 
enzyme reaction is ‘terminated’ may introduce drastic 
errors in the analysis of low-concentration components of 
compartmentalized systems. Although no illustrative 
evidence will be offered, it can be recognized that similar 
pitfalls may beset the study of coupled enzyme systems, 
where the component of interest is simultaneously the 
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product of one enzyme and the substrate of another. 
If the concentration of this intermediate compound is 
stoichiometrically comparable to that of the enzymes, 
then it is clear that a slight difference between the rates of 
inactivation of the two enzymes may cause considerable 
spurious changes in the concentration of the compound of 
interest to occur after the reaction has been ‘terminated’. 
In the analysis of whole tissues, both hazards exist. The 
measured compounds are often present at low concentra- 
tions relative to the enzymes which act on them; they 
may be bound or otherwise compartmentalized; and they 
are often intermediates in delicately balanced coupled 
enzyme systems. 

I thank Mrs. Jean McDermott and Mr. David Garrison 
for their assistance. 
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A POSSIBLE MECHANISM FOR PEPTIDE BOND FORMATION DURING 
AMINO-ACID TRANSFER FROM AMINOACYL-sRNA 
TO PROTEIN 


By Dr. A. O. HAWTREY 


National Chemical Research Laboratory, Council for Scientific and Industrial Research, 
Pretoria, South Africa 


HE final step in protein synthesis involves the 
transfer of amino-acids from aminoacyl-sRNA to 
growing polypeptide on the surface of a ribosome’*. 
Although much is known about the earlier stages of protein 
synthesis’ and the aggregation of ribosomes into poly- 
somes by messenger RNA (refs. 8-10), little is known 
about the mechanism of formation of the actual peptide 
linkage, except that GTP and certain soluble transfer 
enzymes are necessary for this reaction!-™. 
Peptide bond formation between a new, incoming 
amino-acid and the growing polypeptide chain is depicted 
in its simplest form as'-17; 


(6) 


I 
NH,—polypeptide - - NH—CHR!—C—O—RNA!+ NH,—CHR® Ne dade 


(0) oO 


i | 
NH,— polypeptide - - NH—CHR!—C——NH—CHR? l O—RNA? + RNA—OH 





There is considerable evidence to support the idea 
that the growing peptide chain starts at the free amino 
end!*1? and that at all stages of growth it is linked to an 
sRNA molecule, which is itself attached to the 50 S 
component of the 67 S ribosome’*!*, The mechanism 
shown above, however, presupposes that the energy for 
peptide bond formation resides in the ester linkage of the 
aminoacyl-sRNA complex®®. This seems doubtful since 
GTP appears to be essential for this step'*. If GTP 
does supply energy for the formation of the peptide linkage, 





it means that the aminoacyl-sRNA complex is merely a 
specific amino-acid carrier, and that it must be activated 
in some way before peptide bond formation with the 
next aminoacyl-sRNA. can occur. If this is so, it is 
possible to suggest that when an aminoacyl-sRNA 
molecule is. in the correct position on the ribosomal 
template for peptide bond formation, hydrolysis of the 
aminoacyl-sRNA ester linkage takes place regenorating 
polypeptide, which is held in some way on the ribosomal 
surface. Following this, the free carboxyl group of the 
polypeptide is activated by GTP, and the activated 
complex reacts with the amino group of the next amino- 
acyl-sRNA to furnish a new pep- 
tide bond. This mechanism, how- 
ever, is cumbersome, and is not 
supported by experimental evid- 
ence, which has demonstrated that 
the growing peptide chain js 
always attached to an sRNA 
p molecule!* 1, 

Wettstein et al.° have suggested that an exchange 
reaction occurs between aminoacyl-sRNA and GTP, 
resulting in the growing polypeptide being phosphorylated 
at its carboxy group. The latter then reacts with the 
next incoming aminoacyl-sRNA forming a new peptide 
bond and splitting out sRNA (Fig. 1). This scheme, 
however, has the disadvantage that the growing poly- 
peptide-sRNA complex is broken, resulting in a frce 
polypeptide and sRNA. As already stated, experimental 
evidence has shown that the growing peptide chain is 


ò 
. - (0) 
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always attached to a molecule of sRNA. Further, on 
chemical grounds, the postulated exchange reaction scoms 
unreasonable in that GTP would have to undergo cleavage 
with formation of a GDP cation and inorganic phosphate. 
Reaction with aminoacyl-sRNA would then occur by 
phosphorolysis leading to a phosphorylated peptide. 
These reactions really involve a cleavage of the aminoacyl- 
sRNA by inorganic phosphate. This implies that in- 
organic phosphate should be able to replace a high-energy 
nucleotide triphosphate in the postulatéd scheme. Experi- 
mentally this has not been found. 

On the other hand, if one postulates an exchange 
reaction through an attack by GTP on the polypeptide- 
sRNA complex involving alkyl-oxygen fission of the 
aminoacyl-ester linkage, the result would be a phosphoryl- 
ated peptide and an sRNA fragment minus either its 2’ or 
3’ ribose~hydroxyl group. Attack on the latter by water 
or hydroxyl ion would result in loss of the stereochemical 
configuration of this gro&p, and e resultant loss in enzym- 
atic amino-acid acceptor activity. 


It seems more reasonable in the light of what is known 
to postulate the reaction mechanism depicted in Fig. 2. 
The formation of an orthoester of the growing polypeptide- 
sRNA is envisaged (I and II). The acidic orthoester 
hydroxyl group is then activated through phosphorylation 
by GTP in the presence of one of the transfer enzymes to 
give a ribosomal bound intermediate (III). It is important 
to realize that this activation process occurs with the intact 
polypeptide-sRNA, and that up to this stage the amino- 
acyl-ester linkage has remained unbroken. It is also 
possible that the orthoester hydroxyl group may be 
activated indirectly by GTP and held in a labile linkage by 
a group on the transfer enzyme which itself is attached 
to the ribosomal surface (V1). 

The next amino-acid (IV) to be attached to the growing 
polypeptide chain is brought into close proximity to (ITT) 
where peptide bond formation takes place, catalysed by 
a second transfer enzyme to give (V) which has the 
growing polypeptide chain still attached to sRNA. During 
the peptide bond linking step, a concomitant hydrolytic 
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splitting of the orthoester structure is assumed to occur 
with liberation of free sRNA? (III and IV). This process 
is repeated on the ribosomal surface in a stepwise fashion 
until the polypeptide chain is completed. In this mechan- 
ism, the phosphorylated intermediate (IIL) could be 
replaced by the transfer enzyme-sRNA polypeptide 
complex (VI) with identical results. 

The postulated mechanism satisfies certain requirements 
necessary for the final peptide-bond forming step, namely, 
(a) the growing polypeptide is always attached to a 
molecule of sRNA, and (b) it accounts for the necessity of 
GTP, a high-energy phosphate donor. 
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A NEW SENSITIVE METHOD FOR DETECTING IMMUNOLOGICAL 


REACTIONS 
By C. MATHOT, Dr. A. ROTHEN and Dr. J. CASALS 


Rockefeller Institute, New York, and Rockefeller Foundation Virus Laboratories, 
New York 


OME years ago, one of us, in collaboration with K. 
Landsteiner!, showed that monomolecular films of 
proteins such as ovalbumin, formed at the surface of a 
Langmuir trough and afterwards transferred on to metal- 
lized glass slides, could interact specifically with homo- 
logous antisera. This was demonstrated by smearing a 
drop of a rabbit homologous antisorum diluted 1/10 in 
buffer solution on the slide coated with the antigenic 
film. The thickness of the adsorbed layer was approxi- 
mately 50 A, compared with 10 A for a heterologous 
serum. In certain cases differentiation between homolo- 
gous and heterologous antisera could still be made at 
dilutions of 1/500. A thorough investigation was carried 
out later on? using an improved optical method to measure 
the thickness of the layers. The system bovine albumin- 
antibovine albumin rabbit immune serum was found 
unique in the sense that the thickness of the adsorbed layer 
of antibodies was at first proportional to the number of 
monolayers of albumin present on the slide. A maximum 
thickness of 250 A was obtained for the layer of antibodies 
when. four double layers of albumin were present on the 
slide. A greater number of protein layers deposited on the 
slide did not permit the adsorption of a thicker layer of 
antibodies. 

It occurred to us that this immunological method, 
based on the measurement of the thickness of adsorbed 
antibodies might be expanded and applied to other sys- 
tems, particularly some involving relatively crude antigens 
instead of crystalline or highly purified protein prepara- 
tions. A series of eight arthropod-borne viruses? and their 
corresponding antisera were chosen as test material. 
The antigens were partially purified suspensions of 
infected new-born mouse brain tissue. A drop of these 
extracts was smeared on a slide, bare or coated with a 
fow layers of barium stearate, with the hope that the 
density of adsorbed antigen particles would be large 
enough to permit a specific adsorption of antibodies 
when tho slide was afterwards treated with a homo- 
logous antiserum. In a few cases, it was possible to 
differentiate homologous from heterologous antisera. 
The thickness of the layer adsorbed after treatment with 
a homologous antiserum was ~ 30 A compared with 
~ 20 A or less obtained with a heterologous antiserum. 
The results, however, were difficult to reproduce con- 
sistently, and the sera could not be diluted more than 1/10. 


It was a theoretical possibility that an electric field. 
applied with the appropriate polarity during the adsorp- 
tion period of the antigenic material as well as during 
the treatment with the antiserum, might enhance the 
preferential adsorption of the antigen as well as that of 
the antibodies and would thus permit a clear-cut diffor- 
entiation between homologous and heterologous antisera. 
The experimental results presented here have fully 
justified this assumption, and as it appears from our 
results, it has been possible to detect immunological 
reactions for eight arthropod-borne viruses with their 
homologous antisera, which could be diluted a million 
times before the reaction ceased to be detectable. 

The slides on which the reactions were carried out were 
glass slides 0-6 em x 12 cm coated by evaporation with 
a layer of chromium ~ 4000 A thick. 

The antigens were prepared as described by D. H. 
Clarke and J. Casals‘ and consisted essentially in suspon- 
sions of infected new-born mouse brain tissue partially 
purified by removal of materials soluble in acetone or 
acetone and ethyl ether; the antigens were preserved in 
lyophilized form. The dried, lyophilized antigens were 
rehydrated in distilled water, approximately in the ratio 
of one part of original brain tissue to two parts of water; 
this was designated undiluted antigen. Bofore use, the 
antigen was diluted 1/10 also in water; the pH of this final 
solution was close to 7-2. No significant difference in 
the results was observed when, in a few. cases, the final 
dilution was made with an acetate buffer (0-01 M) pH 6-2. 

All the antisera, were mouse sera. They were diluted 
in veronal buffer, 0-05 M in veronal plus enough hydro- 
chlorie acid to bring the pH close to 7:6. 

All thickness measurements were determined with an 
ellipsometer, which is an optical apparatus devised years 
ago in our laboratory and which permits the determina- 
tion of the optical thickness of thin films deposited on 
metallized slides within a fraction of 1 A (ref. 5)*. 

‘Pyrex’ tubes 0-8 cm in diameter and 6 cm long were 
filled with 0-5 c.c. of the diluted antigenic preparations. 
Clean chromium-plated slides connected to the negative 
pole of a d.c. source were inserted into the tubes along 


* There are available many types of ellipsometers manufactured by 
different companies. A small and compact ellipsometer with an electronic 
phosometer, specially adapted for the type of w@rk reported in this articic, 
s manufactured by Rudolph Instruments Engineering, P.O. Box 265, Little 
Falls, New Jersey. 
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with a platinum wire 0-075 cm in diameter connected to 
the positive pole of the d.c. source. Through a variable 
resistance, the current was maintained constant at 0-3 
mamp for 90 sec for all the experiments summarized 
in Table 1. After washing and drying, the thickness of 
the adsorbed layer was consistently found to be 25 A + 
5A. The slides were then immersed for 2 and 5 min 
in the diluted antisera contained in test-tubes of the same 
size as those used for the antigen deposition. This time, 
the polarity was inverted, the slides were connected to 
the plus side and the platinum wire to the minus side 
of the d.c. source. The intensity of the current was also 
0-3 m amp. The same results as those reported as follows 
were obtained if the current was maintained at 0-1 m.amp 
but with a treatment approximately twice as long. For 
intensities lower than 0-1 m.amp, the differences in the 
thickness obtained between homologous and heterologous 
sera tended to diminish. 

The results have been summarized in Table 1. The 
figures represent the thickness in A of the layer adsorbed 
after treatment with the antisera. Each row corresponds 
to a single antiserum and each column to a single antigen. 
The numbers in the row heading the columns identify 
the antigens corresponding to the homologous antisera 
designated by the same numbers found in column 2. 
The sera were diluted 1 to 10. Two figures are given 
for each combination antigen—antiserum; the top one is 
the thickness adsorbed after 2 min, and the lower one 
the thickness after 5 min. 

It is apparent from Table 1 that when the serum used 
is homologous to the antigen, the thickness of the adsorbed 
layer is twice and very often three times as large as when 


Table 1 
1 2 8 4 5 6 7 8 
Semliki Forest 1 168 124 118 120 108 
234 178 151 164 188 
Chikungunya 2 183 87 1283 100 93 
484 160 160 144 144 
Sindbis 3 103 “82 168 116 102 96 
156 152 268 172 178 175 
MM 2021 4 104 75 190 97 
142 142 278 136 
St. Louis 5 102 Tié 256 146 
160 184 596 186 
Zika 6 109 93 140 280 93 138 
163 202 668 186 200 
Dengue Type 4 7 118 128 125 136 202 104 
172 182 162 172 698 188 
Wesselsbron (SAH 177) 8 147 83 99 172 
° 222 155 167 670 


The figures represent the thickness (A) of the layer adsorbed after treat- 
ment with an antiserum for 2 and 5 min. 
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the serum is heterologous. Viruses 1-4 belong to Group 4 
of the arthropod-borne viruses, 5-8 to Group B; it is 
apparent from the figures that no intra-group cross- 
reactions were detected, as the thicknesses obtained with 
all heterologous sera were of the same order of magnitude, 
regardless of group. In this respect, the reaction differs 
from others, particularly hemagglutination inhibition 
and complement fixation tests”. 

Fig. 1 represents the rate in the increase of the thickness 
of the absorbed layer on a slide coated with an antigenic 
preparation when the slide was treated with a dilute 
(1/10) homologous or heterologous antiserum. 

After treatment with either a homologous or hetero- 
logous antiserum, the thickness of the adsorbed layer was 
only 15 A + 5 A for all sera if the slides had been con- 
nected to the negative side of the d.c. source during the 
antiserum treatment. It can thus be said that at pH 7-6 
the antibodies were negatively charged since they could 
not move towards the negatively charged slide. 

When the slides were connected to the positive pole 

during the antigen adsorption period, a large increase in 
thickness occurred, from 150 A to 200 A instead of the 
20 A observed with the reversed polarity. Such prepared 
slides connected to the positive pole during the antiserum 
treatment failed to differentiate homologous from hetero- 
logous antisera; the thickness of the adsorbed layer was 
100 A in all cases. It follows that the first adsorbed layer 
did not contain any antigenic particles, which conse- 
quently must be positively charged at pH 7-0. 
. When no potential was applied during the antigen 
adsorption period, a thicker adsorbed layer was observed 
on the slides later treated with a homologous anti- 
serum than on those treated with a heterologous one, 
the slides being positively charged during the antiserum 
treatment. The ratio, thickness adsorbed with homo- 
logous antiserum to thickness adsorbed with heterologous 
antiserum, was approximately 3/2, much smaller than the 
similar ratio observed when the slides were negatively 
charged during the adsorption of the antigen. 

In conclusion, it can be said that it is possible, by 
electrophoresis, not only to increase the density of the 
antigenic particles adsorbed on the slide, but also to 
facilitate the interaction antigen antibody, by maintaining 
a greater concentration of antibodies in the immediate 
vicinity of the surface of the slide properly charged. 

The influence of an electric current during the period of 
interaction between the adsorbed antigenic particles and 
the antibodies dissolved in the diluted serum is most 
remarkable. It permitted the observation of a specific 
adsorption. of antibodies for extreme dilutions of the sera. 
The thickness of the adsorbed layer after 5 min was 88 A 
with a homologous serum and 40 A with a heterologous 
one, when the sera were diluted 1 to 10°. A. specific 
adsorption could not be observed for greater dilutions. 
However, if the precaution was taken to use a larger tube, 
first rinsed with a solution of any heterologous serum 
diluted 1/100 and then rinsed with water before filling it 
with 8-10 c.c. of an antiserum diluted 1 to 108, an adsorbed 
layer 55 A thick was observed with a homologous serum 
compared to 30 A with a heterologous one. At these 
extreme dilutions, the amount of antibodies contained in 
the sample used for the experiment was of the same order 
of magnitude as the amount adsorbed on the slide. It 
was possible to deprive of its antibodies a given sample of 
a very dilute serum solution by repeating a few times an 
adsorption experiment with the same sample. This fact 
indicates the possibility of developing a simple quantita- 
tive method for assessing the concentration in antibodies 
of a given immune serum. 

The experiments reported in this article were all 
performed at 20° C, which is the temperature at which 
maximum adsorption occurred. At either 35° C or 5° C 
the thicknesses obtained were approximately 30 per cent 
smaller, but the ratio of the thickness of the layer after 
homologous serum treatment to that obtained after 
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heterologous serum treatment remained approximately 
the same. 

From a practical angle, two aspects are worth mention- 
ing. First, once the antigenic layers have been adsorbed 
with the help of electrophoresis, the slides kept at room 
temperature maintained their property to react specifically 
with the homologous antisera at least for one month. 
Secondly, to carry out a test takes only a few minutes 
for each antigen-antibody combination. 
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The experiments presented here should be extended 
to other antigenic systems, viral or otherwise, before one 
can be certain of the general applicability of the test. 


1 Rothen, A., and Landsteiner, K., J. Exp. Med., 76, 437 (1942). 
? Rothen, À., J. Biol. Chem., 168, 75 (1947). 
3 Casals, J., Trans. N.Y. Acad. Sci., Ser. IT, 19, 219 (1957). 


‘Clarke, D. H., and Casals, J., Amer. J. Trop. Med. and Hygiene, 7, 561 
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SIMULATION OF FLUTTERING LIFT IN A BIRD, LOCUST, MOTH, 
FLY AND BEE 


By Pror. G. HOUGHTON 


School of Engineering and Mines, University of Pittsburgh, Pennsylvania 


N previous communications!? a mathematical model 
has been formulated to describe the behaviour of 
fluttering wing-body systems in a gravitational field. By 
programming the non-linear fluttering lift equation on a 
high-speed digital computer a study has been made 
of the effects of variations in lift coefficient, wave-form, 
phase angle, wing frequency, stroke angle and acceleration 
factor such that it has been possible to isolate a range of 
physically realistic flight parameters to account for the 
vertical lift behaviour of the desert locust. It is the 
purpose of this article to extend the treatment to other 
insects, as well as a bird, in order to demonstrate that the 
present model of fluttering flight has wide application in 
the simulation of natural flight mechanisms. Although 
not discussed in this article it is important to note that 
the fluttering lift concepts embodied in the present theory 
should also be capable of extension to the hydrofoil 
motions of aquatic insects and fish. 

In order to cover the range of wing frequencies (f = 
w/27) and wing loadings (M/2S) observed in Nature, the 
general applicability of the theory will be illustrated by 
reference to five typical flying creatures, namely, the 
pigeon (Columba livia), desert locust (Schistocerca gregaria), 
looper moth (Plusia gamma L.), cow fly (Tabanus bovinus) 
and honey-bee (Apis mellifica), the experimentally determ- 
ined flight data of which together with the corresponding 
nomenclature are summarized in Table 1 under the re- 
spective designations of the bird-, locust-, moth-, fly- and 
bee-types. The most reliable information on insect 
flight appears to be that of Weis-Fogh?4 and Jensen** on 
the desert locust, since the laboratory flight parameters 
were determined to within 4 per cent at steady state under 
controlled, conditions in which a carefully selected insect 
was tethered to the arm of a gravimetric balance near the 
exit to a wind tunnel, additional information being 
obtained by photography. Since the locust is a four- 
winged insect, Weis-Fogh and Jensen? reduced their data 
to correspond to an equivalent two-wing model with the 
wing geometry shown in the inset of Fig. 1, a geometry 


Table 1, FLIGET Data FOR Five TYPICAL FLYING CREATURES 


Bird* Locustt Motht  Fiy§ Beelj 

Wing frequency (f), c/s 8 20 48 96 200 
Stroke half-angle, 9, rads 13 0-875 1:05 0-79 1-09 
Mass (M), g 340 2-0 0-144 0-276 0-144 
Single wing area (S), em? 300 13-3 2-2 0-92 0-283 
Wing loading, M25, giem? 0°57 0-076 0-033 0-15 0-25 
Wing length tL), om 30 60 18 155 092 

First wing moment (m,),cm 1387 2-73 1-10 0-78 0-62 
Second wing moment (m,), cm? 242 10:0 1-28 0-89 0-32 
Duration factor (k) 1-4 1:50 11 15 1:3 
Acceleration factor for hover- ? 

ing (Fig. 1), y, g om 1,190 280 0-086 0:022 0:0016 
Virtual mass factor, 1+ 1:3 23 2-9 3-4 16 


* Columba livia, pigeon (ref. 10). 

+ Schistocerca gregaria, swarming desert locust (ref. 4). 
{t Plusia gamma L., looper moth gom, 6 and 8). 

§ Tabanus bovinus, cow fly (refs. 6 and 7). 

{| Apis mellifica, honey-bee (refs. 6, 7 and 9). 


Vertical distance, y (em) 


¥=0.0036 


0.0017 


0.0016 





‘Time, ¢ (sec) 
Fig. 1. Effect of acceleration factor y (g cm) on the vertical phugoids 
of the bird-, locust-, moth-, fly and bee-types of Table 1 with C4, L7 20, 
oF z= 15 and using the Z-wave-form at a phase angle e = —32/4. 


The broken line represetns free fall with the wings outstretched and 
no flutter (f=0, a= 0, Cz = 2-0). The insets show the wing geo- 


metries to scale, the dimensions being in contimetres 


also used in all the earlier caleulations!,*—a similar pro- 
cedure was also adopted with all the flying creatures of 
Table 1, the equivalent two-wing geometries of which 
are also drawn to scale in the appropriate insets of Fig. 1. 
The flight parameters of Magnan® as supplemented by 
Osborne’ for the looper moth and the cow fly have been 
used to formulate the moth- and fly-types respectively 
of Table 1; it should be noted thai#the more recent value 
(48 c/s) given by Sotavalta® for the wing frequency of the 
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looper moth agrees perfectly with the earlier value of 
Magnan‘. . 

However, Weis-Fogh and Jensen? have pointed out 
that the values of f and ẹ reported by Magnan may be in 
error by about 25 per cent, since the data were apparently 
not of one set, being taken at different times under un- 
specified conditions of hovering, flight, tethered flight or 
start—it is possible that the experimental error may be 
much greater than 25 per cent since the observed fre- 
quencies reported by Magnan’ and Sotavalta! for the same 
insect deviate by as much as 80 per cent. The flight data 
for the bez-type of Table 1 and Fig. 1 are those of Hocking’ 
with the exception of the stroke duration factor k, which 
was taken from Magnan'. As in the earlier work’, the 
wing motion (wave-form) was simulated by two half- 
sinusoids joined either at their bases (S-wave-form) or at 
‘their peaks (Z-wave-form), the ratio of the higher to the 
lower frequency being the duration factor k. 

The measurements of Hocking on the honey-bee repre- 
sent an average over more than twenty insects, the range 
of stroke angle » being 1-0]-1-41 radians and that of 
frequency f being 178-208 c/s. The information of Guidi!° 
on the pigeon for the bird-type of Table 1 closely approxi- 
mates conditions of hovering where the wings are spread; 
use is made of the maximum flapping angle and the wing 
frequency increases appreciably; in this way the lift 
forces arising from the forward motion are minimized 
since such effects are believed to be appreciable in birds*??. 
‘The cinephotographs of Guidi have shown that in uniform 
horizontal flight the flapping frequency is about 5 efs, 
for slow rising flight it is 7 c/s and for hovering it is close 
to 8 c/s. Similarly, when a pigeon is hovering it makes 
more use of its wing spread and its flapping angle increases 
to about 1-3 radians. The wing area S and the root-to- 
tip wing-length L for the pigeon in Table 1 were estimated 
from a scale drawing and photographs given by Guidi, 
while the duration factor k = 1-4 was determined from 
experimental data given for the durations of various 
segments of the wing trajectory. 

The vertical flight trajectories of Fig. 1 were calculated 
numerically on a digital computer (IBM 7090) using 
equation (1) of the earliest publication’ in conjunction 
with a Z-wave-form and a phase angle « of — 37/4, as in 
the previous calculations for the desert locust?. For ell 
the flying creatures of Table 1 and Fig. 1 the lift coefficient 
on the downstroke, C?, was fixed at 2:0, close to the 
maximum (2-14) observed experimentally for Helmholtz 
flow! while that on the upstroke, C4, was set at 1-5 in 
order to permit a higher lift coefficient on the downstroke 
than the upstroke, as postulated by earlier workers on 
insect and bird flight?-’. In the case of the desert locust, 
the condition C2 > CÑ is believed to be caused by wing 
folding?*, a phenomenon that could also occur in the 
moth. Chadwick!? indicates that variations in lift between 
the upstroke and downstroke in higher order insects such 
as the fly and bee are probably produced by wing 
twisting. In birds the wing chords are concave down- 
wards, again indicating that the lift coefficient might be 
higher on the downstroke. Thus. in order to put all the 
calculations for the different flying creatures of Table 1 
on the same basis, the lift coefficient on the upstroke has 
been taken as 25 per cent lower than that on the down- 
- stroke in all cases. That such assumptions as the above 
are reasonable is confirmed by the somewhat remarkable 
consistency of the acceleration factors obtained from the 
computed flight trajectories, particularly in view of the 
relatively poor accuracy (+ 25 per cent) expected for the 
flight parameters of the bird, moth, fly and bee. With 
C? and C4 fixed, the procedure was to determine the 
acceleration factor y in the digital computer programme?! 
which would just cause the creature to hover, using the 
flight parameters of Table 1 in conjunction with the 
corresponding wing ge@metries shown in the insets of Fig. 1 
—~in all cases the hovering condition has been bracketed 
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between rising and falling trajectories (phugoids). It is 
interesting to note that in order to produce phugoids 
similar to those of Fig. 1 with the S-wave-form using the 
same range of acceleration factors, it was found necessary 
to use lift coefficients in the range 3-6. Although the 
scales of Fig. 1 are not sensitive enough to exhibit body 
oscillation, this occurred in all cases where wing flutter 
was permitted, the amplitude at the hovering condition 
being close to 4-0, 0-9, 0-5, 0-05 and 0-01 cm respectively 
for the bird, locust, moth, fly and bee. 

Table 1 summarizes the acceleration factors y required 
for hovering, so that if x is the coefficient of virtual mass 
of the air displaced by the wings, then the factor 1 + x 
can be computed from equation (3) of the earlier article’, 
which is rewritten in a more convenient form below: 
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y = 8e(1 + x)pSm, (1) 
where: L 
S = [W(r)dr (2) 
0 
and: L . 
M, = (1/8)fr?W (r)dr (3) 
0 


In the foregoing equations, ¢ = 1-25 x 10-* g/em® is 
taken as a representative density for air close to the 
Earth’s surface and W(r) is the chord-length which is a 
function of the radial distance r from the root of the wing. 
The second wing moment m, and the surface area of a 
single wing S were determined by graphical integration 
using the wing geometries shown to scale in Fig. 1, as 
was the first wing moment m, here, which locates the centre 
of mass or centroid of the wing and is also reported in 
Table 1 for the sake of completeness: 


m, = ASWA (4) 


Thus tho acceleration factors y from Fig. 1 correspond- 
ing to hovering in the bird, locust, moth, fy and bee are 
1,190, 2-80, 0-086, 0-022 and 0:0016 g cm respectively, the 
corresponding values of 1 + x from equation (1), also 
reported in Table 1, being 1-3, 2-3, 2-9, 3-4 and 1:6. The 
apparent increase in 1 + k from the bird to the fly is 
reversed by the bee, indicating that any trend with animal 
size or wing frequency is probably fortuitous and due to 
the poor accuracy of the experimental flight parameters, 
this error being of the order of + 25 per cent for all the 
flying creatures with the exception of the locust. Evidence 
that experimental error causes the variations in 1 + x is 
provided by computing the mean value for all five crea- 
tures, which is 2-°3+0-7, the deviation being the average 
and corresponding to a variation in 1+x of + 30 por cent, 
which agrees with the experimental error: furthermore, it 
is perhaps a remarkable coincidence that the mean of 
2-3 is also identical with the particular valuc found for the 
desert locust, the experimental data of which are the most 
reliable. The coefficient of virtual mass x for Helmholtz 
flow around paddle-shaped aerofoils is therefore about 
1-3—since such coefficients of virtual mass have not been 
obtained previously, either experimentally or theoretically, 
it is only possible to compare the foregoing result for 
aerofoils with values for the analogous case of a sphere or 
ball pendulum oscillating in a fluid. the theoretical value 
of x being 0-5 for an inviscid fluid“, the experimental 
coefficients of Lunnon™ for large spheres in air or water 
being in the range 0-5-2-0, while my own more recent 
values?® for small glass sphores levitated’ in an oscillating 
hydrodynamic field encompass the wider range of 
1-0-9-0. 

Perhaps the most important conclusion to be reached 
from the foregoing calculations and discussion is that, 
while the earlier -investigations!? showed the model of 
fluttering lift to apply specifically to the desert locust, the 
present investigations demonstrate the theory to have 
general validity for a wide variety of flying creatures 
covering wing frequencies of 8-200 c/s, stroke amplitudes 
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of 0-:79-1-30 rad, duration factors of 1-1-1-5, wing loadings 
of 0-033-0-57 g/cm? with an assortment of wing geometries 
and dimensions, the remaining flight parameters, C, 
and x, being in the range to be expected from physical 
considerations based on separate experimental data 
obtained artificially in the laboratory. 

For the extensive computing time on the IBM 7090 
digital computer I thank the U.S. National Science Found- 
ation through grant GP-2310, which partially supports 
the University of Pittsburgh Computing Centre. 
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BIOLOGICAL ACTION OF ALDOSTERONE in vitro 
By Dr. GEOFFREY W. G. SHARP* and Pror. ALEXANDER LEAF 


Departments of Medicine, Harvard Medical School, and the Massachusetts General Hospital, Boston, Mass. 


UMERODS attempts have been made to demon- 
strate the action of aldosterone in vitro. In no 
instance, however, has the response obtained been large 
and consistent at physiological concentrations of the 
hormone. The stimulation of sodium transport in the 
toad bladder by aldosterone has been reported by Crabbe? 
using the technique of Ussing and Zerhan? to measure 
sodium transport. This technique measures the electrical 
current produced by a short-circuited half bladder moun- 
ted across a ‘Lucite’ chamber, the current being a measure 
of sodium transport. If one examines the effect of aldos- 
terone on one half bladder with the other half bladder 
serving as control, the variability of sodium transport in 
paired half bladders will obscure the full sensitivity of this 
preparation to aldosterone. Consequently, a modification 
of the Ussing chamber technique has been devised similar 
to that reported by McAfee and Locke? which provides 
greater precision and sensitivity than has been possible 
previously for studying the effects of aldosterone. This 
article reports the action of aldosterone, other natural and 
synthetic steroids and certain aldosterone antagonists on 
sodium transport in the bladder of the toad, Bufo marinus. 
Further, a site of action of aldosterone is defined. 

The apparatus used in the work recorded here differs 
from the conventional chamber described by Ussing and 
Zerhan? in that it is essentially a double chamber with the 
two chambers positioned side by side. In this way, one 
half bladder may be mounted across the two chambers, 
one-quarter being used as the test preparation and one- 
quarter as the control. For most of the experiments 
described here the chambers were filled with sodium 
Ringer’s solution (sodium chloride, 113 mM; potassium 
chloride, 3-5 mM; sodium bicarbonate, 2-8 mM; calcium 
chJjoride, 0-89 mM). Both chambers were provided with 
complete electrical circuits by which the quarter bladders 
were short-circuited and the electrical characteristics 
determined (Fig. 1). In these experiments, the shert- 
circuiting and measurements were performed ond recorded 
automatically’, When the spontaneous membrane poten- 
tial is reduced to zero the electrical current flowing in the 
external circuit is equal to the sodium transport across the 
bladder’. Using this technique, the test and control 
membranes are from the same half bladder, they have 
received the same treatment prior to mounting and they 
are under the same conditions during the experiment. 

Toads used in the study were maintained in 0-11 M 
sodium chloride solution and carefully handled prior to 
use in an attempt to reduce the endogenous production of 


* Work done during the tenure of a Geigy travelling fellowship of the 
pane Rheumatism Council and with the assistance of a Wellcome travel 
grant. 


aldosterono and other mineralocorticoids. Under these 
conditions a greater sensitivity to d-aldosterone was 
noted. 

The steroids tested for activity were added to the fluid, 
bathing the serosal side of the membrane in a small volume 
of methyl alcohol. An equal volume of methyl alcohol 
was always added to the serosal side of the control 
membrane. 

To test the validity of the technique, experiments were 
performed in which half bladders of the toad were mounted 
across the double chamber in aerated Ringer’s solution and 
the short-cireuit currents recorded for periods of four to 
seven hours. Under these conditions a close parallelism 
between the two tissues was apparent. Fig. 2 shows three 
representative tracings of the short-circuit currents taken 
under control conditions for a period of four hours. It is 
clear that even when the current was varying the paral- 
lelism was maintained. Further, this similarity of behaviour 
in the two quarter bladders has been shown to hold for as 
long as seven hours. Consequently, under test conditions 
one can confidently describe deviations from the control 
curve as being due to the test agent. 

The addition of d-aldosterone to the serosal surface of 
one-quarter bladder results in an easily detectable stimu- 
lation of sodium transport. For example, in Fig. 3 the 
response to 3-6 x 10-° M d-aldosterone is shown. In all 
experiments there was a delay in onset of activity which 
was usually between 45 and 90 min (extremes being 
25-120 min) and peak effects usually occurred 2-3 h after 
the addition of aldosterone. The delay in onset of activity 
was not decreased by increasing the d-aldosterone concen- 
tration. The lowest concentration at which d-aldosterone 
was effective was 3-3 x 10-!° M, and this is shown in Fig. 4. 
As four attempts to demonstrate activity at 1 x 107° M 
were unsuccessful, we regard this as close to the lower 
limit of effective concentration. The upper limit at which 
maximal responses were obtained was determined by 
comparing the responses of quarter bladders to different 
concentrations of d-aldosterone. The concentrations 
compared were 10-° and 10-8 M at which a large difference 
in response occurred, 10-8 and 10-7 M at which only a 
slight difference occurred and 10-? and 10-§ M at which no 
difference could be detected. We conclude that maximum 
responses are obtained with d-aldosterone at concentra- 
tions close to 10-7 M. The range of concentrations 3:3 
x 10- M-10-7 M, which provide minimum and maximum 
responses, respectively, corresponds with physiological 
concentrations in man when calculated from secretion 
rates®, 

Stimulation of sodium transport was also obtained with 
other steroids. Cortisol, cortic&terone, deoxycorticos- 
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Fig. 1. Double chamber apparatus used to detect d-aldosterone stimula- 
tion ofsodium transport. Inthe upper figure, a horizontal section through 
the chamber as viewed from above, the bladder membrane is shown 
mounted as quarter bladders (4, and åa) in the two parts (B and C) of 
the double chamber. Sodium Ringer’s solution bathing the two 
opposite surfaces of the bladders is mixed and oxygenated by an air- 
bubble lift entering at K,, Ka K. and K,. Potassium chloride-agar 
-bridges (D, and D,) connect the mucosal and serosal bathing media with 
calomel electrodes (E, and E,) and the potentiometer (F). Two more 
bridges (G, and G,) connect the media in the chambers with the external 
circuit made up of a microammeter (H), voltage divider (7) and power 
supply (J) The potential difference across the membrane may be 
reduced to zero by the applied E.M.F. of the external circuit and the 
current recorded. Only one of the two identical circuits is shown, that 
connected to chamber B. In the lower figure the double chamber is 
shown in side view exposing the fluid compartments, air inlet and bridge 
leads of chamber C 


terone, 9,a-fluorocortisol and 18-hydroxycorticosterone 
all stimulate sodium transport. Higher concentrations 
were required to elicit a response than with aldosterone, as 
can be seen from Figs. 5 and 6. No attempt was made to 
assay the relative potency of these steroids except in the 
case of deoxycorticosterone which, by response matching 
with d-aldosterone, was shown to be at least twenty times 
less active. Cortisone was without effect on sodium trans- 
port even at concentrations as high as 10-* M. This 
demonstration. that cortisone itself is inactive confirms 
the evidence that cortisone must be converted to cortisol 
in order to have biological activity’. A comparison of 
cortisol and cortisone at 5 x 10-5 M is shown in Fig. 6. 
Certain antagonists of aldosterone: progesterone at 10-4 
M, spirolactones SC 9420, at its maximum concentration 
in aqueous solution, and SC 14266 at 2-5 x 10-4 M, were 
found to antagonize the effect of 1:85 x 107M d-aldos- 
terone. 
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Previous work has shown that the two major barriers 
to the movement of sodium across the toad bladder reside 
in the opposite surfaces of the single layer of mucosal 
cells*-*, The effect of aldosterone, therefore, may be at the 
mucosal or at the serosal surface. In Fig. 7 a diagrammatic 
representation of the membrane is shown: (a) in the resting 
state; (b) in the hypothetical state of a response to a stimu- 
latory hormone affecting the permeability of the mucosal 
surface; (c) in the hypothetical state of a response to a 
stimulatory hormone affecting the permeability of the 
serosal surface. Reference to this diagram shows the 
rationale underlying the determination of the major site 
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Fig. 4. Effect of d-aldosterone, 3-3 x 10-1° M 
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Fig. 5. Effects of corticosterone, 1-0 x 10 M (above); and deoxy- 
corticosterone, 5-0 x 10-5 M (below) 
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Fig. 6. Lack of activity of cortisone, 5-0 x 10-* M (above); and effect of 
cortisol, 5-0 x 10-5 M (below) 


of the effect of d-aldosterone. The procedure for the 
determination was as follows. The double chamber was 
set up in the usual manner but with sodium Ringer’s 
solution on the mucosal side of the membrane and choline 
Ringer’s solution on the serosal side. After short-circuit- 
ing the preparation, approximately 30 min was allowed for 
equilibration before the addition of d-aldosterone to the 
serosal side of the test quarter bladder (final concentration 
1:85 x 10-7 M). After a further 90 min sodium-24 was 
added to the mucosal side of both chambers. One hour 
later the tissues were taken from the chamber and weighed 
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after removing the surface moisture by blotting quickly 
and carefully with Whatman 54 filter paper. Radio- 
activity was then assayed in an appropriate y radiation 
counter. The percentage labelling 
( concentration of *4Na in tissue 
~ concentration of 21Na in mucosal medium 


of the tissues was determined in both the control and 
treated quarter bladders and provided information as to the 
major site of the hormonal effect. Stimulation of sodium 
transport above the resting-level shown in Fig. 74 implies 





x 100) 


` an increase in mucosal permeability, Fig. 7B (in which 


case the tissue concentration of sodium-24 would rise), an 
increase in serosal permeability, Fig. 7C (in which case the 
tissue concentration would fall), or an increase in both 
mucosal and serosal permeability. In the experiments 
reported here, sodium-24 was added to the mucosal side 
of both chambers, but only the test chamber received the 
aldosterone. 

In Table I the percentage labelling of the tissue in the 
presence and absence of aldosterone is shown. In each of 
the 13 experiments the tissue labelling was greater in the 
presence of aldosterone than in its absence and a highly 
significant increase in tissue labelling was demonstrated. 
Thus the major effect of aldosterone is manifest as an 
increase in the permeability to sodium of the mucosal 
surface of the single layer of epithelial cells. 

The ability of the toad bladder to transport sodium has 
been characterized’ and the influence of anti-diuretic 
hormone determined’*4, The work described here 
demonstrates that the toad bladder also provides a useful 
system for the study of mineralocorticdid hormones. 
Aldosterone has been shown to act at physiological concen- 
trations (3-3 x 10-1°M-10~-7M). A lag period of approxim- 
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Fig. 7. Illustration of the method used to determine the site at which 
aldosterone exerts its effect on the single layer of epithelial cells in the 
tosd bladder. Sodium-24 was added to thè mucosal bathing medium. 
Fig. 74 shows the non-hormone treated state. Fig. 7B shows the increase 
in transmembrane permeability coeffictont, Krrans, and of the tissue 
concentration of sodium-24 that would result from an action of the 
hormone to increase the permeability of the mucosal permeability 
barrier, Km. A similar Increase in Krrans might also be achieved by an 
increase of serosal permeability, Ks, as shown in Fig. 7C, but such an 
action would result in a decrease of tissue concentration of sodium-24. 
Therefore, for a mucosal effect Nas > Was while for a serosal site of 
action Nas > “Nae 
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Table 1. EFFEOT or ALDOSTERONE ON SODIUM POOL. MEAN PER CENT 
LABELLING 


Aldosterone absent 
8-24 


Aldosterone present 








2+ 0:29 (S.2.M.) 


ately 45 min occurs before the onset of activity with peak 
effects at 2-3 h following application of the hormone. 
Other mineralocorticoids are effective in the system but at 
higher concentrations than required with aldosterone. 
Deoxycorticosterone has been shown to be twenty times 
less active than aldosterone. Cortisone, as expected, was 
inactive. The aldosterone antagonists, SC 9420, SC 
14266 and progesterone, all inhibit the response to 
aldosterone—the latter confirming the earlier report by 
Landau and Lugibihl’*, All these points parallel and 
confirm the ‘established’ pharmacology of mineralo- 
corticoids. It seems likely, therefore, that this system 
will be useful in elucidating the action of aldosterone. The 
site of action has been defined as the mucosal side of the 
epithelial cells through which sodium has been shown to 
enter passively’. It is of interest that this is the same 
surface on which vasopressin exerts its effects}. 

In conclusion, this rapid and simple technique shows 
high sensitivity to d-aldosterone and other mineralo- 
corticoids. It demonstrates faithfully the known pharma- 
cological effects of these agents and should provide a 
bioassay for mineralocorticoid activity and possibly for 


NATURE 


June 20, 1964 


their antagonists. The method uses a well-characterized 
transport system which should facilitate the study of these 
important hormones. 

Since this article was submitted for publication two 
closely related articles have appeared in print: Porter, 
G. A., and Edelman, I. S., J. Clin. Invest., 48, 611 (1964); 
and Edelman, I. S., Bogoroch, R., and Porter, G. A., 
Proc. Nat. Acad, Sci., U.S.A., 50, 1169 (1963). 

d-Aldosterone was generously provided by Dr. Maurice 
M. Pechet. The spirolactones were a gift from the Searle 
Laboratories, Chicago, and 18-hydroxycorticosterone from 
Dr. Stanley Ulick. 

We thank Dr. Howard S. Frazier for his advice. 

This work was supported in part by grants from the 
John A. Hartford Foundation, Inc., and the U.S. Public 
Health Service AMP 04501 and HE 06664 (HEP). 
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VARIABILITY IN THE AGGREGATION OF HUMAN PLATELETS 
BY ADRENALINE 


By Cr. J. R. O'BRIEN 


Portsmouth and Isle of Wight Area Pathological Service, Milton Road, Portsmouth 


LATELET adhesion and aggregation are known to play 

a major part in hemostasis, and the catecholamines 
are reported to shorten the bleeding time in rabbitst:?. 
Noradrenaline added to platelet-rich plasma causes 
platelet aggregation®. The anti-adrenaline drug phentol- 
amine inhibits adrenaline-induced aggregation in vitro, 
and in vivo in a high local concentration prolongs the 
bleeding time‘. It is therefore possible that the cate- 
cholamines affect platelet function in life’. The previous 
results reported by O’Brien‘:* were all based on observa- 
tions made with citrated platelet-rich plasma pooled 





Fig, 1. Representative tracings not in chronological order from 
volunteer G. L. The arrow indicates when 0-1 ml. adrenaline M x10-* 
was added to 2 ml. plat@et-rich plasma. A deflexion downwards 
indicates aggregation. Tracing speed : 2 min between the verticle lines 


from 6-12 or more donors, and all such pooled plasmas 
produced rapid and complete aggregation on the addition 
of adrenaline, final concentration 5 x 10-°M. This 
article reports a curious variation in the results when 
blood from separate individuals was investigated. 

Ten apparently healthy volunteers aged 20-66, 5 
males and 5 females who work in the laboratory, were 
examined at frequent intervals for a month. On each 
occasion 10 ml. of blood was withdrawn by perfect veni- 
puncture using a two-syringe, silicone technique. The 
blood was citrated and centrifuged to produce platelet- 
rich plasma. 2 ml. were placed in a cuvette and stirred 


18.10 





Fig. 2. A 14-day period of tracings from volunteer E. T. showing the 
change froma achaitive response to virtually no response and back again 
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Fig. 4. Representative tracings from volunteer B. P. usually showing an R R] E a a ad PR sd (A a 
initial slight spontaneous aggregation and an unusual aggregative a os) 
pattern—little or no second inflexion in the tracing g 4 5 i5 
a N 
at 37° C in an Eel titrometer (an electrophotometer). If k 
aggregation occurred the optical transmission increased 8 
and was continuously recorded in a downward direction p z Ba 
on the tracings. S 
About 1 min after stirring was begun, 0-1 ml. of adren- : AE Slee E e ASO E E 
aline M x 10-* was added. Usually rapid aggregation as z = 
in curves (1) or (2) in Fig. 1 was recorded. Platelet-rich B k = 
plasma giving such results will be called ‘sensitive’ to ga 
adrenaline. The speed and degree of aggregation varied Ņ 2 a Pa 
greatly and on occasions practically no aggregation was 4 = 
recorded. (Curve 5, Figs. land 2.) Plasma giving tracings & w aw a A 8 NA AANA N le| 
similar to (4) and (5) (Fig. 1) will be called adrenaline = jt 
‘resistant’. Tracing (3) will be called intermediate. All = 
the tracings were reviewed and for convenience each was 
labelled (1) to (5) according to which of the five tracings " 
in Fig. 1 it most closely resembled. The 140 daily results g 
are indicated in Table 1. On 20 occasions a second veni- ee ae EEE E T 


puncture was performed later in the day and results a 
similar or identical to the initial ones were obtained. 
Thus the response to adrenaline was highly reproducible 
for each individual within a day. If the volunteers’ 


1 
8 
The figures reported refer to the types of tracings In Fig. 1 and indicate the type of response of the volunteer on each examination. The approximate periods when the volunteer was resistant are enclosed in boxes. 


a = 
blood was heparinized (4 units per ml.) instead of citrated, è EE TE TE bs 
again similar results were obtained. x 

Tt will be seen (Table 1) that the response of most oa mS ae {>| Se AGS i 
volunteers varied during the month and that there were ae 
differences between individuals in the length and pattern mae 
of the periods during which the plasma was resistant. a+ a i 
The plasma of two volunteers remained sensitive appar- Sen <j s 
ently throughout the month. For periods of 1-10 days P o o 2 ec enaek eee 
the plasma of some people was resistant and two people’s Dy - St S LOE E A 
plasma was more often resistant than sensitive. Few * SoS a 2p B Z h 
intermediate tracings were recorded; the plasma tended wn 
to be sensitive (tracings 1 or 2) or quite resistant (tracing 5, Bs Ha My ea H en # Hw 
Fig. 1). Although abrupt changes in 24 h were recorded, SË 46 6 & aw wa oS a as 
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it will be seen from Figs. 2, 3 and 4 that often the response 
remained the same for many days or changed apparently 
slowly from sensitive to resistant and back. Diaries were 
kept and other measurements made on the volunteers. 
Neither the variations between individuals nor the changes 
within an individual seemed to be related to: platelet 
count, hemoglobin, sedimentation rato, blood cholesterol, 
sex, exercise, colds, menstruation, meals, time of day, 
mental or physical stress, including rage, or any other 
obvious event. The two oldest volunteers of the ten 
people examined were always sensitive, but the youngest 
were not most often resistant. 

If the concentration of added adrenaline was increased 
a bundredfold, plasma normally giving tracings like (2) 
always gave tracings like (1), and tracings normally like 
(3) sometimes did so; the response of plasmas giving 
tracings like (4) and (5) was unchanged by the higher 
eoncentration. Thus, as previously reported, sensitive 
plasma aggregates faster with higher adrenaline concen- 
trations: resistant plasmas, however, give the same small 
response over a wide range of adrenaline concentrations. 
1 ml. of platelet-poor plasma obtained from sensitive 
platelet-rich plasma incubated with resistant platelet- 
rich plasma did not alter the result since a resistant curve 
was still obtained, and the reverse mixture did not alter 
the response of the platelet-rich plasma. Thus the 
difference between sensitive and resistant platelet-rich 
plasma appeared to be due to a difference in the platelets. 
If sensitive platelet-rich plasma was incubated with 
adrenaline § x 10-3 M for 30 min before stirring, tracings 
like (3) (Fig. 1) were usually obtained when the stirrer 
was started; after 1-h incubation, tracings like (5) (Fig. 1) 
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were recorded. Finally, platelets became entirely non- 
sticky and then the addition of more adrenaline had no 
effect. These platelets, which were totally insensitive to 
adrenaline, aggregated normally if adenosine diphosphate 
was then added. Platelet-rich plasma from the volunteers 
which was resistant to adrenaline was repeatedly shown 
to aggregate normally on the addition of adenosine 
diphosphate, thrombin, collagen, 5-hydroxytryptamine 
or tri-ethyl tin. The addition of 0-1 ml. of noradrenaline 
M x 10-5 to resistant and to sensitive plasmas produced 
curves identical to those obtained with adrenaline. 

In conclusion and to summarize, it seems that in many 
individuals the response of platelets to adrenaline varies 
markedly from day to day between gross rapid aggrega- 
tion (sensitive) to almost complete absence of aggregation 
(resistant). Within the month that ten people were 
intensively examined there were marked differences 
between different people in the frequency and length of 
periods of resistance to adrenaline. The curious periodicity 
of these changes did not seem to be related to any other 
measurements made or any known physiological cycle or 
obvious external event. The only way sensitive platelets 
could be made to become resistant was by incubating thom 
with adrenaline. This might suggest that naturally 
occurring resistant platelets were carrying more adrenaline 
or noradrenaline. 
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RECOVERY OF HYPOXIC MAMMALIAN CELLS FROM 
SUB-LETHAL X-RAY DAMAGE 


By M. M. ELKIND, T. ALESCIO*, R. W. SWAIN, W. B. MOSES and H. SUTTON 


Laboratory of Paysiology and the Radiation Branch, National Cancer Institute, Bethesda, Maryland 


N previous occasions, we described the recovery of 

mammalian cells measured by the two-dose tech- 
nique}-', These experiments involved the measurement 
of net survival (colony formation) as a function of time 
between two acute X-ray doses. In all instances, the 
conditions of in vitro cell cultivation and irradiation 
ensured that aerobic responses were observed. An 
initial report has also been made on the influence of 
hypoxia on the pre- and post-irradiation growth, single- 
dose survival, and two-dose survival of cultured cells*. 
We report here further experiments with hypoxic cells 
for the purpose of demonstrating how, and perhaps why, 
the responses of hypoxic and aerobic cells differ. 

As proposed earlier’, it is now clear that the variations 
in net survival of aerobic cells observed with fractionated 
doses result from two simultaneous processes’. Withovt 
any apparent delay, after an acute conditioning dose-sur- 
viving cells repair sub-lethal damage’-'*. Concomitantly, 
they progress toward division (cell movement") during 
the division delay period, afterwards divide, and then 
continue to grow. 

Sub-lethal damage. The repair of sub-lethal damage is 
evidenced by a prompt increase in net survival which 
results primarily from an increase in the extrapolation 
number! (#) of those cells surviving the first or con- 
ditioning dose!-*. When the first and second doses are 
large enough, increases in # require that the total dose 


to reach a given level of survival be increased by Din A 


* From the Divisione Di Biologia, Comitato Nazionale per l'Energia 
Nucleare, Centro Studi Nuclegri delia Casaccla, Roma. Present address: 
Instituto di Anatomia Topogratica, via L. Armanni 5, Napoli, Italy. 


over that required if a single exposure is used?®. (Dy is 
the dose required to reduce survival by 1/e in the expon- 
ential region of the survival curve of cells surviving the 
first exposure, and In #% is the natural logarithm of 2.) 
The incremental dose required with fractionation is the 
same as the ‘quasi-threshold’ dose? which, quite suitably, 
can be used as a measure of the width of the threshold 
region of the survival curve of cells before or after a 
conditioning dose4. The rate of repair of sub-lethal damage 
is weakly dependent on temperature®*1° and therefore 
does not appear to require the integrated metabolism 
needed for cell growth and division. 

Cell movement. Denoting by the term ‘age’ the position 
of a cell in its division cycle, because aerobic, single-dose 
survival responses depend on cell age®*5-16, the age dis- 
tribution of viable cells immediately after a single ex- 
posure is generally quite different from what it was 
initially. For example, log phase asynchronous Chinese 
hamster cells exposed to a 10 per cent survival dose will 
yield about three times as many surviving cells in the 
DNA synthetic phase relative to the rest of the cycle as 
there were before exposure, This, plus the fact that 
surviving cells progress toward division as they repair 
sub-lethal damage, can account for the oscillations in net 
survival observed when cells are irradiated for a second 
time!-*. At present, we do not know how to relate the 
age of a cell some time after a conditioning dose to that 
which it had before the dose was given. Therefore, we 
refer to the progression of cells after a first dose as ‘cell 
movement’, Although the rate of repair of sub-lethal 
damage is weakly dependent on temperature’, the 
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reverse is true for growth and division’. This difference 
was used to show that the oscillations in net survival 
observed at 37° C with asynchronous cells are due, in the 
main, to cell movement as distinct from repair of 
damage®*10, The work of Sinclair and Morton® with 
synchronized Chinese hamster cells and Whitmore et al.® 
with synchronized L cells confirms that such oscillations 
can result from cell movement concomitant with repair 
of damage. 

Recovery of hypoxic cells. In order to maintain con- 
trolled atmospheres of reduced oxygen content for 
extended periods, changes in our techniques'~> were made 
as follows. Cells of the Chinese hamster sub-line 
V79-379-A were grown overnight in 4-0z. prescription 
bottles in a ‘carbon dioxids incubator’ (37° C). As a 
result, the average multiplicity per colony, N, increased 
from ~1 to ~3 cells. Bottles containing cells to be 
irradiated under air were then stoppered. Bottles for 
hypoxie conditions were fitted with a plastic stopcock 
and then gassed with a mixture of nitrogen + oxygen 
(+ carbon dioxide) while being reciprocated in a hori- 
zontal position (~2 per cent carbon dioxide is required 
for pH control). After removal of carbon dioxide, effluent 
gas streams were monitored with a polarographic cell. 
For all irradiations, a 2-5-MeV Van de Graaff accelerator 
was used (half-value layer = 9-6 mm lead; ~ 800 rads/ 
min); each dose was measured with a ferrous sulphate 
dosimeter (@ = 15-7 ferric ions per 100 eV). Cells were 
incubated at 37° C between and after exposures. After 
second exposures under hypoxic conditions, air was intro- 
duced for colonial growth. Further details of these pro- 
cedures have been reported’. 

Fig. 1 shows the two-dose survival responses of cells 
exposed under air (open circles) and cells exposed and 
maintained under 355 p.p.m. oxygen between exposures 
{closed circles). (All the two-dose data shown on this 
figure were obtained with a single starting suspension of 
cells. Similarly for Figs. 2 and 3.) The total dose required 
to reduce cells under 355 p.p.m. O, to about the same 
survival as aerobic cells (that is, the zero hour points) 
was estimated from single dose survival measurements 
reported earlier®. Although N = 3:2 at the time of the 
first exposure, the curves trace essentially the net survival 
of single cells. This can be shown with the aid of an 
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Fig. 1. The survival response of Chinese hamster cells, line V79-379-4: 


open circles, equilibration with air; closed circles, equilibration with 

~ 355 p.p-m. Oain Ns (+ ~2 percent CO, for pH control); open squares, 

~355 p.p.m. first dose only. Colonial growth was In alr. N-=cell 

multiplicity at the time of first exposures. P.E.=plating efficiency 
{uncertainties are standard errors) 
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Fig. 2. As for Fig. 1 with the following exceptions: open squares, 

865 p.p.m, oxygen for the first dose and for 2 h afterward followed by air 

and the second dose at the times shown; closed squares, air for the first 

dose and for 6 h afterward followed by ~355 p.p.m. oxygen and the 

second dose at the times shown (see text for explanation of the two 
points at 6 h} 


analysis previously reported? and is particularly applic- 
able to the hypoxic data since between doses little or no 
division occurred (Fig. 3) and all survivals are < 0-1. In 
the case of aerobic cells, we know from earlier work’ that 
division probably starts 5-6 h after the conditioning dose. 
Hence, the rise in survival after the minimum in the ‘air’ 
curve may reflect division after the conditioning dose in 
part. “Because of this, the net survival of single cells for 
the last three points on the ‘air’ curve might plot a little 
higher than those shown. For present purposes, all the 
results in Fig. 1 (also in Figs. 2 and 3) show the two-dose 
survival of esseatially single cells. 

Whether or not the 2-h points for hypoxic and aerobic 
cells are significantly different, it is clear in Fig. 1 that 
the net survival of hypoxie cells increases promptly and 
without delay (that is, the curve is concave downward). 
We infer from this that repair of sub-lethal damage is not 
dependent on aerobic metabolism. From 2 h on, how- 
ever, the hypoxic and aerobic curves differ. Since the 
appearance of the minimum, which requires active 
metabolism (37° C)5*1° under aerobic conditions, is a 
reflexion of cell movement, the hypoxic data suggest that 
reduced oxygen tension alters the progression of cells 
during the division delay period. 

To test this possibility, a series of experiments were 
performed, one of which was part of the overall experi- 
ment in Fig. 1. For the ‘355 p.p.m., air’ data, hypoxic 
cells were given a first dose equal to that for the closed 
circles. Air (+ carbon dioxide for pH control) was then 
admitted to the sample bottles and an appropriately 
reduced second dose was given at the times shown. The 
results (open squares) show tha return of the minimum 
as well as a subsequent increase in net survival similar 
to that for aerobic cells. 

The ‘355 p.p.m., air’ curve in Eig. 1 supports the idea 
that differences in cell movement are responsible for the 
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most curve show the division of cells surviving the first dose when 


irradiated and then incubated under hypoxic conditions (see text). Al= 
division delay 


differences in the ‘air’ and ‘355 p.p.m.” curves from ~2h 
on. This result also supports the generally accepted 
notion of the role of oxygen in enhancing that fraction 
of a radiobiological response which it can modify. That 
is, temporally and mechanistically, oxygen exerts an 
intermediary effect between the initial absorption events 
and the fixation of the lesion. We observed a similar 
result with V79-379-A cells in connexion with post- 
irradiation division’. Cells irradiated with equal survival 
doses in the presence of air or 10 p.p.m. of oxygen 
suffered the same delay and then grew similarly, provided 
air was promptly made available to the hypoxic samples. 
A similar observation with bacteria was reported earlier 
by Alper?. 

To test further our differential cell movement hypo- 
thesis, a series of additional experiments were performed. 
Fig. 2 shows ‘air’ and ‘355 p.p.m.’ fractionated dose 
curves similar to those in Fig. 1.. The ‘355 p.p.m., air’ 
curve was obtained by incubating hypoxic cells for 2 h 
after their conditioning dose, then admitting air, and then 
delivering the ‘air dose’ shown. The open squares trace 
the resulting net survival. In contrast to the ‘355 p.p.m., 
air’ curve in Fig. 1, net survival neither drops quite as 
far at the minimum, nor rises quite as rapidly thereafter. 

The ‘air, 355 p.p.m.’ curve in Fig. 2 involved a con- 
ditioning dose in air followed by 6 h in air, then gassing 
for hypoxia, and finally a second dose in a hypoxic atmo- 
sphere. The first point on this curve is at a surviving 
fraction of 0-013 (upper closed square at 6 h). The ‘air, 
355 p.p.m.’ curve shown was obtained by dropping this 
point to the ‘air’ curve and plotting the remaining points 
relative to it. We will discuss presently the implications 
of this renormalizationgprocedure and similar considera- 
tions relative to the ‘355 p.p.m., air’ curves in Figs. 2 
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and 3. None the less, it seems clear that the gross effect 
of the reduction in oxygen concentration at about the 
time of the minimum is to delay the subsequent increase 
in net survival. 

A final experiment to test for differential cell move- 
ment plus some additional information is contained in 
Fig. 3. First, the ‘air’ and ‘355 p.p.m.’ two-dose curves 
are shown for longer fractionation intervals than in Figs. 
l and 2. (No data were taken in the interval indicated 
by the dashed lines.) The ‘air’ curve is similar to those 
previously reported (for example, in ref. 4) and by ~24h 
after the conditioning dose, the net survivals of hypoxic 
and aerobic cells are approximately equal. 

The points along the uppermost curve in Fig. 3 trace 
the growth of hypoxic cells surviving the conditioning 
dose only (results of two experiments shown). The data 
were obtained by suspending cells as a function of time 
after irradiation followed by plating for colony forma- 
tion!?, The seemingly high survival after a dose of 
~ 1,760 rads is due to cell multiplicity, N = 3-0; that is, 
the single-cell survival is less than that shown by ~1/N. , 
In contrast to similar measurements under air'7—or 
irradiation under hypoxia followed by growth in air’— 
division delay At is about twice as long and the sub- 
sequent division rate is reduced. i 

The ‘355 p.p.m., air’ curve in Fig. 3 was obtained in a 
similar fashion to that in Fig. 2 except that the incubation 
interval under hypoxia wes 6 h. The first point obtained 
with an ‘air second dose’ is shown by the closed diamond. 
As in Fig. 2, this point is replotted in this case along the 
‘355 p.p.m.’ curve and the other open triangles are 
plotted relative to it. Leaving aside the renormalization, 
it is clear that only a small portion of the minimum 
developed followed by a delayed increase in net survival 
compared to the ‘air’ data. 

Taken together, the results presented suggest the 
following: 

First, judging from the initial part of the two-dose 
response, hypoxic cells repaid sub-lethal damage as 
rapidly and apparently as completely as aerobic cells. 

Second, in the region of the minimum, the response 
of hypoxic cells differs from that of aerobic cell due 
apparently to differences in post-irradiation cell move- 
ment. This interpretation is supported by the experiments 
involving changes in oxygen concentration between dose 
fractions and also by the division data in Fig. 3. 

The second point above requires additional discussion 
because of certain apparent inconsistencies in the mixed 
atmosphere data. We have already noted that the ‘air, 
355 p.p.m.’ data in Fig. 2 and the ‘355 p.p.m., air’ data 
in Fig. 3 required renormalizations in order to facilitate 
the comparisons made. The first point along the ‘355 
p-p.m., air’ curve in Fig. 2 did not require a renormaliza- 
tion, but this appears to be fortuitous since neither D, 
nor D, for these data is precisely the right value in view 
of the doses used for the ‘355 p.p.m.’ and ‘air’ curves. 
Judging from the results in Fig. 1, we would conclude 
that the dose-modifying factor (DMF) for 355 p.p.m. 
oxygen versus air is ~2-3. An analysis of the apparent 
inconsistencies in the mixed atmosphere results (Figs. 2 
and 3) suggests that the DMF of cells incubated under 
hypoxia after a’ conditioning dose is < 2-3, and the 
reverse is true of cells incubated under air after a con- 
ditioning dose. 

If these variations in DMF are beyond experimental 
error, it would follow that DMF’s are dependent on 
fractionation régimes. The inferred DMF changes during 
fractionation are not large and they may not be sig- 
nificant in view of the lesser degree of experimental 
control afforded by the techniques used? compared with 
those used earlier?;5. Still, this discussion reminds us of 
the fact that DMF’s obtained from single-dose survival 
investigations reflect primarily the effect of oxygen on 
that moiety of an asynchronous population which is least 
responsive. Since we know that the two-dose response of 
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initially asynchronous cells represents the composite 
effect of different moieties as they recover and progress 
toward division®-!°, it is not unreasonable that DMF’s 
may change particularly during the period of transients 
which follows an acute conditioning dose. It is also 
possible that the progressive loss of the ability of hypoxic 
cells to develop the minimum characteristic of aerobic 
cells is due to more than. just differences in cell movement. 
In addition to possible age-dependent changes in single- 
dose responses, hypoxia may induce qualitative changes 
in responses to fractionated doses. Oxygen effect investi- 
gations with synchronized cells may be required to deal 
more effectively with these questions. 

In total, the principal relative effect of reduced oxygen 
tension that we have found thus far is the lack of a 
pronounced minimum in the two-dose survival response. 
Repair of sub-lethal damage, therefore, does not appear 
to require either metabolism at optimum growth tem- 
peratures'-#,10 or oxidative metabolism. While these 
results by no means exhaust the questions which are 
pertinent to radiation therapy, their relevance seems 
clear and has been noted’. In this connexion, the frac- 
tionation investigations of Hornsey and Silini with 
Ehrlich ascites cells complement those reported here, since, 
although their irradiations were under oxygenated con- 
ditions in vitro, respiration probably produced anoxia 
during the in vivo incubations used between doses?’. 
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THERMAL DISCOMFORT IN A TROPICAL ENVIRONMENT 


By C. G. WEBB 
Building Research Station, Garston, Watford, Herts. 


HEN a building is to be designed for a site in a low- 

latitude country, there is often difficulty in providing 
environmental data for the thermal comfort of the future 
occupants. Apart from the scarcity of information about 
the thermal discomfort prevalent among tropical peoples, 
the effects of humidity and air movement are large, 
variable, and not always easy to assess, so that there is no 
index of the warmth of a tropical environment which 
would be generally agreed to be valid?. 

To say this is, however, to neglect something rather 
obvious. Residents of tropical countries, however warm 
they may be by day, are apt to find the early morning 
hours cool; so there must be a pair of change-over points 
between the dominance of the sensation of warmth by 
day, and of coolness during some part of the night. By 
locating these points, and measuring the environments 
associated with them, it should be possible to find a 
particular solution to a local thermal problem quite 
easily and with a minimum of assumptions. 

Suppose a sample, of say 10 subjects, drawn from the 
population concerned is questioned about their overall 
thermal sensation, using the late Dr. Bedford’s scale of 
warmth; and the percentage incidence of each assess- 
ment on the scale is plotted against the time of day. 
After 2-3 days of questioning the graph will usually show 
the pair of change-over points. One point may occur at or 
just after midnight, when warmth gives place to coolness; 
and the other soon after sunrise, when coolness turns to 
warmth (Fig. 1). 2 

Once the change-over times have been determined, the 
temperature, humidity, air velocity, and radiation flux can 
be measured at these times in the ordinary way. The 
measured data provide a ready-made solution of the prob- 
lem of thermal discomfort without further ado. The 
procedure can also be simplified, if thé change-over times 
are estimated approximately at the start, and questioning 
and measurements are carried out simultaneously round 
about: the estimated times, or even one of them, only. 


The environment selected in this way will be only one 
solution of many to the local thermal problem, and may 
not be ideal? But it will have the merit of being an 
acceptable environment which already occurs, briefly, 
twice in the course of the day; and one which it should be 
a relatively inexpensive matter to provide at other times. 

The method has been applied to samples of the adult 
male populations of Baghdad and Roorkee (100 miles 
north of Delhi) in the hottest months, and of Singapore. 
The subjects were lightly active, clothed to suit them- 
selves, and so far as possible followed their normal daily 
routines in their own homes or offices. The averages and 
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Fig. 1. Time-plot of the percentage incidences of the various assessments 
of warmth on the Bedford scale by adult male subjects in Baghdad in 
July 1962, showing a change-over point from warmth to coolness at 
0000 hours, and one from coolness to warmth at 0700. MTW, much 
too warm; TW, too warm; CW, comfortably warm; comfortable and 
neither warm nor cool is left blank; CC c3imfortably cool; TC, too cool 
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Table 1 
Baghdad Roorkee Singapore 
Change-over times (h local time) H coop 0030 Had 
No. of subjects | a 1 RA 
í 22-35 23-40 8 
No. of cases t 81-32 12-26 6-8 
Thermal assessments 
4—neither cool nor warm { £20407 4:16+1-0 4138415 
5—comfortably warm t 40040-7 4:20 + 0-4 4-28 41-1 
Wet-bulb temperatures (c) { JAE pesses zerroa 
Dry-bulb temperatures (°C) {| $2352 98208 Sein? 
Globe temperatures (°C) (perce. Shakes pe 
(Air velocity)4 { 0644032 075 +036 0-29 + 0°07 
+ (mjsec)k 0-8440-39 1-19 £036 0-40 +0°10 


standard deviations of the environmental variables at the 
change-over times are given in Table 1. 

The change-over was assumed to occur when the 
numbers of assessments of warmth and of coolness were 
equal, when also thermal discomfort was at a minimum. 
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The change-over times, assumed for the sake of simplicity 
to be the same for every case in a given city, are stated to 
the nearest half-hour; and the data are those for that 
half-hour without interpolation, except in the case of the 
0800 figures for Singapore. Even so the averages at each 
of every pair of change-over times can be seen to be closely 
similar. 

The deviations, which cover the variabilities of the 
subjects, the differences among individual subjects and 
buildings, and day-to-day variations in weather, are not 
small nor could they be. To tolerate them is, however, to 
do no more than to assume a linear regression equation 
for the thermal assessment, a common practice. The 
averages, moreover, show some consistency, indicative 
of a degree of realism. They may be useful, pending com- 
plete analysis of all the present data. 

The foregoing figures are, therefore, considered to be 
significant, and relevant to building design in these. and 
similar places. They differ in some respects from data at 
present in use for the purpose of air-conditioning, and in 
that context may need further discussion. The method , 
appears widely applicable. 

1 Macpherson, R. K., Brit. J. Indust. Med.,19 (8), 151 (1962). 
2 Webb, C. G., Brit. J. Indust. Med., 16 (4), 297 (1959). 
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A DEVICE FOR THE SEQUENTIAL SAMPLING OF THE EFFLUENTS FROM 
A GROUP OF ION-EXCHANGE COLUMNS 


By D. B. HAWKINS and MACK WILHELMSEN 
Health and Safety Division, U.S. Atomic Energy Commission, Idaho Falls, Idaho 


N the discharge of radioactive liquid wastes to the soil, 
an evaluation of the ion-exchange properties of the 
soil for certain hazardous radioisotopes is necessary. This 
evaluation is carried out by packing the soil in ion- 
exchange columns, passing a solution containing the radio- 
isotopes of interest through the soil and analysing the 
‘effluent liquid for these isotopes!. Quite a number of 
individual column experiments must be performed to 
investigate the behaviour of the radioisotopes as a function 
of pH, chemical composition, rate of flow, etc. To carry out 
this work in a reasonable length of time, several columns 
can be operated simultaneously by using ‘swivel funnels’ 
in conjunction with a fraction collector. 

The ‘swivel funnel’ device (Fig. 1) is commonly used in 
distillation columns, but to our knowledge has not been 
used with ion-exchange columns. Six of these devices 
coupled with a step-switching mechanism in the fraction 
collector permit the simultaneous operation of up to six 
columns with the effluent liquid from these columns 
being collected on one fraction collector. The wiring 
diagram for the commercially available fraction colloctor 
and step-switch modification designed in this laboratory 
are shown in Fig. 2. 

For the arrangement of swivel funnels, columns and 
fraction collector (Fig. 3), liquid is pumped through four 
soil-containing columns from which the effluent passes 
through the swivel funnels and from there either to the 
fraction collector or to a waste jar. While the effluent 
from column 1 is being collected, the effluents from columns 
2, 3 and 4 go to the waste container. At the end of a 
specific time-interval, the swivel funnel on column 1 is 
de-activated with the effluent from this and the other 
columns going to waste while the fraction collector moves 
a new tube under the collecting funnel. Following this 
operation, the column-2 swivel funnel is activated with 
the effluent from column 2 being collected while the 
effluents from columns 1, 3 and 4 go to the waste container. 
This process is repeat®d with the following sampling 
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Fig. 1. Swivel-funnel device 


sequence being observed: 3, 4, 1, 2, 3, 4, 1, ete. 1-6 
columns may be operated in this manner. 
In the event that one no longer wishes to sample a 


column in a given group, this column may be removed 
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Fig. 2. Wiring diagram of modified fraction collector 
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Fig. 3. Diagrammatic arrangement of columns, swivel funnels and collecting funnel 


1196 


from the sequence without interfering with the operation 
of the other columns. Because the swivel funnels are 
activated from the fraction collector, the swivel funnels 
can be used with timed-flow, constant-volume, or drop- 
counting methods of sampling simply by using the desired 
collecting head on the fraction collector. 

Contamination of the solution being collected by other 
solutions adhering to the collecting device was remedied 
by coating the swivel funnels, connecting tubes and col- 
lecting funnel with a silicone compound to prevent wetting 
of the vessel walls thereby ensuring virtually complete 
drainage of the tubing and funnel. After coating the 
equipment, about 0-5 ml. of solution remains in the con- 
necting tubing and the collecting funnel. About 90 per 
cent of this volume is held in the connecting tube and is 
liquid from the previous sampling of this same column. 
The major contamination is not from solutions from two 
or more different columns but from solution from the same 
column. When the sample volume is large and the 
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sampling interval frequent, contamination becomes neglig- 
ible. A 50-ml. sample taken at a rate of 10 samples per 
column, volume gives an error due to contamination of 
about + 2 per cent of the amount of an isotope present. 
If more precision is required modification of the equipment 
would be necessary. Suggested modifications are the use 
of individual collecting funnels and blowing out the con- 
necting tubes and collecting funnel with an air stream 
after each sampling. 

We thank E. R. Ebersole for suggesting the use of a 
‘swivel-funnel’ device for sampling the columns. We also 
thank N. P. Olsen for installing the step-switching mechan- 
ism, H. G. Brinkely for making the swivel funnels, C. E. 
Camenson, of Microchemical Specialties Co., for permission 
to print the wiring diagram of the C-—7000 fraction 
collector. . 
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* Reisnauer, A. E., A Procedure for Estimating Capacity of a Ground-Disposal 
Facility for Radioactive Waste (1959). 
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SIMPLIFIED TWO-DIMENSIONAL MICRODENSITOMETRY 
By CARLTON S. MILLER, FREDERICK G. PARSONS and Pror. IRVING L. KOFSKY 


Technical Operations Research, Burlington, Massachusetts 


ONVENTIONAL microdensitometers operate in a 

one-dimensional mode, scanning along a single line 
of the sample; the presentation is usually a graph of 
optical density (or transmission) versus displacement of 
the probing light beam. To map a two-dimensional 
pattern with this type of instrument (of which several 
models are commercially available), it is necessary to make 
a series of parallel scans, and then construct contours by 
transferring equi-density points to their appropriate x and 
y positions on the display. This procedure is very time- 
consuming, especially if the investigator must convert 
from photographic density to object brightness and 
correct for vignetting by the camera lens at each result 
point. Although the operation can be automated by 
digitalizing the æ, y, and density data so that a fully 
corrected contour map can be compiled with the aid of an 
electronic computer, the cost of the original computer 
installation is so high as to be out of reach of all but a 
very few laboratories. 

An inexpensive, two-dimensional presentation of the 
photometric information can be made by adapting the 
microdensitometer to a successive-scanning mode! of 
operation and adopting the ‘dropped-line’ write-out 
technique used in making contour maps from the elevation 
information in stereo pairs of aerial photographs?. In this 
arrangement, the write-out pen of the microdensitometer, 
instead of deflecting perpendicular to the scan direction 
to graph the density, changes its mode of writing whenever 
the density (or object brightness) increases or decreases 
by some small, pre-selected amount. As the density along 
a scan increases, the pen lays down a segment of solid line 
until the limit of this discrete density interval is reached; 
then it prints a series of equally spaced dots over the next 
density increment; and it simply lifts up and leaves a 
blank in the third interval. The write-out pen repeats 
this pattern of dash-dots-blank-dash-dots-blank so long 
as the density is increasing. 

In the direction of decreasing density, the trace shows 
dash-blank-dots-dash-blank-dots: The use of three write- 
out mode symbols removes the ambiguity of whether the 
density is decreasing or increasing as the write-out changes. 
From a series of such parallel scans covering the sample, 
one can quickly draw an isodensity contour map by 
connecting neighbouring points at which the dots turn 
into dashes, dashes ingo blanks, and blanks into dots. 
The density at any point can be found from the density 
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Fig. 1. The Fraunhofer (far-field) diffraction pattern of an opaquefdisk 
with a coherent background. (a) Theoretical curve: (b) conventional 


microdensitometer trace; (c) two-dimensional microdensitometer 
tracing, with density increment 0-025 units. (Increasing fim density is 
błank-dots-dash in this print-out) 
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Fig. 2. Perseid meteor, density increment 0-040 units. Note the 
integrating effect of the moderately large slit. The meteor trail is 
~0-5 in. long on the original ‘Tri-X’ negative 


at one given point and the contour interval step. In 
practice, it is usually not even necessary to draw in con- 
tour lines, since if the density gradient is reasonably 
regwar and the scan linos are close together, the original 
presentation shows the contours quite clearly. 

An example of such a density contour map is given in 
Fig. 1, the Fraunhofor (far-field) diffraction pattern of an 
opaque disk with a coherent background. For com. 
parison, we show a single trace through the centre of the 
image, and the theoretical diffraction pattern. The 
tracing was made with a commercial scanning micro- 
densitometer* we have adapted to the dropped-line mode 
of operation. The write-out mode of the instrument was 
changed by attaching a rotary commutator to the original 
pen drive; the up-and-down movement of the pen is 
controlled by a solenoid energized by brushes that contact 
the commutator. Provision is made for varying the 
density increment by changing the commutator spacing 
and the amplification of the densitometer circuitry. The 
motion of the writing table along the direction of scan is 
linked to that of the table holding the sample by a lever 


* Joyce-Loebl Mark IIe. 
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arm that gives magnifications of 1:1 to 1,000:1; tho 
two tables are simultaneously advanced to new svan lines. 
with the correct magnification ratio, by Ledex digr- 
motors. The machine automatically scans. stops. reverses. 
returns and steps over, until the whole specimen has been 
covered; the tracing shown in Fig. 1 was made in about 

h. 
: Other applications of the principle to the quantification 
of photographic negatives are given in Figs. 2 5. Fig. 2 
shows the track of a Perseid meteor at 45 x magnitication. 
The original photograph was made on Eastman ‘Tri-X" 
film with a Nikon camera fitted with an f/1-2, 50-2nm lens. 
The remarkable structure in the track, which is about 
0-5 in. long in the negative, is quite evident in this preson- 
tation; one need not manually draw in the contour lines. 
Granularity in the original negative bas been suppressed 
by the relatively large slit. The larger spots away from 
the track are stars and star clusters (the vertical streak 
through it is an artefact on the emulsion). An amtomutic 
stop has been used to cut off the writing pon at fog 
background density. 

Two magnifications of a photographic nogative of the 
eclipsing Sun and surrounding sky are shown in Figs. 8c 
and 4. The photograph (Fig. 36) was taken with a 
Kinoptik f/1-9 short-focus (77° field) lens, which has a 
vignetting of about 3 stops at the edge of tho field; henee 
the contour lines in Fig. 3a (and the darkening toward 
the edges of Fig. 36) are less characteristic of the bright- 
ness of the sky than the variable aperture ratio of the 
lens. The obvious difficulty of drawing contour lines on 





(a) 





Fig. 3. A 77° section of the sky during the total solar eclipse of July 20, 

1963, taken from Cadillac Mountain, Maine. Near the edge of the field 

the vignetting of the camera lens is about three stops; this has not been 

corrected in the tracing. Density increnfnt is 0:067 units, with film 
contrast about 1-0 



























































Fig. 4. 20 times enlargement of the eclipsed Sun and corona on Fig. 3a. 
The density increment is 0-067 units. The corona is detectable over the 
scattered-light background at six solar radii 


the clouds and around the Moon shows the effect of 
choosing too small a density step at low magnification. 
Fig. 4 is a 20 x magnification of the coronal region of 
Fig. 3 (which was a 2-4 x magnification of the original 
negative); since the diameter of the image of the Moon 
is only 0-170 mm on the original wide-angle negative, the 
presentation shows only a limited amount of detail, but 
it demonstrates that the technique can be quite useful in 
investigations of coronal structure. 

Figs. 5a and 6 show a tracing and photograph of a polar 
aurora taken with a Kinoptik lens from a KC-135 jet 
aircraft flying at 37,000 ft. This tracing is a quantitative 
map of the actual brightness in object space; we have 
corrected the negative for the film transfer (H and D) 
characteristic and the vignetting of the lons. The con- 
version of optical density to incident light fux—a problem 
that arises in many microdensitometer operations—is 
automatically effected by an analogue method; a cor- 
recting reference signal is applied to the densitometer 
circuitry through a comparison continuous groy wedge, 
on which the displacement of a point of given density is 
linearly proportional to log exposure. It is necessary to 
convert the output from density to incident light flux 
before making the correction for the increase in aperture 
ratio of the lens for rays at off-axis angles; this lens 
vignetting is compensated by a second analogue device 
that operates as follows. The position of the probing 
beam on the negative is sensed by an auxiliary contact 
attached to the write-out table; the contact rides on a 
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plate of 60 concentric conducting rings, each of which is 
connected to a potentiometer set to apply a correcting 
voltage to a servo motor; the motor rotates the com- 
mutator controlling the output pen, driving it through 
the appropriate loss-componsating angle. Note that some 
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Fig. 5. Polar aurora, corrected for both the transfer function of the 

hotographic film and the vignetting of the short-focus lens. The sky- 

Prightnocs increment is 28 per cent per step, decreasing in the direction 

dash-dots—blank. The corrections bring out a definite rayed structure 
in the auroral display 














































































































































































































Fig. 6. A tracing of the wing of a household fly. Density increment 0-012 units 
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titi ace s of the dark areas near the edge of Fig. 5b have been 
hee S restored by correcting the rather serious vignetting by 
it i the Kinoptik lens; the final output is an accurate photo- 

metric presentation of the auroral structure. 

Application of the technique to a biological specimen, 
the wing of the household fly (Musca domestica), is shown 
in Fig. 6. If scattering and refraction of the light can be 
kept small compared with the absorption in the samplo, it 
should be possible to use two-dimensional microdensit- 
ometry in measuring the thickness contours of very small 


objects. 
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Fig. 8. 10 times enlargement of the specimen in Fig. 7. The density 


Fig. 7. Birefringence microphotograph of rabbit psoas muscle fibril. - contour increment of 0-060 units is consistent with this high ifi- 
Results in the specimen are poor because the density contour Increment cation, and the microdensitometer presentation gives a three-dimensional 
of 0-060 units is too large to follow the rapid thickness variations picture of the repetitive structure 
A B 
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Fig. 9, X-ray (a), and tracings at 10 times magnification (b) of two bones of an elderly 

patient. The contours in the normal bone A are relatively smooth, and there is a high- 

density gradient in the cortex. The diseased bone B shows abnormality in the section 

through the cortex, as well as increased irregularity over the remainder of the bone. @ 
(Increased X-ray absorption is in the direction dash-dots—blank) 
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A variation of this condept is illustrated by Figs. 7 
and 8, which show two views of the birefringent pattern 
of a section of glycerinated psoas muscle fibril from a 
laboratory rabbit, taken on fine-grain film in 5461-A 
light?. The large-scale tracing (Fig. 7a) shows the uneven 
illumination over the field of view and rather poor results 
in the cell itself because the density increment of the scan 
is too large for the sharp density steps in the negative. 
The three-dimensional structure of the individual cell 
elements is readily visible in the enlargement (Fig. 8). 

Analysis of two medical X-ray photographs is shown 
in Figs. 9 and 10. The subject of Fig. 9 is suffering from 
Paget’s disease, which had been diagnosed by straight- 
forward radiological examination. Note in Fig. 9b—a 
10 times enlargement of the sections indicated in 9a— 
that the diseased bone cortex is thickened, has a low 
density gradient, and an irregular surface. The usual 
éalciferous inclusions in the breast cancer of Fig. 10 are 
readily visible, although they are virtually undetectable 
by visual inspection of the original X-ray film. As is well 
known, it is possible to improve the resolution of small, 
low-contrast objects by adjusting the contrast with which 
the negative is viewed; in the two-dimensional micro- 
densitometry technique the contrast can be easily 
increased—and at any magnification—by decreasing the 
density contour interval. 

The diffraction pattern of a square aperture photo- 
graphed slightly out of the focal plane is shown in Fig. 11. 
Agreement between the theory and experiment is found 
to be satisfactory. The original image on the negative is 
only 0-5 mm across. 

We have also made scans of negatives to measure the 
intensity distribution of radiation escaping from con- 
tainers of radioactive sources; analyses of X-rays of 
welds; examinations of the detectability of penetrameters 
on industrial radiographs; detailed analyses of sections 
of air reconnaissance photographs (here the artificial con- 
trast enhancement is an important aid to image recog- 
nition); investigations of other low-contrast images, such 
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Fig. 10. Tracing of a malignancy in a mammograph taken on Type M 
(fine grain) X-ray film. Increased X-ray absorption is in the direction 
dash—dots—blank, ¥ with the film density increment 0-02 units per step. 
The generally- circular, small symmetric structures (circled) are probably 
ducts; the larger areas showing increased absorption (enclosed by squares) 
are calcified inclusions. Th@se low-contrast areas are difficult, if not 
impossible, to resolve visually on the original radiograph 


NATURE 


` desired—adjusted). 





VOL. 202 


i ‘ 





























(a) 


June 20, 1964 
ph Too 
a ) 

p ciel on N 
{ iG l a o, i 


a Me i Na i. i HH W i 
= Ne nll i ii Mt cl | 
be ik 
f pii in a i el 3 : 
i 





Nae hina 








Fig. 11. Diffraction pattern of a square aperture photographed slightly 

out of focus, The width of the original negative image is 1/2 mm, and the 

slit size is 10nx10u4. Note the smearing of the grain in the micro- 

densitometer presentation. (Increasing film density is blank-dots—-dash 
in this presentation) 


as the surface of Venus and the West Ford needle belt‘; 
and measurements on uniformly exposed film, to determine 
the effects of granularity and non-uniformity of develop- 
ment on our output presentations. The time for a run 
varies inversely with the scan speed, which in turn 
depends on the slit size, the average density of the sample, 
and the magnification; in general, a 7in. x 9 in. presenta- 
tion takes about 1 h after the microdensitometer has been 
set up (magnification chosen, density increment set, slit 
size chosen, brightness and vignetting corrections—if 
This simple, relatively-inexpensive 
analogue presentation of two-dimensional optical density 
(or object brightness) patterns should also find application 
in other cases in which an investigator wants the quanti- 
tative photometric, along with photogrammetric, informa- 
tion contained in a photographic negative or actual 
specimen. 

Development of this instrument was partially supported 
by the U.S. Air Force Cambridge Research Laboratories, 
under contract A F'19(604)-8436. 

1 Mohler, O. C., and Pierce, A. R., Astrophys. J., 125, 285 (1957). 

2 Kosofsky, L. J., and Spooner, C. S., Phot. Eng., 26, 131 (1960). 

e The, microphotograph was kindly provided by Dr. S. Inoué, of Dartmouth 
t Thompson, B. J., Proc. Phys. Soc., 78, 905 (1959). 

5 Liller, W., Science, 143, 437 (1964). 


No, 4938 


June 20, 1964 


NATURE 


1201 


LETTERS TO THE EDITOR 


ASTRONOMY 


A New Hypothesis for the Non-equilibrium 
Figure of the Moon* 


THE deviation of the lunar figure from hydrostatic form 
may impose theoretical limitations on the thermal state of 
the interior. This deviation is indicated, not by the 
geometrical form, but by the ellipsoid of inertia, and the 
triaxiality of this ellipsoid is several times greater than 
can be explained by the rotation plus the tidal influence of 
the Earth. According to Jeffreys!: 


(C—A)/C = 0-0006269 + 27, (B-A)/C = 0-000118 + 57 


. Although the equatorial ellipticity is far smaller than the 
general flattening, which is the main feature, some 
authors continue to suppose that the Moon possesses 
solidified tidal bulges associated with a former closer 
distance to the Earth. But then (C—A)/(B—A) would 
necessarily be 4/3. In view of the fact that (B—A)/C can 
be determined with only poor precision, it was long 
supposed that further observations would lead to better 
agreement with the hypothesis of a solidified tide, but the 
latest degree of precision now excludes this hope. 

In 1958, I suggested that the flattening might be due to 
solidification in an earlier state of free rotation®, but 
subsequent calculations of the thermal history now dispose 
of this, and it is shown here that there is a much simpler 
explanation in terms of unequal thermal expansion at 
different latitudes. 

If the triaxiality of the inertia-ellipsoid arises from the 
deformation of a body of spherically symmetrical density- 
distribution, the shearing stresses would be greatest at the 
centre and of amount 10 kg em-*. This is not compatible 
with the molten or semi-molten state of the interior as 
derived by Urey’, or by MacDonald‘, or by Levin and 
Majeva®. Urey, Elsasser and Rochester! have in fact 
shown that it is possible to select an unsymmetrical 
density-distribution leading to zero stress at the centre 
while in the surrounding region the stresses will be non- 
zero but small. 

For a Moon of uniformly distributed radioactivity, in 
order that it shall be entirely solid, MacDonald! finds that 
the mean radioactive content must be substantially lower 
than the minimum content of known meteorites. But if 
account is taken of the differentiation of matter at the time 
of greatest heating, and the migration of most of the 
radioactive elements towards the surface, it becomes clear 
that the present thermal state is practically independent 
of the mean radioactive content, but depends only on the 
content in the interior after the differentiation, and of 
course on the thermal conductivity. Calculations for a 
number of models show that, owing to the cooling of the 
Moon, which would begin after differentiation, an outer 
layer of some 500-700 km thickness must be solid at the 
present time, and the interior below that in molten form’. 

Any departure from hydrostatic equilibrium at internal 
regions, which might have arisen during its accumulation, 
would disappear at the stage of maximum melting. 
Accordingly, it is the properties of the solid outer layers 
that would be responsible for the present non-equilibrium 
figure of the Moon, and all non-equilibrium stresses would 
rely for support on the solid layer and particularly its 
coolest outer parts. 

Now, owing to the fairly close coincklence of the lunar 
equator with the ecliptic, the surface temperature main- 
tained by solar radiation (which for present purposes 
means the temperature at depth of metre order) must 


substantially decrease from the equator to the poles. This 
will involve a corresponding decrease of the mean tom- 
perature of the solid layer. Our calculations’ show that, 
owing to the dependence of the conductivity on tem- 
perature, the temperatures within the solid layer are not 
equalized in latitude as the depth increases: instead, the 
differences at 200-300 km depth turn out to be about 
twice as great as at the surface. A difference of 150° in 
sub-surface temperature, as between the equator and 
poles, leads to a difference AT of about 200° in the mean 
temperature of the solid layer. ` 

Lower temperature at any part of the layer is accom- 
panied by an increase of its radial thickness, and according 
to our calculations solidification at the poles extends about 
50 km deeper than at the equator. Since the density of 
solid matter exceeds that of its liquid form, isostatic 
adjustment of the outer layer as a whole will lead to a 
flattening at the polar regions. There would be further 
increase by the greater thermal expansion of the equa- 
torial material owing to its higher temperature. 

This explanation of the flattening of the dynamical 
figure of the Moon through temperature effects has the 
advantage that the stresses in the solid layer after its 
isostatic adjustment would be sufficiently small to be 
capable of permanent support by rigidity. 

The result of the greater expansion of the equatorial 
zone can be roughly estimated by means of the following 
simplified model: let us assume: (1) that the inner molten 
region is spherical and of radius R,; (2) that at latitude o 
the mean temperature of the solid layer is AT cos ¢ higher 
than at the poles; (3) that the deformation consists only 
of its linear thermal expansion in the radial direction. 
Then, if R is the polar radius, and « the coefficient of linear 
thermal expansion, the radius in latitude 9 is given by: 


Ry = R, + (R — R,)(1 + «AT cos 9) 
= R{l + (1 — %)aAT cos o}, where = R/R 


and the density of the layer is given by: 
Pe = p(B? — R,*)/(Ry° — Ro°) 


OA _ 3m SU 0) ~ 801-0) pan = POAT 
Zz & 


For R — R, ~ 700 km, Ų œ 0-6, and F(t) œ 0-1. Also 
aAT w 10-5 x 200 = 2x 10-3, and accordingly: 


(C — A/C = 2 x 10-4 


which is about 1/3 the observed value, suggesting that the 
hypothesis may well prove adequate with more accurate 
values for the factors involved. Indeed, rough estimates 
indicate that the changes of thickness of the layer could 
well be about twice as great as has been supposed. (It is 
to be noted that in this model the weight per unit area of 
the solid layer is slightly greater at the poles, because of the 
greater gravity under flattening, and this will operate 
further to increase the flattening though only in second 
order. 

Differences of properties of the outer layer with equa- 
torial longitude would, of course, produce small systematic 
differences in temperature at any given depth, and these 
would lead to a small degree of triaxiality of the dynamical 
figure. But they could scarcely be great enough to account 
for the value of (B — A)/C obtained by Jeffreys. On the 
other hand, the extremely low precision of this value 
seems to make it reasonable to supppse that the true value 
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might be far smaller, and“if this is so it too may be 
explicable by thermal effects of the kind here proposed. 
s B. J. Levin 
O. Schmidt Institute of Physics of the Earth, 
U.S.S.R. Academy of Sciences, Moscow. 
* Communicated by Prof. F. Hoyle, after revision and anglicization by Dr. 
R. A. Lyttleton. 


1 Jeffreys, H., The Earth as a Planet, edit. by Kuiper, G. P., Chap. 2 (Univ. 
Chicago Press, 1954). 

3 Levin, B. J., Problems of Cosmogony, 6, 56 (1958) (in Russian). 

$ Trop E C., The Planets, their Origin and Development (Yale Univ. Press, 


“MacDonald, G. J. F., J. Geophys. Res., 64, 1967 (1959); 67, 2945 (1962) 

‘Levin, B., and Majeva, S., Doklady Acad. Sci. U.S.S.R., 188, 44 (1960). 
Levin, B., Proc. Intern. Symp. The Moon, 157 (1962). 

* Urey, H. C., Elsasser, W. M., and Rochester, M. G., Astrophys. J., 129+ 
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ASTROPHYSICS 
Does the Andromeda Nebula (M31) have a 
Halo? 


In a recent article’, Ohio State University maps covering 
300 square degrees of the sky surrounding the Andromeda 
Nebula (1431) were presented for two frequencies, 600 and 
1,415 Me/s. The radio isophotes close to M31 on the 
higher resolution (1,415 Mc/s) map are of particular 
interest and are shown in more detail in Fig. 1 as super- 
imposed on a photograph taken for me by C. A. Feuchter. 
The area covered in Fig. 1 is about 14 square degrees 
(35° x 4°). The size of the antenna beam at half-power 
is 11’ x 35’ so that there are about 160 beam areas in the 
map. The isophote interval is in units of 0-05° K of 
antenna temperature. 

Although the radio isophotes conform generally to the 
optical shape of the Nebula in the photograph there are a 
number of significant differences. Thus, there are two 
spurs of radio emission to the preceding and following 
sides (right and left) which are roughly perpendicular to 
the optical major axis (indicated by the dashed lines). 
Although the spurs are seen only in projection in the map 
of Fig. 1 their orientation in space may possibly be nearly 
perpendicular to the plane of M31. There is also a narrow 





Big. 1. Radio isophotes measured at 1,415 Mc/s with the Ohio State 
University 260-ft. radio telescope as superimposed on a Perkins 
Observatory photograph of M31. The isophote interval is 0-05° K; 
antenna beam size (11’ x $5’) is shown at the top. The dashed lines 

indicate thë optical major axis of 331 
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Fig. 2. Intereomparison of contour 2 of Fig. 1 (solid), contour 6 of 

the 408 Mc/s map of Large, Mathewson and Haslam (dashed) and 

the photometric limit of the optical measurements by Lyngå (dotted). 
The optical major and minor axes of M81 are also indicated 


spur of radio emission to the north (top) and a broader one 
to the south (bottom). Although these spurs are close to 
the direction of the major axis they tend to depart signifi- 
cantly from it, the spur to the north preceding the major 
axis and the one to the south following it. The 4 spurs 
(right, left, north and south) give the radio object the shape 
of a 4-pointed star as indicated especially by contour 
number 2. The points of the star are spaced at intervals 
of about 90° but their directions are displaced about 30° 
clockwise with respect to the axes of the optical object. 
If a radio halo of M31 can be said to exist the contours of 
Fig. 1 suggest that its shape is 4-pointed rather than 
spherical or elliptical. From low-resolution studies, 
Baldwin and Costain? had earlier assumed the existence 
of a very large elliptically shaped halo. 

Our own Galaxy has a prominent radio spur extending 
nearly perpendicular to the galactic equator near a declin- 
ation of +15°. If this spur originates near the galactic 
nucleus rather than in one of the nearer arms, it may be a 
counterpart of the right- and left-hand spurs of M31 in 
Fig. 1. The 4-pointed appearance of the M31 radio 
emission is also apparent in the map of Large, Mathewson 
and Haslam? made with the 250 ft. Jodrell Bank (Uni- 
versity of Manchester) telescope. Their contour number 6 
is shown (dashed) in Fig. 2 along with contour number 2 
(solid) from the Ohio State University map of Fig. 1. The 
two contours are remarkably similar considering that the 
Manchester measurements were made with a larger beam 
(48’ x 48’) and at a lower frequency (408 Me/s). Shown 
also for comparison in Fig. 2 (dotted) is the photometric 
limit contour of Lyng&‘ as measured on optical photo- 
graphs of M31. This contour corresponds to about the 
twenty-eighth magnitude per square second of are. Of 
particular interest are irregular extensions of this contour 
near the minor optical axis. There is, thus, both radio and 
optical evidence of some structure extending more or less 
along the minor axis with the radio structure being more 
asymmetric. 

Referring again to Fig. 1, a further difference between 
the radio and optical appearance is that the centre of the 
radio emission is displaced about 10 min of are north and 
following from thé optical centre. The radio centre is 
indicated by the small cirele and the optical centre or 
nucleus of the galaxy by the small black cross. There 
appears to be no discernible radio emission from either of 
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the Nebula’s associated sub-systems, N@C208, about 2/3° 
to the north and preceding the optical centre and M32 
about 1/2° south. The concentration of contours at the 
lower right corner of the map is due to the strong source 
3013, which is just off the map. 

i Joun D. Kraus 

Radio Observatory, 
Ohio State University, 

Columbus. 
1 Kraus, J. D., Nature, 202, 269 (1964). 
3 Pervin J. E., and Costain, C. H., Mon. Not. Roy. Astro. Soc., 121, 413 
3 Largo, M, I., Mathewson, D. S., and Haslam, C. G. T., Nature, 183, 1250 


‘ Lyngh, 5” Commun. (Meddelande) Lund Astro. Observatory, Ser. II, No. 137 


PHYSICS 


Alternant Molecular Orbital Method 


THE alternant miolecular orbital method as formulated 
by Löwdin! for a molecular system of alternant character, 
is based on the fact that by using a parameter 0, a bonding 
orbital p; and a corresponding anti-bonding orbital $j; 
may be linearly combined to form the basic orbitals: 


dr = cosOhy + sindy; 
vir = cosby; — sindd, (1) 
These orbitals are semilocalized so that electrons with 


opposite spins tend to avoid each other, Löwdin also 
states that these orbitals satisfy: 

Set dar do = S hjir par dv= òye (2) 

SUA Yru dev = c0s208;x (3) 


_ The purpose of this communication is to indicate that it 
is possible to construct a system of alternant character in 
which the alternant molecular orbitals formed in accord- 
ance with equation 1 yield not only (2) and (3), but also 
an additional overlap integral not mentioned in Léwdin’s 
formulation of the alternant molecular orbital method. 

Consider, for example, the hypothetical molecule Hyn 
composed of dn hydrogen atoms each contributing a 
single IS electron. The atoms are assumed to be occupy- 
ing the 4n vertices of a regular polygon of 4n sides. The 
overlap integrals between the alternant molecular orbitals 
of such a system satisfy equations (2) and (3) except for 
the cases represented by: 


— Suit P-nr do = fnit ban= —sin20 (4) 
The $1,117 are defined after the manner of Slater? as: 
4n—1 par 
pru = fan [ E o sul} i 
w= 0 
4n—1 
x{ x [cos® + (—1)# sin8] wns on} 
u=0 
(j=0, +1, +2,..., En,..., £(2n—T), Qn) (5) 


In (5), the top sign refers to jy, the bottom sign to 
Yu. We note that: 


@=exp (nt/2n) 


(6) 


and the overlap integral between the atomic orbitals is 
represented by: 


Sy = Seb Pa dv (7) 

Here, 9, is just the atomic orbital at the vertex with 
angular co-ordinate my/2n. 

Although the overlap integrals appearing in equation (4) 
have so far not been included in the refinements and 
applications*-* of the alternant molecular orbital method, 
it is quite conceivable that the treatment of electron 
correlation in alternant systems of non-closed shell struc- 
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ture such as the Hy, molecule by means of altornant 
molecular orbitals could require that equation (4) be also 


taken into consideration’. . 
I thank Prof. J. C. Slater for his advice. 


W. T. Kwo 


Dow Chemical Co., 
Midland. Michigan. 
? Löwdin, P. O., Phys. Rev., 97, 1509 (1955); 
(Taylor and Francis, Ltd., London, 1956) 
? Slater, J. O., Quantum Theory of Molecules and Solids. 1, 243 (McGraw- 
Hill Book Co., Inc., New York, 1963). 
3 Itoh, T., and Yoshizumi, H., J. Phys. Soc. (Japan), 10, 201 (1955). 
‘ Dermit, G., Phys. Rev., 127, 1110 (1962). 
$ Löwdin, P. O., Rev. Mod. Phys., 34, 80 (1962). 
t de Heer, J., Rev. Mod. Phys., 35, 631 (1963). 
1 Kwo, W. T., Ph.D. thesis (Mass. Inst. Tech., 1963). 
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Electrodeposition of Sulphur-35 by Means 
of Co-deposition from Organic Plating 
Solutions 


Hrruerto the electrodeposition of sulphur has beon 
unknown. and the lack of literature on the subject is not 
surprising since there appear to be no industrial applica- 
tions for such electrodeposited layers'*. However, thin 
deposits of radioactive sulphur would have a variety of 
applications within the nuclear sciencos, for example, pure 
@-counting samplgs, sources for B-radiography and as 
medical applicators. Still another possibility would be the 
determination of radiosulphur separated from urine and 
the ‘fall-out’ resulting from nuclear detonations. 

Investigations concerning the theoretical explanation of 
so-called molecular plating, whereby a chemical compound 
can be deposited as such from alcohol solutions, required 
the determination of the amount of dissociation occurring 
during the process. Up to the present time, the method 
has been used quantitatively for the electrodoposition of 
thorium and uranium, the rare-carths®, calcium, cæsium, 
cobalt, iron, strontium and zinc’, and more recently, 
plutonium’. All the foregoing elements were deposited 
out of chloride, nitrate or sulphate alcohol solutions under 
high-voltage/low-current conditions on to various cathode 
materials. 

Experiments involving the use of radioactive tracers 
were instituted in order to determine what was happening 
to the compound in question and sulphate compounds 
chosen as those being most suitable for this purpose. 

The first stock solution consisted of inactive magnesium 
sulphate labelled with sulphur-35 (half-life= 87-1 days), 
8- 0-17 MeV, and written: Mg**SO,. dissolved in distilled 
water at a concentration of 5 mg/ml. Solutions of higher 
magnesium content proved insoluble when added to the 
alcohol plating solution. 100 ul, representing 500 ug 
magnesium, was added to approximately 15 ml. of iso- 
propanol (p.a.) and poured into a glass electrodeposition 
cell’ fitted with a stainless steel cathode 28 mm in diameter. 
A cell voltage of 600 V (d.c.) at a current of 6-0 m.amp 
was applied and the platinum anode rotated at 50 r.p.m. 

Magnesium plates out almost to saturation, under the 
above conditions, in 30 min. Table 1 gives the amount of 
sulphur-35 co-deposited for different periods of time. As 
can be seen, magnesium plates have a maximum efficiency 
of 90 per cent after 10 h together with 55 per cent of the 
labelled sulphate. 

Further experiments were undertaken using various 
elemental compounds as precipitating agents and their 
addition stopped just prior to precipitation. Also the 


Table 1. Amount of sulphur-35 plated out by co-deposition of magnesium 
(Mg**SO,). After 30 min the magnesium plates out to near saturation or 
approximately 95 per cent 


Minutes Yield (%) 
30 19-4 
150 39-0 
240 @ 35-0 
600 55-0 
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Fig. 1. Autoradiograph obtained from sample prepared using mag- 
nesium and strontium for the co-deposition of sulphur-35 (x 2) 





Fig. 2. Autoradiograph obtained from sample prepared using barium 
a8 a carrier (x 2) 





Fig. 3. Autoradiograph obtained from sample prepared using a too 
high barium concentration {x 2) 


MgSO, was labelled after its addition to the plating solu- 
tion. Thus 50 ul. of MgSO, (250 ug) + 25 ul. of labelled 
H,*8O, (2 N-1 M) were added to 15 ml. of isopropanol, 
and finally, 50 ul. of strontium chloride (10 mg/ml.) 
added during rapid stirring. Deposition conditions were 
the same as those already described for magnesium. A 
deposition time of 60 min resulted in 100 per cent of the 
labelled sulphur plating out together with 100 per cent of 
the magnesium and approximately 40 per cent strontium. 

The deposits obtained have a white crystalline structure 
and very poor adhesion. The uniformity of the film is not 
good as can be seen from the autoradiography in Fig. 1. 
The possibility of the existence of a particle suspension 
rather than a true solution was investigated by means of 
membrane diffusion t¢chnique® and found to be unjusti- 
fied. 
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Experiments using barium chloride as a carrier also 
proved to be quantitative. A. slightly acidic BaCl, solu- 
tion, concentration 10 mg/ml., was prepared and 100 ul. = 
0:75 mg barium, + 50 ul. (0-5 mg total solids) of 2N —1M 
H,**SO,, added to 15 ml. of isopropanol and plated for 90 
min at 600 V (d.c.), 6-0 m.amp. The films obtained using 
the described procedure exhibit interference colours and 
have an excellent adhesion to the cathode. The auto- 
radiograph in Fig. 2 illustrates the very reasonable thin- 
film uniformity possible. Using a higher concentration of 
BaCl, results in a partial precipitation and consequent 
slow sedimentation producing loose deposits (Fig. 3). The 
deposition ceases to be quantitative so far as sulphur-35 is 
concerned. This is readily understood when it is remem- 
bered that using this method a maximum of 500 ug/cem? is 
obtainable. 

This work has shown the possibility of preparing thin 
layers of radiosulphur by means of co-deposition from 
alcohol solutions having a maximum total thickness of 
500 yg/em?. Such films have good adhesion and uniform- 
ity, and the quantity of inactive carrier present is such, 
that no corrections for self-absorption are necessary. The 
fact that thin aluminium cathodes can be used means 
that the back-scattering of soft 8-components is reduced 
to a minimum. 
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METALLURGY 


Chemical Effects in the Boundary Lubrication 
of Aluminium 


CHEMICAL effects in boundary lubrication have been the 
subject of a considerable amount of investigation. In the 
case of aluminium, Shaw? attempted to relate the 
reactivity observed on immersion of aluminium disks in 
boiling organic liquids to the lubricating ability of these 
liquids when they were used as cutting fluids. Tingle? 
measured the coefficient of friction of surfaces which had 
been shaved under various chemicals, and, on the basis 
of the coefficient, ascribed an order of reactivity. Neither 
method succeeded in unambiguously relating the surface 
chemistry to lubrication chemistry. 

In order independently to measure chemical reactions 
at metal surfaces we have reacted organic molecules 
with pure aluminium. The aluminium was vapour 
deposited in ultra-high vacuum (10-®— 10-1° mm mercury), 
and on the basis of the gas law could be shown to be 
contaminated to only a small fraction of a monolayer. 

Ethylene reacted with such an aluminium film, at room 
temperature, adsorbed rapidly and could not be desorbed 
on heating to 100°C. The introduction of deuterium 
oxide (D.O) into the bulb containing the adsorbed 
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ethylene resulted in the rapid generation of D, and 
CH,DCH,D. 

The adsorption is thus interpreted as being one in which 
the double bond in ethylene is opened to form two 
aluminium—carbon bonds. 

The applicability of a knowledge of the fresh metal 
chemistry of aluminium to the lubrication of aluminium 
is based on the fact that it has been found virtually 
impossible to load aluminium without breaking through 
the oxide film to expose fresh metal. To relate the activity 
of the olefine function to lubrication chemistry, the long 
chain, hydrocarbons cetene-1 and cetane were used. These 
two molecules, with virtually identical physical properties, 
behaved very differently as lubricants when tested in a 
thrust washer wear tester‘ under boundary lubrication 
conditions. Cetene-1 gave a coefficient of friction of 0-1, 
while with cetane the coefficient was in the neighbourhood 
of 2-4, and the rubbing pieces seized. Despite the fact 
that the friction was low when cetene-1 was used. there 
was a considerable amount of wear in evidence. 

However, when an olefinic ester, such as allyl stearate, 
was substituted for the cetene-1 as the lubricant in an 
aluminium—aluminium bearing system, the coefficient of 
friction was the same as with cetene-1, 0-1, but surprisingly 
low wear was in evidence even after many hours of running. 
Indeed the rubbed surfaces were highly polished. 

It appears from these results that an unsaturated 
non-polar liquid such as cetene-1 can react with the fresh 
aluminium metal exposed in a rubbing process to form 
a low-friction surface, but that it cannot adsorb on the 
particles of alumina which are generated between the 
rubbing surfaces. These then act as an abrasive and cause 
continual wear of the surface even when the aluminium 
metal is fully covered by adsorbed cetene-1. 

The mechanism by which an unsaturated polar molecule 
such as hexadecyl acrylate, lauryl methacrylate, allyl or 
vinyl laurate or allyl or vinyl stearate effectively lubricates 
aluminium is thus interpreted as reaction with the alum- 
inium through the carbon-carbon double bond and 
physisorption on the particles of alumina by virtue of the 
high dipole moment of the carboxyl group. Lubrication 
results obtained with a large variety of polar and non- 
polar olefines have all given similar results. 


L. E. St. PIERRE 
R. S. OWENS 
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Effect of Deformation and Recovery on the 
Subsequent Resistivity Increase in Cold-worked 
Cadmium 


ReEcENT experiments! on copper have shown that, 
following deformation at 78° K. and recovery at room 
temperature, the number of defects produced per 
unit strain increase during subsequent deformation. 
Apparently, during the recovery, a defect-enhancing defect 
is formed, the exact nature of which is at present not 
clearly understood. Similar experiments on metals the 
recovery spectrum of which is such.as to have defects 
other than. point defects mobile at the recovery tempera- 
ture and also the effect of changes of crystal structure on 
this phenomenon have not as yet been investigated. It is 
the purpose of this communication to describe results 
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obtained on cadmium and to present reasons why cadmium 
behaves differently from copper. 

Jobnson—Matthey cadmium, 99-999 per cent pure, was 
swaged from a 0-5-in. diameter to a 0-188-in. diameter rod. 
These rods were then machined into tensile specimens 
with a reduced section approximately 5-400 em long and 
0-3 mm in diameter. Potential leads were soldered to the 
specimens near the shoulder, with a special low-tempera- 
ture solder. The grips of the specimens were designed so 
that they served as ‘current leads. The experimental 
configuration for these experiments is described else- 
where. A dummy specimen, prepared in the same manner 
noted here, is again used as a means for determining 
temperature fluctuations in the bath of liquid nitrogen. 

After the specimen was placed in the apparatus and 
cooled to liquid nitrogen temperatures measurements of 
resistance were made on both the dummy and the speci- 
men. The specimen was plastically deformed a few per 
cent and measurements again were made. This procedure 
was repeated until a certain level of elongation was 
reached. The specimen was then warmed to room 
temperature and held there for sufficient time for complete 
recovery to occur. The specimen was then returned to the 
liquid nitrogen bath and again deformed a given amount. 
This process was repeated for a number of times, the 
number dependent on the magnitude of the elongation 
increments and the point of fracture. 

A plot of a representative resistivity—elongation curve 
is shown in Fig. 1. It is noted that following recovery 
the change of curve shape is more marked than that 
observed for copper. The concentration of defects/unit 
strain has decreased, which is the reverse of what is 
observed for copper. 


17 


1-6 


p (BQ cm) 
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8 (per cent) 


Fig. 1. Resistivity at 78° K of cadmium as a function of plastic elonga- 

tion at 78°K. The discontinuities, that is, broken lines, mark the 

strains at which room temperature recovery is allowed to occur. Note 

that immediately after recovery the slope of segment 2 is smaller than 

the slope of segment 1, and bored of segment 3 is smaller than that 
of segmen 


0 5 
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An attempt was made to fit the segments. of the resisti- 
vity elongation curves to a power law as described for the 
copper experiments. Although the results for the copper 
appeared reasonable, the empirical results for cadmium 
were quite random and not reducible to a uniform 
empirical representation. 

High-purity cadmium will recrystallize at room tempera- 
ture. It is to be expected that during recrystallization 
defect concentrations are reduced. It is further to be 
expected that during subsequent deformation the initial 
concentration of defects produced/unit strain would be 
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lower than before the recovery. However, at the very 
start of the experiment it did not make too much difference 
whether the specimens were fully annealed or in the heavily 
deformed condition. (That is, heavily deformed at room 
temperature.) The number of defects produced per unit 
strain was virtually the same for a specimen in either 
condition and was higher than the increase observed on a 
specimen deformed after a prior liquid nitrogen deforma- 
tion and recovery treatment. Thus the temperature ‘of 
deformation plays a major part in this behaviour. 

During the recovery of cadmium previously deformed 
at 78° K preferred orientation in the specimen has been 
observed to occur. This suggests that the effect observed 
is due to orientation of the cadmium crystals with some 
erystallographic directions more amenable to defect 
production than others. Apparently liquid nitrogen 
deformation causes this phenomenon to arise more readily 
than elongation at room temperature. 

H. R. PEIFFER* 
RIAS, 


7212 Bellona Avenue, 

Baltimore, Maryland. 

* Now at Research Department, AMP, Inc., Harrisburg, Pa. 
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GEOCHEMISTRY 


Informational Characteristic of Frequency 
Distributions in Geochemistry 


Many years after Clark’s investigation, only average 
content of chemical elements was used for comparison in 
different geochemical investigations'. Recently it was 
understood that it is necessary to investigate not only 
avérage content of an element but also a whole frequency 
distribution?*, But useful investigation of the fre- 
quency distribution is rather difficult since it is necessary 
to reveal the stochastical model of the geochemical process 
which causes this distribution’. It is impossible to do this 
in routine geochemical investigations, and thus it is 
necessary to choose some simple estimators of distribution 
which emphasize its specific features and, above all, the 
quantity of information included in this distribution 
about concentration of the element in a random sample. 

My experience indicates that the best estimator for this 
purpose is the informational measures, and in particular 
entropy of distribution’: 


n 

; H(æ) = — 2 ppi 

t i= 
where H (x) is the entropy of the distribution of the element 
x, n is the quantity of classes of frequency distribution, 
and p; is a frequency or result of dividing the number of 
observations in the ¿th class by the genera] number of 
observations. 

The entropy ‘reflects the behaviour of frequencies in 
compliance with the geochemical process generating the 
distribution. Really the distribution which degenerates to 
one class (8-function) has the smallest entropy and the 
highest quantity of information about possible concen- 
tration of investigating element in the random sample. 
The uniform distribution has the highest entropy and the 
biggest uncertainty in estimating the concentration of 
element in the random sample. The U shape distribution 
carries the information about specific features of the geo- 
chemical process and it has rather a small entropy and 
rather a big quantity of information. 

The entropy is a convenient measure for theoretical 
investigation; but in practice it is inconvenient in geo- 
chemistry because its value connected with the quantity 
of classes of distribution is dependent on the system of 
logarithms and the highest value is unlimited. This makes 
entropy inconvenient fpr comparison with the different 
distributions. 
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The coefficient of information can be offered as more 
convenient informational measure for geochemical practice 
than entropy. It can be determined as follows: 
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I _ Inn — H(x) 
A pa eee NE 
In n 


I, is independent of the system of logarithms, 0 < I, < 1, 
I, = 1 for 8-function and is equal to 0 for uniform distribu: 
Teraa distributions are characterized by I, between 
and 1 
Table 1 shows the real values of Iy for the distribution of 
TiO, in granitic rocks of different regions of the world. 
The ‘analyses were taken, from the literature. 


Table 1. FREQUENOY DISTRIBUTIONS OF TIO, (IN GRANITIC ROCKS WITH 
S10, > 60 PER CENT) FROM DIFFERENT REGIONS 


Finland Trans- 
(tothe Ukrainą and South French Canada 
Classes _southof shield near Africa Guiana shield* Australia 
Rovaniemi) Baikal 
1 4 6 21 E 17 16 107 
2 10 24 28 „30 2 98 
3 28 2 23 23 32 23 69 
4 22 22 25 28 18 21 49 
5 23 15 24 11 16 18 35 
6 11 9 10 11 15 6 27 
7 12 _ 7 1 14 2 23 
8 8 1 5 1 9 1 9 
9 5 3 2 2 7 1 T 
10 7 _ 2 1 4 2 1 
il 1 2 m. 4 2 — 4 
12 5 — 4 — — — 2 
13 5 — — 1 1 1 1 
Trio, 0-105 0:250 0-146 0-244 0133 0-250 0-211 


* South-eastern part. 


If we have a set of chemical analyses of some geo- 
chemical object it is convenient to characterize this set 
with small quantity of ‘estimators’. The coefficient of 
information is an ‘important estimator among others. If 
we wish to characterize the set of analyses with only two 
estimators, it is correct in such a case to use the average 
and the informational coefficient. 

The coefficient of information can. be used in lithology 
as the coefficient of sorting and in paleontology for estim- 
ating distributions of taxonomic characteristics. 

ANDREW B. VISTELIUS 
Leningrad Department, Steklov’s Mathematical Institute, 
Academy of Sciences of the U.S.S.R.. 
Leningrad. - 
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* Vistelius, A. B., Geochimiya, No. 2, 116 (1962) (in Russian). 
ə Vistelius, A. B., J. Geol., 68, 1 (1960). 
‘Vistelius, A. B., Geology and Geophysics, No. 7, 3 (1963) (in Russian). 
* Kulback, S., Information Theory and Statistics (J. Wiley and Sons, 1959). 


CRYSTALLOGRAPHY 


X-ray Diffraction Study of the Electron Density 
Distribution in Cyanuric Acid 


For some time! X-ray crystallographers have been 
seeking information about the electron density distribution 
in chemical bonds. This communication reports some 
results recently obtained for cyanuric acid at 100°K. 
Experimental details are listed in Table 1; crystal axes 
and space-group are as in previous work?’’. 

An anisotropic least-squares refinement, which included 
941 reflexions, carried R down to 4 per cent‘. The result- 
ing bond-lengths and -angles are shown in Fig. 1. After 


Table 1. EXPERIMENTAL DETAILS 


Space group 
Cell constants at 100° K 


No. of reflexions measured 


O2/e 

a=7749A b= 6-786 Å 

c = 9-032A $= 90 

968 (all reflexions oe which (sin 0)/4 < 0-8) 


Apparatus Three-circle diffractometer, scintillation coun- 
ter with poe neisit discriminator, Philips 

$ PW 1010 generator 
Technique Molybdenum radiation; balanced filters (zir- 


conium and yttrium). Stationary counter- 
moving crystal 

8 Absorption by, by crystal and capillary 

(2) Long-term drift, etc., by comparing with 
a standard reflexion 


Corrections applied for 
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Fig. 1. Bond-lengths (A) and -angles. The lengths of the hydrogen bonds 
are 0,....H} — N} 2-7724, O,....Hy — Ny 27084 


this refinement, a Fourier synthesis was calculated, 
representing the difference between the observed electron 
density distribution and the density calculated for non- 
bonded atoms. Of this synthesis, a section which almost 
coincides with the plane of the molecule is shown in Fig. 2. 
There are some interesting features: between each pair of 
bonded atoms there is a maximum of 0-3-0-5 eA-%, while 
minima appear at the opposite side of each atom. Although 
the absolute height of the individual peaks is comparable 
with the magnitude of some minima in other parts of the 
Fourier synthesis, their systematic location strongly 
suggests a shift of electrons from the bonded atoms into 
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the bonds. The maxima 0°35 and 0:33 eA-* near atom 
O2 may be due to its lone-pair electrons. 

I thank Dr. E. Keulen for close co-operation. I also thank 
Dr. W. C. Hamilton, who calculated the absorption cor- 
rections, Dr. J. S. Rollett for the anisotropic least-squares 
refinement and Dr. A. Vos and Prof. Wiebenga for their 
advice. 
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CHEMISTRY 


Dependence on Temperature of the Non- 
associated Fraction of a Pure Liquid 


THE dependence on temperature of the non-associated 
fraction of a pure liquid (water) has been determined 
experimentally by means of dielectric permittivity and 
infra-red measurements’. We have attempted to obtain 
thermodynamic information concerning this dependence. 

We used a result obtained by Prigogine and Defay°, 
namely, that the chemical potential u of the pure liquid 
and that of the monomer u, are equal. On the other 
hand, considering the pure liquid as an ideal solution of 
association complexes and monomer, we can write: 

=p =p + RT Ing A) 
where p° is the chemical potential of the liquid as though 
it would be unassociated, w is the molar fraction of the 
monomer, T the absolute temperature and R the gas 
constant, 

From this equation for the chemical potential it is 
possible to obtain expressions for the other thermo- 
dynamical functions and information about « Let us 











Fig. 2. Section of difference—Fourier synthesis in the plane + z = 0-25. Contours are at intervals of 0-1 ele the line of zero-density 


is represented by ~-—. Peak heights are given in eÅ“, 


E.s.d. due to non-systematic errors in the intensity tecasaremente: 


0-05 eA 
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choose, for example, the entropy of vaporization. Assum- 
ing that the vapour is non-associated, we get: 
ji a(T nz) . 

— a ed 
AS= AS +R T (2) 

The first term represents the entropy of vaporization 
of the liquid as though it wero unassociated, and the 
second is the excess entropy due to the association. We 
have chosen the entropy of vaporization, because several 
rules are known which permit calculation of the entropy 
of vaporization of non-associated liquids. 

From these we choose the well-known Hildebrand rule*: 
the entropies of vaporization are the same for equal 
molar concentrations in the vapour phase. ~ 

Neglecting the dependence on pressure of v, from 
equation. (2) we get: 


Lt 
BTino= RT,Inm+ |, (AS — AS)dT (3) 


where #, is the value of x for T =T.. 








We shall use equation (3) in order to determine the 
temperature dependence of x for water. For this case, a 
computation recently performed by Haggist and Werner 
Luck}, which is an improvement on that of Pauling’, leads 
to the conclusion that «=0-:09 for T= 273-16° K. Using 
Hildebrand’s rule, we have evaluated AS’, choosing ben- 
zene as reference liquid. The final results are presented in 
Fig. 1 where, for comparison, Werner Luck’s results are 
also given. The agreement is satisfactory. The small 
differences at high concentrations can probably be 
ascribed either to the use of Hildebrand’s rule or to our 
assumption of an ideal ‘solution’. 
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Energy Band Structure of Proteins 


Fox the interpretation of transfer of energy in proteins, 
Szent-Gyérgyi suggested the possibility of conductivity in 
these molecules!. Laki?, in order to interpret the effect of 
neutral salts on the isoelectric point of casein, has 
assumed that there was an electronic delocalization 
through the hydrogen bonds of proteins and has suggested 
taking the H-N-C-O peptide group as the elementary cell 
of this one-dimensional solid. In tho first calculation of 
protein, Evans and Gergely? usod this model, but they did 
not take into account the H atom of the hydrogen bond 
as separate centre. Usiflg a simple (Hiickel type) LCAO 
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MO method they obtained for the forbidden band width 
between the highest filled and the unfilled band 3-05 eV. 
This was in good agreement with the experimental values 
of 2-6-3-1 eV found by Eley et al.45 by measuring the 
temperature-dependence of semiconductivity of different 
protoins. 

The parameter values in the LCAO MO method, used in 
the earlier calculation of Evans and Gergely, seem, how- 
ever, to-day somewhat unrealistic. Therefore, the prob- 
lem has been re-investigated by several authors. Suard. 
Berthier and Pullman?! have performed a self-consistent 
field LCAO MO calculation of the monopeptide, dipeptide 
and tripeptide groups, and from the results obtainod: 
they have extrapolated to the band structure of a poly- 
peptide chain. They have included in their calculation 
also the lone electron pair of O atoms. In this way they 
obtained for the lowest, n—>n* type singlet transition an 
excitation energy of 5-44 eV in the case of a tripeptide 
group and found for the first x» * singlet transition the 
value 7-45 eV. Including also Cl, Suard’ has found for 
the n>zx* type singlet transition of a dipeptide the 
excitation energy 5-22 eV (for a dipeptide without C1 her 
appropriate value is 5-41 eV), while for the first 7—>7* 
singlet transition 7-13 eV (the appropriate value without 
Cl is 7-54 eV). Finally, following the idea of Paoloni, 
Suard® has taken into account in a self-consistent 
field LCAO MO calculation explicitly the empty 2p, 
orbitals of the H atoms of the hydrogen bonds. In this 
way, she has obtained the excitation energy values in the 
case of the singlet nn * and the first r—>r* transitions 
of a tripeptide group the values of 5-71 eV, and 7-87 eV, 
respectively. 

Independently from these calculations, I have also 
performed a theoretical investigation of protein by using 
the simple Hiickel method”, but with the aid of the solid- 
state physical method of Koutecky and Zahradnik™. 
This method makes possible investigations, in the nearost 
neighbour approximation, of an infinite chain with an 
arbitrary number of interactions between atoms belonging 
to the neighbouring cells (for details of the method sco 
refs. 10 and 11). In one of our calculations the H atoms of 
the hydrogen bonds have not been taken into account 
(Fig. 1). 


—C=0...H—N—C=0. :.H—N—C= 
2 3 1 2 3 1 2 
Fig. 1 


The parameter values used?’ are given in Table 1. 


Table 1. HUOKEL PARAMETERS USED FOR CALCULATING PROTEIN ENERGY 
BANDS IN THE THREE-CENTRE APPROXIMATION 


Vor. 262 





a, = 0-708 fue = 1008 
o = 0278 Bas = 2-008 
a; = 1-508 Bis = Boa = 0-208 


In Table 1 8 is the energy unit of Hiickel’s method. Its 
value in hetoroatomic systems is 3-2 eV, if we wish to fit 
the results to singlet excitation energies. B™ = BE 
is the interaction parameter of the N and O atoms through 
the hydrogen bond. Since the lone pair of the O atom 
has not been taken into account, the highest filled band 
is a x type band. We obtained as forbidden band width 
between it and the empty ~* type band (using 3-2 eV 
for B) the value of 6-84 eV}. 

In a second calculation, the H atoms of the hydrogen 
bonds have been taken into account, too. Using, however, 
a non-appropriate value for ay, we have obtained a non- 
realistic value for the forbidden band width between the 


- + 
1,3 4,1 
a ` 2N 
—C=0...H-—N—C=0...H—N—C= 
3 4 a 2 8 4n 172 3 
Bi, 


Fig. 2 
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Table 2, HUOKEL PARAMETERS USED FOR PROTEIN IN THE FOUR-CENTRE 


APPROXIMATION 
a = —1:908 Pus = 030. 
a= 0-708 Bas = 1-008 
a= 0278 Bar = 2-008 
a= 1508 Bhi = Bia = 0-208 
Bos = Baw = 0-108 
Bia = Bis = 0-108 


highest filled and lowest unfilled band and for the stabil- 
ization energy of protein by the x electron delocalization 
through the hydrogen bonds. 

Following the suggestion of A. Pullman™ for a more 
appropriate value of ay, we have repeated the calculations. 
The parameter values used in the new calculations are 
given in Table 2 (see also Fig. 2). 

In this way we have obtained the band structure as 
given in Table 3. 


Table 3. ENERGY BAND STRUCTURE OF PROTEINS OBTAINED IN THE HOCKEL 
APPROXIMATION IN 6 UNITS 


Pand Limits of bands Band-width 
Ms 3-23 3-13 0-19 
Ry 0:99 0-80 0-19 
. x* -1-49 —1:58 0-09 
ae —1:97 —1-97 0-00 


We can seo from Table 3 that the forbidden band width 
between the highest filled (x,) and lowest unfilled (x*) 
band is (0-80 + 1-49)8 = 2-298 = 7:33 eV. This value is 
in good agreement with the value of 7-87 eV obtained by 
Suard?® for the same singlet transition of a tripeptide using 
the self-consistent field LCAO MO method and taking 
into account the H atoms explicitly, but neglecting the 
Bt a BF, interaction terms. 

We can conclude that from all these calculations it 
seems very likely that the forbidden band width between 
the v, and «* bands is more than 7:00 eV and that between 
the n and x* bands is more than 5-00 oV. Therefore, the 
model used cannot give a theoretical explanation of the 
conductivity found in proteins. Of course, there are some 
other possible models!* and, furthermore, impurities and 
lattico imperfections may play a very important part in the 
conductivity of a real protein molecule. 

I thank Dr. A. Pullman for pointing out to me a more 
appropriate aq value and for showing me her manuscript 
before publication, and Prof. B. Pullman and Dr. K. Laki 
for advice. 
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Novel Reactions in the Anthraquinone Series 


Nove. substitution and elimination reactions were 
noted when I-nitroanthraquinone-2-carboxamide (I), m.p. 
315°, was refluxed with excess of cyclohexylamine alone 
for 16 h; the products were separated and purified by 
chromatography in benzene on alumina. Thus, in addition 
to the expected bluish-red 1-cyclohexylaminoanthra- 
quinone-2-carboxamide (II) (38 per cent yield), m.p. 
223°, formed by replacement of the labile nitro group, 
three other compounds were separated: in order of 
increasing adsorption, the red 1-cyclohexylaminoanthra- 
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quinone (III) (3-5 per cent), m.p. 145°-146°, formed by 
elimination of the carboxamide group, the orange 
1-aminoanthraquinone-2-cyclohexylcarboxamide (IV) (4:7 
per cent) m.p. 289°-290°, suggesting the reducing action 
of cyclohexylamine and the blue 1,4-bis-cyclohexylamino- 
anthraquinone-2-carboxamide (V) (4-4 per cent), m.p. 
276°, Mixed m.p. determinations and thin-plate Keiselgel 
chromatography of these three compounds with the 
appropriate authentic synthesized samples confirmed 
their identity. 1-Cyclohexylammoanthraquinone-2-cyclo- 
hexylearboxamide, m.p. 174°-175°, was not isolated from 
the reaction products. 


© NO; 
© CONE, 
(1) 
Z DS 
S ne 
L ‘ 
O NHR O NHR 
| | 
—CONH, 
a K = (III) 
Oo NH, O NHR 
| | 
CONHR CONH, 
| 
ce) b NHR 
av) (v) 
CH,—CH. 
PA 2 = 
R = —CH Nou, 
\cH,—CH,” 


Considering the formation of the blue compound (V), 
the nitro derivative (I) was prepared from pure 1-nitro- 
anthraquinone-2-carboxylic acid, converted by thionyl 
chloride into the acid chloride, and thence by aqueous 
ammonia at 15° into the amide. The possibility of small 
amounts of 4-chloro-derivative being formed was con- 
sidered, but analyses of (I) showed no trace of chlorine. 
No analogous 1,2,4-trisubstituted anthraquinone was 
derived by reaction of (I) with the strongly basic methyl- 
amine in ethanol at 130°-140°, thus supporting the view 
that nucleophilic substitution did not occur by reaction 
of a labile «-substituted chlorine. 2-Methyl-1-nitro- 
anthraquinone and  1-nitroanthraquinone-2-carboxylic 
acid were free from 1,4-dinitro-analogues. It is suggested 
that compound (V) was derived by unusual direct nucleo- 
philic attack of cyclohexylamine on (I). 

Such displacemont of the strongly basic hydride ion, 
:H-, is exceptional. Although not strictly analogous, 
because of the electronegativity of the nitrogen, the known 
reactivity of pyridine towards nucleophilic attack allows 
direct amination by sodamide; hydride ion is also dis- 
placed when nitrobenzene reacts with potassium hydroxide 
to give low yields of o- and p-nitrophenol. 

Elimination of the carboxamide group, accompanied by 
debromination. was observed when 4-bromo-1-cyclo- 
hexylaminoanthraquinone-2-carboxamide (VI), m p. 225°, 
was refluxed with cyclohexylamine in presence of sodium 
acetate and a little cupric acetate for 16 h; isolated by 
chromatographic procedure, in trichlorobenzene on alum- 
ina, was the expected blue compound. (V) (22 per cent), 
some purple 4-amino-1-cyclohexylanginoanthraquinone- 2- 


carboxamide (VII) (5 per‘cent), m.p. 348°, and 27 per cent 
of compound (ITI). When (VI) was similarly treated with 
aqueous-ethanolic ammonia at 120°, 16 per cent of (IIT) 
was obtained, together with 63 per cent of (VII). 
T. HARGREAVES 
A. T, PETERS 
Colour Chemistry Department, 
University of Leeds. 


Structure of Azide Complexes 


AZIDES of many metals, for example, silver, mercury, 
lead, copper and zinc, are extremely explosive. It has 
been found, however, that amine complexes of these 
azides are much more stable. Investigations of the 
crystal structure of such compounds are being carried 

* out at thig Institute. 

The compound Zn(N;).(NH;). has been found to have 
an orthorhombic unit cell, and to belong to the space 
group Pna2,, the axial ratios being a = 9-52 A, b = 
19-03 Å, c = 7-204. The cell contains eight formula units. 
The structure is under refinement. 


Table 1. SPACE GROUP Pnma 
Atom Position No. z Y z 
Cu c 4 0-226 0-250 0359 
N c 4 0-351 0-250 0-211 
N } N: group e 4 0-233 0-250 O14) 
N c 4 0-122 0-250 0-071 
N c 4 0-119 0-250 0-511 
N } N, group ec 4 0-240 0-250 0-584 
N e 4 0-348 0-250 0-856 
NH, d 8 0-231 0-517 0-362 


The structure of Cu(N;).(NH,), has been fully de- 
termined by the usual X-ray methods. The reliability 
index R is calculated to be 0-080. The compound has 
orthorhombic symmetry and belongs to the space grou 
Pnma, the dimensions of the unit cell being a = 38k 
b = 7:43 A, c = 12-78 A. The cell contains four formula 
units. Parameter values for all atoms with the exception 
of the hydrogen atoms are given in Table 1. 





Fig. 1. Configuration of Cu(Ns)a(NH;3)2 Black, copper; white, nitrogen 
(in N, group); shaded, NH.. Distances in A. The atoms lie in the 
same plane, except for the NH; groups, which are placed above and 
below copper 
The configuration of the compound can be seen in 
Fig. 1. 
CYRILL Brosset 
INGELA AGRELL 
Division of Inorganic Chemistry, 
Chalmers University of Technology, 
Gothenburg, Sweden. 
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Isolation of Tryptophan from -Air-cured > ' 
Tobacco by Gel-filtration 


TRYPTOPHAN is generally regarded as one of the less- 
prominent amino-acids of Nicotiana tabacum, but has 
been found in both freet? and bound? forms. Detection of 
tryptophan, in most instances, has been accomplished by 
conventional paper chromatographic resolution of mix- 
tures of amino-acids contained in selective extracts or 
hydrolysates. In the continuation of an investigation on 
polymeric browning reaction pigments of aged ‘Burley’ 
tobacco? (U.S. type 31), an air-cured type, a small amount 
of free tryptophan was isolated by gel-filtration of concen- 
trated dialysates uf aqueous extracts applied to a column 
of ‘Sephadex G-25’ (Pharmacia, medium grade), a cross- 
linked dextran. Tryptophan was strongly adsorbed on the 
gel matrix. Separation of a thymine fraction, to be 
reported in detail elsewhere, was feasible since the pyri- 
midine derivative was less strongly adsorbed than 
tryptophan. These observations are in conformity with 
those previously noted by Gelotte! and Porath® regarding 
the behaviour of aromatic amino-acids and heterocyclic 
substances on ‘Sephadex’. In regard to the resolution of 
complex mixtures of tobacco leaf constituents in aqueous 
media, the gel-filtration technique provides a useful 
approach in which both the molecular sieve and adsorption 
effects can be utilized to advantage. It has beon of 
particular value in the resolution of mixtures of complex 
pigment polymers, comprised of phenolic and protein- 
aceous moieties, in which heterocyclic and other 
nitrogenous substances of a monomeric nature occur as 
contaminants, for example, the type of mixture described 
herein from which tryptophan was isolated. 

Samples (15 g) of the lamina portion of the leaf of aged 
‘Burley’ tobacco, ground (1 mm particle size) and pre- 
extracted in a Soxhlet apparatus successively with pentane, 
ether, chloroform, acetone, and ethanol, were next 
extracted with de-ionized water in a Waring blender and 
filtered by suction through a pad of powdered cellulose 
(Whatman, standard grade). Concentrated filtrates were 
dialysed (‘Visking’ dialysis tubing) against de-ionized water 
in suitable glass cylinders. Dialysate fractions collected 
during the first 20 h, representing six changes of water 
and containing, inter alia, considerable amounts of 
calcium and potassium salts of citric, malic, and glycolic 
acids, were concentrated in vacuo at 37° C and run through 
a chromatographic column (40x 600 mm) containing a 
bed of 100 g of ‘Sephadex @-25’ (ref. 6). Tryptophan, in a 
comparatively pure form, was eluted from the column with 
de-ionized. water after the polymeric brown and yellow 
pigments and a small well-separated fraction of thymine 
had passed through. The amino-acid was detected in 
eluate fractions by ultra-violet spectroscopy (Beckman 
DK-2 ratio recording spectrophotometer). 

The ultra-violet absorption spectrum of tryptophan 
isolated from the tobacco, identical with that of the 
authentic compound, exhibited maxima at 220-5, 273, 
280, and 289:5 mp in ethanol. Additional results con- 
cerning the identification of tryptophan were provided by 
two-dimensional paper chromatography. The following 
single phase solvent systems, prepared on a v/v basis, with 
corresponding Rp values, were used: n-butanol-acetic 
acid—water (12:3: 5) Rp 0-54, followed in the second 
direction by n-butanol—methyl ethyl ketone~ammonium 
hydroxide-water (5: 3:1: 1) run twice Rr 0-44; and 
sec-butanol-formic acid—water (15 : 3 : 2) Rg 0-54, fol- 
lowed in the second direction by n-butanol-pyridine— 
water (1:1:1) Ry 0-66. Chromatograms (Whatman 
No. 1 paper) were run by the ascending technique for a 
period of 20 h. Tryptophan, detected on chromatograms 
by a ninhydrin spray’, was examined by co-chromato- 
graphy with the authentic compound in all solvent systems. 

The small amount of free tryptophan. so isolated, esti- 
mated to be in the order of 0-003 per cent, represents only 
that fraction extractable with water subsequent to 
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preliminary extraction of the tobacco with the series of 
organic solvents. 
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Structure of Polymyxin BI 


Is their publications on the constitution of polymyxin 
B1, Hausmann, and Craig!, Hausmann? and Biserte and 
Dautrevaux® concluded that the structure of the anti- 
biotic was limited to one of the four alternative formule I 
(7a and Ty) and II (8a and 8y), the symbols referring to 
the size of the ring and the amino-acid group of the 
oy-diaminobutyric acid to which the chain is attached. 


y-NH, 


-DAB-—»p-Phe->1-Leu 


7 
aory 
Ipel +p-DAB->L-Thr-_-DAB ——-+L-DAB 


X 
y-NH, 


is 


| 
y-NH, yora 


T; 7a and Ty 
| 
y-NH, 


y- NH, 


t-DAB—p-Phe —L-Leu 


Z 
7 


a ory A 
Ipel > D-DAB -> L-Thr————L-DåB 


X 
y-NH, ora 

; A 
L-DAB<—r-Thr—r-DAB 
IT; 8a and 8y TA. „im, 

We have now independently examined the products of 
total and partial hydrolysis of polymyxin Bl and have 
established the following points: 

(1) The optical rotation of the total DAB obtained by 
complete hydrolysis indicates that D-DAB is not present 
and that the amino-acid composition is 6 L-DAB : 1 
D-Phe : 1 u-Leu : 2 L-Thr. 

(2) The foregoing observation was confirmed by isolation 


a 
of the fragment Ipel—> DAB by partial hydrolysis. This, 
on further hydrolysis, gave t-DAB and not p-DAB. 


(3) The isolation of the three peptides Thr DAB, 
y 
Thr > DAB and Thr -> DAB ~> DAB, together with the 
ty 


absence of «-DNP-DAB from the complete hydrolysis of 
penta-DNP polymyxin B1, indicates that, provided the 
overall amino-acid sequences in formule I and IT are 
correct, the structure can be further limited to either I 7« or 


NATURE 


t-Thr.—.i-DAB<—1-DAB 
y NH, 


t-DAB-y-NH, 


1211 


II 8y, with amended configuration of the initial DAB. 
Structures 7y and 8« are not consistent with the isolation 


of the foregoing tetrapeptide. s 
8. WILKINSON 
L. A. Lowe 
Wellcome Research Laboratories, 
Beckenham, 
Kent. 
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BIOCHEMISTRY 


‘Free’ Apoferritin and Apoferritin obtained 
by Reduction of lron-containing Ferritin 


FERRITIN prepared from horse-spleen by Granick’s 
method! consists of a mixture of a colourless component 
and a heterogeneous coloured material?. The coloured 
iron-containing material, ferritin, sediments with a widely 
spread boundary and is separated by starch-gel and 
polyacrylamide-gel electrophoresis into at least three 
distinct fractions («-, B- and y-ferritin, that is, bands 1, 2 
and 3)°-*. The colourless iron-free component moves 
with a sharp boundary in the ultracentrifuge (So), = 


17-6; mol. wt. 465,000) and is homogeneous in starch- gel 
_ and polyacrylamide-gel’. From ultracentri- 
fugal investigations Rothen? concluded that 
apoferritin obtained by reduction of ferritin 
with sodium dithionite? was identical with the 
colourless component which he called ‘free’ 
apoferritin. 
In the following experiments forritin con- 
sisting of «-, B- and y-ferritin and free of ‘free’ 
apoferritin was used, which was prepared by 
repeated ultracentrifugation (15 consecutive 
runs, Spinco L, rotor 40, 2-5 h, 40,000 r.p.m.) 
from commercially available horse-spleen ferri- 
tin (N.B.C.) (preparation A). In this prepara- 
tion no ‘free’ apoferritin could be detected 
with the Spinco Æ analytical ultracentrifuge 
(rotor AnD, 39,400 r.p.m., phosphate-buffered 
salt solution, pH 6:9). 
‘Free’ apoferritin was also obtained from 
N.B.C.-ferritin by repeated ultracentrifugation 
and concentrated by ammonium sulphate pre- 
cipitation (preparation B). In this prepara- 
tion no iron-containing ferritin could be 
detected by the Prussian blue reaction and 
in the analytical ultracentrifuge. 
Apoferritin was prepared by reduction of 
preparation A with sodium dithionite according 
to Behrens and Taubert® (preparation O). 
a-Ferritin (band 1 of iron-containing ferritin) was 
obtained from preparation A either by repeated 
ammonium sulphate precipitation’ 5, by DEAE-cellulose 
chromatography or by gradient centrifugation in sucrose® 
(Fig. 1, preparation D). Preparation E was prepared by 
reduction of preparation D with sodium dithionite. 

The five preparations were investigated with the agar-gel 
electrophoresis technique of Wieme', the starch-gel 


. electrophoresis technique of Smithies!, with the analytical 


Spinco E ultracentrifuge and with the agar-gel double 
diffusion technique?. 

Rabbit anti-ferritin was obtained by immunization with 
preparation A and anti-‘free’ apoferritin by immunization 
with preparation B as antigen. 

In agar gel all preparations tested migrated in the 
a-globulin region. Iron-containing ferritin (A) and 
apoferritin (C) migrated in a more widely spread zone 
suggesting heterogeneity, while ‘free’ apoferritin (B). 
a-ferritin (D) and reduced «-ferrgtin (Æ) seemed to be 
homogeneous. 


` 


This heterogeneity of apoferritin (C) 
was established by starch-gel electro- 
phoresis. Apoferritin (C) obtained by 
reduction showed the characteristic pattern 
of the three bands («-, B- and y-ferritin) 
of iron-containing ferritin A), whereas 
‘free’ apoferritin (B) was homogeneous, 
migrating like «-ferritin (D) (Fig. 2). The 
heterogeneity of apoferritin obtained by 
reduction of ferritin was also recently 
observed by Richter‘ in polyacrylamide gol. 

In the analytical ultracentrifuge no 
differences in the sedimentation behaviour 
of ‘free’ apoforritin and apoferritin ob- 
tained by reduction could be detected. 
Nor was there any evidence for sero- 
logical differences between the five 
preparations (A, B, OC, D and E) by 
the agar-gel double diffusion technique (Fig. 3). 

These experiments demonstrate that apoferritin 
obtained by reduction of iron-containing ferritin and ‘free’ 





Fig. 1. Starch-gel electrophoresis, stained with Prussian blue. A, 

preparation A = ferritin free of ‘free’ apoferritin; D, preparation D = 

a-ferritin (band 1); bands 2 and 3=- and y-ferritin. Horizontal arrow 
indicates starting point 








B Cc 


Fig. 2. Starch-gel electrophoresis, stained with amido black. B, 

preparation B = ‘free’ apoferritin; C, preparation C = apoferritin 

obtained by reduction ofgiron containing ferritin (preparation A). 
Horizontal arrow indicates starting point 


- 
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Fig. 3. Agar-gel double diffusion test. A, preparation A = ferritin free of ‘free’ apofer- 
ritin; B, preparation B = ‘free’ apoferritin; C, preparation C = apoferritin obtained 
by reduction of A; D, preparation D = a-ferritin (band 1 of A); E, preparation E = 


iron-free band 1 obtained by reduction of D 


apoferritin are not identical. Apoferritin obtained by 
reduction consists of three or more fractions. ‘Free’ 
apoferritin is homogeneous. It might be identical with. 
reduced iron-free «-ferritin. 

The heterogeneity of apoferritin obtained by reduction 
rules out the possibility that the ferritin polymorphism 
observed in starch-gel electrophoresis is based on a different 
iron content of the different ferritins (bands) and demon- 
strates that it is based on a polymorphism of the protein 
moiety. Whether differences in molecular size? account 
for the ferritin polymorphism or whether differences in 
the primary structure of the proteins are responsible, as 
could be shown by Schultze et al.48 for the haptoglobin 
polymorphism remains to be determined. 

Tho non-identity of ‘free’ apoferritin and apoferritin 
obtained by reduction of forritin suggests the following 
possibilities: 

(1) The polymorphism of the protein moiety of ferritin 
may in some way be connected with the incorporation 
of iron in the protein shell (whieh does not seem 
likely). 


(2) The tendency of B- and y-ferritin to incorporate iron 
inay be more pronounced than that of «-ferritin, that is, 
all 8- and y-ferritin synthesized may incorporate iron 
while only part of the «-ferritin does. 


(3) Perhaps ‘free’ apoferritin is not idontical with 
«-ferritin (band 1) reduced by sodium dithionite and may 
be unable to incorporate iron altogether. 


This work was supported by a research grant of the 
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Presence of Sulphated Nucleotides in the 
Epiphysial Growth Cartilage of the Rat 


THE administration of radiosulphate to young rats is 
followed by a quick incorporation of sulphur-35 in the 
epiphysis of the long bones!-§. Chondroitin *8-sulphate 
is isolated. Tho radioactivity of chondroitin sulphate 
reaches its maximum 24 h after the injection'*. The 
enzymatic nature of this process has been firmly settled 
by Bostrém’s experiments!)?*. Tho work of Lipmann 
et al. has procisely shown the enzymatic mechanism 
which offects in vitro the synthesis of sulphated 
mucopolysaccharides by the formation of intermediate 
‘active sulphate’ 3’-phosphoadenosine-5’-phosphosulphate 
(PAPS)*19, 

We have examined the epiphysial cartilage of young 
rats for the presence of sulphated nucleotides—possible 
intermediates in the synthesis of chondroitin sulphate. 

Forty groups of 20 or 30 rats (Wistar), 9 days old, 
received 150 uc. of sulphur-85 (carrier free) intra- 
peritoneal. The epiphysial growth cartilages of tibias 
were removed at various times, between 2 and 24 h after 
injection. Tho cartilages were washed, thinly ground. 
homogenized and extracted by 0-8 N perchloric acid. 

After elimination of perchlorate as a potassium salt and 
repeated centrifugations. the nucleotides of the extract 
were run through a ‘Norit column (diam., 8 mm; height. 
30 mm) and cluted with ethanol/1 M ammonium/water 
(50:10:40). All these operations were carried out at 
0°C. After concentration (‘Rotavapor’ Buschi) and 
vacuum drying of the eluate, the products were identified 
by chromatography on Whatman No. | filter paper in 
the solvent systems: A, isobutyric acid, 0-1 M ammonia, 
EDTA 0-1 M (100: 60/1-6) (ref. 11); B, ethanol, 1 M 
ammonium acetate pH 7-5 (70 : 30) (ref. 12) or by paper 
electrophoresis with 0-01 M citrate bufer pH 4:5 at 25 
Vijem 

In other experiments the nucleotides of the perchloric 
extract were separated by chromatography on “Dowex 
1X2 (50x 100 mesh) and eluted by a gradient NaCl-HCl 
according to Strominger’s method™-+4, For each of the 
eluate fractions the radioactivity was determined and 
the amount of nucleotides measured by spectrophotometry 
(Unicam spectrometer 500). The fractions were concen- 
trated and identified hy paper chromatography. 

The radioactive spots of paper chromatograms were 
located by radioautography, and the spots of nucleotides 
detected on the chromatograms with ‘Mineralight’, were 
cut out, eluted with water and the amount of nucleotides 
measured by ultra-violet absorption by comparison with 
an equal Whatman paper surface, 

The radioactivity of the various fractions was compared 
with the total radioactivity of cartilage determined by 
a Geiger-Miiller counter according to the usual methods!. 
The radioactivity of nucleotide extracts of cartilage eluted 
from ‘Norit’? column went through a maximum after 
6-8 h and stayed high for up to 12 h after administration 


Per cent 





2 4 6 8 10 12° 14 16 i8 
Hours 


Fig. 1. Incorporation of sulphur-35 in sulphated nucleotides of cartilage. 
Sulphur-35 recovered from nucleotide alcoholic extract of ‘Norit’ 
(percentage sulphur-36 incorporated into growth cartilage) 
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Fig. 2. Isolation of sulphated nucleotides from growth cartilage romeved 
& h after injection. Radloautogram of chromatogram developed in 
solvent A (film ‘Kodirex’) 


of sulphur-35. On the contrary, total radioactivity of 
cartilage grows during the first 20 h (Fig. 1). The radio- 
activity was twice as weak with 16-day-old animals. 

The paper chromatography analysis of these extracts 
showed that they contained sulphated oligosaccharides--- 
characterized after hydrolysis by chromatographic identifi- 
cation of uronic acid, hexosamine and nucleotides 
(Fig. 2). Among those a “S-sulphated nucleotide was 
identified which showed the same chromatographic and 
electrophoretic constants as uridine diphosphoacctyl- 
galactosainine sulphate ( (B) UDP Gal N Ac S). which wo 
had isolated and purified according to the method of 
Suzuki and Strominger's: 


Solvent A = Rapp=0-40; Rso, = 0-60 
Solvent B = Rare =3 
Electrophoretic mobility: Marp= 1-10. 


; Rso, =05 


After clution of the nucleotide detected on tho chroma- 
togram, the hydrolysis liberated (in 0-01 N hydrochloric 
acid for 10 min at 100° C) UDP identified by a now paper 
chromatography in solvent system A (ref. 11), andin 6 N 
hydrochloric acid for 12 h at 100° C: UMP, “S-sulphate, 
and galactosamine identified in the system (butanol’ 
pyridine/hydrochlorie acid)". 

The fractioning of cartilage acid extract on ‘Dowex IX 
2’ column (diam., 8 mm; height, 200 mm) allowed io 
separate: UDP Gal N Ac S and sulphated mucopoly- 
saccharide. UDP Gal N Ac S eluted in the fraction 0-3 
N- >+0-5 N hydrochloric acid was afterwards identified by 
paper chromatography and its compounds characterized 
as given here. 

The radioactivity of 38-UDP Gal N Ac § wont through 
a maximum between 6 h and 12 h after administration of 
sulphur-35. In the experiment it reached 15.000 -20 000 
counts/min/umol. For 100 g of cartilage wo found 5 
umoles of UDP Gal N Ac $ out of a total of 120 umoles of 
nucleotides (spectrophotometric measurement after chrom- 
atography on ‘Dowex 1X2’). 

Only very small quantities of PAPS appeared on the 
chromatograms (Fig. 2); the identification of the products 
was completed by two-dimensional chromatography and 
paper electrophoresis!*. It is possible that PAPS hydrolysis 
during fractioning procedures prevented any characteriza- 
tion of larger quantities. bd 
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However, the *S-PAPS spots detected on the radio- 
autograms (system <A) were eluted with 0-01 N 
hydrochloric acid at 0°. The eluate was neutralized, 
concentrated (0-4 ml.) and incubated for 30 min, at 
37°C pH 7-4 with tris hydrochloric acid: 40 umoles; 
paranitrophenol=0-05 umole; cystein: 1 umole; and 
phenolsulphokinase: 2 mg prepared from rat liver’ 
according to Balasubramanian and Bachhawat?*, An 
aliquot fraction of the mixture was put on Whatman 
No. 1 paper and the *§-paranitrophenol was isolated by 
chromatography in the system butanol, acetic acid, 
water (50 : 10 : 25). For 100 g of cartilage we found in 
these experiments one or two pmoles of PAPS (40,000 
cm/pmoles). 

No inosine sulphated compounds (inosine phospho- 
sulphate; phospho inosine phosphosulphate) were də- 

. tected on the chromatograms. By incubation of growth 
cartilage hemogenates (from young rat, sheep or calf 
embryo) with ATP and sulphur-35 a large amount of 
PAPS was synthesized in vitro, and only a small amount 
of UDP Gal N Ac 3S was identified?!. Altogether these 
results agree with those we observed in aortic wall 
examination??. 
Jacques PICARD 
ANNIOK GARDAIS 
Louorntré DUBERNARD 


Laboratoire de Biochimie Médicale, 
Faculté de Médecine de Tours, 
France. 
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Effect of Photo-oxidation on 
Glyceraldehyde-3-phosphate Dehydrogenase 


THE enzymatic reaction catalysed by glyceraldehyde-3- 
phosphate dehydrogenase (GAPD) is thought to occur 
through the formation of an. acyl-enzyme compound which 
involves some of the thiol groups of the enzymet’, 
Although the complex nature of enzyme reactions renders 
it improbable to attribute the whole process to the 
functioning of one single type of group, no experimental 
evidence has so far been supplied concerning other residues 
essential for GAPD action. In order to obtain more infor- 
mation in this field we adopted the photo-oxidation 
technique as described by Weil eż al.‘ 

The results obtained with photo-oxidized GAPD are 
shown in Table 1. A sharp decrease in enzymatic activity 
occurs with both glyceraldehyde-3-phosphate (PGA) and 
glyceraldehyde (GA) substrates as measured by Warburg’s 
optical test. According to the data in literature histidine, 
tryptophan, tyrosine, methionine and cysteine are 
susceptible to photo-oxidation‘. In our experiments the 
uptake of oxygen @determined manometrically was 
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Table 1. EFFECT OF PHOTO-OXIDATION ON SOME PROPERTIES OF GAPD 
oupss bound ‘Trypttel 
groups: oun ryptic 
Photo- g Hiatidinet number NAD digest : 
oxidation* Activity t per cent per mole moles bility 
fimein percent remaining ofprotein per mole agit 
. min remaining fast total of protein 280 
0 100 100 100-0 14:8 25 0-005 
7-5 70 0-042 
15 56 54 88:0 13-6 2-4 0-085 
30 35 33 77-0 11-7 2-6 0:185 
60 10 7 89-5 7-8 2-2 0:195 
90 3 — 65-5 4-2 1-7 — 
120 <1 — 62-4 2-7 1-0 0-193 
180 <1 — 59-0 3: 0-9 — 


* Samples of 3-6 ml. of 0-05 M phosphate buffer, pH 8-5, containing about 
50 mg of three times recrystallized, dialysed swine or rabbit GAPD (ref. 5) 
and 0-12 mg of methylene bluein 26-ml. Kjeldahl flasks, were irradiated with a 


200-W electric bulb from a distance of 12 em. The flasks were shaken in an 


ice-bath at a rate of 120 strokes/min. At appropriate time intervals the 
samples were gel filtrated on a ‘Sephadex G-50’ column in order to remove 
methylene blue and to change the medtum into 0:2 M glycine buffer, pH 
8-5, All inanipulations were carried out in the cold in a darkened room. 
t Reaction mixture: 1-0 mg of PGA or GA, 2-0 mg of NAD, 1-9 mg of 
Na, HAsO, and the enzyme in 3-0 ml. of 0-2 M glycine buffer, pH 8-5. Appro- 
priate dilutions of GAPD were used to obtain identical AF go per 30 sec. 


t Determined by the method of Moore and {Stein (ref. 6) and with the 
spectrophotometric method mentioned in the text. 


§ Determined by the method of Boyer (ref. 12). . 


{ Bound NAD was reduced by the addition of PGA or GA. Calculations 
Were made on the basis of a molar extinction coefficient for NADH at 
340 my: 6-22 x10 cm* per mole (ref. 13). 


ll Digestion was carried out in 0-2 M glycine buffer, pH 8-5, at 20° C with 
1x 10-70) BP (ref. 14). 


approximately stoichiometric with the loss of histidine at 
the early stages of photo-oxidation assuming that one 
mole of oxygen is consumed per mole of histidine‘. It 
should be noted that the ultra-violet absorption spectrum 
of GAPD is altered by photo-oxidation, with a maximum 
in the difference spectrum at 245 my. The extinction 
coefficient at 280 mp, 1:0 x 10° cm? g-1, however, remains 
unaffected up to the almost complete inactivation of the 
enzyme. The quotient Faso] Æz:s was found to be propor- 
tional to the histidine content in terms of the following 
simple equation: Hz/H,=1-4 (Hogo/ Hass) — 0-42. Applying 
a kinetic analysis’, the histidines of GAPD can be grouped 
into ‘fast’ and ‘slow’ residues with respect to the rate of 
photo-oxidation, with the residue rate constants K = 2-6 h-1 
and K=0-07 h7, respectively. The loss of activity also 
proved, to follow first-order kinetics with a rate constant 
of K=2-4 h-1 (Fig. 1). The close coincidence of the rate 
constants of activity loss and ‘fast’ histidines suggests the 
essential role of one ‘fast’ histidine residue in the catalytic 
function. 

Experiments of this type, however, cannot decide in 
what manner the essential histidine contributes to the 
maintaining of the catalytic function. In fact, owing to 
its situation in the macromolecular structure, the modifica- 
tion of an apparent essential residue may alter only the 
spatial configuration of the active centre, without direct 
involvement in the catalytic reaction itself*°, This 
possibility cannot be excluded because of the enormously 
enhanced tryptic digestibility of photo-oxidized GAPD 
(Table 1). The loosening of the structure rapidly proceeds, 
attaining a maximum in about two half times of inactiva- 
tion. 

The disappearance of the thiol groups (Table 1) follows 
an §-shape curve in the course of photo-oxidation, 
indicating other factor(s), for example, structural damage, 
which influence(s) the rate of loss of thiol groups without 
direct relationship with inactivation. The extensive 
oxidation of sulphydryl groups ceases when about three 
residues per mole of enzyme (mol. wt. = 140,000, ref. 11), 
are still available, which appear to be somewhat resistant 
to photo-oxidation. 

The enzymatically reducible, firmly bound nicotin- 
amide-adenine—dinucleotide (NAD) content is not affected 
at the early stages of photo-oxidation (Table 1). A slight 
loss appears only when enzymatic activity is diminished 
by one order of magnitude, at a time when the increase in 
digestibility is complete and about half of the thiol groups 
is already oxidized. In contrast to the effect of 
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‘SLOW' He TIDINE (72.5%) 
K=007 HOUR! 


ACTIVITY 
K=24 HouR? 


Percentage remaining 


«FAST' HISTIDINE (275%) 
K=26 HOUR! 





0 1 2 8 
Photo-oxidation time (h) 
Fig. 1, Loss of activity and histidine on photo-oxidation of GAPD 


-chloromercuribenzoate, during photo-oxidation the 

bound co-enzyme is not released when a number of 

residues have already been modified. It may be assumed 

that the thiol groups which lie near to NAD-binding site* 

aré protected to some extent from photo-oxidation. 

According to our preliminary experiments treatment with 

UC-bromoacetic acid following photo-oxidation does not 

result in the increase in the number of carboxymethyl 

groups attached to GAPD (about three in the native 

enzyme), when a great structural damage is already 

attained and many thiol groups (about 12) are still 

available. These results provide a new approach in 

elucidating the nature of the GAPD-—NAD interaction. 
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Phospholipids in Formalin Extracts 
of Nuclei isolated from Sheep 
Lungs : 

HisTocHEMIcaL investigations! have shown the presence 
of phospholipid in the nucleus of both plant and animal 
tissues. The lipid took up 3 : 4-benzpyrene from a hydro- 
tropic solution?, stained for phospholipid in the acid 
hematein reaction, and stained orange when treated with 
a modified Mallory reagent of orange G and aniline blue 
buffered at pH 3. The characteristic property of the lipid 
was its loss from tissues which were fixed in formol- 
calcium (Baker’s fixative’); and investigations of the 
used fixative showed the presence of lipid. Such investi- 
gations have been performed on whole tissues‘, on, nuclei 
isolated from rat liver’, and, more recently, on individual 
fractions of disrupted rat-liver nuclei®, where the presence 
of formalin-extractable phospholipid has beep found to - 
coincide with a high rate of incorporation of amino-acids 
and of orotic acid. 

In an attempt to characterize the lipid components of 
the formalin extracts, we have used sheep lungs, and have 
prepared nuclei by the method of Frazer and Davidson’. 
Nuclei prepared in this way from 100 g of fresh lung were 
stirred overnight with 200 ml. of 4 per cent aqueous 
formaldehyde containing 1 per cent calcium chloride, and 
the formalin was then filtered from the nuclei, The 
formalin extract was separated into high and low mole- 
cular weight components by ultra-filtration, and both 
fractions were subjected to the modified Folch procedure 
of Long and Staples® to obtain lipids. The lipids were 
chromatographed on thin-layer plates (Kieselgel G-Merck). 
using the solvent system of Skipski et al.® (chloroform/ 
methanol/acetic acid/water, 65 : 25: 8: 4). The plates 
were sprayed with ninhydrin for amino groups, the 
Dragendorff reagent for choline’*, and the molybdate 
reagent" as used by Long et al.1? for lipid phosphorus. 
The chromatograms were also examined under ultra- 
violet light for fluorescent components. 

Lecithin, sphingomyelin and small amounts of lyso- 
lecithin have been identified in the high molecular weight 
fraction, together with an as yet unidentified choline- 
containing phospholipid running near the solvent front. 
Also present on the chromatogram were somé fluorescent 
components and neutral lipid. Similar chromatograms 
were obtained for the low molecular weight fraction, but 
the phospholipids corresponding to lecithin, sphingomyelin 
and lysolecithin were also ninhydrin-positive. The latter 
fraction has also been examined, by two-dimensional 
chromatography for amino-acids. Before hydrolysis with 
6 N hydrochloric acid, five ninhydrin-positive spots were 
obtained that did not correspond with free amino-acids. 
but after hydrolysis at least ten ninhydrin-positive spots 
were obtained, all of which have been identified tentatively 
as amino-acids. It therefore seems likely that lipopeptides 
exist in the low molecular weight fraction, whereas 
phospholipids in the high molecular weight fraction are 
apparently bound as lipoprotein. Further investigation 
will be necessary to decide whether lipopeptides are 
precursors of lipoprotein. 

Extraction of lung nuclei with conventional lipid 
solvents, both before and after treatment with formalin, 
has shown that the formalin releases some lipid material 
that is not normally available to solvents. ‘Masked lipid’ 
has been implicated in a proposed mechanism for induc- 
tion of lung cancer*®, and the effect of formalin in rendering 
tissue-bound lipid more soluble in fat solvents has. 
therefore, been investigated further. The results of 
this investigation will be presented elsewhere. 

Previously, the evidence that nuclear lipids could be 
concerned in the induction of lung cancer depended 
predominantly on histochemical evidence that nuclei 
of lung tissue contained phospholipids. The present 
observations of nuclei isolated from lungs have confirmed, 
biochemically, that nuclear lipids @o occur in this tissue, 
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and have indicated the nature of some lipid components 
that are extracted by formalin. 

This work was supported by the British Empire Cancer 
Campaign. 
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Electrophoretic and Spectroscopic Observations 
of Bilirubin in the Presence of 
Ethylenediamine Tetraacetic Acid 


In the absence of proteins, unconjugated (indirect) 
bilirubin is known to be immobile in an electric field. 
However, in a buffer system containing ethylenediamine 
tetraacetic acid (EDTA), for example, the EDTA-iris-boric 
acid buffer described by Aronsson and Grönwall! or in a 
buffer solution containing only 0-021 mol. EDTA (ref. 1) 
adjusted above pH 7:0 by adding sodium hydroxide, I 
found bilirubin (alkaline solution) to move towards the 
anode when submitted to paper electrophoresis. More- 
over, applying an EDTA containing alkaline solution 
of bilirubin in any alkaline buffer system, for example, 
Michaelis barbital buffer to electrophoresis, the same 
phenomenon occurs (Fig. 1). After terminating electro- 
phoresis in EDTA. the displaced spots of bilirubin 
were found yellow and yielding the diazo reaction by 
Verschure’s method? even more readily than bilirubin 
without EDTA; however, in contrast to the latter the 
spots of bilirubin in EDTA turned to green in the lapse of 
some days. The motility of bilirubin in EDTA was found 
undisturbed by the presence of excess amounts of Catt, 
or by pretreating bilirubin with ditizon dissolved in 
carbon tetrachloride, to remove metal traces if present. 
(This pretreated bilirubin failed to move in an alkaline 
buffer not containing EDTA. ) 


ar ier a Hots. ola ence: ee fon mg ~ 





Fig. 1. Electrophoretic bebaviour of bilirubin. 1, in EDTA-ris-boric 

acid buffer of Aronsson and Grönwall; 2, in Michaelis barbital-sodium 

acetate hydrochloric acid buffer, both pH 8-9; 4 V/em, Schleicher 
SPhill 2048 b paper 
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Fig. 2. Absorption spectra of bilirubin solution. 1, in 0°15 M phos- 
phate buffer, pH 8-45; 2,in 0-15 M EDTA, pH 8-45 
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However, electrophoretic displacement did not occur 
either when a chloroform solution of bilirubin had been 
treated with an ethanolic solution of ethylenediaminetetra- 
acetic acid (containing no sodium). or the chloroform 
extract of the alkaline EDTA-bilirubin solution migrated 
when subjected to paper electrophoresis. 

An electrophoretic migration of lesser extent was found 
also in the presence of another chelating agent, 1,2 diamino- 
cyclohexanetetraacetic acid. No electrophoretic movement 
occurred in the presence of citrate, phosphate or salicylate, 
substances known to form compounds with bilirubin? +. 

Absorption spectra, measured with a Beckman DU 
spectrophotometer, of bilirubin dissolved in 0-15 M phos- 
phate buffer and 0-15 M EDTA solution, respectively, 
both adjusted exactly to pH 8-45 differed in the sites and 
extinction coefficients of their maxima; the site of the 
former being at 435 my while that of the latter at 425 mu. 
The extinction of the bilirubin-EDTA solution was of 
lower value, the decrease depending on the time lapse 
between dissolving bilirubin in EDTA. and measuring the 
spectra, for example, a decrease of 50 per cent appearing 
at the end of 3 h. 

After standing for 24 h at + 4° C (also under a layer of 
paraffin oil) absorption spectra of both changed. But 
while the absorption maximum of bilirubin in 0-15 M 
phosphate buffer shifted slightly to the lower wave-lengths 
(420 mu), the spectrum of bilirubin in 0-15 M EDTA was 
altered markedly. Absorption maximum in the visible 
range disappeared and an absorption maximum at 380 mp 
appeared (Fig. 2). Forty per cent decrease of bilirubin 
content, measured by the method of Jendrassik and 
Gróf’, was observed in sera from kernicterus infants 
diluted with equal amounts of 0-15 M EDTA, pH 7:2, 
solution when standing at 4° C during 48h. This decrease 
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of bilirubin, however, could not be achieved by adding 
EDTA to sera just before estimation, and a rather acceler- 
ating effect of EDTA on the diazo reaction could be 
observed when using 5 M EDTA, pH 7-2, instead of 
caffoine. Residual pigment moved with albumin on paper- 
electrophoresis. 

In contrast to the aforementioned results, when EDTA, 
was present only in equimolar ratio to bilirubin in a 
solution of 0-1 potassium carbonate the presence of EDTA 
seemed to stabilize the spectrophotometric data of 
bilirubin as compared to bilirubin dissolved in the same 
potassium carbonate solution devoid of EDTA (on the 
addition, of these minute amounts of EDTA to the potas- 
sium carbonate bilirubin solution no pH change was 
measurable). 

From these experimental results two conclusions may be 
tentatively drawn: 

(1) In the presence of EDTA in alkaline solution (above 
pH. 7-0) a bilirubin-EDTA compound is formed, differing 
from erystalline bilirubin in its electrophoretic behaviour 

„and its spectrophotometric data. 

(2) At a physiological pH range, bilirubin is much less 
stable in the presence of excess amounts of EDTA than 
in its absence. 

Childs? found in 1955 a deercased amount of bili- 
rubin ostimable by the diazo reaction when adding 
EDTA to sera, laying emphasis on the different bilirubin 
binding capacity of serum proteins in the presence and 
absence of EDTA. However, I found an analogous loss of 
bilirubin in solutions of crystalline bilirubin in EDTA also, 
in the absence of proteins at pH 7-8~8-5. 

I thank Prof. C. H. Gray and Dr. D. C. Nicholson for 
their advice. This work was supported by the Wellcome 
Trust. 
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Action of Quinacillin on Staphylococcus 
aureus 


QUINACILLIN, the disodium salt of 3-carboxy-2-quin- 
oxalinylpenicillin, has recently been described}? and has, 
for a penicillin, unusual properties. The striking feature 
is the pattern of the antibacterial spectrum which shows 
that quinacillin is significantly active (0-15-0-62 ug/ml., 
0:32-1:35 uM) against Staphylococcus aureus (Oxford 
strain) but that a 10-100-fold increase in concentration 
is necessary before activity against other Gram-positive 
organisms can be demonstrated. It.seemed profitable, 
therefore, to compare the action, if any, of quinacillin on 
causing the intracellular accumulation of N-acetylamino 
sugars and to compare this quantitatively with benzyl- 
penicillin as evidence of a typical penicillin-like mode of 
action®+, Staphylococcus aureus was grown for 18h ina 
medium containing yeast extract 5 g peptone, 5 g glucose, 
2 g K,HPO, 1 g water to 1 1. In the middle of the 
logarithmic growth the penicillin was added and after 90 
min the intracellular acetylaminosugar was determined 
colorimetrically’. Results are shown in Fig. 1. 

Both compounds cause an intracollular accumulation of 
compounds containing N-acetylamino sugars. At the 
concentration of benzylpenicillin which just prevents 
growth (0-03 ug/ml., 0-1 uM) 59 per certt of the maximum 
recorded level of amino sugar had accumulated. The 
corresponding value for quinacillin (0-20 ug/ml., 0-5 uM) 
was 46-6 per cent. 
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Effect of benzylpenicillin (@) and quinacillin (C) on the 
intracellular accumulation of N-acetylamino compounds in Staphyl- 


Fig. 1. 


ococcus aureus (Oxford). (MIC, minimum inhibitory concentration) 


It would appear from these results that quinacillin 
induces the familiar biochemical lesion already well 
established for other active penicillins. Experiments are. 
in hand to elucidate the reason for the limited®spectrum of 
the compound. 

We thank Dr. G. Woolfe, Dr. D. F. Spooner and Boots 
Pure Drug Co., Ltd., for a gift of quinacillin. 
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N-terminal Residues of Aortic Elastin 


Frayine and fragmentation of fibres are characteristic 
morphological age changes in human aortic elastin. The 
possibility of an underlying chemical basis for these 
changes is being investigated by the dinitrofluorobenzene 
method of Sanger'. 

Partridge and Davis?, applying this technique to 
purified ox-ligament elastin and the products of its mild 
acid hydrolysis, were able to demonstrate sevon amino- 
acids serving as N-terminal residues and to derive values 
for the minimum molecular size of the elastin and its 
hydrolysis products, 

Elastin, prepared by the method of these authors from 
isolated tunica media of human descending thoracic 
aorte, has been used in the present work. The pattern of 
terminal residues found (Table 1) was essentially similar 
to that found for ox-ligament elastin by Partridge and 
Davis. The total N-terminal residues/10* g was, however, 
largor by a factor of ten (Table 2). To eliminate the 
possibility that the mild method of preparation used had 
given high end-group values associated with contaminant 
proteins and polypeptides, an aliquot from each group of 
pooled elastin was furthor treated with 0-1 N NaOH as in 
the widely used method of Lansing et al.?. 


Table 1. N-TERMINAL AMINO-ACIDS AS PERCENTAGE or TOTAL 


gly ala val leu ser asp 
Group A 41:3 23°4 7-0 — 94 18-9 
Group B 31-0 29-5 10:0 54 9-6 14:5 
PD 41-4 27-6 trace trace 17-3 13-8 


Group 4, pooled elastin from six subjects (mean age, 70 years). Group 
B, pooled elastin from six subjects (mean age, 80 years). PD, figures for 
ox-ligament elastin from ref. 2. 





Table 2 

A A’ B B’ PD 

gly 0:83 2°59 0-81 2°93 0-12 
ala 0-47 0-91 0:77 1:58 0-08 
val O14 0-18 0-26 0-39 trace 
leu — — 0-14 O17 trace 
ser 0-19 0-36 0:25 0-45 0-05 
asp 0-38 0-18 0°38 0-24 0-04 
2-01 4:22 2-61 5°76 0-29 


Groups A, B and PD, as in Table 1. Groups 4’ and B’ are alkali-treated 
aliquots from groups A and B respectively. Gesults are expressed as mole 
terminal—NH,/10° g protein. 
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This treatment doubled the number of N-terminal 
residues in both groups and appears to produce a degraded 
elastin (possibly by breaking bonds of the type described 
by Czerkawski‘). The number of N-terminal residues/10° g 
was found to be greater for group B (mean age 80) than 
for group A (mean age 70). 
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Isolation of Ergosterol Peroxide from 
Trichophyton schonleini 


AN earlier investigation of the free sterols in 14 species 
of the genera Epidermophyton, Microsporum and Tricho- 
phyton, obtained from the hexane extract of the mycelium, 
revealed the presence of brassicasterol (I) and ergosterol 
(II). 

Exhaustive extraction of 2 kg of the dried milled 
mycelium of Trichophyton schénleini yielded, besides I and 
II, ergosterol peroxide (III). The total yields, based on 
dried mycelium, were 0:05, 0-12 and 0-06 per cent 
respectively. Whereas the hexane extract contained IT, 
the diethyl ether and acetone extracts contained I and 
III and the methanol extract IT and III in amounts 
sufficient to be isolated in a crystalline state after 
chromatography. 

To our knowledge, IXI has been isolated only once 
before as a natural product: from Aspergillus fumigatus’. 

The isolated ergosterol peroxide, m.p. 178°, [a]p—16-2° 
(CHCl), was identified by mixed melting point with a 
synthetic sample*, m.p. 177°, [«]p—18-6° (CHCl). The 
infra-red and n.m.r. spectra (quartet at 6-03, 6-18, 6-30, 
6-43 p.p.m., 2H, C—C; olefinic protons; broad signal at 
5-17 p.p.m., 2H, side-chain olefinic protons, TMS = 0) and 
mass spectra were identical and consistent with the 
accepted structure. The identity was further established 
by similar comparison of the acetate of ITI, m.p. 202-3°, 
[a]p — 18-8° (CHCI],), and a synthetic sample. 

The mass spectra of the alcohol III showed major 
peaks at 428, 410, 392 and 376 mass units. The acetate 
gave major peaks at 470, 452, 436, 410, 392, 376 and 362. 
All these peaks persisted at approximately the same ratios 
at lower voltage. 

The optical rotations for the peroxide and its acetate 
were lower than the values reported in the literature** 
(— 358, — 29? and —178, — 23? for III and its acetate 
respectively). 

This work was supported by research grant AI-—04050, 
National Institute of Allergy and Infectious Diseases, 
U.S. Public Health Service. We thank Dr. R. Schaeffer 
and Mr. S. Meyerson, American Oil Co., Whiting, Ind., for 
measuring the mass spectra. 
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Saline-filled Micro-electrodes in Relation to 
Membrane Potential Measurement in Fresh- 
water Protozoa 


THE measurement of membrane potentials in fresh-water 
protozoa is complicated by the presence of junction poten- 
tials existing between the micro-electrode and the medium. 
These seem to be associated with the fine dimensions of 
the electrode, coupled with a steep ionic gradient between 
the contents of the glass electrode and the medium. 
Adrian! was the first to consider in detail the problem of 
electrode tip potentials and its relationship to membrane 
potentials. He noted that potentials in frog muscle cells 
are often increased when the tips of saline-filled micro- 
electrodes break. Bingley? describes a technique for 
reducing electrode resistance and tip potential before 
recording membrane potentials in amoebae. It is necessary 
to pre-treat micro-electrodes filled with 3-0 M potassium 
chloride by passing them through agar gel. Potentials’ 
were only successfully recorded from amoebae with micro- 
electrodes which had resistances less than 15-0 M ohm but 
more than 4:0 M ohm. Above the upper limit, negative 
tip potentials were too high and no potential was recorded ; 
below, the amoebae sustained damage with a lowering of 
membrane potential. 

Experiments have now been designed to simulate the 
passage of a micro-electrode from dilute Chalkley’s fluid? 
into the interior of amoebae in terms of ion changes. 
Utilizing the technique of flame photometry the internal 
potassium concentration in Amoeba proteus was found to 
lie within the region of 45 mM potassium/I. (Bingley and 
Dick, unpublished results.) Changes of electrode resist- 
ance and tip potential were monitored using standard 
electronic and photographic techniques. In Figs. 1-3 
electrode resistance is indicated by the height of pulses fed 
to the micro-electrode through a capacitor at 0-5 sec 
time-intervals. These are superimposed on d.e. tip 
potentials. Connexion to the micro-electrode was made 
by means of standard silver chloride wire. The electrical 
behaviour of treated and untreated 3-0 M potassium 
chloride micro-electrodes was examined during reversible 
exchanges of a solution of 50 mM potassium chloride for 
one of dilute Chalkley’s fluid. The results are shown in 
Fig. 1. Fig. la illustrates a 17-0-mV tip potential of an 
untreated 20 M ohm 3-0 M potassium chloride filled micro- 
electrode in dilute Chalkley’s fluid; this potential is shown 
by earthing the silver chloride electrode connexion to the 
amplifier. The reduction of tip potential and electrode 
resistance (5:0 M ohm) is shown in Fig. 1b, when the 
medium is exchanged for a 50 mM potassium chloride 
solution by dropping it vertically on to the electrode. The 
change of tip potential when the electrode is in 50 mM 
potassium chloride is shown in Fig. 1c; d shows the restora- 
tion of tip potential (— 20 mV) after washing with dilute 
Chalkley’s fluid. The effect of pressure (one atmosphere) 
applied to the internal contents of the electrode on the 
tip potential and electrode resistance is shown in e; f shows 
the reduction in tip potential and electrode resistance by 
the breakage of the tip. The silver chloride/potassium 
chloride junction was earthed so that the overall tip 
potential may be corrected. 

Fig. 2a illustrates the zero tip potential produced by a 
pre-treated 7-0 M ohm 3-0 M potassium chloride micro- 
electrode in dilute Chalkley’s fluid; b, the potential changes 
during an exchange for 50 mM potassium chloride in the 
manner described previously; ¢ shows the absence of 
overall tip potential change and resistance change, while 
the micro-electrode remains immersed in 50 mM potassium 
chloride. If the exchange of medium surrounding the 
micro-electrode is made so that the fluid flow is at right- 
angles to the axis of the electrode a positive potential 
excursion {+30 mV) takes place (Bernoulli effect). This is 
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Fig. 1 Fig. 2 


Fig. 1. Effect of ion changes on the junction potential of an untreated 
3-0 M potassium chloride filled micro-electrode 


Effect of jon changes on the junction potential of a treated 


Fig. 2. 
3°0 M potassium chloride filled micro-electrode 


shown in d, the fluid being 50 mM potassium chloride. 
This effect appears regardless of the ionic contents of the 
moving stream. The absence of overall tip potential and 
resistance change while the electrode remains immersed 
in 50 mM potassium chloride is again shown, e. 

Fig. 3, a, b, e, illustrates the ‘Bernoulli effect’ on a@ 
60 M ohm 100 mM potassium chloride filled micro- 
electrode, dilute Chalkley’s only being used as the 
exchange fluid. The exchange occurs in b, while a 
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Fig. 3. Behaviour of a 100 mM potassium chloride filled micro-electrode 
to illustrate the ‘Bernoulli effect’ 
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and c show tip potentials ‘before and after the ex- 
change. 

The foregoing experiments: demonstrate why it is 
possible to record reliable membrane potentials from 
amoebae using pre-treated micro-electrodes'. They do not 
shed much light on the origin and nature of the tip 
potential. What they do show is that tip potential is a 
function of pressure inside the micro-electrode tending to 
force fluid out of the tip. According to Eisenman ef al.’ 
glass in_micro-films may act as a semi-permeable mem- 
brane. Since the regions at the tip of a fine glass miero- 
electrode are probably formed of very thin glass, it is prob- 
able that the tip potential is generated across this glass 
membrane. In this case it would have a very high source 
resistance which would be shunted by the resistance of the 
micro-electrode tip. It would seem that there exists a 
zone at the tip of the micro-electrode in which there is a 
very steep diffusion gradient from 30 M potassium 
chloride to dilute Chalkley’s fluid. The effect of pressure 
(Fig. le) would be to force this zone out of the tip and 
progressively to decrease the resistance of the tip. This 
would ‘short-circuit’ the tip potential. Fig. le may be a 
demonstration of the voltage output of a high-resistance 
generator under increasing load rather than a possible 
electro-osmotic effect. Potential is also related to the 
velocity of a fluid flow directed at right-angles to the axis 
of the micro-electrode. This can probably be explained by 
Bernoulli’s theorem (for explanation see Brown’), und the 
positive potential shift may well be caused by low pressure 
at the tip tending to draw fluid out of the electrode. 
Electrode resistance measurements, however, «io not 
support this. 

Bingley and Thompson‘ demonstrated the presence of 
an internal potential difference within amoebae related in 
magnitude and sign to the rate and direction of locomotion. 
Part of the evidence for this relied on double electrode 
penetrations so that any potentials produced by fluid 
movement would be self-cancelling. Untreated 3-0 M 
potassium chloride micro-electrodes made from glass which 
has been washed in chromic acid and rinsed thoroughly 
with distilled water do not show the ‘Bernoulli effect’ 
when subjected to a flow of dilute Chalkley’s fluid. In 
many cases they become extremely unstable when the 
flowing fluid is composed of 50 mM potassium chloride. 
They are quite unsuitable for use in dilute Chalkley’s 
fiuid due to a considerable increase in tip potential. 
However, much work in the literature relies on the 
measurement of electrical changes within cells when the 
external ionic environment is rapidly changed. It is 
obvious that when electrodes are not in the cell and 
junction potential are ‘backed off’, or when other changes 
in them appear to occur, the fluid flow conditions should 
be constant. 

This is a preliminary account. Details of this investiga- 
tion will be published elsewhere later. 

I thank Dr. J. W. D. Beament, Department of Zoology, 
University of Cambridge, for his advice. I also thank 
Prof. W. D. M. Paton, Department of Pharmacology. 
University of Oxford, and also Arthur Garratt, of Value 
Engineering, Ltd., for their assistance. Dr. Sten Knudsen 
of the Neuro-physiological Institute, Copenhagen, helped 
me with the technique for the measurement of electrode 
resistance. 
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Electrical Responses to Odours of Degenerating 
Olfactory Epithelium 


Hosoya and Yoshitia1, and especially Ottoson’, showed 
that a slow potential appears in the olfactory epithelium 
when an odour is applied. A similar slow potential was 
found at the cessation of odour application in our labora- 
tory**, These potentials were electronegative when 
recorded by means of a macro-electrode placed on the 
surface of the olfactory epitholium. Later, an electro- 
positive slow potential was found in our laboratory when 

- some kind of odours were applied®:’._ Consequently, three 
kinds of responses, electronegative on-, electropositive on- 
and electronegative off-slow potentials were found in the 
olfactory epithelium of the frog, toad, fish and newt. 

The olfactory epithelium is composed of three kinds of 
cells, the olfactory, the sustentacular and the basal cells; 

. those which reach the epithelial surface are the former 
two. The élfactory cell is generally supposed to be the 
olfactory receptor. The sustentacular cell is also supposed 
to play a part in olfaction as well. This supposition 
is based on some evidence and research works*® 
which show that the olfactory pigment contained in the 
sustentacular cell is concerned with olfaction. Conse- 
quently, it is probable that the sustentacular cell also 
produces some kind of electrical potential in response to 
odour stimulation. 

When the olfactory nerve is cut, the olfactory cell 
undergoes degeneration, and the sustentacular cell 
remains’’1, If olfactory responses are examined in this 
degenerated olfactory epithelium, it can probably be 
clarified whether the remaining cell produces any electrical 
activity or not. 

Bullfrogs were used. The olfactory nerve of one side 
was sectioned as peripherally as possible. A series of 
experiments was started several days after nerve section. 
One or two bullfrogs were used in each experiment. 
In the first and second groups of bullfrogs, the slow 
potentials disappeared in about eight days after sectioning 
(Fig. 1). These experiments were performed in the summer. 
In the third group of bullfrogs, the slow potentials dis- 
appeared in about eleven days, and in the fourth group in 
about sixteen days. These experiments were performed 
in early autumn and in early winter. The average 
temperatures in which the bullfrogs were reared were 
about 22° C in the second group and about 11° C in the 
fourth one. On the other hand, a number of days elapsed 
before the disappearance of the slow potential; namely, 
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. 1. Electrical responses produced in the degenerating olfactory 
epithelia of a bullfrog. Records 1-7 were obtained in the degenerating 
epithelia 5, 6, 7, 8, 9, 10 and 12 days respectively after sectioning of 
the olfactory nerve. It is seen that the olfactory response becomes 

smaller and disapp@rs in eight days after the sectioning 
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Fig. 2. Sections of the olfactory epithelia. They were obtained in a bull- 
frog the olfactory nerve of which of the right side was cut nine days 
before. In the sectioned side, slow potential appeared no more as shown 
in the record No. 5 of Fig. 1. A, Normal side: slender nuclei of susten- 
tacular cells are seen towards the top and round nuclei of the olfactory 
cells underneath them. Number of cells is quite large. B, Sectioned 
side: note the striking decrease in the number of cells. Those remainin, 

are practically only cells with slender nuclei. A few cells with roun 

nuclei are scattered in the whole epithelium. They probably belong to 
phagocytes. Some of the round nuclei at the bottom belong to the 

basal cells. Stained by gallocyanin 


eight in the former group and sixteen in the latter. Conse- 
quently, the Qio of the speed of nerve degeneration is 
approximately 2. In all these experiments, when the 
electronegative on-slow potential disappeared the other 
two kinds of potentials also disappeared. ` ` 

AN the olfactory epithelia were fixed after the recording 
of electrical activity and stained by several methods; in 
most cases, they were stained by gallocyanin. In these 
preparations, discrimination between the olfactory and 
the sustentacular cell was not difficult in many cases, 
because the nucleus of the former cell looked round and 
chestnut-like, and that of the latter slender and glass cup- 
like. In the sections of the epithelia in which the slow 
potential was no more observed, considerable decrease in 
the number of cells was found and the remaining cells 
were practically identified to be the sustentacular and the 
basal cells (Fig. 2). From these electrophysiological and 
histological studies, it was concluded that not only 
the electro-negative ‘on’- and ‘off’-slow potentials but 
the electropositive ‘on’-slow potentials originate in the 
olfactory cell. 
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Role of the Grotthuss Mechanism for 
Protonic and Electronic Transport in the 
Transmission of Impulses along Muscle 
Fibres 


THE rate-determining step in the Grotthuss mechanism 
for protonic conduction in aqueous solution at ordinary 
pressures is the rotation of water molecules to assume the 
particular H-bonded mutual orientation necessary for the 
actual proton flip’, Our present work on the activation 
energy of protonic conduction in 0-10 M aqueous solution 
of hydrochloric acid in the 0°-10° C region has failed to 
disclose a maximum in this parameter at the temperature 
of maximum density in contrast to sea water? and 0-10 M 
potassium chloride solutions. 

This and other evidence strongly suggest that, so long 
as ‘free’ water is available, protonic conduction is con- 
fined to the ‘free’, easily rotatable water monomers 
between the clusters and that the path of protonic con- 
duction avoids the ice-like structure of the clusters. 

Recently, on the basis of nuclear magnetic resonance 
investigations, Bratton, Hopkins and Weinberg‘ report 
that in relaxed muscle fibre the water molecules are bound 
to the protein in a relatively tight and orderly manner 
much as in ice, but that the water is released and set ‘free’ 
when the muscle contracts. Thus, in its contracted but 
not in its relaxed state, a muscle fibre can sustain trans- 
port processes by the Grotthuss mechanism in the hydra- 
tion sheath of its protein molecules. While in such a 
state, electrical impulses can be transmitted by protonic 
conduction or, since certain electron-exchange reactions 
can occur over extended bridges of water moleoules by the 
Grotthuss mechanism®-*, chemical energy resulting in very 
long-range redox reactions can also be transmitted. Bind- 
ing and setting ‘free’ water molecules can be said to 
function as an off-on switch for the transmission of energy. 
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Effect of Antidiuretic Hormone on 
Non-osmotic Flow across Frog Skin 


THERE have been numerous investigations recently on 
the effect of antidiuretic hormone (ADH) on frog skin!-, 
Experiments have demonstrated that ADH increases the 
osmotic permeability of the skin, while leaving the 
diffusion permeability to water nearly unaltered, by 
increasing the size of ‘pores’ in the outer membrane. 
Moreover, ADH is known to increase the active rate of 
sodium transport across the skin®:§, 

Across frog skin, like many other epithelia, there exists 
@ net ‘inward’ flow of water in the absence of hydrostatic 
and osmotic pressure gradients. This non-osmotic flow 
was first discovered by Reid? and has been investigated 
recently by other workers®? who found evidence against 
a close relationship between the flows of sodium and water. 
No investigation has been reported on the effect of ADH 
on non-osmotic flow across the skin, and such experiments 
may help to decide whether or not water and active 
solute flow are linked during stimulation. 

The abdominal skin of Rana temporaria was used. Net 
water transport was measured by a gravimetric chamber 
technique (to be described elsewhere) permitting simul- 
taneous measurement of potential differences and short- 
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circuit current. The basic medium was: 97-5 mM sodium 
chloride, 2-5 mM potassium chloride and 1 mM calcium 
chloride. This Ringer was buffered with tris at pH 
7-6-7-7, and in some experiments various amounts of 
sucrose were added to increase its osmotic pressure. In 
all experiments the tissue was equilibrated with the media 
for 1 h before commencing the two-hourly weight measure- 
ments. ADH (‘Pitressin’, Parke Davis) was always added 
to the internal solution to give a final concentration of 
0-1 U/ml. after an initial 2-h control period of measurement 
had elapsed. Net water fluxes were expressed in mg/cm? h. 

Fig. 1 shows a typical result of experiments on the offect 
of ADH on non-osmotic flow and short-circuit current 
(SCC) across frog skin. Strikingly there is a transient 
increase in the water transport while there exists a sus- 
tained increase in active sodium transport. This transient 
is also evident in the presence of osmotic flows across the 
skin after the addition of ADH (Fig. 2). The broken line 
ropresents the calculated regression lines for the control 
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Fig. 1. Effect of ADH on short-circuit current and non-osmotic flow 
across frog skin. ADH was added at a time indicated by the arrow 
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Fig. 2. Net water flux as a function of osmotic gradient across the skin. 
Each point represents the average value of 10 measurements on five 
skins. The bars indicate + S.E. C; and C, are the concentrations of 
sucrose in the internal and external Ringer solutions. Each skin served 
as its own control; the broken line represents the control period while 
the solid lines, A and B, represent the first and the second two-hour 
periods after treatment with ADH. [C], Comtrol period: © and @, first 
and second period after addition of ADH 
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period; the solid lines, A and B, represent the calculated 
regression lines for the first and second 2-h periods after 
ADH is added. . 

Similar stimulation of active sodium transport in frog 
skin by treatment with atropine sulphate produced a 
corresponding increase in non-osmotic flow®, and this 
suggests @ coupling of the flows. However, in the experi- 
ments, reported here, ADH produces a transient increase 
in water flux which decays in the presence of a stimulated 
sodium transport. Herrera and Curran‘ have reported 
that ADH produces a transient increase in sodium 
transport in experiments performed in late spring, whereas 
during winter ADH was found to give a permanent 
increase. Since this work was performed during winter 
months it agrees well with these latter observations and 
casts doubt on the hypothesis that sodium and water 
fluxes are directly coupled. 

These obsérvations therefore seem to suggest not that 
solute and solvent flows are necessarily coupled (for 
example, by electro-osmosis) but that ADH affects a 
rate-controlling site of the non-osmotic flow—the outer 
membrane. That the non-osmotic flow across frog skin is 
altered by changes in the osmotic permeability of the 
outer membrane may mean that there are local differences 
of osmotic pressure across this membrane and that these 
are the driving forces for non-osmotic flow. Any explana- 
tion of the transient nature of the increase in water flux 
is complicated by the changes in cellular ionic contents 
possibly following the addition of ADH and by the effects 
that these changes might have on the permeability barriers 
of the skin. 
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7w Spinal Reflexes and Monoamine Liberation 
Tsx possible role of catecholamines and tryptamines as 
transmitters in the central nervous system has recently 
aroused increasing interest!-3. Many of these substances 
do not readily cross the blood-brain barrier; but their 
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central actions may be studied after intravenous injection 
of precursors which cross this barrier. 1-3,4-dihydroxy- 
phenylalanine (DOPA), precursor of the catecholamines 
dopamine, adrenaline and noradrenaline, and DL-5- 
hydroxytryptophan (5-HTP), precursor of 5-hydroxy- 
tryptamine (5-HT), have both been shown to affect spinal 
reflexes after intravenous injection‘. 

In the acute spinal cat DOPA inhibits transmission from 
the flexor reflex afferents (FRA) to primary afferents, 
motoneurones and ascending pathways’. Further experi- 
ment shows that 5-HTP has a similar effect. After intra- 
venous injection of 50-100 mg/kg 5-HTP (pu form) there 
is a decrease or disappearance of the dorsal root potential 
(DRP) evoked from the FRA (Fig. 1, A, #). There is also 
a marked inhibition of transmission from the flexor reflex 
afferents to motoneurones (Fig. 1, O, F), the effect on the 
excitatory path to flexor motoneurones being stronger than 
that on the inhibitory path to extensor motoneurones: 
in contrast DOPA depresses both paths to about the same 
extent. Furthermore, 5-HTP, but not DOPA, increases 
the motoneuronal excitability, regularly evoking a resting 
discharge in both flexor and extensor motoneurones (Fig. l, 
B, F). Fig. 1, D, H, shows the effect of 5-HTP on trans- 
mission from the flexor reflex afferents to ascending spinal 
pathways. 5-HTP has its maximal effect 15-30 min after 
injection and full recovery takes 3-5 h. In our opinion 
the possibility that the effects of DOPA and 5-HTP are 
secondary to circulatory changes can be excluded, since 
long lasting and fully reversible effects are exerted on some 
pathways but not on others. 

Other experiments indicate that monoamine liberation 
within the spinal cord profoundly affects spinal reflexes. 
The monoamine oxidase inhibitor, nialamide (50 mg/kg), 
may by itself give some inhibition of transmission from 
the flexor upper afferents with an onset not earlier than 
l h after intravenous injection. During the first hour after 
nialamide injection there is an approximately tenfold 
potentiation of the action of DOPA. The administration 
of the decarboxylase inhibitor, meta-hydroxybenzyl- 
hydrazine (50 mg/kg intravenously), prevents the action of 
DOPA. It is, therefore, suggested that DOPA has no 
direct central action but acts only through the formation 
of catecholamines, a step involving decarboxylation, these 
in turn being inactivated at least in part by monoamine 
oxidase. Furthermore, after reserpine (3 mg/kg 20h 
previously) DOPA has little or no effect. Under these 
conditions there is normal formation of dopamine but the 
usual formation of noradrenaline is suppressed. This 
suggests that DOPA acts through the formation and 
liberation of noradrenaline, not of dopamine; adrenaline 
is not formed from DOPA in the spinal cord. Tests with 
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Fig. 1. 
The lower traces were recorded from the L7 dorsal root entry zone. 


Recording from an acute spinal cat made before (A-D) and after (E-H) anintravenousinjection of 100 mg/kg DL 5-hydroxytryptophan. 
The upper traces were recorded: in 4 and 


from the most causal dorsal 


rootlet (DR)in L6,in B,O and F,G from the S1 ventralroot (VR, same time-scale in B-C) andin D and H from the ipsilateral dissected dorsal 
part of the lateral furnicle (DLF) in the midthoracic region. The gastrocnemius-soleus nerve was stimulated at a strength of 60 times 


threshold in all records except B and 


afferents. In C-D anda the late discharges that follow the monosynapti ones were likewise evoked from high threshold afferents. 
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the monoamine oxidase and decarboxylase inhibitors on 
the effect of 5-HTP indicate that its action on moto- 
neuronal excitability is caused entirely by monoamine 
(5-HT) liberation, but with the action on transmission from 
the flexor reflex afferents we have not been able to exclude 
some direct action of 5-HTP as well. 

Reserpine (2 mg/kg) administered during the first hour 
after nialamide injection evokes a profound inhibition of 
transmission from the flexor reflex afferents and this can 
be correlated with the finding that reserpine rapidly 
releases the monoamines 5-HT and noradrenaline from the 
stores in their presynaptic terminals. That nialamide may 
act by itself suggests a normal continual synthesis and 
release of monoamines within the spinal cord and that 
when their inactivation is blocked they may accumulate 
sufficiently to depress transmission from the flexor reflex 
afferents. Reserpine by itself produces little effect in the 
acute spinal cat. In the decerebrate cat reserpine effec- 
tively blocks the reticulo-spinal excitation of moto- 
neurones obtained by stimulation of the caudal medulla. 
- The actions of DOPA are effectively antagonized by the 
« receptor blockers phenoxybenzamine (20 mg/kg) and 
chlorpromazine (3 mg/kg), but the 6 receptor blocker 
nethalide (10 mg/kg) has no effect. None of these drugs 
alters the actions of 5-HTP, hence it is concluded that the 
monosmines formed from DOPA and 5-HTP respectively 
act on different receptors. 

It is postulated that the action of DOPA and at least 
part of the action of 5-HTP depends on monoaminergic 
nerve terminals into which these precursor substances 
enter and cause increased synthesis and overflow of 
monoamines. Histochemical investigations have shown 
that terminals in the spinal cord containing either nor- 
adrenaline or 5-HT belong to descending paths’. There 
are descending paths inhibiting transmission from the 
flexor reflex afferents’"°, but further experiments are 
needed to show whether there is a noradrenergic path with 
this function. 

The findings that reserpine blocks reticulo-spinal 
excitation of motoneurones and that 5-HTP evokes a 
discharge in motoneurones require further investigations 
regarding the possible existence of a 5-hydroxytrypt- 
aminergic reticulo-spinal pathway. 

N. E. ANDÉN 
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PHARMACOLOGY 


Effect of Calcium on the Membrane Potentials 
of Single Pacemaker Fibres and Atria! Fibres in 
Isolated Rabbit Atria 


In previous investigations it was found that in the 
isolated dog heart, as well as in isolated guinea pig 
atria’, calcium produced a marked change in the sino- 
atrial rhythm. The curve relating changes in sino-atrial 
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rhythm to external calcium concentration showed a 
typical pattern: an ascending*limb, which reached a 
maximum at several times the normal calcium con- 
centration, and a descending limb, indicating a rate- 
decreasing component of the action of calcium at high 
concentrations. A similar curve was obtained from ex- 
periments with isolated rabbit atria, as shown in Fig. 1 
(for method, see ref. 2). 

In an attempt to elucidate the effect of calcium we 
have examined the action of calcium on the membrane 
potentials recorded from single pacemaker fibres of the 
sino-atrial node and from atrial muscle fibres in isolated 
atria of the rabbit. Observations on the effect of calcium 
on pacemaker activity in the mammalian heart are fow 
in number and are limited mainly to experiments with 
isolated Purkinje fibres’. 

We used isolated, spontaneously beating wabbit atria * 
suspended in a bicarbonate-buffered physiological salt 
solution (Nat 143 mM, K+ 4:7 mM, Mgt+ 1-2 mM, Cl- 
128 mM, HCO,- 25 mM, SO,-- 1-2 mM, glucose 11-1 mM) 
at 37° C, gassed with 95 per cent oxygen—5 per cent carbon 
dioxide. The calcium concentrations selected were 0:62 
mM and two concentrations which produced about the 
same increase in atrial rate; one (2-5 mM) from the 
ascending limb of the dose-response curve, and the other 
(10-0 mM) from the descending limb (Fig. 1). Membrano 
potentials of single cells were recorded as described 
previously‘. 

Typical records of membrane potentials from single 
fibres in the sinus node and in the left atrium at the 
three different calcium concentrations are shown in Fig. 2. 
The results from all observations are summarized in 
Table 1. 

The mean atrial rate at 0:62 mM calcium was 161 
beats/min (S.E. + 7). Elevation of the calcium con- 
centration to 2-5 mM and to 10-0 mM produced about 
equal increases in atrial rate, of 32 and 30 beats/min 
respectively. Although the change in rate was the same 
for both calcium concentrations, there were distinct 
differences in the membrane potentials of the pace- 
maker fibres at 2-5 mM and 10-0 mM calcium. Elevation 
of the calcium concentration from 0-62 to 2-5 mM caused 
no significant change in the levels of the maximum 
diastolic membrane potential and the threshold potential 
(level of the membrane potential at which action poten- 
tials are generated) or in the amplitude of the action 
potential. The increase in rate which occurred at 2:5 mM 
calcium was brought about primarily by a significant 
increase in the slope (rate of depolarization) of the pace- 
maker potential. At 10:0 mM calcium there was a sig- 
nificant decline in the amplitude of the action potential 
and in the level of both the maximum diastolic mem- 
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Fig. 1. Influence of the external calcium concentration on the atrial 
rate in isolated rabbit atria banting sponsaneously in bicarbonate- 
buffered physiological salt solution at 87°C. Abscissa: calcium oon- 
centration of the bathing solution, logarithmic scale. Ordinate: change 
in atrial rate (4 AR). 0: 4 rate at the lowest calcium concentration 
(04 mM). Each point represents the mean value of 4-10 eriments. 
Vertical bars, S.E. of the mean. Vertical ddtted lines: elum con- 
centrations selected for studies of membrane potentials 
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EFFECT OF VARIATIONS IN EXTERNAL CALCIUM CONCENTRATION ON THE MEMBRANE POTENTIALS OF PACEMAKER FIBRES IN THE SINUS NODE 
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AND OF ATRIAL MUSOLE FIBRES [N ISOLATED RABBIT ATRIA BEATING SPONTANEOUSLY IN BICARBONATE-BUFFERED PHYSIOLOGICAL SALT SOLUTION AT 37° C 


Area Ca 
(mM) 


SPP DAP 4 AR 
(mV/sec) (msec) | (beats/min) 








"62 (n= 9) 
S. A. node “5 (n = 10) 


50 + 38 
97* + 12-0 
187* + 12-0 


0 
32* + 6 
30 45 








Atrial muscle 


8 
5 
0 
8 
5 
0 








0 
32* + 6 
30 +6 


AP, Amplitude of the action potential; MDP, maximum diastolic potential; in pacemaker fibres this value represents the level of the membrane 
potential at the end of the repolarization phase of the action potential; TP, threshold potential, the level of the membrane potential at which action poten- 
tials are gererated in the pacemaker fibres; MDP—TP, amplitude of the pacemaker potential, that is, difference between maximum diastolic membrane 
potential and threshold potential; SPP, slope of the pacemaker potential; DAP, duration of the atrial action potential measured at 60 per cent of its height; 


A AR, change in atrial rate, rate at 0-62 


calcium taken as 0. The figures represent mean values + S.E. of mean, n, number of observations. Figures 


marked with an asterisk are significantly different from the corresponding figures obtained at the next lower calcium concentration (P < 0-02). 


_ brane potential and the threshold potential. Although 
the slope ofthe pacemaker potential increased significantly 
more at 10-0 mM than at 2-5 mM calcium, the accom- 
panying rise in threshold was sufficient to com- 
pensate for the higher depolarization rate of the pace- 
maker potential, and thus no significant difference in 
atrial rate was observed from that seen at 2-5 mM. 

Alteration of the external calcium concentration pro- 
duced no significant changes in either the level of the 
diastolic membrane potential or the height of the action 
potential in the atrial muscle fibre, but the duration of 
the action potential was significantly shortened with 
elevation of the calcium concentration. Thus, in these 
experiments, effects of calcium were primarily exerted 
on the pacemaker fibres of the sinus node. 

The parameters which determine the discharge fre- 
quency of the pacemaker, and consequently the atrial 
rate, are the rate of depolarization (that is, slope) of the 
pacemaker potential, the level of the maximum diastolic 
membrane potential and the threshold potential’. The 
observations presented here indicate that calcium can act 
on all these parameters. The resulting change in atrial 
rate depends on the relative magnitude of these actions. 
Thus, if the main effect is an increase in the slope of the 
pacemaker potential, the result will be an increase in 
rate. This is expressed in the ascending limb of the 
dose-response curve (Fig. 1). If, however, the fall in 
the level of the threshold potential prevails over the 
increase in slope, the result will be a diminishing of the 
rate-increasing effect (or even a decrease in rate), as 
manifested by the descending limb of the dose-response 
curve. 


Left atrium 
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Calcium concentration (mM) 





Fig. 2. Effects of alterations in external calcium concentration on 
the membrane potentials® Single fibres of the sino-atrial node and of 
the left atrium of Isolated rabbit atria beating spontaneously at 37°C 
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Effect of Whole-body Irradiation on the Uptake 
of Sulphur-35 as Sodium Sulphate into Rat Brain 
Sulphatides 


Spreen and thymus have been found to exhibit a 
biochemical lesion; namely, uncoupling after they have 
been exposed in vivo to sub-lethal doses of ionizing 
radiation., Hall et al. have shown that the rate of 
synthesis of ATP in liver mitochondria was decreased by 
20 per cent after irradiation for 1 h and remained at this 
lower level for 12 h. Florsheim et al.” have shown that 
in vivo irradiation with 500-800 r. of X-rays did not 
impair the ability of adult mouse brain to metabolize 
oxygen. Whole-body irradiation increases plasma 
phospholipids? and increases the total mitochondria 
phospholipids, especially the phosphatidyl glycerol frac- 
tion’. Kennedy’ and Garbus et al. have demonstrated 
that synthesis of phospholipids occurs in isolated mito- 
chondria, and requires the maintenance of oxidative 
phosphorylation or the addition of ATP. The incorpora- 
tion of **S-sulphate into rat brain sulphatides has been 
investigated"*. The concentration of sulphatides—-sulphur 
in brain is a function of age and the incorporation of the 
isotope into the sulphalipid takes place only in the young 
animal**-4, The synthesis of sulphalipids requires ATP", 
With these observations in mind, experiments were under- 
taken to determine the effect of whole-body X-irradiation 
on the uptake of **S-sulphate into rat brain sulphatides. 

Sprague-Dawley male rats weighing 100 g at the begin- 
ning of each experiment were used. Rats were individually 
caged and maintained by pair-feedings with ‘Purina 
Laboratory Chow’ pellets, that is, the amount of food 
given to the control animals was determined by weighing, 
daily, the amount of food consumed from the irradiated 
animal’s feeding cup. Therefore, in each experiment a 
control animal received as much food as its corresponding 
experimental animal consumed. 

The rats were divided into three groups with a control 
for each group. o experimental rats were subjected to 
500 r. X-irradiation (200 kV, 20 m.amp, filter 0-5 mm 
copper and 1 mm aluminium (half-value layer 1 mm 
copper), 56 r./min in air at 50 cm distance), which is greater 
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than the LD,, (ref. 16). Tho animals were killed after 
29, 53 and 77 h X-irradiation. Intraperitoneal injection 
of 50 uc. of *8-sodium sulphate was administered 4 h 
before the animals were killed. This time-interval corre- 
sponds to the ascending part of the radioactivity time 
curve, where synthesis of sulphalipids occurs to a degree 
greater than breakdown. The whole brain was removed 
as rapidly as possible, weighed, placed in 10 ml. of absolute 
methanol, and homogenized with a Potter-—Elvehjem 
tissue grinder. The methods of Folch et al.1? were used 
for the extraction and purification of the sulphalipids and 
for the removal of the proteolipid proteins’. Sufficient 
chloroform and methanol were added to the homogenate 
to make 2 : 1 (v/v) chloroform-—methanol solution with a 
final volume equal to 20 ml./g of tissue. The brain homo- 
genate was filtered through a sintered glass filter. The 
filtrate was troated with 0-04 per cent calcium chloride 
equal to one-fifth of its volume, shaken, centrifuged at 
2,000 rev./min for 20 min, and the upper phase removed 
and discarded. ‘Pure solvents upper phase’ (prepared by 
mixing chloroform, methanol, and 0-04 per cent calcium 
chloride, in the proportions 8 : 4 : 3 by volume and using 
the resulting upper phase) was added to the lower phase 
In an amount equal to one-fifth of its volume, shaken, 
centrifuged at 2,000 rev./min for 20 min, and the upper 
phase discarded. The interface was treated twice with 
2 ml. of ‘pure solvents upper phase’ rotated at a slight 
angle, and the upper phase quantitatively removed!®, The 
remaining solution represented a purified lipid extract 
from which non-lipid contaminants and strandin had been 
removed. The removal of proteolipid proteins was accom- 
plished by adding an amount of aqueous methanol 
(1:10, v/v) equal to one-fourth of the purified lipid 
extract to the purified lipid extract, mixed, transferred to 
a round bottom flask with three washings of chloroform- 
methanol (2:1, v/v), placed on a rotating evaporator 
(Rinco) connected to a water aspirator. The lipid solution 
was evaporated to dryness at 60° and placed in a lyophilizer 
for 1 h to remove all water from the sample. The dry 
lipid sample was taken up in hot chloroform—methanol 
(2:1, v/v), transferred through filter paper and brought 
to a final volume of 20 ml. 
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Table 1. EFFEOT oF WHOLE-BODY X-IRRADIATION (500 R.) ON THE UPTAKE 
OF SULPHUR-35 AS SODIUM SULPHATE INTO RAT BRAIN SULPHATIDES 


Time following irradiation 
53h 


29h 77h 
Control {8} 889 + 138 (5) 749 + 142 (6) 610 + 24 
Irradiated 5) 448 + 89* (5) 450 + 75° (6) 374 + 487 
The values in parentheses indicate the number of animals. Numbers 


preceded by + are standard deviation. Test of significance was applied 
to difference between mean of control and experimental values. The P 
probability for chance occurrence of this difference was: * < 0-01, t < 0-001. 


Aliquots of the purified lipid extracts were taken for 
analysis of radioactivity in a Packard Tri-Carb liquid 
scintillation counter at 0°. The scintillation solvent 
consisted of: dioxane, 1,000 ml.; naphthalene, 64 g; 
PPO (2,5-diphenyloxazole), 7 g; POPOP (1,4-bis-2- 
(5-phenyloxazolyl)-benzene), 50 mg; and_ ethanol, 
100 ml. 

Table 1 shows the effect of whole-body X-irradiation 
on the uptake of *5S8-sulphate into brain sulphatides. To 
evaluate the statistical significance of the results the ¢ test 
of significance? was applied to the difference between the 
mean of controls and experimental values. It is apparent 
from the results that the uptake of **S-sulphate into brain 
sulphatides is decreased following whole-body X-irradia- 
tion. Compounds such as chlorpromazine, which inhibits 
oxidative phosphorylation in rat brain mitochondria?}, 
decrease the uptake of *°S-sulphate incorporation into 
brain sulphatides**. It has been proposed that in sulpha- 
tide biosynthesis the galactose moiety of cerebrosides is 
attached via uridine diphosphate mediation, requiring 
ATP}5.23, Therefore, a decreased amount of uridine 
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diphosphate-galactose available for sulphurylation pre- 
sents another possible explanation for a decreased 
3S-sulphate uptake into brain sulphatides following 
X-irradiation. 
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Detection of Secobarbital Metabolite in the 
Urine of the Rat 


TxE metabolic products of secobarbital were identified 
in dog’s urine by Waddell! and in human urine by Cochin 
and Daly*®. In this investigation two extra absorbing 
spots were observed in the extract of urine from rat 
receiving secobarbital. So it was thought worth while to 
report this as one of the two spots which had the same 
Rr value to that of a metabolite of secobarbital. 

The secobarbital sodium (30 mg/kg) was injected intra- 
peritoneally to rats and urine was collected for a period of 
16h. The urine was acidified with dilute hydrochloric 
acid and shaken with 5 vol. of methylene chloride for 
10 min. After separation, methylene chloride was washed 
first with 5 ml. of phosphate buffer solution (pH 7-3) and 
then extracted with two portions of 2 ml. of dilute sodium 
hydroxide. The combined sodium hydroxide solution was 
acidified and extracted with 25 ml. of ether, which was 
separated. The ether extract, after drying with anhydrous 
sodium sulphate, was evaporated to dryness. The residue 
was dissolved in a small volume of ethanol for spotting on 
Whatman No. 1 chromatography paper. 

The chromatogram was run for 16h, using n-butanol/ 
ammonia/water solvent system. The chromatogram was 
dried and examined under 254 my. ultra-violet light. Two 
absorbing spots (Rr 0-64 and 0-55) were detected when the 
paper was exposed to ammonia vapour (Fig. 1). The 
lower of the two spots had an idengical Rr value to that 
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ext 1. Chromatogram of urine extracts from rats. .4, Control urine 
act of rat; B, total urine, extract of rat Jecoiving secobarbital 
(30 mg/kg); C, secobarbital; D, 6-(2,8-dihydroxyp T }-5-(1-methyl- 
butyl) barbituric acid; E, b-hydroxy- 5-(1-methylbuty!) barbituric acid. 
Absorbing spots were marked under ultra-violet lig è (254 mp) when 
chromatogram was exposed to ammonia vapour 


of 5-(2,3-dihydroxypropyl)-5-(1-methylbutyl) barbituric 
acid, a metabolite of secobarbital. 
Identification of the other spot is now being examined. 
I thank Dr. W. J. Waddell, University of North 
Carolina, Chapel Hill, North Carolina, for sending metabo- 
lites of secobarbital. 
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Combined Toxicity of Staphylococcal 
Enterotoxin and a-Methyl-3,4-dihydroxy-l- 
phenylalanine (Methyl-dopa) 


Tue absence of a measurable pharmacological action of 
Staphylococcus enterotoxin in small laboratory animals 
limits investigation of the mode of action of this toxin. In 
view of published work in which drug interactions have 
been used to examine mechanisms of action)? we under- 
took an investigation of the toxicity of combined treat- 
ments of Staphylococcus enterotoxin and methyl-dopa in 
mice. 

Crystalline Staphylococcus enterotoxin was dissolved in 
‘ phosphate buffer (0-02 M, pH 7-2).  «-Methyl-3,4- 
dihydroxy-1-phenylalanine (methyl-dopa) was dissolved in 
water acidified by hydrochloric acid in order to effect 
solutions. LDs, values were estimated by the Reed and 
Muench method? from the total deaths recorded 48 h after 
administration of the drug in female, random- bred, 
Swiss albino mice (28 + 2 g). 

Table 1 shows the LD,, of methyl-dopa slone and 
methyl-dopa when given 2 h after Staphylococcus entero- 
toxin. It can be seen that the toxicity of methyl-dopa is 


Table 1. TOXICInY OF METHYL-DOPA IN MICE PRETREATED WITH 


STAPHYLOCOCCAL ENTEROTOXIN 
Enterotoxin dose No. of mice Methy!l-dopa LDse 
(ug/kg, tntraperitoneal) used (mg/kg, intraperitoncal) 


— 120 745 
200 ~ e 140 390 
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Table 2. TOXICITY OF STAPHYLOCOCCAL ENTEROTOXIN IN MICE PRE- 
TREATED WITH METHYL-DOPA 
Methyl-dopa dose No. of mice Enterotoxin LDso 
(mg/kg, intraperitoneal) used. (uefkg, intraperitoneal) 
— 78 > 3,000 
400 180 54 


enhanced by a prior injection of 200 ug/kg of the entero- 
toxin. This dose of enterotoxin, when given. alone, is far 
below the minimum toxic dose. 

Table 2 illustrates the LD,, of Staphylococcus entero- 
toxin alone and when given 2 h after 400 mg/kg of 
methyl-dopa. The LD,. of Staphylococcus enterotoxin is 
markedly reduced in mice pretreated with methyl-dopa. 

Toxicity of methyl-dopa in enterotoxin-treated mice 
was almost doubled. At the same time the toxicity of the’ 
enterotoxin in mice treated with methyl-dopa was 
increased more than 60 times. Since both agents when 
given alone in the doses used are non-toxic, the investi- 
gation reported here of combined action demonstrated a 
marked potentiation of the toxicity. 

Methyl-dopa depletes the tissues: of potent biogenic 
amines‘, and this phenomenon may be related to the 
mode of action of the Staphylococcus enterotoxin. Further 
work with other enterotoxin-drug combinations may yield 
more information on the mechanisms involved. 
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PATHOLOGY 


An Alteration in Cell Morphology under the 
influence of a Tumour RNA 


Tae roles of nucleic acids have recently become much 
more firmly established, mainly through work on bacteria 
and viruses. DNA is almost certainly the genetic material 
of higher organisms, bacteria and some viruses! although 
other viruses have RNA as their genome?. 

‘Messenger’ RNA functions to pass information from 
DNAS and probably controls the biosynthesis of proteins 
through interaction with ribosomes, the RNA of which 
appears to have a structural function. 

However, a biological role has been reported for 
mammalian RNA: de Carvalho and Rand! reported the 
inhibition of the growth of tumour cells by normal RNA, 
and Niu® has suggested RNA may play a part in cell 
differentiation. Benitez, Murray and Chargaff! have found 
a morphogenetic role for normal RNA and this communi- 
cation reports the effect of an RNA preparation on tissue 
culture cells. 

Primary cultures of hamster kidney and of a stil- 
beestrol-induced hamster kidney tumour as first de- 
scribed by Horning and Whittick’? were prepared and 
supplied through the courtesy of Dr. Dudgeon and Mr. 
Owen of the Glaxo Laboratories. The cultures were grown 
at 37°C either in a roller tube assembly or as stationary 
tubes with removable coverslips. These were either 
examined directly or after neutral formalin fixation and 
hematoxylin-eosin staining. 

Fresh RNA preparations were. made from normal 
kidney and implented kidney tumours from the same 
animals by Dr. Kirby of this Institute. Both were dis- 
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Fig. 1. Photomicrographs of normal hamster cultures. 1 and 3, con- 
trols; 2 and 4, treated with RNA 


solved in sterile Hanks’s balanced salt solution (B.S.8.) 
as follows: tumour RNA: 48 mg/16 ml. B.S.S.; normal 
kidney RNA: 10 mg/10 ml. B.8.8.; 0-25 ml. (0-75 mg) 
tumour RNA or 0:25 ml. (0-25 mg) kidney RNA were 
added to stationary tubes and made up to 1-5 ml. 0-5 ml. 
was added in the case of roller tubes. 

In each experiment 8 tubes were used: 4 normal, 4 
tumour. Four tubes of each culture were also allocated 
as controls. 

After 2 days’ incubation at 37° C, considerable necrosis 
“was seer in all roller tubes. In stationary tubes no signifi- 
cant effect was observed except with tumour RNA 
acting on normal cells when the considerable morpho- 
logical effect as shown in Fig. 1 appeared, which shows 
some similarity to malignant cells in culture. As the 
cultures were not maintained for longer than 7 days it was 
not possible to observe any continuing effect in the 
absence of the agent, nor propagate the cells for injection 
into the animal. 

A series of other experiments with rat liver RNA and 
DNA preparations showed no effects. 

It is my opinion that these results (which are to be the 
subject of further experiments) may represent not a 
‘transformation’ sensu strictu but an example of aberrant 
morphogenesis which may be e more valid analogue to 
malignancy than transformation at a nuclear level, which 
to date is far from proved®°. 

Should this interpretation be correct, then a local focus 
producing such a morphegenetic RNA could sustain and 
extend malignancy to competent cells without of necessity 
involving any ‘somatic mutation’ and, by virtue of inter- 
ference with mitotic processes at a cytoplasmic level, 
promote aberrant mitosis without of necessity involving 
aberrant or defective DNA. 

I thank Prof. A. Haddow and Dr. E. J. Ambrose for 
their interest. 

This work was supported by grants to the Chester Beatty 

_ Research Institute (Institute of Cancer Research: Royal 
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Cancer Hospital) from the Medical Research Council, the 
British Empire Cancer Campaign, the Anna Fuller Fund, 
and the National Cancer Institute pf the National Insti- 
tutes of Health, U.S. Public Health Service. 
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Eosinophil Leucocyte Reaction to Tricycloquina- 
zoline-treated Cells and to this Chemical 


SUBCUTANEOUS implantation of isolated cell suspensions 
in mice gave a marked local eosinophil leucocyte reaction 
when the cells were of homologous and heterologous 
origin, but not when isologous normal cells or tumour cells 
of either native or foreign origin were used}. Implantation 
of isologous liver cells prepared from mice treated in vivo 
with hepatocarcinogenic compounds 3’-methyl-4-dimethyl- 
aminoazobenzene or o-aminoazotoluene resulted in a 
marked local eosinophil leucocyte reaction similar to that 
produced by the inoculation of genetically dissimilar 
cells?. It was suggested that the tissue specifie antigen 
(TSA) of either foreign (homologous or heterologous) or 
native (isologous) cells, which had been altered or modified 
by the carcinogens, acted as ‘foreign’ within the isologous 
host and. thus evoked a local eosinophil leucocyte reaction 
under these experimental conditions. Tumour cells 
Jacking in TSA?- failed to evoke a similar reaction even 
though there was a much greater genetic diversity between 
the tumour and the host. Further experiments described 
here were performed to throw some light on the afore- 
mentioned hypothesis. 

C57/RCH male mice, inbred in this laboratory, were 
used when, they were 3-4 months old. The donor mouse 
was injected intraperitoneally with 4 mg tricycloquinazo- 
line (TCQ: kindly supplied by Dr. R. W. Baldwin) 
suspended in olive oil (0-4 ml.) and 48 h later the liver was 
perfused under ether anesthetic. The perfusion fluid was 
a mixture of 30 parts isotonic sodium citrate solution and 
70 parts isotonic saline, the latter containing 0-8 per cent 
sodium chloride and 0-04 per cent potassium chloride. The 
perfused liver was dissected, and an isolated cell suspension 
was prepared in sterile isotonic saline®. A cell suspension 
was also prepared from the liver of animals treated in 
vivo with olive oil to serve as a control. Twenty mice 
were inoculated subcutaneously with TCQ-treated liver 
cells and 15 mice with control cells. Each mouse received 
0-25 ml. (2 x 10° cells approximately) of the cell suspension. 
The subcutaneous tissue from the site of cell inoculation 
was removed at intervals between 24 h and 15 days 
following the inoculation and was subjected to cytological 
analysis. The method of preparation, fixation and staining 
of the connective tissue spread has been described else- 
where’. 

In the animals inoculated with TCQ-treated liver cells, 
an initial neutrophil leucocyte reaction occurred between 
24 h and 48 h and this-reaction disappeared by the 3rd 
day. This reaction was immediately followed by an 
accumulation of eosinophils and gmall and large mono- 
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nuclear cells. The former gradually increased in number, 
reaching a maximum on the 5th day, remained at a high 
level until the 7th day and thereafter declined rapidly. 
The subcutaneous tissue returned to its normal state by 
the lith day following cell inoculation. The group of 
control mice also showed an initial neutrophil leucocyte 
reaction followed by an infiltration of large mononuclear 
cells. A weak lymphocytic reaction was also noted between 
the 5th and the 9th days in these mice, but at no time was 
any eosinophil leucocyte reaction observed. The sub- 
cutaneous tissue returned to its normal state by the 11th 
day. 

In another experiment 30 C57/RCH male mice were 
injected subcutaneously with 1 mg TCQ suspended in 
olive oil (0-1 ml.). The subcutaneous tissue was removed 
between 7 and 88 days following injection of the chemical. 
Three mice were killed at weekly intervals for the first 
4 weeks, and thereafter three mice were killed at 10-day 
intervals unfil all the animals were killed. A gradual 
increase in the level of the local eosinophil leucocyte 
infiltration was noted between the Ist and 4th weeks with 
a maximum between the 3rd and 4th weeks. The local 
eosinophil-level then declined slowly and remained at a 
level slightly higher than normal until the experiment was 
terminated. There was also a moderate infiltration of 
large and small round cells throughout the period of 
observation. The injected chemical was found encysted in 
the subcutaneous tissue in mice examined between 40 and 
88 days but none of these mice showed any tumour growth. 

A similar experiment using subcutaneous injection of 
0-1 ml. of 0-2 per cent methylcholanthrene per mouse also 
resulted in local eosinophilia between 30-90 days following 
injection, although this reaction was not as marked as that 
evoked by TCQ. Twenty 057/RCH male mice were used 
in this experiment and none of these animals showed any 
tumour growth during the period of observation. 

Tricycloquinazoline is a potent epidermal carcinogen, 
but there is no evidence for any carcinogenic action on the 
liver. However, it has been observed’ that, following oral 
administration of 0-2 mg of TCQ, a maximum concen- 
tration of 1 ug/g liver wet weight after 1 h was obtained. 
Thus it is possible that, following intraperitoneal adminis- 
tration of TCQ, the compound might have altered or 
modified the liver TSA so that the TSA now appeared 
‘foreign’ to the isologous host, and as a result subcutaneous 
inoculation of the TCQ-treated liver cells resulted in a 
marked local eosinophil leucocyte reaction. Similarly, 
subcutaneous injection of TCQ, which resulted in a local 
eosinophil leucocyte reaction during the lst-4th weeks, 
can be explained in terms of modification of the TSA of 
the local tissues, which then acted as ‘foreign’ to the host. 
When the TCQ was found to be encysted in the later 
period of the experiment, the local eosinophil-level 
declined gradually, suggesting a Jack of TCQ available 
to act on any more local tissue so as to modify the TSA 
to attract eosinophil leucocytes. It has been observed by 
other workers!’ that following carcinogen skin painting in 
mice a local eosinophil leucocyte reaction occurred, but no 
such reaction was noted following the transplantation of 
the resulting tumours. Although no explanation was given 
of this peculiar reaction, it was thought that this eosinophil 
reaction was possibly due to the carcinogen itself or the 
solvent in which it was applied. But from various experi- 
mental results described elsewhere!? and the results 
obtained in the present experiments it seems more likely 
that the local eosinophil reaction to the carcinogen painting 
or injection was due to altered or modified TSA induced 
by the carcinogens. 

Previous results, together with those described here, 
can be explained by the view that tissue specific antigen 
(foreign or when acting as foreign) is an important eosino- 
phil-inducing factor under these cireumstances. 

I thank Prof. H. N. Green, Drs. R. W. Baldwin, D. B. 
Clayson, J. O. Laws and L. Bradshaw for their advice. 
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Failure to propagate a Lactic Dehydrogenase- 
elevating Agent from Mice Tumours in 
Mice Embryo Cultures 


Many tumours of mice contain a virus-like agent which 
causes & sharp and continucd elevation of the activity 
of lactic dehydrogenase (LDH) in serum or plasma of 
infected host mice!-*. The so-called LDH agent (Riley) 
is usually maintained and propagated in living mice. To 
facilitate further investigation, especially of its viral 
nature, it seemed desirable to adapt and propagate the 
LDH agent in cell cultures under established and known 
conditions. The few results concerning this problem are 
contradictory**. 

In our experiments we tried to adapt the LDH agent to 
mice embryo cultures which were prepared by the usual 
technique of trypsinizing minced embryos into monolayer 
cultures in prescription bottles. A suspension was made 
of 250,000 cells per 1 ml. of a medium which contained 
Hanks’s solution, inactivated calf serum and chicken 
embryo extract in a 7: 2:1 ratio; one flask contained 
10 ml. of this cell-suspension. Densely grown sub-cultures 
were inoculated with 0-5 ml. of a pool from homogenized, 
phosphate-buffered, cell-free filtrate of mice sarcoma Sa I 
(Landschitz)?. Adult host mice were inoculated with the 
medium taken from the Ist to the 21st day of in vitro 
incubation. Serum activity of LDH in. blood serum was 
determined by the usual techniques of orbital bleeding 
and photometric measurements, as formerly published’; 
several measurements were performed on the inoculated 
animals between the 4th to the 36th day after virus 
inoculation. 

The LDH agent could be incubated consistently up to 
8 days and sometimes up to 14 days in mice embryo 
cultures without loss of its enzyme-elevating activity in 
host animals. This adaptation is not altered by total 
change of culture medium or by trypsinizing to sub-cul- 
tures. But titres of activity went down from 10-4 in virus 
pool to 10-7 after trypsinizing or incubation periods of more 
than 8 days. This means a loss of quantity of virus, not of 
its activity. We failed, therefore, to propagate the LDH 
agent for more than 14 days (or 340 h) în vitro In contrast 
to incubation on living cells, the activity of LDH agent for 
host animals is lost by incubating it without cells in saline 
or culture medium only (blanks) after a maximum. period 
of 4 days. This agrees with our previously published 
results’. 

It has therefore -been established by several different 
experiments that the adaptation of LDH agent to cells 
of mice embryo cultures is possible for a maximum of only 
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14 days. Although there is a remarkably prolonged 
survival of the LDH agent compared with blank incuba- 
tion’, a real propagation in the applied tissue cultures 
described is impossible. 

Our results are in contrast to those of Yaffe’, who 
reported an apparently indefinite propagation and 
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maintenance of the agent by serial passages in primary . 


mouse embryo tissue cultures. Our findings confirm the 
observations of Adams et al.‘ and Tennant and Ward', 
who reported the inactivation of the LDH agent through 
passing it in similar tissue cultures. The results recorded 
here suggest further investigation with other host cells 
in order to obtain a real propagation of the agent in 
vitro. ° 

The work was supported by a grant from the Deutsche 
Forschungsgemeinschaft. 
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Accumulation of Cholesterol Crystals in 
Diffusion Chambers implanted in Mice 


In a recent report, Rose! described the appearance in 
tissue cultures of crystals which were ‘helical, tubular, 
ribbon-like, hexagonal, rhomboidal and filamentous’ in 
shape. He was unable to identify the nature of the 
crystals by cytochemical techniques. We were struck by 
this report because, over a period of years, we also had 
observed crystals with an identical variation in morphology 
in the peritoneal fluid in diffusion chambers implanted 
intraperitoneally in mice (technique described in ref. 2). 
Peritoneal fluid enters the chamber by passing through a 
Schleicher and Schuell ‘Very Dense’ cellulose membrane 
filter which has pores of a maximum diameter of Olu 
through which cells cannot pass. 

Crystals were found in chambers implanted in strain 
DBAJ2, AAF, and CAF, mice of both sexes, 2—4 months 
of age. They were found in the chambers as early as 62 
days after implantation. Originally, they were observed 
in chambers where cell growth was poor, and, afterwards, 
in order to determine whether cells were necessary for the 
production of the crystals, 15 empty chambers were 
implanted into AAF, mice. When these were opened after 
145 days, 7 of the 15 chambers yielded crystals in 
quantities varying from a few flakes to surprisingly large 
amounts. At that time these investigations were not 
pursued further. 

Concurrent with the report by Rose, we had available 
some crystals from two chambers which had been 
implanted in 4A F, male mice. The orystals were obtained 
from the cell-free side of double chambers?, on the other 
side of which AAF, mouse cells had -been growing for 
133 days. The crystals were of the hexagonal-rhomboidal 
type only (Fig. 1). In order to remove as much serum 
protem as possible, the crystals were washed three times 
by centrifugation and resuspension in distilled water. By 
placing a few crystals under a cover-slip on a microscope 
slide and drawing various reagents across them with 
bibulous paper, it was possible to obsérve in the micro- 
scope that they were insoluble in hydrochloric acid and 
50° per cent potassium hydroxide solution and soluble in 
ether, acetone, and chloroform. On exposure to concen- 
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Fig. 1. Phase contrast photomicrograph of cholesterol Crystals found 
in a diffusion chamber implanted intraperitoneally in a mouse for 
133 days (x 400) 


trated sulphuric acid, the crystals melted into globules and 
turned a brilliant red. The crystals had a sharp melting 
point at 147°C. With this information a tentative 
identification of cholesterol was made. The crystals were 
then dissolved in chloroform and thoroughly dried. The 
dried material exhibited a gas chromatographic retention 
time (16-2 min) and an infra-red spectrum (Fig. 2) 
identical with those of authentic cholesterol. 

` For gas chromatography about 3 pg of erystalline 
material were dissolved in 5 pl. chloroform. The gas 


.chromatograph was s Barber-Colman model 10 with 


flame ionization detector. The detection response was 
1x 10-* amp full-scale (gain) and the rate of the recorder 
was 3 min/in. The column was a 12 ft., 3-4 mm internal 
diameter glass tube packed with I per cent SE-30 silicone 
polymer on 100-120 mesh ‘Gaschrom-P’ (Applied Science 
Laboratories, Inc., State College, Penn.). The input 
pressure was 26 Ib./in.* of argon. The cell and flash heater 
were maintained at 250°C. The chromatogram was 
continued for 28 min and no other peaks were observed. 

The dried crystals weighed 195 ug, and since almost a 
half of them had been used for preliminary examination, 
it could be estimated that about 400 ug of material was 
originally obtained from the two chambers. The calculated 
volume of one side of a double diffusion chamber is 0-08 
c.c., thus the concentration of the suspension in one 
chamber was roughly equivalent to 2-5 mg/ml. 

The fact that pure cholesterol can crystallize out of the 
peritoneal fluid that enters the diffusion chamber may have 
an important bearing on the mechanism by which chole- 
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Fig. 2. Infra-red absorption spectrum of a known sample of cholesterol 

(below) and the cholesterol crystals from the chamber (above). The 

spectrum was taken in the solid‘ state using a KBr pellct and using a 

microbeam on a Beckman LRT instrument, The patterns are identical 
. in shape 
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sterol is deposited in the intracellular spaces of the body. 
The intimate association with cells is not necessary for the 
formation of the cholesterol crystals since they accumulate 
in a fluid-filled space which is isolated by an inert mem- 
brane at least 200p. from the nearest cells. We have not 
analysed the fluid of chambers in which the crystals were 
present; but cholesterol-levels in chamber fluids without 
crystals have been comparable to the blood serum levels 
of the animals bearing the chambers. 

The diffusion chamber technique may be a useful 
method for exploring the factors which control cholesterol 
deposition. i 
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IMMUNOLOGY 


Starch-gel Electrophoresis of Sera of 
immunized X-irradiated Mice 


ANTIBODY formation is easily prevented by adequate 
sub-lethal doses of X-radiation. If the appearance of 
specific antibodies is associated with some alterations in 
amount or in nature of some serum components, immuno- 
logically unresponsive animals caused by X-irradiation 
are expected not to offer any changes ascribed to antibody 
formation, but possibly to show some disorders in serum 
sub-fractions after the administration of antigons. 

Mice of A/Jax strain, 2-3-months old, were divided 
into seven groups of four mice each. Members of each 
group were siblings so that genetic variations, if any, in 
serum proteins could be minimized among them. Test 
sera, of these four siblings were simultaneously submitted 
to electrophoresis. In each group a mouse was treated as 
follows: (1) left untreated; (2) exposed to 500 r. whole- 
body X-radiation (200 kV, 19m.amp, with a filter of 0-5 mm 
copper—1-0 mm aluminium, delivering 51-2 r. per min); 
(3) given subcutaneous injection of 3 mg bovine y-globulin 
(BGG) (powdered fraction II, Armour and Co.) as an 
antigen incorporated into Freund’s complete adjuvant 
(Difco Laboratories) made up with saline; (4) immunized 
as in (3) and irradiated as in (2) 24 h later. Mice were 
bled 9 days after immunization or 8 days after irradiation 
in Groups 1-4, and 15 days after immunization or 14 
days after irradiation in Groups 5-7. The immunization 
by the above procedure usually requires at least 7 days to 
elicit anti-BGG antibody in the circulation of mice. 
Starch-gel electrophoresis was carried out by the method of 
Smithies in 0-03 M borate buffer at pH 8-6 (200 V/23 cm) 
for 6 h at room temperature. Gels were stained with 
amido-black 108. Antibody titres were measured by the 
hemagglutination technique using tanned sheep erythro- 
cytes. Table 1 shows the log, titres of immunized mice 
with or without subsequent X-irradiation. 


Table 1. Loo, TITRES OF ANTI-BGG OF IMMUNIZED MOUSE SERA 
Bled 9 days after Bled 15 days after 
immunization immunization 
Group 1 2 3 4 5 6 7 
Unirradiated 10 8 9 9 11 10 ll 
Irradiated —* — — — — — — 
© + Undetected. 
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Fig. 1. Starch-gel electrophoresis of normal mouse serum and sera 

from immunized and X-lrradiated mice. (1) Normal mouse serum; 

(2) serum from mouse 500 r. X-irradfated; (8) serum from mouse 

immunized with BGG; (4) serum from mouse immunized with BGG 

and irradiated 24 h later. Mice were bled 15 days after immunization 

or 14 days after irradiation. O, Orginal point; A, albumin, a, $, y 
globulins 


A typical pattern of normal mouse serum on starch-gel 
electrophoresis is shown in Fig. 1, 1, no significant differ- 
ences being found from any other normal mouse sera, 
Serum proteins were observed to move only anodically 
from the original point by the present procedures. Frac- 
tions of serum proteins visualized on the electropherogram 
were tentatively identified by the analogy of human 
serum”. 

In Groups 1—4 it was difficult to recognize any changes 
ascribed either to immunization or to X-radiation in 
electrophoretic properties of mouse sera. In Groups 5-7, 
in which mice were bled 15 days after BGG-injection, 
conspicuous changes occurred in the components of 
serum proteins compared with those of normal mice. 
Photographs in Fig. 1 show the results of Group 5; 
similar patterns were obtained also in Groups 6 and 7. 

Significant changes in y-globulin fractions were scarcely 
observed among these four electropherograms; neither 
was the increase of y-globulin level in (3) anticipated 
from the appearance of specific antibody nor the decrease 
of it in (2) and (4) caused by X-irradiation. These results 
might essentially coincide with the findings of several 
other investigators that y-globulin levels of mice were 
unchanged after immunization? and that X-radiation did 
not affect the y-globulin synthesis in immunized rabbits‘ ', 
Differences in serum components were recognized in 
the region of a- or #-globulin fractions. Immun- 
ization by BGG made the lines of these fractions more 
distinct and clear (3), while X-radiation rendered this 
region more broad and intense (2). Such an effect of 
X-radiation was emphasized in tendency by immunization 
as seen in (4); a very broad and dark band appeared and 
the lines in this region became indistinct. 

Immunological unresponsiveness induced by X-radia- 
tion seems to be attributed not to overall reduction of 
y-globulin levels in serum but to some disturbances 
involved in serum protein metabolism. For the present 
results, the following two interpretations may be possible. 
One is that, assuming the association of anti-BGG with 
y-globulin, X-radiation causes the disturbance in the 
synthetic process of the y-globulin, resulting in the appear- 
ance of some abnormal serum components of which 
motility on electrophoresis is more anodic than normal 
y-globulins. The’ other is that anti-BGG is the serum 
protein having the electrophoretic properties of g- or 
8-globulins as in the case of anti-BSA reported by Jordan 
et al.3, and the formation of this specific antibody is 
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A Simple Method for detecting Single 
Antibody-forming Cells 


To my knowledge no method is available for determ- 
ining the number of antibody-forming cells by simple 
counting in a hemocytometer. For this reason the 
technique proposed -here provides possibilities not yet 
tovered by the already known methods for the detection 
of single antibody-forming cells!-. 

Mice were immunized against sheep red cells by intra- 
peritoneal injection of 10° cells twice a week, for three 
consecutive weeks. Six days after the last injection the 
spleen was removed and 107 washed spleen cells were 
suspended in a test-tube in 1 ml of a tissue culture 
medium’, containing 1 per cent washed sheep red cells. 
The presence of calf serum in the medium was shown to be 
not essential. The test-tubes were incubated during 2 h at 
37° C in a roller tube apparatus. Thereafter the cells were 
pipetted into a hemocytometer and counted. Jt was 
observed that a number of nucleated cells was more or 
less densely surrounded by agglutinated sheep cells, 
which was ascribed to the action of the agglutinins pro- 
duced by the spleen cells (Table 1). The number of 
agglutinated erythrocytes clustered around a cell is 
supposed to reflect the amount of antibody produced by 
that cell. Although comparison, with the results of Jerne? 
is rather difficult in view of the fact that another animal 
species and a different immunization technique was used, 
T got the impression that in my system a higher yield of 
antibody-forming cells is obtained. With 0-01 molar 
potassium cyanide in the culture medium Jerne* was able 
to stop cellular antibody formation. Addition of this 
concentration to our test-tubes before incubation reduced 
the number of clusters to about a tenth as compared with 
the non-treated suspensions. No cluster formation was 
seen in spleen cell suspensions from non-immunized 
animals or from animals that had been immunized with 
~X174 phage. Thymus cells obtained from immunized 
animals did not show any cluster formation, which is in 
accordance with the present opinion about the antibody- 
forming capacity of the thymus®'*. 

Of the numerous applications for this method some 
obvious experiments are suggested; for example, the 
number of antibody-forming cells in the lymphoid tissues 
after different routes of immunization may be determined 
quantitatively. The problem whether a single cell from 
an animal immunized against two different antigens pro- 
duces two different antibodies may be approached by 
using a mixture of sheep and fowl erythrocytes. The 


Table 1. No, OF ANTIBODY-FORMING CELLS IN A SUSPENSION OF TEN 


MILLION NUCLEATED CELLS 
No. of nucleated Calculated No. of 


Mouse TImmunized Source cells with clusters antibody-forming 
No. with _ of cells counted in cells per 107 
incubated hemocytometer nucleated cells 
1 Sheep red cells Spleen 24 4x 10t 
2 Sheep red cells Spleen n s x A 
f . x 
3 Sheep red cells Spleen i Be 5 x 10? 
Thymus 0 
4 Phage 9X174 Spleen 0 
5 — Spleen 0 


* 0-01 mol. KCN added before incubation. 
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different morphology of these cells makes it possible to 
decide whether the cluster around a single cell consists of 
a mixture of the two red cell types, iidicating the forma- 
tion of two types of antibodies by a single cell. 

Here the use of red cells coated with various antigens is 
now being investigated. 

Part of this work was performed under contract with 
the European Atomic Energy Commission, 51-53 rue 
Belliard, Brussels, Belgium. 
” O. B. ZAALBERG 
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RADIOBIOLOGY 


Porphine-like Substances: Probable Synthesis 
during Chemical Evolution 


In the literature’ most of the authors dealing with the 
problems of origin of life are convinced that, at some stage 
of chemical evolution, porphyrins must have developed. 
However, until recently there was no laboratory evidence 
that porphine-like substances could be synthesized non- 
enzymatically from simple precursors. In a previous 
paper’ it was shown that traces of porphine-like substance, 
specifically «,8,y,8-tetraphenylporphine, was formed in a 
mixture of pyrrole and benzaldehyde in pyridine irradiated 
with cobalt-60 y-radiation. In the experiments recorded 
here! an aqueous suspension of pyrrole and benzaldehyde 
was irradiated at room temperature with either ultra- 
violet or visible light. The distance in both cases was 25 cm 
from the light source. For ultra-violet radiation a 100-W 
Hanovia Utility model lamp was used. The radiation 
transmitted through the filter was 45 per cent at 2500 A 
and 90 per cent at 3000 A and the output of the lamp was 
1:5 x 10 quanta/sec/om? or 5 x 101 quanta/sec’area of 
the mixture exposed toward the radiation. The visible 
light source was a 100-W tungsten filament lamp bulb. 
In addition an aqueous suspension and a solution in 
pyridine of pyrrole and benzaldehyde were placed in 
semi-darkness without irradiation and then analysed for 
the products. 

In all cases @ porphine-like product, that is, x, y,- 
$-tetraphenylporphine, was obtained. The final separation 
of products obtained from either irradiated or non-irradia- 
ted mixtures and/or suspensions was achieved by column 
chromatography, using activated alumina and ‘Florosil’ 
as adsorbents and chloroform as the eluent. The identity 
of the product was established by comparison of the visible 
spectra of the base, acid salt and zinc chelate of the product 
with the spectra of compounds synthesized by the method 
of Ball, Dorough and Calvin’. For quantitative estima- 
tion of the yield a molar extinction coefficient of 18-7 
x 10% at 515 mp maximum for the free base was used, as 
suggested by Thomas and Martells. 

If, instead of water, pyridine was used as a solvent in 
the system, and the mixture was then irradiated for 2 h 
with the 2537 A mercury line, or left without irradiation, 
no porphine-like substances could be detected by 
previously used methods. 

Figs. 1 and 2 represent the total yields of porphines 
isolated from mixtures stored in chloroform, plotted 
against time. Each line in the graph represents different 
irradiation conditions. 

The results of this work indicate that the presence of 
water, or rather the suspension of the organic matter in 
water, increases the yield of porphir®-like substances con- 
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Fig. 1. Plof of the total yield of porphine-like substances versus time 
of storage of mixture in chloroform exposed toward visible light. 
O, 0h; A, ih visible; [J, 2 h visible; ©, 3 h visible 
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` Fig. 2. Plot of the total yield of porphine-like substances versus time 


of storage of mixtures in chloroform, exposed toward ultra-violet light, 
O, Oh; 4, 1 h ultra-violet (2537 Å); [], 2 h ultra-violet (2537 )3 
©, 3 h ultra-violet (2537 A) 


siderably. Oparin! and Haldane? have already indicated 
the possibility of evolution of living matter from the pools 
rich in organic matter, rather than on solid surfaces. The 
concentration of organic matter could be quite high if part 
of the water evaporated, as the case might be in lakes and 
lagoons. 

” The increase in the yield of porphine-like substances, on 
standing, shows that a process of autocatalysis takes place. 
This process, postulated by Calvin’, can now be supported 
by experimental evidence. 

A. closer examination of Figs. 1 and 2 reveals that thereis 

a difference in the total yield of porphines after standing 
when the mixture is originally irradiated with different 
kinds of electromagnetic radiation. Within the limits of 
the experimental method, the rate of production of por- 
phines in the sample initially exposed to the tungsten lamp 
was the same as that in the non-irradiated sample. On the 
other hand, an initial irradiation with ultra-violet light has 
a lower rate of increase of porphine production under 
identical conditions of storage. This comparison has been 
made on aqueous suspensions of the starting materials and 
in the presence of oxygen. . f . 

Although at the present time it seems to be impossible 
to determine with absolute confidence at what stage of 
chemical evolution .porphine-like substances developed, 
certain deductions can be based on the experimental 
evidence‘now available. It can be argued that after the 
stores of simpler organic compounds reached their satura- 
tion point, in the first stage of chemical evolution, there 
was need for a reduction of the energy level of the source in 
order to continue chemical evolution to a more complicated 
nature. . Therefore; the photolysis of water and the form- 
ation of an ozone layer cut out.short ultra-violet radiation 
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completely, leaving only a mild energy source of longer 
ultra-violet and visible radiation. Considering the lower 
rate of production of porphine-like substances on standing 
which were irradiated with ultra-violet light, it might be 
deduced that the formation of these substances occurred 
in an oxidative atmosphere. . 

In addition, evolutionary selection pressure was exerted 
for the synthesis of porphine-like substances as soon as the 
reductive atmosphere was converted into an oxidative 
one. Since, with the cut-off of the short ultra-violet 
radiation, not enough energy could be provided by the long- 
wave ultra-violet and visible radiation for certain cheraical 
syntheses, the appearance of porphines and especially 
their metal chelates could be considered a necessity. Their 
aid in chemical transformations such as hydrogen transfer 
or oxidation is well established. 

Simultaneously with the change of reductive atmo- 
sphere to an oxidative one due to the photolysis of water, 
hydrogen peroxide also appeared. If it remained in 
contact with organic substances, the results would be 
fatal. Therefore, in order to continue chemical evolution, 
it was necessary that a mechanism be developed for the 
destruction of these large amounts of hydrogen peroxide. 
Calvin? has already pointed out that incorporation of 
ferric iron into a hem-type molecule would increase the 
catalytic activity of iron for the destruction of hydrogen 
peroxide by a factor of 10%, while the addition of certain 
protein arrangement increases this destruction rate by an 
additional factor of 105. 

These last two arguments indicate that with the tran- 
sition of a reductive atmosphere into an oxidative one, an 
immediate need was created for the formation of the 
porphine-like substances. $ 

This work was supported in part by grant NsG-226-62 
from the National Aeronautics and Space Administration. 
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Radiosensitivity of the Ageing Brain 


Various effects of X-radiation on the function of the 
central nervous system have been investigated in both 
new-born and adult animals!. One of the factors which 
influences the severity of the X-radiation effects on the 
central nervous system is the age of the animal. New-born. 
rats X-radiated with a single whole-body dose of 500 r. 
exhibited a mature tonic-clonic seizure pattern elicited by 
electroshock stimulation of the brain at an earlier age 
(13 days) than the controls (21 days). It was concluded 
that X-radiation accelerates maturation of the brain!. The 
increased excitability of the developing nervous system 
after radiation was further demonstrated by increased 
intensity of spinal cord convulsions elicited by direct 
stimulation of the cord?. In adult rats investigations have 
demonstrated that exposure to a‘single dose‘of whole-body 
X-radiation as low as 15 r. increases ‘brain excitability 
assessed by responses to electroshock stimulation!. The 
methods of electroshock stimulation of brain and direct 
stimulation of the spinal cord are used routinely by this 
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and, other laboratories to test the level of activity in the 
central nervous system‘. 

In view of these findings, effects of X-radiation were 
examined in old rats. Other investigations have shown 
that ageing rats are more susceptible to X-radiation 
lethality’. However, effects of X-radiation on the function 
of the ageing nervous system have not been thoroughly 
investigated. Experiments were performed to compare 
effects of both head and whole-body X-radiation on the 
function of the adult and ageing nervous system in rats. 
Primary attention was focused on responses of the ageing 
nervous system to X-radiation. 

The technique of electroshock stimulation of the brain 
has been described in detail by Woodbury and Davenport’. 
Electroshock seizure threshold in adult rats may be 
defined as the amount of alternating current in m.amp 
delivered for 0-2 sec through corneal electrodes which will 
elicit a barely detectable minimal convulsion. Maximal 
electroshock seizures are elicited by the same techniques 
as minimal electroshock seizures except that the current 
used is 5-6 times stronger (150 m.amp). Growing adult 
(6-week-old) and old (1-5- and 25-year-old) groups of 
animals were exposed to a single dose of 500 r. of whole- 
body and 1,000 r. head X-radiation, respectively. X-radia- 
tion doses were given at a rate of 25 r./min. The source 
of X-radiation was a 180 kV, 15 m.amp Picker X-ray 
machine with 0-5 mm copper and 1:0 mm aluminium 
filters. i 

The thresholds of control and irradiated animals are 
shown in Fig. 1. The thresholds of whole-body and head 
irradiated old animals did not differ significantly from 
those of the appropriate controls (lower half of Fig. 1). 
Significant differences in body-weight of old control and 
irradiated animals were not observed and therefore are 
not reported here. In addition, in both control and irradi- 
ated rats the mortality rate was not more than expected 
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in ageing animals. In contrast to the old rats, the 
thresholds in both whole-body .and head irradiated 
growing adult animals were significantly lower than those 
in appropriate controls (upper half of Fig. 1). These 
effects of X-radiation on growing adult rats have been 
extensively discussed in other reports from this labora- 
tory. Comparison of head to whole-body X-radiation 
effects in adult rats indicates a more direct effect of head 
X-radiation on the nervous system because general 
systemic effects including’ loss of body-weight were not 
observed after 500 r.?7. The responses of control and 
irradiated animals to maximal electroshock did not differ 
significantly, and therefore only the control values of the 
three different age groups are presented in Table 1. The 
durations of the tonic components changed with increasing 
age. The durations of tonic flexion markedly increased 
and tonic extension decreased with age. These changes in 
the duration of the seizure components ifidicaty a 
decreased excitability with age. It has been shown that 
in both maximal electroshock seizures’ and spinal cord 
convulsions‘ the shorter the duration of tonic flexion 
and/or the longer the duration of tonic extension the more 
severe is the convulsion and vice versa. 


Table 1, MAXIMAL ELECTROSHOCK SEIZURES IN RATS OF VARIOUS AGE> 








Duration (see) of seizure components 
- Tonie hind limb 











Age Tonio hind limb d 
fexion extension 
Adult 291 + 0-17* 10°52 + 0-40 
Old (1:5-year-old) 5'13 + 0-46 6-74 + 1:36 
{< 0-001)+ {< 0-001) 
Old (2-5-year-old) $64 + 0-57 873 + 1-31 
{< 0-001) (< 0-001) 
*+ SE. 


f No. in parentheses is P value for comparison with adult. 


The data presented here illustrate differences in the 
responses to electroshock stimulation with age as well as 
changes in radiosensitivity with age. The increases in 
thresholds from young to 1-5-year-old animals can partly 
be accounted for by increases in the body-weight of the 
animals. Increases in threshold are associated with 
increases in body-weight and vice-versa®. This relation- 
ship, however, is not valid during early development of 
the brain! and old age. During early development the 
changes in the threshold are associated with maturation 
of the brain and not with changes in body-weight. The 
differences in thresholds between 15-year-old and 2-5- 
year-old rats cannot be explained on the basis of 
body-weight differences since 1-5-year-old rats weighed 
100 g more than 2-5-year-old rats and, therefore, their 
thresholds should not be lower. Thus, the high threshold 
of old rats to electroshock stimulation indicates a decrease 
in brain excitability. This observation is further supported 
by the decreased response of old rats to maximal electro- 
shock stimulation. The longer duration of the flexor 
component indicates a decreased response of the neuronal 
elements involved in the seizure. Thus, it is suggested 
that in the ageing central nervous system the degree of 
spread of seizure discharge is reduced and also that the 
threshold of neurones to excitation is increased or that 
the ease with which neurones discharge repetitively once 
they are activated is decreased. 

The results also showed a decreased radiosensitivity of 
the nervous system with ageing. Mechanisms for the 
radioresistance of the ageing nervous system can only be 
postulated, at present. With physiological ageing the 
nervous system undergoes a variety of changes—the ratio 
of glia to neurones increases"; the ratio of intracellular 
to extracellular components changes!®; cellular permea- 
bility decreases’*. Such physiological ageing processes may 
mask or antagonize direct effects of X-radiation on the 
function of the ageing nervous syste. 
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Sodium Excretion as a Factor causing 
Death in Fish due to Irradiation 


Tum bone marrow and intestinal syndromes have been 
described to be important factors causing death after 
whole-body irradiation! *. The importance of sodium 
excretion as one of the major factors for irradiation death 
has also been pointed out®’. Almost all the experimenis, 
however, were performed with the mammals. With the 
exception of van der Schueren and Bonte’s* observation, 
which shows that ultra-violet irradiation causes the dis- 
turbance of ion transport across the skin in Rana tem- 
poraria, the literature dealing with lower vertebrates is 
very scanty. So far as we are aware, no work has been 
carried oub on fishes. Experiments to investigate the 
intestinal and hemopoietic syndromes, are in progress 
in this laboratory. The experiments recorded here were 
carried out to examine the sodium reaction in goldfish, 
Carassius auratus L., irradiated with 8,000 r. X-ray, and. 
also the excretion of radiosodium (sodium-22) through the 
gills before, and after irradiation. 


Fish, after irradiation with 8,000 r. X-ray, were trans- 


ferred into glass beakers containing 500 ml..of de-ionized 
water. One fish was kept ineach beaker. They had been 
kept for two weeks in a temperature: -control room at 23° C 
without, any change of water. The loss of water by 
evaporation was-made up by daily addition of de-ionized 
water. Daily samples were taken and the sodium con- 


centration was determined. on Hitachi flame-photometer , 


(FF 2 type) (Fig. 1). . Irradiated fish lost more sodium 
than. the controls, and the difference between the two is 
statistically. significant. 

In another group, irradiated - and ‘control fish : were 


injected with sodium-22. The fish were wrapped in a: 
cotton, gauze,.wet absorbent cotton. and aluminium foil, 


so that only the head was exposed.. Fish were so suspen: 
ded in beakers containing perfusing de-ionized water -that 
only the head region was immersed in water. ‘The flow of 
water was so regulated that the. inflow of de-ionized water 


inthe. beakers and outflow from them was the same. The. 


outflow:was collected in an automatic sample collector and 


the. concentration of-radiosodium was determined: with a. 


well- -type scintillation counter (Toshiba). With bubbling 
of air the fish survived in good condition for more. than 


8 b (Fig. 2)... One. day after irradiation, the rate-of the loss- 


of radiosodium was Wore than double that of the controls 
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and is statistically significant. The rate gradually drops 
down as the time elapses after irradiation and the fish 
ultimately die, the mean survival time after 8,000 r. 
irradiation being approximately 9 days. The excretion 
rate proceeds rather linearly with very minor deviations. 
The reproducibility of the curve was very good with 
experiments performed on different days. 

Some experiments with partially irradiated fish were 
also carried out and the results are very interesting. When 
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Fig. 1. Sodium reaction in goldfish, Carassius auratus L., in control 
and irradiated fish. Irradiated fish excrete significantly more sodium 
than the controls. Vertical lines show the standard error of the mean 
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the head was exposed to radiation and the body was 
shielded, the rate of radiosodium excretion was almost 
the same as that shown by the whole-body irradiated fish, 
but if the head was shielded and the body was exposed, 
the fish behaved just like the controls. This tends to 
indicate that the vital part of the body which is responsible 
for increased loss of sodium is located in the head and 
might support the observations of Maetz® that in teleos- 
tean fish the neurohypophyseal hormones stimulate the 
active transport of sodium through the gills. The exces- 
sive loss of sodium by the irradiated fish might cause a 
major osmoregulation imbalance and hence may be an 
important factor for death after irradiation. 

We thank Dr. Kempo Tsukamoto, director, and Dr. Y. 
Nakao, head of the Biology and Genetics Division of the 
National Institute of Radiological Sciences, Chiba-shi, 
Japan, for various facilities and Dr. N. Egami for various 
useful discussions. Financial assistance in the form of a 
visiting scientist’s fellowship to one of us (P. N. S.) from 
the International Atomic Energy Agency, Vienna, is 
gratefully acknowledged. À 
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BIOLOGY 


Iron Nutrition for Growth and Chlorophyll 
Development of some Plant Tissue Cultures 


A NUMBER of edible green plant tissues have been 
successfully cultured on synthetic media in tissue culture. 
The amount of growth and degree of differentiation 
varied with the composition of the medium and other 
environmental conditions. Growth and chlorophyll 
development of some cultures were correlated with the 
type and amount of sugar in the medium’. Iron holds a key 
position in intact plants in the biosynthesis of chlorophyll 
and, therefore, comparisons of iron sources for growth and 
chlorophyll formation. in, isolated tissues were also recently 
examined. This communication describes effects of 
several iron sources and of a pancreatic digest of lact- 
albumin, (‘Edamin’) on the growth and, chlorophyll content 
of several species of callus tissue. 

Five strains of isolated callus tissue were selected, 
which differed greatly in their ability to form pigments: 
carrot root tissue with a relatively high chlorophyll 
content; endive embryo and lettuce stem tissue, both with 
a medium amount of chlorophyll; and tomato stem and 
parsley leaf petiole tissues which showed only occasionally 
slight amounts of green pigmentation. The cultures were 
grown on standard C-medium, consisting of a basal 
mineral salts-agar medium supplemented with coconut 
milk, «-naphthaleneacetic acid and calcium pantothenate; 
and also on C-medium plus 2,4-dichlorophenoxyacetic 
acid (D-medium). The exact constituents and methods of 
preparation have been detailed elsewhere‘. Ferric 
tartrate, the iron source in the C- and D-media, was used 
at 40 mg/l. 

Two different types of chelating agents were used to 
avoid precipitation of iron in the tissue culture media and 


NATURE 


1235 
to increase its availability to the cells. Citric acid, in com- 
bination with ferrous sulphate, shad a relatively mild 
chelating action, but kept the iron in sdlution even at high 
concentrations» A stock solution containing 0-8 g FeSO,: 
7H,O and 6:3 g citric acid per 100 ml. water was used. 
The ferric sulphate-ethylenediamine tetraacetic acid 
(EDTA) complex, a strong chelate, was selected mainly 
because of reported growth-stimulating action of EDTA®. 
A stock solution of this complex contained 381 mg 
Fe.(SO,)s6H,0 and 800 mg Na.EDTA/I. The ferric 
tartrate of the basic media was omitted when other iron 
sources were tested. The sugar concentration in the 
original formula was lowered from 2 to 0-25 per cont in all 
test series. The media were dispensed in 6 oz. prescrip- 
tion culture bottles and sterilized in the autoclave. Tho 
cultures were then incubated in a growth room at 25°- 30°C 
under continuous artificial light. 

After an incubation period of 4-6 weeks, gtowth was 
measured by determination of the wet weight of the tissues. 
For the evaluation of the chlorophyll content 5-g 
samples were macerated in a TenBroeck homogenizer, 
extracted with acetone, centrifuged and the absorption of 
the extract measured spectrophotometrically. If neces- 
sary the extract was concentrated in ethyl ether. The 
chlorophyll quantities were determined with the formula 
given by Arnon’. Freezing of the tissues caused a degrada- 
tion of the chlorophyll, especially of chlorophyll a. The 
chlorophyll decomposition was for some tissues slight (for 
example, carrot), for others severe (lettuce). 

Neither growth nor chlorophyll synthesis was markedly 
stimulated by an increase of available iron. Carrot, 
parsley and endive tissues grew best with a relatively low 
iron—citrie acid concentration (Fig. 1). The threo tissue 
strains grew slightly less with 1-25 ml. stock solution than 
on standard C- or D-media. This corresponded to 10 mg/l. 
iron tartrate of the standard media. Tomato and lettuce 
had a higher iron requirement. All tissue strains gave 
slightly better growth on optimal Fe-EDTA concentrations 
than on standard C- or D-media (Fig. 2). Optimum 
growth occurred at Fe-EDTA concentrations of approxim- 
ately 1/8-1/4 the concentration of iron provided by tho 
iron tartrate used in the C- and D-media. This indicated 
that this element was not deficient for growth in standard 
C- and D-media, and was not the limiting factor in chloro- 
phyll synthesis. 

Most green pigmentation occurred in the rogion of 
optimum iron-levels for growth. Visual estimation of tho 
chlorophyll contents of tissues grown on media with 
different iron concentrations is seen in Table 1. Without 


STANDARDS 









t 
EnDIVE 
= 


CARROT 


ame 





â: ENDIVE 
CARROT 

















A, . 

A 
a certuce 
2 ee 
2 PARSLEY 
zZ he 
to Oe 
3 Thee, 
= an À s ane ae > ae s ae 2 See t 
a> TOMATO h 
è nnn 
= 

i 
9 2-5 5-0 10-0 20-0 


Iron-eitric acid (ml. stock sol./1.) 


Fig. 1. Effect of different concentrations of Fe—citrie acid on growth 

of carrot root, endive embryo, lettuce stem, parsley leaf petiole 

and tomato stem callus tissues. Each pointęġhe average weight in g of 
24-48 tissue pieces 
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Fig. 2. Same as Fig. 1 except for different Fe-EDTA concentrations 


added iron the tissues showed a definite chlorosis. None 
of the iron concentrations gave a visual increase in chloro- 
phyll content over that of the standard media. None of 
the strains showed any red pigmentation. 


Table 1. CHLOROPHYLL ESTIMATION OF CARROT, PARSLEY, ENDIVE, TOMATO 
AND LETTUOR TISSUES OULTURED ON C- AND D-MEDIA WITH FE-CITRIO 
AOD AND FE-EDTA COMBINATIONS IN DIFFERENT CONCENTRATIONS 


Concentration Fe-citric acid* 
25 5'0 10-0 


Tissue 0 1-25 20-0 CID 
Carrot tt +++ ttt Fete +++ +t +++ 
Parsley - + + + + + 
Endive - ++ ++ tet ttt +++ 
Tomato - - - -= = = = 
Lettuce + ++ ++ ++ + + ++ 

Concentration Fe-EDTA* 
0 3 6 12 18 24 eID 
Carrot ++ +++ Ft FH +++ +++ FHF 
Parsley  — = + + + + + 
Endive - + + tee tet +++ ++ 
Tomato - - - ~ - = Š 
Lettuce - + + ++ ++ ++ ++ 


* Concentrations are given in mi, stock solution/l, media. Chlorophyll 
content was visually estimated as follows: + + + , strong chlorophyll, tissues 
green; ++, tissues light green; +, poor chlorophyll, tissues slightly green; 
—, no visible chlorophyll, tissues white, yellow or brown. 


The results obtained by extraction and spectrophoto- 
metry® compared well with the visual estimation. The 
eye was most sensitive at low chlorophyll concentrations. 
Above 20y chlorophyll/g tissue estimation was difficult. 
Determination by spectrophotometry was in that case 
preferable. Visual estimation was also difficult for tissue 
with much pigment other than chlorophyll. Chlorophyll 
content in lettuce stem tissue, for example, was usually 
estimated higher than the actual content, due to the 
presence of yellow anthocyanins. Estimation of chloro- 
phyll in endive tissue was sometimes difficult because of 
the tendency of this callus to form small leaves. The 
pigmentation was often higher in the leaves than in the 
callus cells. Visually and spectrophotometrically determ- 


Table 2. EFFECT OF 0:05 PER CENT ‘EDAMIN’ (PANCREATIO DIGEST OF LAOT- 

ALBUMIN) ON GROWTH AND CHLOROPHYLL DEVELOPMENT OF CARROT, 

PARSLEY, ENDIVE, TOMATO AND LETTuoR CALLUS TISSUES CULTURED ON 

C- AND D-MEDIA. THE WET WEIGHT VALUES ARE THE AVERAGES OF 24 
TISSUE Pmoxs (G) 


Wet weight Chlorophyll (g wet weight) 
Standard Standard 
Standard medium + Standard medium + 
medium ‘Edamin’ medium ‘Edamin’ 
(g) (g) (g8) (8) 
On C-medium 
arrot 13 13 18-9 21-2 
Endive 25 2-9 13-9 17-9 
Lettuce 16 18 8-2 43 
On D-medium 
arsley 1-2 e 1-4 3-8 45 
Tomato 0-5 0-5 06 16 
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ined chlorophyll contents were related as follows per g of 
tissue: + -++, more than 12y chlorophyll; + +, 8-12y; 
+, 3-8y; —, 0-3y. 

Approximate ranges in chlorophyll contents of the five ` 
tissue strains cultured on C- or D-medium were as follows: 
Carrot root (15-25 y/g); endive embryo (13-24 y/g); 
lettuce stem (3-7 y/g); parsley petiole (2-7 y/g); and 
tomato stem (0-3 y/g). 

Comparison between the chlorophyll-levels of plant 
callus cultures and intact plant parts determined spectro- 
photometrically showed that normal plant parts contained 
more chlorophyll than tissue cultures derived from them. 
Normal tomato stem and lettuce stem and leaf potiole 
contained 40-50y chlorophyll per g tissue, and young 
bean leaves 1,600y chlorophyll per g tissue. 

Further studies showed that addition of 0-5 per cent 
‘Edamin’ to standard C- and D-media gave a consistent 
increase in both growth and chlorophyll content of the 
tissues (Table 2). Statistical analyses of the results for 
carrot chlorophyll contents demonstrated that the 
difference between C-medium supplemented with ‘Hdamin’ 
and standard C-medium was significant at the 10 por 
cent level. Statistical analyses were not made of the 
other data but similar variability of the other tissues 
would be expected. Measurements of the chlorophyll a/b 
ratios of intact plants and that of callus tissues indicated 
that under favourable conditions cells grown in vitro were 
able to produce chlorophylls a and b in the same ratio as 
those in vivo. Often sub-optimal conditions in vitro 
favoured degradation of chlorophyll a in comparison with 
b, however. 

In summary, the combination of ferrous sulphate- 
citric acid had no growth-stimulating effect, and ferric’ 
sulphate-EDTA chelate only a slight stimulating effect on 
growth of callus tissues from carrot, endive, parsley, 
tomato and lettuce when compared to growth on standard 
C- or D-medium. The fact that no increase in chlorophyll 
content of the tissues was obtained with increased 
levels of iron indicated that this element was not deficient 
in C- or D-media. Addition of 0-5 per cent “Edamin’ to 
0- or D-media stimulated both growth and chlorophyll 
content of the tissues slightly. The chlorophyll a/b ratio 
was the same in both intact plants and in plant tissue 
cultures. 

This work was supported in part by the U.S. Army 
Natick Laboratories, Natick, Massachusetts, Contract 
DA19~-129-QM 1817 (01 5123), by the American Cancer 
Society, by the National Institutes of Health, and by the 
Research Committee of the Graduate School from funds 
supplied by the Wisconsin Alumni Research Foundation. 
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Role of Guard Cells in Foliar Absorption 


Many experiments on foliar absorption have shown that 
after solutions have been sprayed on the surface of leaves 
then the upper leaf-blades, which are poor or entirely 
lacking in guard’cells, absorb smaller quantities of solu- 
tion than the abaxial leaf-blades, which are rich in guard 
cellst?, Although foliar absorption cannot occur exclus- 
ively through guard cells, since surfaces lacking them also 
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absorb applied substances, it seemed clear that guard cells 
must play a special part in foliar absorption. Several 
authors supposed that the stomatal pores were the places 
for entrance of solutes sprayed on to the cuticle. But the 
stomatal pores are continuations of the air-filled inter- 
cellular system of plant organs and normally function for 
-gas exchange only’. Furthermore, all external and 
interna] surfaces of aerial plant organs which border on 
air-filled spaces are covered with a layer of lipoidal sub- 
stances which form a cuticle. These lipoidal substances 
‘prevent wetting by hydrophilic solutions. Thus only 
lipophilic solutes such as oils can penetrate the pores and 
reach the intercellular spaces*. Under normal conditions, 
that is, without adding detergents to spray solutions, 
watery liquids, therefore, cannot be absorbed through the 
stomatal pores. f 

. Recently, Sargent and Blackman? have investigated the 
foliar uptake of 2,4-dichlorophenoxyacetic acid using 
material labelled with carbon-14. They found that absorp- 
tion through the lower surfaces of leaves is greater than 
through the upper surfaces and that the uptake of 2,4-D is 
nearly proportional to the density of stomata within the 
different leaf-blades. They concluded that the entrance 
of 2,4-D does not take place through the stomatal pores 
but through the outer walls of the guard, cells and the 
adjacent accessory cells. 

Assuming the validity of the theory that ectodesmata 
function as pathways for transport in foliar absorption and 
excretion®*, wo made investigations with isolated epi- 
dermal tissue from the leaves of Spinacia oleracea and 
Viola tricolor. Droplets of radioactive solution containing 
sucrose were placed on the cuticle and after some time 
(10-60 min) thoroughly rinsed off. After fixation with 
osmium tetroxide the preparations were then covered 
with stripping film and exposed for several weeks. We 
then observed in the microautoradiograms that the 
guard ¢ells are favoured sites for absorption (Fig. 1). 
Silver grains in the film layers are crowded above the guard 
cells mainly along the. cuticular edges of stomatal pores, 
but not above the pores themselves (Fig. 2). Furthermore, 
the density of silver grains is greater above the anticlinal 
walls of the accessory cells and other epidermal cells than 
above the periclinal walls. From these results the conclus- 
ion of Sargent and Blackman? appears to be valid, and the 
statement that better absorption occurs in leaf-blades 
rich in stomata than in those which lack them is eluci- 
dated. Since all the places most favourable for absorp- 
tion, especially guard cells, are equipped by more ectodes- 





Fig. 1. Surface view of epidermis of Viola tricolor after application 

with radioactive solution. The radioactive area (lower part) with the 

ositions of guard cells indicated by increased density of silver grains 

h the stripping film. In the upper, non-radioactive, area guard cells 
appear as clear areas (x 100) 
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Fig. 2. Surface view of epidermis of Viola tricolor, showing two guard 
cells. Greatest density of silver grains above the guard cells (x 256) 





Fig. 3. Surface view of the epidermis of Viola tricolor, demonstrating 
ectodesmata in the outer walls of guard cells, especially along the 
cuticular edges of the stomatal pores, and of adjacent cells (x 256) 


mata than other areas of the leaf (Fig. 3) it is taken as a 
proof that ectodesmata definitely function as pathways 
for transport in foliar absorption. 

According to our results stomatal pores do not function 
as ‘port-holes’ for entry of solutions. But, after adding 
detergents to the spray solution, the pores and the inter- 
cellular spaces obviously become infiltrated with the 
solution’, After this infiltration the solution is within the 
leaves, though not within the cells. It is suggested that 
plasmodesmata-like structures in the walls of the cells 
which surround the stomatal pores and intercellular spaces 
serve to transport substances from the infiltrated air 
spaces into the interior of the cells. These structures 
must be called ectodesmata, too, since they border on 
spaces normally filled by air, as do ectodesmata in the 
outer walls of epidermal cells’. It is thus clear that the 
rate of foliar absorption is increased by means of deter- 
gents, which help to bring solutions on to a larger surface 
from where they will be absorbed into the cells by way of 
the ectodesmata. 

This work was supported by the Deutsche Forschungs- 
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Graft-transmissible Induction of Elongation 

and Flowering in Scions of Sugar-beet bred 
for Resistance to Bolting 

GRAFT-TRANSMISSIBLE flower induction’ in scions has 


been demonstrated for many plants, but in the case of 
scions requiring vernalization has been described only for 
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henbane'? and turnip-rape*®. Previous attempts to demon- 
strate this phenomenon in sugar-beet have only been 
successful when the scion was kept in the dark‘. 

On May 10, 1963, in a humidity chamber in the glass- 
house, six scions of an inbred line of diploid sugar-beet 
selected for resistance to bolting were inserted, when at 
early cotyledon stage, into leaf-axils on the twelve-inch 
scape of an autotetraploid stock on which flower buds 
were already visible. This stock had been vernalized for 
twelve weeks at 5-10° C in continuous light and grown on 
for four weeks. Three days after grafting, the stock was 
pruned to the node above the uppermost scion. Although 
this scion failed and was removed, the remainder flour- 
ished. A month after grafting, internodal stem elongation 
was evident in the two scions now uppermost. First 
flowers opened on the forty-fourth day and were fertile 
and diploid (Fig. 1). These scions produced six and eight 
leaves, respectively, before elongation. In Fig. 2 the 
lower of these two scions shows its two cotyledons, eight 
‘radical’ leaves and part of the flowering stem on the 
forty-sixth day. 3 j . 

Í G. J. CURTIS 
K. G. HORNSEY 
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Tue main difference between this and other grafting 
experiments described in the literature appears to lie in 
the physiological ages of the scion and stock. In Russian - 
work on vegetative hybridization, scions at the 4—6-leaves 
stage are held to be most susceptible to the influence of 
stocks of the same age. Here, however, it may be that the 
scion has not yet reached the stage of physiological 
development at which it would require the normal 
sequence of external factors to become vernalized and 
ready to flower in the appropriate conditions. The 
possible acceleration of breeding programmes involving 
bolting-resistant varieties must await the results of further 
experiments. 
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Hollow Stem in Very Young Celery Plants 


Horrow stem or pithiness disorder of celery was first 
reported by .Sandsten and White and Austin and White? 
as a hereditary condition in which all"Petioles of affected 
plants were pithy or hollow from the earliest stages of 
growth. Emsweller’s? investigations of this disorder 
showed. that the hereditary type of pithiness was due to 
the action of a single dominant gene. 

He also found that a second type of pithiness occurred in 
which the petioles became pithy with increased maturity 
of the plant. Further work by Coyne‘ on this second type 
showed that pithiness generally developed first in the base 
of the outer petioles and also in that portion of the petiole 
above the first node. This latter type of pithiness was 
reported by Sayre? to be associated with a breakdown of 
the parenchyma cells leaving large air spaces in the 
petioles. 

During the course of work on the varietal susceptibility 
of self-blanching celery to pithiness a cellular breakdown 
was observed in 12-week-old celery plants—then at the 
planting-out stage. Two varieties, “Utah 15° and “Utah 
Golden Crisp’, were affected, but when plants were examined 
a week later, ‘Latham Blanching’, ‘Golden Self-Blanching’, 
‘Stoutheart’ and ‘Golden Marvel’ were all affected, but to 
different degrees. The affected regions in all varieties 
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were found in the second, third, or fourth oldest petioles 
and generally in that portion of the petiole below the first 
node and extending downwards towards the base of the 
petiole but seldom lower than 3 in. from the base. The 
region above the first node was generally not affected. 
Visual examination of transverse sections through affected 
petioles showed a white opaque region immediately below 
the central vascular bundle—in severely affected petioles 
this region was hollow. Microscopic examination of 
affected petioles showed a breakdown of the parenchyma 
cells (Fig. 1). 





Fig. 1. Transverse section through affected stem of celery, showing 
ruptured cells just below central vascular bundle (x e. 83) 


The agreement in histological aspects between the con- 
dition reported above and Sayre’s® description of pithiness 
is so close that this condition may be accepted as a type 
of pithiness. However, it cannot be identified with either 
the hereditary type of pithiness, reported above?-%, 
because only some of the petioles were affected, nor with 
the maturity type of pithiness as it occurred in very young 
plants and in the younger petioles of those plants. There- 
fore, this breakdown appears to be a new type of pithiness 
not previously reported in the literature. The progress of 
this condition will be observed throughout the season and 
full details will be published at a later date. 

I thank Miss E. Conroy for preparing the slides and 
Mr. J. Moore for the photograph. 
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` A Selenium-accumulating Plant of the Humid 
Regions: Amanita muscaria 


THis communication reports the toadstool Amanita 
muscaria as a selenium accumulator. It is the first 
reported. from the humid regions, on acid soil, or from 
among the cryptogams!. 

Selenium, sulphur and vanadium were determined in 
samples of A. muscaria and associated plants and soils 
(0-3 in.) taken from two locations in Hamilton (rainfall 
50 in. per annum), New Zealand. The results are given in 
Tables 1 and 2. In addition, a sample of A. muscaria 
under Tilia europaea contained 8-1 ‘p.p.m. selenium, 
2,000 p.p.m. sulphur, and 165 p.p.m. vanadium. 

Selenium in soit and associated plants. The soils are 
freely drained and appreciably acid, in contrast to the 
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neutral and alkaline soils of the semi-arid regions on 
which the other selenium accumulators have been found’. 
Their selenium-levels are slightly higher than average but 
not unduly so?. ; 

The selenium content of the leaves of B. alba is similar 
to that in the herbs; but the sulphur content is about a 
half. Although the phloem and xylem are very low in 
selenium, the sulphur-levels are relatively lower still, 
giving, on average, the low value of 15,000 for the sulphur: 
selenium ratio. . j 

Selenium, sulphur, and vanadium in A. muscaria. 
The relatively high selenium content of A. muscaria 
ranging, in whole specimens, from 8-1 p.p.m. to 17-8 p.p.m. 
is exceptional. The extent of the selenium accumulation 
by A. muscaria above the content in the associated plant 
species is probably best demonstrated by comparing their 
selenium : sulphur ratios as in the last column of Table 1. 
Thus considered, selenium is concentrated in 4. muscaria 
approximately 100-600 times compared with the green 
foliar tissues of the herbs and trees, and to about 100 
times when compared with the other parts of the trees 
examined. 

The selenium evidently substitutes for sulphur within 
the plant since the contents of the two elements are 
significantly correlated at the 5 per cent level. The same 
relation holds for different parts of the plant as well as for 
different plants. This may be contrasted with the inde- 
pendence of the selenium on the sulphur content in 
Descurania and Grindela*. 


Table 1. SELENIUM, SULPHUR AND VANADIUM IN A. muscaria AND 
ASSOCIATED PLANTS AND SOILS 
Se: Sin A. 
P.p.m. dry weight muscaria rela- 
Location 1 Se Ri Yy Se:S tive to that in 
other plant 
material 
A, muscaria 16:8 2,100 205 1: 125 = 
Herbage 0047 3,200 <15 1: 68,000 550 
B. alba, leaves 0053 1,800 N.D.* 1: 34,000 270 
phloem 0:015 260 N.D. 1: 17,000 140 
xylem 0-007 110 N.D. 1: 18,000 130 
Soil (pH 5-1) 0-77 N.D. 75 — = 
Location 2 
A. muscaria 178 | 2,500 105 1: 140 — 
Herbage 0-16 5,100 <15 1: 32,000 230 
B. alba, leaves 0:26 2,200 N.D. 1 9,000 60 
phloem 0-046 330 N.D. 1 7,000 50 
xylem 0:017 280 N.D. 1 15,000 110 
Soil (pH 6°5) 1:52 N.D. 50 — — 
* N.D., not determined. 
Table 2. SELENIUM, SULPHUR AND VANADIUM IN PARTS OF TOADSTOOL 
(LOCATION 1) 
No. of Associated tree P.p.m. dry weight 
Part samples Se S V 
Pigmented cuticle 10 Betula alba 6-6 1,200 80 
Cap less cuticle 91 2,000 70 
* 15 24 700 130 
Cap less cuticle 6 Pinus insignus 4:8 1,600 30 


* Bulked sample from all specimens dissected. 


The exceptionally high vanadium content also found in 
A, muscaria supports Bertrand’s‘ results. Bertrand‘ noted 
that the vanadium content of the cap (181 p.p.m.) was 
higher than that of the stalk (139 p.p.m.) in one toad- 
stool, in contrast to the present analyses. This disagree- 
ment may be due to different levels of calcium in the 
specimens*. For other plants both Bertrand‘ and Cannon? 
found the vanadium content of the roots to be greater than 
the aerial part of the plant. 

Cannon? found a direct relationship between the 
selenium and vanadium contents of both Descurania and 
Grindelia. This relation is not found in A. muscaria, 
apart from the abnormally high content of both elements. 
Analyses of parts of the toadstool indicate, indeed, that 
there may in fact be an inverse relationship between the 
selenium (sulphur) and vanadium contents. The selenium 
(sulphur) contents of the three parts analysed are in the 
order: cap > cuticle > stalk, while the vanadium con- 
tents are the opposite to this. e 
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Synthetic Conidiogenous Media for 
K Neurospora crassa 


SEMI-SYNTHETIC media favouring high conidiation of 
N. crassa have been devised'“. Use of an organic nitrogen 
source for growth or incubation at 37° C were also shown 
to enhance conidial production in the red bread mould’. 

Replacement of the 2 per cent sucrose by 2 per cent 
sodium acetate in the fruiting medium of Westergaard 
and Mitchell? induces, with high isocitratase activity, 
fall conidiation of the poor growth obtained on this two- 
carbon source’. Total growth could, however, be im- 
proved without impairing the conidiogenous effect of 
acetate by supplementing 3 parts of it (1-5 per cent) with 
1 part sucrose (0-5 per cent)’. This acetate effect is not, 
or only slightly, reduced when ammonium mineral salt 
replaces the usual nitrate as nitrogen source (compare 
with below). 

I have recently shown that supplementation of the 
liquid Westergaard and Mitchell’s medium (fruiting 
minimal: sucrose 2 per cent—potassium nitrate 0-1 per 
cent) with certain organic acid salts such as potassium 
(or sodium)’ citrate, succinate or malonate at 10- M 
determines an abundant conidiation of N. crassa®. This 
morphogenetic effect could also be observed with N. 
sitophila but not with N. tetrasperma (except with 
malonate). Potassium tartrate, the organic acid salt of 
the nitrate solution of Fries*®, is only moderately conidio- 
genous when added (10-? M) to the fruiting medium. 

By contrast with acetate, the conidiogenous effect of 
the organic acids mentioned is some way connected with 
the nitrate reduction processes. This is demonstrated by 
the fact that a supplement of ammonium ions (ammonium 
chloride 10-? M), effective repressors of nitrate reductase in 
Neurospora‘, prevents all surface conidiation in the first 
4-5 days of culture of N. crassa on the liquid citrate— 
sucrose-nitrate medium. Moreover, complete substitu- 
tion of NO,- by NH,* (diammonium phosphate 0:1 per 
cent) in the citrate-sucrose medium totally represses 
surface conidiation, providing a mean to get pure mycelial 
growth of N. crassa. 

We have experimental] reasons to think that the supple- 
ment of organic acid in some way favours the assimilatory 
(molybdenum-flavoproteinic) over the dissimilatory (cyto- 
chrome-mediated) type of nitrate reduction? and, 
thereby, enhances the typically aerobic process of conidio- 
genesis in Neurospora". 

The foregoing observations provided the basis for the 
formulation of the following pair of synthetic media 
devised for the metabolic control of the morphogenetic 
alternative, conidiation (macroconidia) versus vegetative, 
mycelial growth, in N. crassa and N. sitophila: 

Conidial (C) medium. Mineral basis of the fruiting 
minimal medium in 1 1l.: KNOs, 1:0 g; KH,PO,, 1:0 g; 
MgSO,.7 H,O, 0-5 g; NaCl, 0-1 g; CaCl, 0-1 g; trace 
element solution 1 ml.!4. Sucrose 2 per cent; biotin 50 ug. 
Potassium citrate 10-? M (pH adjusted to 6-5). 

Mycelial (M) medium. Mineral basis of the fruiting 
minimal medium? @ee above) but excluding KNO,. 
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Sucrose 2 per cent; biotin 50 yg. Ammonium citrate 10-2? 
M (pH adjusted to 6-5). 

The M medium provides a good basic formula for 
further study of chemical induction of conidiation in 
Neurospora. In first efforts to supplement this medium 
with presumed conidiogenous compounds, we have found 
that addition of 10-2 M glycine makes it revert from a 
mycelial to a fully conidiating medium. This conidio- 
genous effect of glycine seems to be specific among all 
other amino-acids tried to date, that is, serine, «-alanine, 
glutamic and aspartic acids, leucine and methionine, which 
at 10-? M were all ineffective. Thus, in terms of its quali- 
tative and quantitative conidiogenous effects in N. crassa, 
the combination ammonium citrate + glycine roughly 
equates the KNO, + potassium citrate modification of the 
Westergaard and Mitchell’s sucrose medium. 

Substances metabolically related to glycine are also 
conidiogenous, though somewhat less effectively, when 
added to the M medium (at 10-2 M after sterile filtration) : 
sodium glyoxylate and sodium glycolate (50 per cent 
effectiveness), NaHCO, {75 per cent effectiveness af 
2 x 10- M); like serine (see foregoing), sodium formate 
(even at 2 x 10-2 M) is, however, inactive. f 

Further work on the metabolic basis of conidiation in 
wild and mutant types of N. crassa is being carried out 
with the support of the Swiss National Research Fund. 
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Excystment of Metacercariæ of Fasciola 
hepatica L. in vitro 


Tue process of excystment of the metacercariæ of 
digenetic trematodes has not been examined in great detail. 
Most experimental work so far has been concentrated on 
the effect of artificial gastric and intestinal juices. 

In the experiments reported here, metacercarie of 
Fasciola hepatica L. obtained from naturally and experi- 
mentally infected Lymnaea tomentosa (Pfeiffer) and stored 
on ‘Cellophane’ at 4°C were used. It was found that 
removal of the outer fibrous cyst membrane by careful 
dissection from the inner cyst facilitated observation of 
excystment. All observations were made at 39° C. 

In preliminary experiments in which the metacercariz 
were treated with pepsin, trypsin and pancreatin singly 
or in series, the results were extremely variable, the first 
metacercarie usually excysting some time after 3 h, and 
the total excystment after 24 h was often below 50 per 
cent. 

In further experiments it was found that metacercariz 
became activated within 30 min in a medium containing 
10 per cent sheep bile and a reductant such as 0-04 M 
cysteine or sodium dithionite in a bicarbonate-carbon 
dioxide buffer gassed to equilibrium with an 8-1 per cent 
CO./N, gas mixture. Subsequent emergence of the young 
flukes from the cyst occurred after transfer of the 
metacercarie from the activating medium to Earle’s 


. 
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saline. In ten experiments an average of 88 per cent of the 
metacercaris completed excystment within 1 h. 

These results suggest that the process of excystment of 
the Fasciola metacercaria is an active one since digestion 
of the inner cyst wall by the host enzymes does not 
appear to be necessary. It is interesting to note that, 
except for the bile, a similar set of conditions is operative 
in the hatching of eggs of Ascaris lumbricoides Moràt™:?. 
Smyth? has speculated that bile may be an important 
factor influencing processes of infection in the Platy- 
helminthes. 
K. E. Drxon 
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MICROBIOLOGY 


Stages in the Formation of Yeast Protoplasts 
with Strepzyme 


Ix a continuation of our work on the mode of action 
of the enzyme preparation obtained from the cell-free 
supernatant of Streptomyces GM, so called ‘strepzyme’?”, 
we have found that, with our culture conditions, the cell- 
walls of Candida utilis are highly susceptible to enzyme 
action. The aim of the experiments recorded here was to 
ascertain whether the process of cell-wall digestion with 
this lytic enzyme preparation runs parallel to that observed 
when using the digestive juice of the snail Helix pomatia. 

Under specified conditions protoplasts from C. utilis 
could be observed emerging from cell-walls that after 
emergence could easily be distinguished from intact 
cells. The first signs of lysis of the yeast cell-wall envelope 
did not appear until after the first hour and the release of 
viable protoplasts lasted for several hours. During the 
digestion of the organisms pronounced morphological 
changes occurred in the cells. In this strain of yeast the 
loss of the cell-wall is correlated with a change from 
elongated to spherical shape which facilitates observa- 
tion. Stages in the progress of protoplast formation by 
strepzyme digestion are here shown. The process of 
protoplast formation in C. utilis can be seen in Fig. 1. In 
this strain the cell-wall seems to be attacked most readily 
at the equatorial point of the elongate cell. Once the 
digestion. of the cell-wall at that point with the formation 
of a thinner structure of the envelope is evident, it is 
commonly found that the protoplasts emerge from the 
cell-wall in the equatorial region. This fact has been 
observed many times, and it appears that the attack at 
such point is independent of the existence of a budding at 
any given point of the cell. There is the possibility that 
the emorging point is the place of a bud scar, as has been 
shown by Eddy and Williamson? using snail enzyme, but 
until now we did not get any evidence confirming this 
fact. Examination under phase contrast shows that as 
the cell was initially rather elongate in shape, at an early 
stage of the digestion the protoplast may be seen to 
retract from both ends of the cell, assuming at first a lemon 
shape. A few minutes later the protoplasts begin to 
emerge from some of the cells extruded through small 
holes which develop in the cell-wall. As a rule, the entire 
contents of one cell are extruded at one time to form one 
free protoplast. During the last stage the cell-wall from 
which the protoplasts have been liberated remains for a 
short time in the suspending medium and then, more or 
less rapidly depending on the concentration of the lytic 
enzyme present, these structures are completely dissolved, 
leaving a suspension of protoplasts free from débris. 
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Fig. 1. Phase-contrast micrographs of the stages in the release of 
- protoplasts from C. utilis 


These results did not show marked differences in the 
mode of action of the two enzymatic systems named above‘. 
The only differences in the course of lysis of the morpho- 
logical cell-wall in the yeast species tested are the con- 
sistency of the remaining cell-walls and time differences. 
The cell-walls from the action of the snail enzyme observed 
under the phase-contrast microscope are much more 
opacous and rigid than those resulting from strepzyme 
digestion, which apparently are very thin and delicate. 
The strepzyme preparation appears to be much more 
active on the cell-walls on the weight basis, although it is 
true to say that we have found preparations of snail gut 
juice (I’Industrie Biologique Française, Gennevilliers, 
Seine, France) showing striking differences among the 
samples tested. > 


aes 


. 


1242 


The lysis of the cell-walls apparently is not related to the 
mechanism of cell division, and no correlation between the 
sites of cell budding and the place of the first stages of 
enzyme digestion before the release of the naked proto- 
plasts was observed. 

C. GARCIA MENDOZA 
J. R. VILLANUEVA 


Instituto ‘Jaime Ferrán’ de Microbiologia, 
Velazquez 138, Madrid 6. 
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A New Species of Brucella: B. rangiferi 


Two Russian. scientists, Zabrodin and Golosow, have 
isolated Brucella strains from reindeers. I obtained from 
them 24 strains and investigated them by help of taxono- 
metry. 

Morphology: typical for Brucella; production of 
hydrogen sulphide—negative, typical for Br. melitensis or 
Br. suis, type IT. Urease production: 10-15 min 
(charactistic for Br. suis). Bacteriostatic action of 
thionine and basic fuxine: thionine (+), fuxine (+). 
That is rather similar to Br. suis. Receptors analysis 
mono-specific sera: Br. melitensis and Br. aborius. 

My own Brucella-phage No. 371 (XXIX), dose 1 RTD, 
100 RTD, 1,000 RTD and 10,000 RTD shows the results 
obtained from 24 strains (Fig. 1). The picture is similar 
to Br. suis, dose 1 RTD. With dose 10,000 RTD, the 
picture resembles Br. suis somewhat, but is much weaker 
in the phage-lysis. I obtained a similar picture when 
applying further my own 5 Brucella-phages; Russian 
phages (Tb, P, 3, 6, 7) and van Drimmelen’s phages (10). 

24 Brucella strains, isolated by Zabrodin and Golosow 
in the far north of Russia, behave almost identically and 
showed similar features to Br. suis (hydrogen sulphide 
urease, thionine, fuxine, Brucella-phages) and somewhat 
similar to Br. melitensis (receptors analysis). So it is clear 
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Fig. 1. Brucella rangiferi and Brucella-phage No. 871 (XXIX) in 1, 
100, M000 and 10,000 RTD 
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that we have here a uniform but separate group of 
Brucella, which one may call Brucella rangifert. 
J. Parnas 
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Lublin, Poland. 


GENETICS 


Inheritance of Seed Weight in Ricinus 
communis L. 


THE cross investigated was Brazilian large Seeded, L 
(mean seed weight 913 mg), by Peruvian small seeded, S 
(mean seed weight 147 mg). The method followed was 
that of continuous back-crossing of heterozygotes to one 
of the parent varieties, S, with the object of isolating 
bimodal curves indicating monohybrid segregation. Once 
this was achieved the new homozygous genotypes could 
be combined in various ways to elucidate the genetical 
architecture of a typical quantitative character. Since 
the mode of inheritance proved to follow a geometric 
rather than an arithmetic pattern, it is convenient to 
express the results in terms of log seed. weight. 

A summary of the results follows: 


Family Log beed weight Expected on G.M. basis 
s 187 
Fi 588 564 
575 564 
First B.C. to L 773 774* 
First B.C. to S 368 3787 
Second B.C. to S 290 288. 
Third B.C. to S 224 22 


* 762 using G.M. of parents as F, value, 

+ 866 using G.M. of parents as F, value. 

Po from mean of first B.C. parents used for crossing. 
Calculated from mean of second B.C. parents used for crossing. 


Apart from minor complications caused by probable 
slight heterosis effect in F,, and an unavoidable non- 
randomization of the parents used for the second and 
third back-crosses, it is clear that successive back-crosses 
to S approach the latter by a series of geometric means, 
the mean value for any back-cross being the geometric 
mean of the previous back-cross and S. This rule is also 
obeyed in the first back-cross to L. 

Does this continued geometric approach to S continue 
until the frequency distributions are statistically indis- 
tinguishable from that of S itself, or will bimodal curves 
begin to appear, indicating the existence of monohybrid 
segregation. The answer to this question is not yet clear. 
One family in the second back-cross points to the segre- 
gation of a single factor for seed weight linked with B 
(waxy bloom). In the third back-cross one or more 
families may indicate monogenic segregation. On the 
assumption of 8 factors for seed weight acting geometric- - 
ally, the results are close to expectation. 

S. C. HARLAND 

Plant Breeding Station, 

Box 2580, 
Lima, Peru, 


Genetic Controls of Allelic Recombination 
in Neurospora 


Mars of the fine structure of genes are intended to 
exhibit the positions relative to one another, and to other 
genotic markers, of the sites of difference from the normal 
of a series of allelic mutants. Commonly, in thoir con- 
struction, most reliance is placed on the frequencies 
of prototrophs observed to arise in repulsion. phase crosses 
between pairs of alleles. It is assumed that the order of the 
sites may be deduced from these values of prototroph 
frequency by application of the additivity rule, This is 
that any pair, mt and m?, shows a value which is approxi- 
mately the sum or difference of the values shown by each 
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of these alleles with a third one, m”. In practice any 
substantial body of data shows ambiguities and incon- 
sistencies. 

The relative order of the sites of allelic difference is 
often, more important than the actual spacing, and criteria 
for deducing order may be provided by data on the dis- 
tribution of genetic markers which are linked to and flank 
the locus studied. Thus in the cross A m? B/a m? b, where 
A and a are proximal and B and b distal fanking markers, 
the prototrophs fall into four classes, the two parental 
ones A B (P1) and a b (P2) and the two recombinant ones 
A b (R1) and a B (R2). In crosses between alleles, 
unlike those between non-alleles, all four classes are 
relatively frequent, no one recombinant class greatly 
exceeding any other class. However, some asymmetries 
are observed, one recombinant class exceeding the other 
and one parental class exceeding the other. Three rules 
may be stated which, if applied consistently, might yield 
consistent orders of mutant sites. 

(1) If R2 is greater than R1 the order is A m+ m? B; if 
Rl is greater than R2 the order is A m? mt B. 

+ (2) The proximal marker in the majority is that which 
entered the cross with the more distal allele, for example, 
if æ exceeds A, the order is A mt m? B. 

(3) The distal marker in the majority is that which 
entered the cross with the more proximal allele, for 
example, if B exceeds b, the order is A mt m? B. 

The first criterion uses only the data of the recombinant 
classes; the latter two criteria use the data of all of the 
classes and so may provide more information. The relative 
consistency of any criterion may be judged by the small- 
ness of the number of crosses the data of which imply orders 
which contradict those of the majority of crosses. The 
three criteria may be compared similarly. 

These criteria have been applied to his-1, his-3 and his-5. 
In each case the recombinant class criterion gives a high 
degree of consistency. For his-5, the proximal marker 
criterion gives fairly good consistency ; for his-1 and his-3, 
the distal marker criterion gives reasonable consistency. 
Poor consistency is shown by the distal marker for his-5 
and by the proximal marker for fis-1 and his-3; in the last 
case, the ‘proximal’ marker was, in fact, across the 
centromere in the other arm of the chromosome. 

Three kinds of variation have been encountered. The 
his-5 results of one of us (B. R. §.) include two or more 
distinct crosses for several pairs of alleles. In most cases, 
thé frequency of prototroph formation in reciprocally 
marked or independently marked crosses did not differ 
significantly. However, in four sets, it was observed that 
a pair of his-5 alleles, crossed together using independently 
isolated stocks, gave significantly different prototroph 
frequencies. Tho highest frequency was no more than 
double the lowest frequency for the same pair of alleles. 
The relative distribution of outside markers among the 
prototrophs was unaffected. However, recombination 
between the outside markers in the general population of 
these crosses was altered in frequency in the same direc- 
tion though not always to the same degree. In two sets of 
data, the increases in frequency of recombination between 
the flanking markers are directly proportional to the 
increases in frequency of allelic recombination. In the 
other two sets, increases in the frequency of allelic recom- 
bination are accompanied by proportionally much larger 
increases in frequency of recombination between the 
outside markers. It is probable that the differences 
between the various crosses have a genetic basis. 

The his-1 data (A. P. J.) disclose a genetic difference 
which causes a ten-fold change in frequency of allelic 
recombination in crosses between a particular pair of 
alleles. The genetic locus, which may be designated rec 
(recombination), is independent of the his-1 locus or else 
only loosely linked to it. The behaviourof a cross depends 
on the genotypes of the parental stocks; rect x rect 
and rect x rec give low frequencies of allelic recombina- 
tion, while rec x rec give high frequencies. The cross 
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his-\ rect x + rec gave 7 his-1 rect and 3 his-1 rec; 
although larger numbers of segregates would be desirable, 
the assay for rec is relatively laborious. It is not yet 
known whether the gene influences recombination at 
other loci. I has no effect on the distribution of the 
his-1+ prototrophs among the four classes of outside 
marker Gombination. Also, recombination between the 
outside markers in the general population of these crosses, 
although slightly altered in the same direction as the 
frequencies of allelic recombination, is not significantly 
changed. 

The his-3 data (D. G. C.) show evidence of genetic 
effects on the frequencies of allelic recombination, 
amounting to five-fold differences. In addition, there are 
effects on the distribution of the outside flanking 
markers among the his-3+ recombinants. Thus, for the 
distal marker ad-3, where one set of crosses shows a ratio 
of 1 : 2 another set, differing from the first by, one parent , 
only, shows a ratio of 1:20. ` 

Chromosomes of Escherichia coli damaged by ultra- 
violet light are repaired by genetically controlled mechan- 
isms. These include photoreactivation systems? and 
mechanisms that repair in the dark by excision of thymine 
dimers‘, and their subsequent replacement. In recombina- 
tion at meiosis it is probable that there are mechanisms to 
break chromosomes, repair breaks and to correct errors 
of base pairing in hybrid deoxyribonucleic acid?.*. Each 
of these events is likely to be activated by an enzyme. 
itself determined by a gene. It appears possible that the 
investigation of allelic recombination in Neurospora may 
allow the identification of the various mechanisms. 


D. G. CaTCHESIDE 
ADRIENNE P. JESSOP 
B. R. SMTH 
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PSYCHOLOGY 


Failure of Interocular Transfer of Brightness 
Discrimination 


EXPERIMENTAL evidence has now established that, with 
food reward training and testing, an intact corpus 
callosum is necessary to mediate the interocular transfer 
of most visual pattern discriminations in cats’? and 
monkeys? with mid-sagittal section of the optic chiasm. 
In these animals with surgical interruption of both the 
optic chiasm and the corpus callosum, visual pattern 
discriminations learned initially through one eye must be 
relearned when the untrained eye is tested alone. On the 
other hand, the interocular transfer of a simple brightness 
or flux discrimination is apparently complete in theso 
same cats! and monkeys® with mid-sagittal section of both 
the optie chiasm and the corpus callosum. Since these 
latter results suggest that commissures other than tho 
corpus callosum can mediate the transfer of this type of 
visual learning, this experiment was designed to attempt to 
prevent the interocular transfer of a simple brightness or 
fiux discrimination by sectioning other forebrain and 
midbrain commissures in addition to the optic chiasm and 
the corpus callosum. 

Five experimentally naive cats had the optic chiasm 
sectioned mid-sagittally by the transbuccal approach; 
and 3-4 weeks later, at another operation, the specified 
forebrain and midbrain commissures were sectioned 
together. In all animals, the right cerebral hemisphere 
was retracted to expose the forebgin commissures; and 
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the bony tentorium was removed to permit complete 
visualization of the tectum. Following chiasmal surgery, 
the only persistent abnormal neurological signs in these 
animals were biteniporal visual field deficits and bilateral 
pupillary dilatation. Sluggish consensua? pupillary con- 
striction to light occurred in all cats after mid-sagittal 
section of the midbrain commissures, and an intermittent 
convergence nystagmus inexplicably developed in two 
operated cats (SB-22, SB-34) several months after mid- 
sagittal commissurotomy. A four-week post-operative 
period intervened before training and testing were begun. 
The completeness of surgical interruption of the com- 
missures indicated in Table 1 was verified histologically 
for all animals after testing was completed. 


Table 1. MONOCULAR LEARNING TIMES AMONG CATS WITH SPECIFIED 
MID-SAGITTAL COMAISSUROTOMTES 
Animal No. Commissures sectioned in addition Trials to criterion 
to OC and CC* irst eye Second eye 
SB-5 None 200 0 
SB-13 None 200 0 
SB-22 AC, Hat, HiC, PO, CSC §20 480 
SB-28 560 480 
eal AC, Hat, Hic, MI, PO, CSC 440 520 
SB-36 600 560 
SB-34 AC, Hat, HiC, MI, PC, CSC, CIC 560 560 


* Abbreviations: AC, anterior commissure; CC, corpus callosum; 
OGIO, commissure of inferior colliculus; CSC, commissure of superior 
colliculus; HaC, habenular co: re; HiC, hippocampal commissure; 
MI, massa intermedia; OC, optic chiasm; PC, posterior commissure. 


The testing apparatus was housed in a semi-darkened 
room and consisted of an alley 2-6 ft. long at the end of 
which were hung side-by-side two translucent plastic 
panels that were illuminated from the rear by appropriate 
incandescent lamps. During testing and training, one of 
the pair of plastic panels remained dark with a surface 
brightness of 0-24 candles/ft.2 and the other panel was 
transilluminated, producing a surface brightness of 3-27 
candles/ft.*. Since naive cats show a preference for the 
brighter panel in this apparatus, the darker panel served 
as the positive stimulus. During training, the positive 
and negative stimuli were alternated randomly from side 
to side. 

After initial shaping in the apparatus, one of the cat’s 
eyes was covered by a rubber mask during training and 
testing. All animals were trained to leave the restraining 
box, approach the two stimulus panels and push the darker 
panel in order to obtain a small piece of meat. If the cat 
erred in its stimulus selection, immediate correction was 
always permitted. 30-50 trials were scheduled daily, 
with 5-7 daily sessions per week. The criterion of success- 
ful learning and of successful interocular transfer of learn- 
ing was designated as 18 or more correct responses among 
the final 20 trials on one day and 18 or more correct 
responses among the initial 20 trials on the next succeeding 
day. The animals were not overtrained once criterional 
performance had been achieved. 

The results are summarized in Table 1. Cats with mid- 
sagittal section only of the optic chiasm and the corpus 
callosum show immediate and complete transfer of a simple 
brightness or flux discrimination (SB-5, SB-13). How- 
ever, if in addition to the optic chiasm and corpus callo- 
sum, the anterior commissure, posterior commissure, 
massa intermedia, habenular commissure, hippocampal 
commissure, and commissure of the superior colliculus are 
also sectioned in the midline, interocular transfer of this 
simple visual discrimination is prevented and learning 
apparently proceeds independently in each half of the 
brain. The relative independence and equality of the two 
halves of the brain in learning this problem are emphasized 
by the similarities in number of trials to reach criterional 
performance and the shapes of the learning curves through 
each eye, as shown in Fig. 1. Thus, in cats with mid- 
sagittal section of the optic chiasm and corpus callosum, 
either one of these additional commissures or some com- 
bination must be intact to mediate the interocular transfer 
of this simple brightnegs or flux discrimination. 
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Fig. 1. Learning curves for cat SB-5 (upper graph) and for cat SB-34 

(lower graph) with respective commissurotomies indicated by opaque 

areas on mid-sagittal diagrams of cat’s brains. Open points represent 
right eye training; closed points, left eye 


These results also suggest that information transmitted 
through the mass intermedia is inadequate to mediate this 
transfer of learning since the one animal in which the 
massa intermedia was not sectioned (SB—22) also failed to 
show significant savings in learning through the untrained 
eye. As described previously®, all animals which failed to 
transfer this discrimination required at least twice as long 
to learn through each eye as the other operated animals 
which did transfer this discrimination. This finding again 
suggests that interruption of commissures essential to 
mediate the interocular transfer of learning may produce 
prolonged monocular learning due to reduced critical 
neural mass available for learning through each eye. 

Utilizing complex methods of simultaneous stimulus 
presentation to both eyes during training with cats’ and 
monkeys‘, other investigations have suggested possible 
contributions of commissures other than the corpus 
callosum to the interocular transfer of simple visual dis- 
criminations. In these experiments, however, correct 
discrimination by the animal required perceptual integra- 
tion by the two brain halves from the onset of training. 
In this study, on the other hand, both stimuli were presen- 
ted simultaneously to each eye separately; thus, integra- 
tion between the two halves of the brain was not required 
for discrimination by the animal. Comparing these 
results, simultaneous ‘double visual’ learning, requiring 
perceptual integration between the two brain halves, 
would seem to be more effective than simple monocular 
training to effect or facilitate interocular transfer. 

This investigation was supported by research grant 
NB-03307 from the U.S. Public Health Service. 
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Monday, June 22 


BRITISH SOOTY FOR THE PHILOSOPHY OF SCIENCE (in the Joint Staff 
Common Room, University College, Gower Street, London, W.C.1), at 
5,30 p.m.—Prof, G. A. Miller: ‘‘Psycholinguistics”’. 


Wednesday, June 24 


GEOLOGIOAL SOCIETY OF LONDON, ENGINEERING GROUP (at Burlington 
House, Piceadilly, London, W.1), at 3 p.m.—Inaugural Meeli £ 


Thursday, June 25 


LONDON MATHEMATICAL SOCIETY (at the Royal Astronomical Society, 
Burlington’ House, Piccadilly, London, W.1), HH 5 pm—Mr. D. J. E 
Garling: “Ideals of Compact Operators in Hilbert Space”, 


Friday, June 26 


BRITISH SOOLETY FOR THE HISTORY OF SCIENCE (in the Lecture Theatre 
of the Science Museum, South Kensington, London, 8.W.7), at 11 a.m. and 
2,30 p.m.—Summer Meeting. 


, » Monday, June 29 


CIBA FOUNDATION (at the RoyalInstitute of British Architects, 66 Portland 
Place, London, W.1), at 6 p.m.—Prof. J. Waldenström: “Metabolic Multi- 
potentiality of Malignant Cells” (16th (annual) Ciba Foundation Lecture). 
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CHAIR OF ENGINERRING-—The Registrar, The University, Lzieester 
(July 11). 


CHAIR OF GENERAL PHYSIOLOGY IN THE DEPARTMENT OF ZOOLOGY—The 
Registrar, The University, Leicester (July 11). y . 3 
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Australia—The Secretary, Association of Commonwealth Uniscrsities 
(Branch Office), Marlborough House, Pall Mall, London, 8.W.1 (Australia 
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Bristol College of Science and Technology, Ashley Down, Bristol, 7, quoting 
appropriate Ref. No. 
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library, and graduation from postgraduate library school) to organize and 
administer a large map collection in the Geography Department, under the 
supervision of the University Librarian Chief Librarian, University of 
Toronto, Canada. : 
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Advanced Technology, St. John Street, London, B.C.1. 
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NUCLEAR POWER POLITICS 


N an address “Science and Responsibility”, given at 

the initiation banquet of the Stanford Chapter of 
Sigma Xi in June, 1963, of which a condensed version 
appeared in the March issue of American Scientist, Mr. 
E. Hutchison directs attention to some dangers which 
attend the confusion of science with technology in the 
public mind. He believes that in reality the public is 
still not so much concerned about science as about the 
technology resulting from science. Moreover, he feels 
that the fact that both science and technology are 
practised by people who are far from omniscient or 
omnipotent, and may not ,even be disinterested, at 
least so far as technologists are concerned, should be 
much more widely emphasized. Even academic insti- 
tutions, he argues, have become empires of technology 


E taged on Government contracts, so that we are caught 


up in an authoritarianism based on technology. 

Vigorously challenging the belief that, if we feed the 
results of enough experiments, no matter how badly 
planned, into a computer, science will result, Mr. 
Hutchison suggests that the public would be less com- 
placent about the large present-day expenditure on 
academic science if it were properly aware that science 
deals only with the theories about reality. Moreover, 
apart from the risk that the very facilities provided by 
technology, if used in carelessly planned experiments, 
may convert scientists into technicians, he finds little 
comfort in the great prestige at present enjoyed by science 
and technology. As responsible human beings as well 
as responsible scientists, scientists should be scrupulous 
in examining their cultural and social function, for the 
modern outburst of scientific activity is not necessarily 
permanent; as Lynn White has written, the cultural 
support science enjoys to-day rests more on the un- 
stable foundation of fear of foreign enemies and of disease 
than of understanding. 

Science, Mr. Hutchison continues, is only one branch 
of philosophy, and before venturing into judgments on 
technological exploitation of their discoveries, scientists 


‘need to sharpen greatly their awareness of the economic, 


social and political uses to which the fruits of their 
labour may be directed. We must be prepared for an 
eventual public decision that the scientific value of the 
vast expenditure on space exploration, for example, 
is not worth while. In his view the decision to spend so 
much nationa] wealth on scientific rather than human 
activities is by no means settled on the side of science. 
This call to scientists to direct much more serious 
attention to their manifold responsibilities in return for 
the large measure of public support and privileges they 
enjoy is sustained by an even weightier argument. If 
a decision to spend money on technology disguised as 
science is politically inspired. politicians should have 
the courage to say so, and scientists should take the time 
to describe the situation in proper terms if politicians 
fail to do so. The larger the voice of science in national 
and international affairs, the greater the risk that erron- 
eous decisions may have untoward repercussions on 
science. When science begins to move out into the public 
physical domain, into the public political domain, such 


as weapon testing, or into the public social domain, 
scientists need to direct much more serious attention to the 
philosophical question of what bounds it may be necessary 
to impose on science and technology, and at what point the 
consequences of intellectual gratification may constitute 
a serious evil. 

This is a major issue behind the present controversy 
in Britain on nuclear marine propulsion, the nuclear 
power programme and guided weapons contracts. In, 
his speech in the debate on the last-mentiofied question 
in the House of Commons on April 29, the Secretary of 
State for Defence, Mr. P. Thorneycroft, made the issue 
crystal clear: it was the viability of the whole system — 
a system which is operating and has been operated by 
all parties in Britain. If we suspect that the system is 
not viable it goes to the root of the Government’s relations, 
not simply with one firm, but between any Government 
and the aircraft and electronics industries. Myr. 
Thorneycroft was not concerned with defending the 
fixed-price contract system as such, though he quoted 
the opinion of the Publie Accounts Committee in its 
third report for 1953-54 that building up the price from 
estimates of labour, materials 4nd overheads, checked 
by the appropriate experts, with a known addition for 
profits, was the surest way of arriving at a demonstrably 
fair and reasonable price. He was concerned, above all, 
to establish the truth and what really happened in the 
situation described in the second report from the Public 
Accounts Committee of this Session. He claimed that 
the Government had not only noted that report but 
also had taken the necessary steps to ensure the fall, 
frank, fair and thorough examination called for by that 
Committee. 

Here, then, a lead for frankness and full discussion 
has come from the political side; but it is to be noted that 
much the same misgivings as those entertained by Mr. 
Hutchison have been expressed by Mr. John Maddox 
in an article, ‘Choice and the Scientific Community”, 
in Minerva and in a talk, “Do we Spend Too Much on 
Science?”’, broadcast in the B.B.C. Third Programme 
and published in The Listener for April 2. In that talk, 
Mr. Maddox refers quite frankly to the spending of money 
on scientific research as an end in itself interfering with 
the orderly, reasonable and civilized advance of science, 
instancing, like Mr. Hutchison, space research and also 
weather satellites and the Mohole project. He suggests 
that the liberality with which money is now sometimes 
provided makes it too easy for some scientists to avoid 
the painful, but searching, process of discrimination and 
asking what can be done to foster most directly the 
advance of scientific understanding. 

Moreover, the evil consequences of unwise decisions 
are not confined to the big projects. They encourage 
irresponsibility generally and foster a false image of 
science in the community. Like Mr. Hutchison, Mr. 
Maddox believes that it is on the scientific community 
itself that the main responsibility rests for putting its 
house in order and ensuring that money does not become 
a substitute for thought in the conduct of scientific 
research. Especially, he believes, it should be more self- 
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critical as to the usefulness of its work, and not be content 
to pass judgment on its scientific qualities. Though he 
has found British scientists much more vigorous than their 
American colleagues in this respect, he suggests that 
here, as in the United States, a much fnore realistic 
appraisal by the public of what science can and cannot 
accomplish is also needed. 

It is from this point of view that the recent White 
Paper, The Second Nuclear Power Programme*, is most 
open to criticism, while the secrécy maintained over the 
proceedings of the Powell Committee is indefensible. 
Informed comment and discussion are both impossible 
if the Government withholds from publication all the 
technical considerations on which its decision—so far 
as that goes—is based. The White Paper, in fact, does 
no more than set out the programme which has been 

‘adopted fog planning purposes for commissioning in 
1970-75. While the nine commercial stations in the 


present programme are all of the magnox type, initially . 


developed by the Atomic Energy Authority at Calder 
Hall, using carbon dioxide gas as cooler, graphite as 
moderator, natural uranium as fuel, no firm decision 
regarding the choice of reactor for the second programme 
has as yet been taken. 

The Government is satisfied that it is right to continue 
with a substantial nuclear power programme and that 
the British line of development has an important con- 
tribution to make. However, the choice of type or 
types of reactor depends on a review with the supply 
industry and the Atomic Energy Authority of the results 
of an enquiry by the Central Electricity Generating Board 
for tenders for an advanced gas-cooled reactor station. 
Developed by the Atomic Energy Authority from the 
same concept as the magnox reactor, this is now accepted 
as one of the most promising for a nuclear power 
programme. <A joint technical and economic assessment 
by the Authority and the Central Electricity Generating 
Board of the main reactor types had already led to the 
conclusion that further development of the present 
magnox system is likely, in the cireumstances prevailing 
in the United Kingdom, to offer smaller economic advan- 
tages than those afforded by new systems. 

Recent information indicates that some American 
water-moderator reactors may have lower capital costs, 
although higher running costs, than the advanced gas- 
cooled reactor, and accordingly the Central Electricity 
Generating Board will also consider tenders from British 
industry for water-moderated reactor systems of proved 
design—provided that full supporting evidence is sub- 
mitted and that the requirements of safety and perform- 
ance are met. The White Paper maintains that this 
procedure will allow time for the further consideration 
needed for a firm choice of reactor to be properly made 
and, at the same time, permit the new stations to be 
ordered promptly enough to ensure continuity in the 
nuclear power programme and in the flow of work to 
manufacturing industries. For planning purposes, a 
programme of 5,000-MW nuclear generating capacity 
in England and Wales for commissioning in 1970-75 
ia contemplated, and the question of further nuclear 
power stations, in Scotland will be considered in the 
continuing periodic reviews of the programme. Reactors 
installed in the later stations of the programme may be 
larger than those in the earlier stations to enable ad- 
vantage to be taken of advances in technology and 
economies of scale. 


* Ministry of Power. Zhe Second Nuclear Power Programme. Pp. 4. 
(Cmnd. 2335.) (London: HMS.O., 1964.) 5d. net. 
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The power stations to be commissioned under this 
programme are expected to be in service at least until 
the 1990’s, and by the early 1970’s nuclear power is 
likely to have an economic place in Britain’s electricity 
system. In the middle 1970’s and thereafter, nuclear 
power will become cheaper than the conventional power 
for the generation of base load, which in 1975 is expected 
to cost about 0-5d. per unit, compared with 0-4-0-45d. 
for nuclear power. For all the admitted uncertainty 
as to design of reactor and the need for caution in com- 
mitting scarce resources in such heavy capital costs the 
White Paper is not very convincing. It admits that the 
programme must be large enough to provide adequate 
experience, but gives no satisfactory reason why one 
power station should not be built to British design while 
the comparative studies are proceeding. This is scarcely 
disposed of by Sir William Penney’s belief that everything 
is still open between the advanced gas-cooled reactor 
and water systems. A 

By contrast, the report of the Working Group on 
Marine Reactor Research, Nuclear Power for Ship Pro- 
pulsion t, is a more satisfactory, as well as a sensible 
document. 
have provided exactly what is needed for informed. 
discussion, and the report puts into its proper perspective 
the rather unsatisfactory debate on the subject in the 
House of Commons on April 28. Mr. F. T. Wiley’s very 
reasonable request for further information arose partly 
out of inconsistent and unsatisfactory replies to earlier 
requests in the House of Lords, which had, to say the 
least, given the impression that there might have been 
unjustifiable waste of money on research in this field. 
In replying to Mr. Wiley for the Government, the 
Parliamentary Secretary to the Ministry of Transport, 
Vice-Admiral J. Hughes-Hallett, referred largely to the 
Padmore Report, and later in the debate the Secretary 
of State for Education and Science, Mr. Q. Hogg, admitted. 
that the debate had been considerably handicapped by 
taking place in advance of publication of the Report. 
Mr. Hogg was content to defend the Government’s 
decision not to proceed by way of putting a reactor into 
a ship and launching it four or five years ago, to investi- 
gate both the Vulcain and the reactor system, as well 
as to examine other types side by side, and to pomt out 
that there had been a shift against the economics of 
nuclear marine propulsion in the past twelve months. 

The real interest of the debate, however, with the 
publication of the Report, is the demonstration that 
there does exist in Parliament a body of opinion capable 
of forcing a debate on the Government on technical and 
scientific issues and of making the position of Ministers 
uncomfortable if information is deliberately and un- 
reasonably withheld. The Padmore Report, however, 
now makes public and informed debate possible. The 
Working Group, which was appointed in November 
1961 by the Minister for Science and the Minister of 
Transport “to advise and make recommendations on the 
programme of research required to advance nuclear 
propulsion for merchant ships”, began by approving 
first the general lines of a programme of research sub- 
mitted by the Atomic Energy Authority, involving an 
expenditure of £3 million over two or threo years, and 
then inclusion in this programme of the Vulcain reactor 
arising out of the joint research programme with Belgo- 
nucléaire (Nature, 197, 650; 1963). Later, in June 1962, 

+ Nuclear Power for Ship Propulsion: Beport of the Working Group on 


Marino Reactor Research. Pp. 22. (Cmnd. 2358.) (London: H.M.8.0., 
1964.) 1s. 6d. net. (See also p. 1272 of this issue of Nature.) 


Sir Thomas Padmore and his colleagpes . 


4 


June 27, 1964 


it set up a Technical Advisory Panel, under Prof. J. 
Diamond as chairman, to review the technical progress 
and development potential of the several systems under 
consideration. 

This panel recommended that research on marine 
reactors should be concentrated on the Vulcain and the 
integral boiling reactor, both of which were of the ‘integral’ 
type of water reactors—so named because the heat 
exchangers and other major components of the primary 
circuit are contained within the reactor pressure vessel. 
This recommendation was accepted by the Working 
Group and the Government. More than a year ago the 
Working Group was advised that both these systems 
afforded a prospect of being developed as economically 
promising commercial propositions and thet, subject to 
continued favourable progress with the research pro- 
gramme and to confirmation of estimated figures of 
cost, work might havo advanced far enough by the latter 

Bart of 1963 for a decision. to be taken on technical 
grounds to build a marine reactor. In this situation, the 
Government announced in February 1963 its intention 
to have talks with the shipping and shipbuilding in- 
dustries regarding the ownership, construction and oper- 
ation of a prototype nuclear merchant ship if it were 
decided to build such a ship. Furthermore, in July 1963 
the Working Group: asked the Technical Advisory Panel 
to reassess the prospects for the two reactors, taking 
into account also other developments and proposals 
in this field. A reconstituted Ship Eeonomics Working 
Party was also established to re-examine the relative 
economic prospects of nuclear and conventionally 
powered ships, as well as the possibility of operating larger 
and, faster ships on trade routes of varying lengths. 

This background is important as it illustrates very 
fairly the kind of changing situation in which techno- 
logical proposals must commonly be examined and 
discussed publicly. The technical situation and the 
economic prospects for nuclear-propelled ships are 
discussed in some detail in Parts 2 and 3 of the Report, 
while Part 4 sets forth the possible courses of action and 
the arguments for and against. For the present purpose 
it is unnecessary, however, to add much to the sum- 
marized view of the Group that the practical choices 
are to embark now on a programme for developing a 
pressurized-water reactor to one of the designs on which 
the Atomic Energy Authority is now working, or, after 
tidying up work already in hand, to tackle more promising 
ideas, should they emerge. 

If the decision is to go ahead, provision must be made 
for the cost of the reactor and ship and for the necessary 
expenditure on development of designs to ensure the 
success of the experiment and for further research to 
enable the design to be advanced to improve the economics. 
The cost of this programme is estimated at some £15 
million over the next five years, of which £10 million 
would be for research and development, £2-5 million for 
the construction of a reactor and £1-5-£2 million for hull 
and machinery, with a continuing commitment there- 
after. The Padmore Group believes it would be prefer- 
able, if a programme is undertaken, to construct a ship 
rather than a shore-based facility. 

It is manifest from the Padmore Report that the 
difficulties are inherent in the study of nuclear propulsion 
for ships as that subject stands to-day, and that the same 
difficulties would have confronted* any Government. 
Attempts to make party political capital out of the 
situation are as unfounded as they are unwise. That is 
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not to say that justifiable differences of opinion may not 
exist on technical points. Capt. H. F. Atkins, for ox- 
ample, maintains that six major faults make the Tulcain 
design of February 1963 unfit for sea and three of them 
make it a publie hazard. His view that this design will 
never be economic and has no development potential 
is not fully supported by the Padmore Report. However. 
it certainly’ supports the alternative proposal to dofer 
further research and development for the timo being. 
Mr. Hogg put the issue fairly enough at the end of his 
speoch in the House of Commons on April 28. 

Capt. Atkins admittedly shows little confidence in the 
judgment of the Atomic Energy Authority and is strongly 
opposed to the selection of an integral boiling reactor 
design. This, however, is a technical issue which should 
be hammered out in the type of informed debate visual- 
ized by both Mr. Maddox and Mr. Hutchison. It is’ 
not a party political issue and the whole merits close 
consideration not simply in relation to the decision 
whether Britain should dovelop a marine reactor but 
equally in relation to the public discussion of technical 
issues and the place of the scientific and technical expert in 
Government. Differences of opinion between experts are 
inescapablo at times. What matters is that the Govern- 
ment should be able to reach a decision based on a reason- 
able balance of opinion on the facts, and independent 
of party or personal political prejudices. 


THE COMMAND OF MEN 


The Art of Leadership 
By Captain 5. W. Roskill. Pp. 191. (London: William 
Collins, Sons and Co., Ltd., 1964.) 21s. net. 


S the Walker Trust lectures on “Leadership” suffi- 

ciently demonstrate, inspired writing on leadership, 
from whatever walk in life the writer derives his experience, 
has a general, even a universal, appeal. Capt. Roskill 
wrote The Art of Leadership in response to a request from 
the Admiralty for what would be, in effect, a manual on 
leadership for young naval officers. Only, however, in the 
last two chapters, which deal with the management of 
men and the leader in action, is naval experience dominat- 
ing and then not to an extent which hinders the more 
general appeal of the book. Capt. Roskill has brought to 
his task not only personal experience of command, as 
well as of service conditions, but also a deep knowledge of 
naval history and of writings on his subject far outside 
the field of naval experience. An outstanding feature of 
the book is, in fact, the wide range of his reading 
as witnessed by tho references in each chapter and 
by the lists of selected books for further reading and 
the suggestions offered for an officers’ library which are 
appended. 

It is somewhat surprising to find that these references 
do not include the Walker Trust lectures; noris thero any 
reference to Lieut. Commander A. H. Leighton’s out- 
standing book The Governing of Man, although Capt. 
Roskill notes other observations relating to prisoners-of- 
war. Apart from this, Lord James’s Education and 
Leadership, and some of the writings of Col. Urwick, 
Henri Fayol, C. I. Barnard, Mary Follett and Ordway 
Tead, which contrast so sharply with more recent writings 
on industrial management and leadership, it is hard to 
think of a major work on the general subject which is 
not noted by Capt. Roskill. His book is written with 
insight as well as with clarity and style, and whilo, as 
already noted, he does not attempt to deal specifically 
with leadership in industry, his book is a far more useful 
and suggestive contribution to thought and. experiment in 
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that field than much of the output that purports to cater 
for that need. 

Nor have we to search, for the reason. It is no surprise 
that one whose own*command of English is so lucid and 
precise should give a chapter to “Command and the 
Mastery of Language’. This is a chapter which might be 
commended not only to the student of management or 
leadership generally but also to many—perhaps most— 
writers on industrial management. Admirable as is this 
chapter, it should not be thought that this is entirely new; 
Capt. Roskill is expressing in térms suited to a wider 
audience what Colonel von Spohn expressed in essence 
more than half a century ago in a pamphlet The Art of 
Command, which was translated by the General Staff of 
the War Office from the Jahrbücher fiir die Deutsche 
Armee und Marine. 

It is easy to criticize the book, therefore, as platitudin- 

, ous; but the criticism is invalid. The art of leadership is 
as old and a8 durable as the hills, and each generation will 
inevitably acquire some of it by hard experience. Capt. 
Roskill sets down, however, much that could be applied 
in industry and elsewhere, as well as in the Services, 
to make such experience short and less bitter; and he 
presents it in a way that demonstrates convincingly the 
relevance of tradition, authority, lucidity and discipline to 
the world of to-day. He might perhaps have been better 
advised not to place in an opening chapter, “Credo”, the 
exposition of his own outlook on life, not because avowal 
of his Christian belief might be a stumbling block, but 
rather because this frank expression of personal views 
could well be more effectively presented in discussing later 
the several aspects of morals and manners, discipline and 
training and the leader and the arts. His book may indeed 
be warmly commended, not only to all who are concerned 
with the art of leadership in any field to-day, but also to 
those who are concerned with safeguarding for posterity 
the values on which national greatness, as well as great 
leadership, have been based in the past. 

R. BRIGETMAN 


SCOPE OF MODERN INORGANIC 
CHEMISTRY 


Technique of Inorganic Chemistry 

Edited by Hans B. Jonassen and Arnold Weissberger. 
Vol, 1. Pp. vii+268. 72s. Vol. 3. Pp. vii+ 345. 87s. 
(New York and London: Interscience Publishers, a division 
of John Wiley and Sons, 1963.) 


Nuclear Chemistry 

By Noah R. Johnson, Eugene Eichler and G. Davis 
O’Kelley. (Technique of Inorganic Chemistry, Vol. 2.) 
Pp. xiii+202. (New York and London: Interscience 
Publishers, a Division of John Wiley and Sons, 1963.) 60s. 


ESEARCH in inorganic chemistry in the past few 
decades has led to a greatly increased interest in 
specialized instrumental techniques for work on synthetic 
and structural problems, as well as handling techniques 
for the many new radioactive elements, particularly in the 
actinide group. This series of books sets out to give an 
account of the techniques used in inorganic and radio- 
chemistry in much the same way as the companion series 
on Technique of Organic Chemistry, which itself contains 
much of value to the practising inorganic chemist, but 
with a rather less complete coverage of the topics. 

The first volume comprises 6 chapters: “The Determ- 
ination of Formation Constants” (S. Fronaeus), covering 
the methods of calculating complexity constants and 
obtaining suitable data for such calculations experimen- 
tally, followed by “Techniques with Non-aqueous 
Solvents” (A. I. Popov) in which the major accent is on 
the technique of making physical measurements in such 


g NATURE 


June 27, 1964 von 202 


media, with a good account of the difficulties which may 
be encountered in such work and with only & brief coverage 
of preparative applications. Useful accounts of “Fused 
Salt Techniques” (J. D. Corbett and F. R. Duke) and of 
the very interesting equipment used for “Spectral 
Measurements in High Pressure Systems’ (W. W. 
Robertson) are also largely instrumental in character. 
There follows a chapter on “The Use of Electrical (dis) 
Charges in Chemical Synthesis” (W. L. Jolly), in which 
the types of discharge which can be used for the synthesis 
of difficultly accessible compounds are well described 
with many examples, and the first volume concludes 
with a very good account of the practice and application 
of “Differential Thermal Analysis” (W. Wendlardt). In 
all these the instrumental techniques are described in 
some detail and each review is both concise and well 
documented. 

Volume 2 was originally planned as a single chapter, 
but this was naturally impossible and the most important 
aspects of nuclear chemistry are described in eight sec- 
tions. Rather more than a third of this volume is devoted 
to basic nuclear physics and somewhat more space to the 
techniques of detection and measurement of ionizing ` 
radiations. The treatments of separation techniques and 
the “Strategy of a Separation” are extremely good. 
Concise accounts are also given of radioactive decay, the 
interaction of radiation with matter, the production of 
radio-nuclides and source mounting. The overall treat- 
ment is coherent and all aspects are dealt with in a com- 
petent manner, although I myself would like to have seen 
the significance of parity discussed and a few more terms 
defined for the lay reader, for example ‘clipping time’ on 
p. 124. There are very few points of obscurity (it is not 
really clear how much background reduction is effected 
by the anticoincidence ring (p. 166)), and no account 
seems to have been taken of the mass difference between 
the proton and the neutron in the discussion of mass 
surface and 6-decay energies. However, these are minor 
points, and the book serves as a good introduction to a 
subject which has undergone an enormous expansion in 
the past two decades. 

The third volume comprises four comprehensive reviews, 
the first giving a very useful account of the theory and 
practice of “Gas Chromatography” (W. W. Brandt), 
followed by an equally good account of “Electron Micro- 
scopy” (J. F. Hamilton). With the increasing use of radio- 
active materials in university and other laboratories, the 
two remaining chapters provide a good practical basis for 
the handling of such materials. The “Techniques of 
Handling Highly Active Beta- and Gamma-emitting 
Material” (D. C. Stewart) covers the problems of labora- 
tory design and shielding, as well as suitable systems for 
viewing and the problems of remote handling. Tho 
effects produced by radiation and the problems of decon- 
tamination are discussed in a very practical manner and 
the article provides an excellent summary of the field. 
“Glove-box Techniques” (C. J. Barton) covers the associa- 
ted problem of handling the more toxic «-emitters, where 
containment is generally of more importance, and there is 
a great deal of fully documented factual information on 
experimentation in these rather restrictive circumstances. 
The problems arising from glove-box emergencies such as 
fires and explosions, which can be quite disastrous in small 
boxes, are also discussed. Materials of construction for 
glove boxes are also described, but in so far as fibreglass- 
reinforced plastic boxes are concerned (p. 268), boxes 
made from these materials have been in use at the Atomic 
Energy Research Establishment, Harwell, for many 
years (Wolsher, Jackson and Carter, Atomic Energy 
Research Establishment unclassified document ES/M25, 
1958) and are available commercially in the United 
Kingdom. ' 

The three volumes are remarkably free of errors of any 
kind and the few typographical errors which have escaped 
the proof-reader are all of an innocuous nature. The 
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value of these well-produced books lies in the good 
coverage of each topic and in the extensive bibliographies 
at the end of each chapter. All are well worth reading, for, 
even if the reader has not had occasion to use the tech- 
niques described, a potential application may well become 
apparent. K. W. BAGNALL 
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IS YOUR JOURNAL REALLY 
NECESSARY ? 


Survey of Progress in Chemistry 
Vol. 1. Edited by Arthur F. Scott. Pp. xii+340. (New 
York: Academic Press, Inc.; London: Academic Press, 
Inc. (London), Ltd., 1963.) 64s. 


N his preface the editor of this book states that his aim 
is “to improve the transmission of new material to 
the college chemistry teacher”. Borrowing a simile from 
J. D. Bernal, he views the traditional dissemination of 
+ chemical information through ‘scientific journals as being 
i on a par with the most primitive level of wind pollination 
E in certain plants. He hopes that the Survey will provide 
a more advanced mechanism corresponding to the selec- 
tive stage of insect pollination where with far less pollen 
more gets to the right flowers. The flowers he has in 
mind are the slightly faded or highly specialized blooms 
of those who completed their graduate studies about ten 
years ago. The articles in the Survey are not intended to 
be the usual type of review article but are meant to let 
chemists know what is happening outside their own fields 
of specialized activity. 

Volume 1 contains seven articles. The first one by 
Riley Schaeffer is entitled “New Research Tools of 
Chemists” and deals with nuclear magnetic resonance, 
electron spin resonance, mass spectrometry, X-ray, 
neutron and electron diffraction, spectroscopy and optical 
rotatory dispersion, all in 33 pages. The principles, 
principal uses and limitations of each method are clearly 
and concisely described; but several times the reader has 
to be content with a promise that one or other of the 
methods will have a whole article to itself in a future 
volume of the series. All in all, this was a satisfying 
hors-d’ œuvres, tasty and varied but leaving one asking for 
more. 

The second chapter on “High-Temperature Reactions” 
is by Alan W. Searcy. It describes the application of 
thermodynamics to high-temperature inorganic reactions. 
The important part that entropy plays is quite rightly 
emphasized. The way in which heats of formation 
pe. for a series of compounds, for example, the oxides, vary 
across the periodic table is described and discussed. By 
combining these AH and AS terms patterns of behaviour 
for different metals with one or two non-metals can be 
discerned and explained. This is an excellent article, 
which brings fresh insight and order to the field of inor- 
ganic chemistry by applying simple thermodynamic 
concepts, which the college teacher should still remember 
from those semesters ten years ago. 

Another excellent article is ‘Structure and Valence” 
by R. E. Rundle. Supporters of the valence bond and 
crystal field theories may not be so enthusiastic, for Dr. 
Rundle starts with the Lewis theory of valence—the 
inert gas rule and the electron pair bond—and describes 
how these concepts are modified by molecular orbital 
theory to explain electron deficient compounds, transition 
metal complexes and outer ‘d’ orbital compounds. He 
produces convincing arguments to show that the last- 
5 named are mis-named, and that such compounds as SF,, 

PCl;, and the polyhalides can all be explained by molecular 
orbital theory without using outer ‘d’ orbitals at all; the 
similarity of the explanations for SF, and for the others 
might have been made clearer by giving the full molecular 
orbital diagram for I,-. 
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The fourth chapter on the “Metallocenes” by William 
F. Little is about twice as long as most of the others and 
contains three times as many references ; it is sound, 
conscientious, and detailed. 

Kenneth B? Wiberg writes on ‘‘Oxidation~Reduction 
Mechanisms in Organic Chemistry”. After explaining 
the kinetic hydrogen isotope effect, he deals with the 
different types of mechanism, for example, hydride, 
hydrogen atom, and electron transfer. The explanations 
are clear and illustrated with many examples; perhaps 
more attention could have been paid to the differences 
between one and two electron oxidants. 

“The Chemistry of Biological Energy Transfer” is a 
large subject. William P. Jencks starts well by explaining 
“the provincial dialect” used by biochemists and the role 
of the high-energy bond. He describes the sources of 
useful energy in biological systems, and the extent of 
our rather scanty knowledge on how chemical energy is . 
used in muscle contraction, the transport of electrolytes. 
the generation of electricity for nerve conduction. and 
bioluminescence. But his main section is on group transfer 
reactions; these are reactions whereby groups like phos- 
phate or acyl are transferred from one compound to 
another, sometimes retaining an energy-rich bond and 
sometimes not. This section is like a high-quality valise 
used as a cabin trunk. The excellent articles which 
appear from time to time in the Scientific American show 
that one needs plenty of space to explain biochemistry to 
the non-specialist. It is perhaps significant that while 
other contributors end their articles with summarios or 
conclusions the heading chosen by Dr. Jencks is “Future 
Developments”. 

The final article by Rudolf M. Salinger is on the Grignard 
reagent. One of the unresolved problems which used to 
puzzle the sophomore ten years ago was the structure of 
the Grignard reagent. Its nature, in ether at least. now 
appears to be clear, and the evidence is lucidly presented 
by Dr. Salinger. He also describes what is known about 
the mechanisms of its reactions. These will provide 
material to puzzle sophomores and others for some time 
to come. 

Libraries have little choice; they will have to purchase 
this book. But, judging by the first volume, there can 
be little doubt that individuals will also wish to pay their 
sixty-four shillings. For the future, let us hope thet the 
editor does not forget his preface. W. J. ALBERY 


ORGANOBORON CHEMISTRY 


Organoboron Chemistry 

By Howard Steinberg. Vol. 1: Boron-Oxygen and Boron - 
Sulfur Compounds. Pp. xxxii +950. (New York and 
London: Interscience Publishers, a Division of John 
Wiley and Sons, Inc., 1964.) 248s. 


HE author’s title refers to all boron compounds 

containing carbon which is associated with other 
atoms, as in organic chemistry. Not only may the boron 
atom be attached to oxygen, which in‘turn is attached to 
a hydrocarbon group, but it may also be attached to the 
nitrogen atom of an amino-group; and, of course, the 
hydrocarbon group itself may carry a variety of atoms 
or groups. As boron is normally trivalent, and by co- 
ordination can be quadrivalent, and as three or four differ- 
ent groups can be attached to boron, the patterns must 
be as varied and subject to the same principles of order 
as the whole of organic chemistry. Not only are publica- 
tions on organic compounds containing boron increasing 
at a fantastic rate, but also the types of organic com- 
pounds becoming involved show that the whole of organic 
chemistry is coming under review with regard to the 
influence boron might have on the properties. To illustrate 
this trend, one needs only to mgntion as very recent 
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examples the asymmetric synthesis-of 2-butanol by the 
hydroboration of «-pinene, the formation of 3-a- and 
3-8-chlorocholestanes by, the action of boron trichloride 
on 3-a-methoxycholestane, the mode of addition of hydro- 
gen bromide to an olefine group attached to dialkoxy- 
boron groups, and the significance of the formation of 
an increasing variety of hetero-atom rings. It is helpful, 
therefore, to have all these points in mind when approach- 
ing this extensive work of three volumes dealing with 
organoboron chemistry. 

Organoboron chemistry has a*long history. In 1824 
Berzelius noticed an ether-like odour when boron tri- 
chloride and ethanol were mixed, and the first report of 
the isolation of organoboron compounds, three simple 
alkyl borates, was published by Ebelman and Bouquet 
in 1846. Most chemists will remember the green flame 
test for boric acid, due to the burning of ethyl borate. 

_ No doubt they will recall, too, the use of boric acid to 
show that in «-p-glucose “the mobile OH group is cis to 
its neighbour”. Indeed, under the influence of Boeseken 
during the early decades of the present century, consider- 
able knowledge of the boric esters of polyols was developed, 
with all the structural ramifications of rings and chains; 
but in all this the emphasis was on the chemistry of 
polyols. During the past fifteen years this field of chemistry 
has come under review as organoboron chemistry. About 
fifteen years ago interest quickened, and the rate of pub- 
lication has increased, as the author puts it, almost 
exponentially. There are five outstanding reasons for 
this growth: discovery and use of the borohydrides as 
reducing agents; the potential use of boron hydride 
rocket fuels; the search for high-temperature resisting 
boron polymers; the high neutron cross-section of boron; 
and the spectroscopic features of boron compounds, 
including nuclear magnetic resonance, and isotopic split- 
ting effects. 

The series named Organoboron Chemistry comprises 

. three volumes: Volume 1, now reviewed, is mainly on 
boron—oxygen compounds, with some reference to the 
analogous sulphur compounds; volume 2 is to be on 
boron-nitrogen and boron—phosphorus; and volume 3 on 
boron—carbon compounds, (that is, with boron linked 
directly to carbon). 

Volume 1 comprises 950 pages devoted almost entirely 
to esters, halogeno-esters and anhydrides essentially de- 
rived from boric acid and boron trihalide. Of course, there 
are rings and chains and rings connected by chains, and 
the author has presented the structures very clearly by 
the use of well-spaced graphic formule in which the 
alicyclic and aromatic rings are fully drawn. Quick page 
turning gives a panoramic impression such as one would 
get from a well-illustrated book on organic chemistry. 
For example, one sees the formule (I) and (If). Two 
hundred pages are on symmetrical orthoborates of mono- 
hydric alcohols and phenols, another fifty on the poly- 
hydric analogues; and then come the unsymmetrical 
orthoborates. The last entail such structures as (ILI) 
involving the incidence of aromaticity, and (IV) involving 
,00-ordination (chelation) effects. One has to keep in mind 
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classification based on boron and that based on con- 
ventional usage in organie chemistry. For this reason, 
nomenclature requires much patience; and the author 
has made a commendable attempt to guide the reader, 
who will need to refer frequently to the rules. 

Alkoxyboranes are discussed, and the hydroboration 
of olefines as a route to alcohols of necessity involves 
the chemistry of boric esters, as does the reducing effect 
of borohydrides. The sparse information about sulphur 
analogues has been well summarized. 

The list of contents carries helpful detail, and the 
corresponding headings in the text are well spaced. For 
quick reference, the book is easily scanned; and there 
is a comprehensive list of references. 
tion has been directed to methods of preparation, physical 
properties (constants), mechanisms and points on struc- 
ture. It is immaterial that one might here and there 
find grounds for controversy; the main feature is that 
the information given is based on excellent authority 
commensurate with the author’s long association with 
the U.S. Borax Research Corporation. 

There is much here that organic chemists urgently need 
to look at. Not only should the book be in the library, 
but it should also be on the bookshelf in every laboratory, 
and there is no doubt it will be referred to with increasing 
frequency as the full impact of organoboron chemistry 
becomes felt. At the price, few individuals will come to 
possess the series; but for the library and laboratory 
it marks a source of information which will be of increasing 
significance during the years immediately to come. 

W. GERRARD 
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MECHANISMS OF OXIDATION 


Mechanisms of Oxidation of Organic Compounds 

By Dr. W. A. Waters. (Methuen’s Monographs on 
Chemical Subjects.) Pp. 152. (London: Methuen and 
Co., Ltd.; New York: John Wiley and Sons, Inc., 1964.) 
25s. net. 


XIDATION, whether as a disruptive art or as an 

adjunct of synthesis, is perhaps the most widely 
used process of organic chemistry. It has been tailored 
to specific aims, to selective action, to gentleness or 
violence; yet, as continuing discovery shows, its potenti- 
alities are unexhausted and, beyond the laboratory, 
enzymatic oxidation presents a constant challenge to 
understanding and emulation. Moreover, at all points, 
understanding requires knowledge not merely of what 
oxidation does but of how it does its work. 

Dr. Waters has made extensive contributions to this 
branch of chemistry, and from his wide experience he 
writes now for the organic chemist. To contain within a 
slim volume a subject which is so large and pervasive he 
has to choose his objective carefully and, no less, his 
approach. Confining his attention to reactions which 
occur in homogeneous liquid systems he discusses oxida- 
tion, whether homolytic or heterolytic, as it occurs at 
particular units of organic molecular structure. In his 
hands this simple plan and the systematizing use of 
reaction mechanisms lead to a remarkably lucid and 
coherent exposition of a complex subject. airs 

Early chapters deal with the general nature of oxidation 
reactions, with direct oxidation of carbon—hydrogen 
bonds (autoxidation and homolytic halogenation), and 
with the reactions of peroxides. These are followed by 
chapters on the diversified oxidation of alcohols, on cleav- 
age of glycols, on oxidations of aldehydes, ketones and 
carboxylic acids, with final chapters on oxidation of 
unsaturated compounds including aromatic hydrocarbons, 
phenols and anilines. Within these chapters, as a glance 
at the index confirms, many of the “named” reactions of 
organic chemistry—to say nothing of its reagents, 
“named” or ordinary—fall naturally into place. Inevit- 
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ably, a particular oxidant may appear in several contexts, 
but it is at once a fascinating feature of the book and a 
tribute to its sound construction that a theme, approp- 
riately introduced, recurs with expanding significance in 
subsequent chapters. Always the emphasis is on 
mechanism, derived whenever possible from the results 
of kinetic or isotopic studies, and discussed with a 
proper regard for the importance of its stereochemical 
implications. But of all the pleasing features of this 
monograph none is more praiseworthy than the splendid 
choice of illustrative material. This is drawn, with com- 
plete disregard for artificial boundaries, from organic and 
inorganic chemistry and from biochemistry alike; and by 
its broad perspectives gives new meaning even to the 
more familiar topics. Present-day developments, specific 
applications and, above all, interpretation of enzyme 
behaviour in terms of chemical models, enrich and instruct 
throughout. 

Dr. Waters is to be congratulated. He should count as 
his grateful readers all organic chemists, and all biologists 
too, who seek to understand he organic chemist’s point 
of view. ‘Truly a notable book! J. D. LOUDON 
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SHAPING METALS BY EXPLOSIVES 


Explosive Working of Metals 

By Prof. John S. Rinehart and John Pearson. Pp. viii + 
351. (London and New York: Pergamon Press, 1963.) 
100s. net. 


URING the last quarter of the nineteenth century, 
and extending into the first quarter of this one, the 
effect of explosives on metals was largely the concern of 
the suppliers of military equipment, who were for ever 
battling to produce armour-piercing shells of greater 
penetrating power, and more resistant armour to render 
them ineffective. Initially these developments concerned 
the heavily armoured battleships equipped with heavy 
guns, but later the tank and the aerial bomb appeared, 
requiring rather less heavy armour in the first case and 
different conditions of penetration in the latter. During 
the Second World War, the new weapon, in the shape of 
the nuclear bomb, still retained some use of conventional 
explosives, but for a different purpose. Explosive working 
is taken to cover shaping, cutting, joining, and the 
possible changes in metallurgical and engineering pro- 
perties of material, by use of explosive energy. 

One of the earliest civil applications of explosive work- 
ing was that of the engraving of iron plates. In more 
recent times, pressings of generally shallow curvature in 
heavy section steel plates were carried out at least in 
part by explosive forming. Only in the past decade, 
however, has the development spread to many industrial 
forming operations, largely owing to the demand from the 
space and missile field. The reduction of structural weight 
is of the utmost importance to both aircraft and space 
vehicles, and in the latter category, improvement in the 
power-to-weight ratio largely determines the advances 
made in rocketry, whether for civil or military purposes. 
The essential factor here is the production of a thin shell of 
high-strength material, often with complex curvatures 
and changes in section. The best techniques of forming 
from rolled sheet cannot provide the requisite strength 
and shape without expensive non-destructive testing and 
handworking operations. Explosive forming can fabricate, 
in one operation, the complete component, with the maxi- 
mum strength and retention of properties. 

Explosive forming is not confined to sheet metal, but 
can be carried out on plate, powder compacts, or billets. 


` Many of the newer metals and alloys, for which there was 


no background knowledge of the fabrication concerned, 
could not be shaped into more complex components 
without welding, or other methods of joining, the separate 
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portions. Explosives can form and weld such materials. 
many of which have very high melting points. From an 
economic point of view, the cost of this new technique 
may prove much less than conventional methods (in. spite 
of the obvious precautions which must be taken), par- 
ticularly where one-off or short runs of components are 
involved. .The knowledge gained from conventional 
techniques is not wasted with respect to forming 
by explosives; in fact, the most successful of the new 
methods have often been developed from the old. 

The authors of this volume divide their approach into 
two parts, the physical basis and the engineering funda- 
mentals and practice. In each case, the two ends of the 
spectrum of operations, stand-off and contact, are dealt 
with separately. Stand-off refers to the separation of 
the charge and workpiece by an intervening medium such 
as air, oil, or water. In contact operations, the charge is 
in intimate contact with the material to be farmed. Such * 
operations still fall largely into the realm of development. 
Variations in pressure result from the two types of appli- 
cation, and, in addition, the shock waves transmitted 
also affect the mode of deformation of the material. An 
understanding of these effects is largely the purpose of this 
book, and presumes a prior knowledge of plastic flow and 
fracture behaviour, including the effect on microstructure. 

The study of shock waves, their distribution, reflexion, 
and structural effects, is quite a fascinating story, well 
illustrated with diagrams and photographs in this par- 
ticular case. The increase in yield stress of a metal which 
results from deformation under rapid rates of straining 
can be illustrated in terms of the ductility of mild steel. 
Elongation in the annealed condition, roughly 70 per cent, 
is lowered to about 15 per cent under a pressure of 3 
million Jb./in.?. The more ductile materials, particularly 
pure metals, suffer less change in ductility. Transforma- 
tion changes in alloys have been shown to be affected by 
explosive charges, particularly in iron and steel. (Similar 
changes in meteorites have been investigated in the light 
of these reports.) The future potential of explosive 
working is covered in the final chapter, together with an 
appraisal of the appropriate place of the technique in 
industrial processes. It appears that, in ten years, the 
new method has progressed from odd experiments with 
‘ditching dynamite’ to regular production work with 
high explosives of the type used in military operations. 

This technique of explosive working promises to be not 
only a most important step forward for the future develop- 
ment of fabricated metal components, but is also likely 
to add to metallurgical understanding in the realm of 
high strain rate deformation, and this new volume makes ` 
an excellent introduction to the subject. 

C. R. Tortie 


THE BIOCHEMIST AND THE ENGINEER 


Biochemical Engineering 

By Dr. F. ©. Webb. Pp. viii+743. 
Nostrand Company, Ltd.; Princeton, N.J.: 
Nostrand Company, Inc., 1964.) 120s. 


HO could be better suited to write a book with 

this title than the first Guinness lecturer in bijo- 
chemical engineering at University College, London ? 
The inevitable result of the ever-widening spheres of 
knowledge within each scientific discipline, so far as text- 
book writing is concerned, has been the production of 
works composed of chapters written by a variety of 
specialist authors. On these grounds it might be con- 
tended that the work now under review cannot be 
adequate and that its two dozen chapters should have 
been contributed by nearly as many authors. But would 
it not, in this instance, have been an admission of defeat ? 
Biology, so long a cock-shy as ag ‘inexact’ science, has 


(London: D. Van 
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been until the past two-or three decades poles apart 
from engineering: now we are witnessing an inevitable 
marriage. It is not surprising that this was so. The 
outlook of the biologist and that of the engineer used to 
be so different. The oldest fermentation industry in the 
world is brewing, and a brewer (he may be surprised to 
learn) is an applied biologist. Until recently he tended 
to view his engineer as one whose conception of a well-run 
paradise was a factory fitted with a plethora of pumps 
and pipe lines; the engineer regarded the brewer as an 
ignorant despot, living entirely’ on inherited and im- 
perfect ‘know-how’. 

Why has a marriage of biology and engineering become 
inevitable ? The table of contents of Dr. Webb’s book 
gives the answer. Although some of the topics are far 
from new, others, such as antibiotics, are not only com- 
parative newcomers, but may be said to have forced this 
- getting together of biochemistry and engineering. Bio- 
chemists and microbiologists should be thankful for the 
union; they aré now so much concerned with working 
under sterile conditions with pure cultures in large-scale 
industrial operations. 

The older biologist, unused to the intrusion of mathe- 
matics into his subject and flicking over the pages of 
Dr. Webb’s book, should not be put off by the appearance 
of symbols and equations; they are not so bad as they 
look. The younger biologist should be able to take them 
in his stride. The book is based on a one-year post- 
graduate course for students who have read chemical 
engineering or biochemistry and should be just the thing 
for anyone destined for the technical side of certain 
industries. As for the structure of the book, after an 
introductory chapter and one on living processes, there 
is a very important section on the control of micro- 
organisms: this is particularly commended to chemical 
enginsers engaged in the food and drink industries. The 
following chapter on the nature of proteins and enzymes 
may be new to the engineer reader, while the next sec- 
tions, on colloids and electrophoresis, emulsions and 
reaction kinetics, contain much material for both the 
engineer and the biochemist. Chapters on energy and 
biological systems, mass transfer and heat transfer are 
obviously of real practical importance, as given examples 
illustrate, and the two following chapters, on air com- 
pression and cleaning, and on disinfection by chemical 
methods, are of greater importance now than they have 
ever been. The bacteriological condition of the atmosphere 
in hospital wards and operating theatres has in recent 
years attracted much attention, while large-scale manu- 
facture of antibiotics and the development of continuous 
fermentation and continuous culture of micro-organisms 
demand infection-free operation. 

The next chapters are concerned with methods of 
preservation and treatment, including radiation pro- 
cedures: dielectric heating and thawing as applied to food- 
stuffs, sterilization by ultra-violet radiation, and the use 
of high-energy radiation in a wide variety of fields is 
enumerated. The trouble with many physical methods 
of preservation of food and drink is sometimes the adverse 
effect on flavour and appearance. 

After a full chapter devoted to isolation of products 
and a somewhat brief one on equipment design, there are 
six chapters devoted to specific products: commercial 
enzymes, yeasts, antibiotics, other fermentation products, 
vaccines and effluent disposal. In view of recent legisla- 
tion, this last-mentioned. topic is much in the minds of all 
works managers and engineers at the present time. 

In a work covering so wide a field, certain minor 
inaccuracies must be tolerated. For example, on p. 615, 
the Candida utilis, major strain was not @ genuine poly- 
ploid mutant, and in practice it quickly reverted to normal 
cell size. Also, it is believed that production of food 
yeast has unfortunately ceased in India. On p. 621, 
line 11, it should be the boiled wort which is allowed to 
settle: in British bregying the term ‘liquor’ is reserved 
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for water only. A reference to the use of gibberellic acid 
in malting as a ‘control’ of germination is a trifle quaint. 
Would it not be more, accurate to call the substance a 
stimulant to the production of hydrolytic enzymes 
associated with the aleurone layer during germination ? 
But perhaps this is too recent a conception. 

On present standards the book is not costly. It is well 
furnished with figures and tables. The bibliographies at 
the end of each chapter should be useful for those inter- 
ested in further reading: they are divided into text- 
books, reviews and papers: no attempt is made to 
demonstrate the author’s painstaking literature-search by 
listing every conceivable paper that has ever been pub- 
lished on each subject. The author himself spent many 
years in industry and he can now do much to help it 
further, given sufficient support in the form of a con- 
tinuous supply of postgraduates who can benefit from 
such a valuable course in biochemical engineering. 

H. J. Bunker 
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TRACER TECHNIQUES IN HYDROLOGY 


Radioisotopes in Hydrology 

(Proceedings of the Symposium on the Applicationg of 
Radioisotopes in Hydrology held by the International 
Atomic Energy Agency, Tokyo, 5-9 March, 1963.) Pp. 
459. (Vienna: International Atomic Energy Agency; 
London: H.M. Stationery Office, 1963.) 189 schillings; 
548.; 9 dollars. 


Df agente else KB in Hydrology is a well-presented 
and informative book compounded of twenty-seven 
papers which are, in the main, based on case histories of 
actual experiments. The majority of the papers are 
written in English and the remainder in French. Each 
paper is preceded by a short abstract in English, French, 
Russian and Spanish, and each paper or, in some cases, a 
group of papers is followed by a discussion. The partici- 
pants in the symposium were drawn from a variety of 
countries including Britain, the United States, France, 
Japan, Israel, the Federal Republic of Germany, Italy, 
Indonesia, the Netherlands, Thailand and the Philippines. 

Four of the papers are concerned with the use of radio- 
isotopes in stream-flow measurements in, which the 
underlying principle is that of the method of salt dilution. 
The methods give results as accurate as those obtained 
with more conventional methods and are of particular 
value in streams where submergence.or a shifting bottom 
profile make it impossible to establish a stage-discharge 
relationship. Information is given on various tracers and 
techniques. Timblin and Peterka include in their paper a 
proposal for an automatic stream gauging station. The 
dilution principle can be used in other applications, and a 
paper by Smith and Clark concerns an investigation. of the 
hydraulics of an undergound pool. By mixing a known 
amount of the tracer, in this instance iodine-131, informa- 
tion was obtained on the volume of the pool and on the 
subsequent fresh water and tidal throughputs. 

Some thirteen papers are concerned with applications in 
ground-water hydrology and discuss radioisotopes used 
either as tracers in the conventional way or in order to 
date ground-water. Tracer techniques utilizing dyes or 
salts have been used for many years, but the convenience 
and ease of detection of radioisotopes, even at very low 
concentrations, have greatly extended the application. The 
various papers include discussions on the general tech- 
niques as well as the results of particular investigations. 
Among these may be mentioned a paper by Moser, 
Neumaier and Rauert describing a method for measuring 
the flow velocity across a filter tube by mixing the water 
in the tube with a radioactive tracer and observing the 
rate of deconcentration. The method can further be 
adapted to the measurement of a vertical flow rate if this - 
occurs. Investigations on the dating of ground-water by 
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the concentrations of naturally occurring isotopes are of 
great potential importance in determining the size and 
recharge of ground-water reservoirs. Tritium is the main 
isotope used in this connexion, but present research is 
considering the use of carbon isotopes. Two papers are 
concerned with investigations using the latter isotopes, 
and in the paper by Munnich and Roether, simultaneous 
measurements were made of both tritium and carbon-14 in 
the same sample. 

The third main field in which the use of radioactive 

_ isotopes is at present being explored is in the movements 
of water-borne sediments. The application is a simple one 
when ysed qualitatively and will show the direction as 
well as some measure of the speed of sediment movement, 
but meets with considerable difficulties in attempting 
quantitative measurements. Three papers describe experi- 
ments designed to measure sediment movements, two in 
rivers and the third marine. The general principle behind 
most of these methods is equivalent to that in the measure- 
ment of liquid discharge, and the technique includes the 
incorporation within the sediment of suitably labelled 
particles. Lean and Crickmore used glass particles in 
which a small percentage of scandium is included. Another 
application in the field of sediment movement is described 
in a paper by Ariizumi and Kondo, who used a gamma-ray 
densimeter suspended in a tube driven into the bed of a 
river by which the boundary face between the water and 
the river bed was determined and whereby information 
could be obtained on the variations of the river bed during 
flood. 

The Proceedings of this symposium well illustrate the 
wide field of possible applications of radioisotopes tech- 
niques afd, in view of the present emphasis on hydrological 
investigations, a rapid development is to be expected in 
their use. It is of particular value, therefore, that these 
twenty-seven papers which might normally have been 
distributed in several different journals should be aggre- 
gated in a single collection. E. WRIGHT 
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PROTEINS IN MEDICINE 


Dysproteinämien und Paraproteinämien 

Grundlagen, Klinik und Therapie. Von Prof. Dr. med. 
Ferdinand Wuhrmann und Dr. med. Hans Heinrich Märki. 
Pp. 851. (Basle und Stuttgart: Verlag Schwabe and 
Co., 1963.) n.p. 


HIS fourth edition of Die Bluteiweisskörper des 

Menschen has changed its title, its co-author and a 
great deal of the text, hence it ought to be treated as a 
completely new publication. As such it deserves careful 
study and, in my opinion, it is well worth the effort, 
whether the reader be engaged in laboratory work or in 
the clinical management of patients. 

Two hundred of the 772 pages of text are devoted to 
basic physiology and chemistry of the proteins. This 
essential knowledge has been admirably presented; the 
style is lucid and the diagrams are helpful—were it not 
for the language barrier one would strongly recommend 
this text to final-year medical students. 

Not quite so much praise can be given to the section 
on analytical methods; the presentation here is uneven. 
For example the copper sulphate specific gravity method 
for total protein determination isnot mentioned, quan- 
titative ‘salting-out’ techniques are not discussed, neither 
are nephthelometrie nor spectrophotometric techniques 
described which have been used for special procedures in 
quantitative protein assay work. On the other hand, 
prominence is given to the non-specific flocculation 
techniques, a dozen of which are described in detail; the 
latest addition here being the ‘reticulo-endothelial index’ 
of Sandor. 

Paper electrophoresis is described in detail, but no 
mention is made of cellulose acetate as a supporting 
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medium. Immuno-electrophoresis in agar gel is fully 
described. and the interpretation of the results of this 
relatively new technique is tarefully reviewed in the 
clinical section. Some of the illustrations, however, seem 
repetitive, yet others like urine and cerebro-spinal fluid 
immuno-electrophoretic patterns are regrettably absent. _ 

The main part of the book deals with the vast field of 
protein disorders and cannot be reviewed here in det ail. 
It is admirable for its clarity of thought and expression, 
though some of us would quarrel with the over-zoalous 
drive at classification. A chapter on treatment is a new 
venture in this edition, and shows more clearly than any 
other the gulf that exists between British and Continental 
medicine. This is to be found not so much in a diversity 
of therapeutic agents but rather in the reasons for which 
they are used. 

These minor criticisms do not detract from tho value 
of the book as a whole. It is a welcome addition to the 
clinical literature and should appear in translation. ‘The 
publishers are to be congratulated on a most attractive 
and faultless production. E. Kawerav 


INDUSTRIAL PLASTICIZERS 


industrial Plasticisers 
By Ibert Mellan. Pp. ix+302. (London and New York: 
Pergamon Press, 1963.) 70s. net. 


HERE is a need for an authoritative British book 

on. plasticizers, in that there have been considerable 
developments in this field since the publication of Doo- 
little’s work ten years ago. Dr. Mellan’s book is a dis- 
appointing answer to this challenge. It provides a largely 
uncritical collection of the semi-technical data available 
from American plasticizer manufacturers. and tables 
describing the behaviour of plasticizers with the major 
resins and polymers, which have already been published 
elsewhere, are collectively reproduced in this volume. 

The book is rather unattractive in its layout. There 
is no preface, and the groups of plasticizers are arranged 
in alphabetical order, with no chapter headings, and fre- 
quently no general discussion on the class as a whole. 
This results in adipates and sebacates appearing in 
different sections of the book, with no indication that these 
materials have similar properties and applications. Even 
the alphabetical order is not strictly adhered to. since 
phthalates precede phosphates, and towards the end of 
the book all semblance of order disappears. It is sur- 
prising that the author devotes 8-9 pages of text to 
nitrocellulose, while giving only a little more than a page 
to polyvinylchloride/polyvinylacetate co-polymers and 
nothing at all to straight polyvinylchloride polymer. 

Only those materials manufactured in the United 
States are mentioned; this is perhaps understandable, 
but it is surprising that there is not a single reference 
to any work published outside the United States. The 
information given on each individual plasticizer is rather 
typical of that shown in manufacturers’ technical litcra- 
ture, in giving too wide a range of uses, and not always 
clearly indicating where the major uses lie and for what 
reasons. It also suffers from the inevitable disadvantage 
that the physical properties given are not al] in com- 
parable units, and boiling points of different materials 
are frequently given at different pressures. 

Since a number of new products have appeared in the 
past ten years, this book is of value. since it does form 
an up-to-date and useful collection of data on the plasti- 
cizers at present available in the United States, which are 
substantially the same as those available in Britain. 
together with a useful collection of recently published 
American work. Thus, in spite of its shortcomings, it will 
probably find its way into the libraries of most workers 
interested in this field as an up-to-date list of plasticizers 
available in the United States. » R. J. WickER 
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Progress in Medicinal Chemistry 

Vol. 3. Edited by Dr. G. P. Ellis and Dr. G. B. West. 
Pp. x+407. (London: Butterworth and Co. (Pub- 
lishers), Ltd., 1963.) 80s. > A 


OLUME 3 of Progress in Medicinal Chemistry con- 
siders seven topics. These are: some chemical 
aspects of neuromuscular block, by J. B. Stenlake, 
which is complementary to a chapter on the pharmacology 
of neuromuscular transmission that appeared in the 
preceding volume; the chemotherapy of trypanosomiasis, 
by L. P. Walls; antitussive drugs, by C. I. Chappel and 
C. Von Seeman; the chemistry and pharmacology of the 
Rauwolfia alkaloids, by R. A. Lucas; statistics as applied 
to pharmacological and toxicological screening, by G. A. 
Stewart and P. A. Young; anticonvulsant drugs, by A. 
Spinks and W. S. Waring; local anesthetics, by S. 
.Wiedling and C. Tegnér. : 

In a book’ which brings together such diverse subjects 
it would be invidious to make comparisons, and it may 
suffice to say that these reviews are competently written 
and contain a vast amount of factual information docu- 
mented by nearly 2,500 references. It is also indicative 
of where the greatest interest is shown in medicinal 
chemistry at the present time that the authors of six of 
the seven chapters are employed in industrial pharma- 
ceutical research establishments. Several authors con- 
clude their chapters on a note of regret that there is so 
little in the way of fundamental biological knowledge to 
guide the painstaking search for new and better drugs, 
and discussion centres largely around structure-activity 
relationships that have been established empirically. 
This is still unfortunately so, and it is to be hoped that 
molecular biologists, when they have solved their present 
fashionable problems, may turn to the structure-activity 
relationships of drugs, and so help to prepare the blue- 
prints for the drugs of the future and to explain satisfac- 
torily how those we already have really function. 

There is material of interest for organic chemists, 
biochemists, pharmacologists, and clinicians in this 
volume. J. WALKER 


Inorganic Complexes 
By Chr. Klixbill Jørgensen. Pp. v+220. (London and 
New York: Academic Press, 1963.) 42s. 


dl bee appearance of a new book by Dr. Jørgensen. is 
always a matter of interest to inorganic chemists, 
and Inorganic Complexes is no exception. The book is 
intended to survey recent progress in the understanding 
of chemical bonding and to review the preparation of 
new inorganic complexes. The discussion is based essen- 
tially on the absorption spectra of complexes treated 
within the framework of molecular orbital theory. The 
compounds are classified according to the concept of 
‘inorganic chromophores’. Thus, following a short 
introduction (which includes two pages of corrections to 
one of the author’s earlier books), the chapters are 
arranged according to the ligand atoms attached to the 
metal. For example, separate chapters are devoted to 
aqua hydroxo and oxo complexes halo complexes, nitro- 
gen-donor ligands, sulphur-donor ligands, ligands of low 
electronegativity (including hydrogen, phosphorus, arsenic, 
selenium and tellurium donor ligands), and finally there 
is an interesting chapter on intermetallic bonding and 
co-operative effects. An immense amount of data is 
referred to in this book (there are nearly 1,200 references, 
the latest of which appeared about June 1963), but I 
feel that this division of chapters is indeed a useful one. 
The material is interspersed with data on formation con- 
stants and it also includes a discussion of the rare-gas 
compounds. , 

The book is well produced, and very usefully indexed, 
there being separate indexes based on “General Subjects”, 
“Central Atoms”, and “Ligands”. In fact, it would 
appear that the extenstve referencing and indexing are 
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the most valuable features of the book to research workers 
in inorganic chemistry. The English has a tendency to 
be stilted, and in some cases the comments are too 
brief to be very useful; for example, it is not of much 
assistance to say only that “X. wrote a review on a 
certain subject”, without at least saying whether it is a 
good or bad review. 

The text appears to be relatively free of errors, but the 
discussion of the diamagnetism of ReH,- on p. 147 is 
now irrelevant, because the ion has been shown by 
neutron diffraction experiments to be ReH,* (ref. 1). 
The discussion of the diarsine on pp. 161-63 does not 
mention one of its more surprising properties—that of 
stabilization of the co-ordination number eight with 
titanium and vanadium. On p. 126, Co(CO),NO is 
written instéad of Co(CO);NO, and on p. 150 the state- 
ment that ‘‘the stretching frequencies found in the infra- 
red spectra of these complexes (M(CO),X) are comparable 
to those observed for MX,?~” is meaningless without an 
indication that the comparison is pertinent only to the 
metal—halogen stretching vibrations. Ref. 96 should read 
(1963), p. 861”. 

Thus, while this book is rather too condensed for easy 
reading, it should prove to be a valuable asset to inorganic 
chemists as a reference book and for Dr. Jergensen’s 
interesting comments on many aspects of the subject. 

R. J. H. CLARK 


1 Abrahams, S. C., Ginsberg, A. P., and Knox, K., Inorg, Chem., 8, 558 (1964). 
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Introduction to Dynamic Morphology 
By Edmund Mayer. Pp.x+545. (New York and London: 
Academic Press, 1963.) 114s. 6d, 


‘HIS book is quite unlike any other. It is the pro- 

duct of many years of interaction between the author, 
an erudite pathologist, and representatives of the many 
varieties of scientist now engaged in biological and 
paramedical research. An increasing number of these 
have no knowledge of the morphological background 
that is second nature to the biologist who has graduated 
from within the subject. Dr. Mayer’s book explains for 
such welcome immigrants to biology the nature of this 
indigenous culture. His material is the anatomy, histology 
and fine structure of animals, considered functionally 
and developmentally; but he casts it into a form quite 
different from that of a systematic text-book. He 
organizes knowledge of morphology in terms of how 
structure is described and interpreted, in terms, that is, 
both of basic techniques and of basic ideas; and this 
leads him to many unexpected associations. The field he 
surveys is naturally enormous: we meet in fact the col- 
lected thoughts of an immensely experienced biologist 
who has thought a great deal about his experiences. He 
sets out his comprehensive knowledge with meticulous 
exactness and detail. His conclusions are not usually 
eye-openers for the graduate in biology, but they are 
supremely sensible. The total effect of the book may be 
a little overwhelming in its solidity and thoroughness, 
but it leaves a feeling of great respect for its author. 

M. ABERCROMBIE 


Paediatric Aspects, of Cerebral Palsy 
By T. T. 8. Ingram. Pp. xii+515. (Edinburgh and 
London: E. and S. Livingstone, Ltd., 1964.) 84s. net. 


‘HIS new book contains the results of a survey of 

Edinburgh children with cerebral palsy, a sequent 
study of the problems they encountered in later life, 
and an account of the etiology and clinical features of 
cerebral palsy in all its forms. Each major syndrome is 
described in detail and the relevant literature reviewed with 
particular emphasis on the work of nineteenth-century 
writers. Despite tht title, pediatric care and management 
are not dealt with, and it is less a text-book than a per- 
sonal treatise on cerebral palsy, expounding Dr. Ingram’s 
own views, which have become well known through his 
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writings in recent years. The excellence of the clinical 
descriptions and the clear, easily read prose amply com- 
pensate for a few minor blemishes, such as a tendency to 
overstatement and an unhappy addiction to the word 
‘unfortunately’. In the report of his survey, the author 
makes use of the system of classification devised by Balf 
and Ingram in 1955, which has much to commend it 
although it has not received wide acceptance. Terms 
such as ‘rigid-spastic tetraplegia’ are not in present-day 
use by most people working with spastic children and, 
intelligible though they may be to the initiated, they will 
scarcely commend the book to the unspecialized reader 
seeking to acquire a working knowledge of cerebral] palsy. 
Nevertheless, this volume is an important addition to the 
library of the specialist and the worker in daily contact 
with spastic children, its chief merits being’ the valuable 
historical reviews, the analysis of the antecedents of 
cerebral palsy and the wealth of descriptive detail, which 
bears testimony to the author’s extensive practical 
experience. R. G. MITCHELL 


No. 4939 


Paramedical Microbiology 

By Prof. Stanley E. Wedberg. Pp. xv +462. (New 
York: Reinhold Publishing Corporation; London: Chap- 
man and Hall, Ltd., 1963.) 54s. 


HIS book is intended for those studying pre-clinical 

nursing, medical technology and alied subjects. In 
consequence, it is, in the main, an introduction to medical 
microbiology, but, while this may be true of the theory, 
it is by no means always true of the practical aspects, 
which are often given in considerable detail. The contents 
of the book cover the following main topics: the structure 
and metabolism of bacteria; their cultivation; dis- 
infection and sterilization; the microbiology of water, 
sewage, soil, air and food; and descriptions of the main 
pathogenic bacteria and viruses. Chemotherapy, epi- 
demiology and immunity are treated more briefly. The 
fungi receive a little attention. The list of about forty 
references is well chosen on the whole, in view of the 
intended audience of the book, but it could profitably 
have been increased to at least twice the length. 

Of these chapters, those on disinfection and sterilization 
are the best. All the practical sections are sound, clear 
and detailed. Some sections are not very up to date 
(bacteriophages, for example), and a number of topics 
of present-day interest and increasing importance receive 
little or no attention (for example, bacterial genetics). 
There is a good deal of moralizing, though this is not 


necessarily a bad thing in a text intended to impress on ` 


students the importance of the subject in terms of human 
suffering. It is written in a clear, readable style with a 
pawky sense of humour, which may call forth varied 
reactions. The author has evidently taken a good deal 
of trouble to explain the reasons for many of the pro- 
cedures described. 

The book is excellently produced and reasonable in 
price. The illustrations are of a high standard, clear 
and well chosen. It can be recommended as an intro- 
ductory text in medical microbiology. P. H. A. SNEATH 


The Story of Edinburgh Zoo 

The Royal Zoological Society of Scotland and the Scottish 

National Zoological Park. An account of their Origin and 

Progress. By T. H. Gillespie. Pp. xii+ 123. (Slains, 

rane Michael Slains Publishers, Limited, 1964.) 
8. 


“Tic Zoological Society of Scotland was founded in 
1909; the Zoological Garden on Corstorphine Hill, 
Edinburgh, was opened on July 15, 1913, and the Society 
became the Royal Zoological Society of Scotland in 1947. 
Mr. T. H. Gillespie was a leading spirit in this venture 
and was the Society’s secretary and director of the Park 
until his retirement in 1950. 
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As Mr. Gillespie states in thé preface, it is desirable that 
the history of the Society and of the Park should be placed 
on record and with this everyone would agree, but even 
though these events must.be of an especial interest to 
those concerned with the Society, and no doubt to the 
citizens of Edinburgh, it is questionable whether they 
have such appeal to wider circles as to warrant the 
publication of a book. This material might be thought 
more appropriate to the archives and a chapter in the zoo 
guide. People interested enough to read about the zoo 
might also be expected to want to read about the animals 
kept there and much more might have been said about 
them. It is true that the author has already written on 
the king penguins (A Book of King Penguins, 1932), 
but among many other animals, several species of antarctic 
penguin have been kept in the gardens in considerable 
numbers over the years and many have been bred there, 
thus providing a valuable opportunity for their study. 

Photographs and drawings are included, and there is an 
appendix describing the Royal Edinburgh Zoological 
Gardens which existed from 1839 until 1957. 

; . J. YEALLAND 


Virus Diseases of Apples and Pears 

Edited by Dr. A. F. Posnette. (Technical Communica- 
tion No. 30 of the Commonwealth Bureau of Horticulture 
and Plantation Crops, East Malling.) Pp. xi+ 14l. 
(Farnham Royal: Commonwealth Agricultural Bureaux, 
1963.) 35s.; 5.25 dollars. 


YMPTOMATOLOGY occupies a peculiarly important 
place in plant virology. Often, characteristic symp- 
toms provide the only means of recognizing a virus disease; 
equally, the ability of viruses to cause characteristic 
symptoms in particular host plants is, presumably, a 
genetic property of the viruses and thus reflects funda- 
mental differences of a kind which will always have thoir 
place in any scheme of classification of plant viruses. 
Nevertheless, symptoms are merely the visible mani- 
festation of a virus disease and result from an interaction 
between pathogen and plant. 

It is common experience to find that a particular species 
displays apparently similar symptoms when infected 
with distinct viruses, and that one and the same virus 
may cause quite distinct symptoms in different varieties 
of the same species. Thus, symptoms do not, of them- 
selves, characterize a virus, but the error of using the term 
‘virus’ when virus disease is meant is still a common one 
and is not avoided by many of the contributors to this 
volume. In fact, as the editor himself says in his intro- 
duction, little or nothing is known of the viruses which 
cause diseases in apple and pear and it is not at all unlikely 
that diseases now considered distinct may have similar or 


- related causes. But this is the only substantial criticism 


of an otherwise excellent handbook which shows every 
evidence of the care which must have gone into its pro- 
duction. 

Virus Diseases of Apples and Pears provides, at a 
modest price—considering the quality of the coloured 
plates and photographs—a conspectus of the various virus 
diseases of apple and pear so far described, contains much 
hitherto unpublished information and is furnished with 
a useful bibliography. This handbook should be of value 
both to those who work with these crops in the field 
and to those who wish to gain an acquaintance with 
progress in this specialized branch of fruit-tree pathology. 
It has the merit of having been compiled by specialists 
under the general editorship of Dr. A. F. Posnette, and, 
wisely, has been issued in loose-leaf form to allow for 
future additions and amendments without the attendant 
cost of re-editing and reprinting the entire volume. 
Considering that, twenty years ago, the existence of virus 
diseases in pome fruits was scarcely recognized, this 
handbook is a remarkable record of progress in their 
recognition and control. e C. H. CADMAN 
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STONEHENGE: A NEOLITHIC COMPUTER 
By Pror. GERALD S. HAWKINS 


Boston University and Harvard—Smithsonian Observatory, Cambridge, Mass. 


IODORUS in his History of the Ancient Worldi, 
written about 50 B.c., said of prehistoric Britain: 
“The Moon as viewed from this island appears to be but 
a little distance from the Earth and to have on it promin- 
ences like those of the Earth, which are visible to the eye. 
The account is also given that the god [Moon?] visits the 
island every 19 years, the period in which the return of 
the stars to dhe same place in the heavens is accom- 
plished. . . . There is also on the island both a magnificent 
sacred precinct of Apollo [Sun] and a notable temple .. . 
and the supervisors are called Boreadae, and succession 
to these positions is always kept in their family”. 

I am indebted to the British archeologist R. 8. Newall 
for directing my attention to this classic work. The 
statement of Diodorus is secondhand and has sometimes 
been dismissed as a myth, but there is a possibility that 
it refers to Stonehenge. 

The Moon, rises farthest to the north when it appears 
over stone D as seen from the centre of Stonehenge’, 
similar to the rising of the midsummer Sun over the heel 
stone. In a period of 18-61 years the extreme moonrise 
will shift from D to the heel stone to F and then return 
to D. The extreme moonrise thus swings from side to 
side in the avenue because of the regression of the nodes. 
When. we consider a particular moonrise, such as the 
nearest full moon to the winter solstice, which we will call 
‘midwinter moonrise’, then the cycle takes either 19 or 
18 years. 

The position of the Moon has been computed using 
first-order terms? from 2001 to 1000 3.0. and the azimuth 
of moonrise has been determined for each winter solstice 
during this period. A sample of the results from 1600 to 
1400 s.c. is shown in Fig. 1. Mrs. 8. Rosenthal assisted 
with the programming of the I.B.M. 7094, and I thank the 
Smithsonian Astrophysical Observatory for the donation 
of 40 sec of machine time for this problem. 

With midwinter moonrise the cycle is primarily one of 
19 years with 38 per cent irregularity. For example, the 
Moon rises over F in 1671, 1652, 1634, 1615, and 1596 B.c. 
The intervals are 19, 18, 19 and 19 years respectively. 
Actually, from 2001 to 1000 B.o. the winter Moon is over 
F 52 times, and there are 32 intervals of 19 years and 
20 of 18 as shown in Table 1. Similarly the cycle is prim- 
arily one of 19 years for moonrise over D at the winter 
solstice (Table 1). 

The winter Moon rises over the heel stone with twice 
this frequency. For example, in 1694, 1685, 1676 and 
1666 s.o. the intervals are 9, 9 and 10 years. Over the 
period 2001 to 1000 s.c. the ‘10’ irregularity occurs with a 
frequency of 33 per cent. However, if we consider second 
intervals, 1694 to 1676 and 1685 to 1666 B.c., then the cycle 
is again 19 years with 18 occurring as an irregularity as 
shown. in Table 1. 

This cycle would also govern the return of the Moon to 
the other important alignments such as 94-91, and the 
trilithon positions. Even the moonrise along 92-93 at the 
time of the summer solstice would be governed by this 
19, 19, 18 cycle. The Sun would return to the trilithon 
and. heel stone at the winter and summer solstice each 
year. Thus the 19-year cycle was the main periodicity 
and seems to account for celestial objects returning to 
their positions as Diodorus implies. A rigid 19-year cycle 
gradually becomes inaccurate, however, and the winter 
moon, deviates from the heel stone (Fig. 1) unless a correc- 
tion is made every 56 yoars. 


Eclipses of the Sun and Moon. also follow this cycle. An 
eclipse of the Sun or Moon always occurs when the winter 
Moon rises over the heel stone; actual winter eclipses* 
from 1600 to 1400 3.c. have been indicated in Fig.l. It 
should be noted that not more than half of these eclipses 
were visible from Stonehenge, and so moonrise over the 
heel stone primarily signals a danger period when eclipses 
are possible?. 

Now I cannot prove beyond all doubt that Stonehenge 
was used as an astronomical observatory. A time 
machine would be needed to prove that. Although the 
stones line up with dozens of important Sun and Moon 
positions the builders of Stonehenge might somehow have 
remained in ignorance of this fact. The statement of 
Diodorus might be a meaningless myth. But perhaps I 
can reduce the doubt to a shred by showing how othér 
features of Stonehenge are explained by the astronomical 
theory. 

If we take second intervals between the years when the 
Moon is over the marker stones there is no clear periodicity ; 
in Table 1 the Moon is over D and F every 37 or 38 
years. However, æ surprising condition exists for the 
next interval in extreme azimuths—it is almost always 
56 years! Similarly, winter moonrise over the heel 
stone and eclipses also occur exactly 56 years apart on 
84 per cent of all occasions (Table 1). This means that 
the winter Moon will return to its position over a certain 
stone every 56 years, and there are many such cycles 
which will become due in the span of a human lifetime. For 
example, during 20 years of observation the Moon would 
take up the ten positions which I have noted? in both the 
sarsen circle and station stones. Each of these occurrences 
would have been a part of a sustained 56-year cycle and 
therefore could have been predicted by a person with 
knowledge of the cycle—knowledge ‘kept in their 
family” as Diodorus says. 


Table 1. INTERVAL IN YEARS BETWEEN WINTER MOONRISE OVER STONES 
D, F AND THE HEEL STONE 
Frequency of 


Frequency of Frequency of 


Interval interval interva interval 
(years) (stone F) (stone D) (heel stone) 
8 0 0 2 
9 0 0 70 (65%) 
10 0 0 35 
18 20 20 40 
19 32 (62%) 83 (62%) 66 (62%) 
, 
37 89 (77%) 40 (77%) 80 (77%) 
38 12 12 24 
54 0 0 1 
55 8 8 15 
56 42 (84%) 43 (85%) 86 (84%) 


The number 56 is of great significance for Stonehenge 
because it is the number of Aubrey holes set around the 
outer circle. Viewed from the centre these holes are placed 
at equal spacings of azimuth around the horizon and, 
therefore, they cannot mark the Sun, Moon or any 
celestial object. This is confirmed by the archzological 
evidence; the holes have held fires and cremations of 
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Annals of the 
International Geophysical Year 


The central records of the results of this 
great international scientific enterprise 


These volumes, published by Pergamon 
Sor the International Council of 
Scientific Unions, International 
Geophysical Committee, give information 
on the inception, planning, preparations, 
programmes and results of the IGY. They 
form an invaluable work of reference for 
scientists engaged in any of the fields 
covered by this major international effort 
of concentration and co-operation in 
research. 





The Annals are issued on a calendar year” 


subscription basis at £36 ($102) per 
annum, 5 or 6 volumes being 


published each year. A continuation order 
may be placed aid, if payment is made for 


two or more years, a discount of 10% is 
allowed. Write for catalogue giving the 
complete contents and prices af Volumes 
1—36 (current June, 1964), together with 
specimen pages from the Annals. 


Advances in Space Research 
Proceedings of the first International 
Symposium Space Research, Buenos 
Aires 

Edited by T.M.Tabanera 

Contents include: 

International co-operation in space 
research-R.W.Porter; Power and 

propulsion for the exploration of space - 
H.L.Dryden; Rocket sounding of the 
upper atmosphere—H.E.Newell; 

Space research in Japan—T.Hatanaka; 
Solar ultraviolet radiation and its effect 
on the earth’s upper atmosphere — 
W.A.Rense; Servos for pointing rocket 
solar instruments—F.Wilshusen; 

The NASA satellite instrumentation 
network —J.T.Mengel 

446 pages. Approx. £7 ($20.00) 


The Scattering of Electromagnetic 
Waves from Rough Surfaces 


P,. Beckmann, Institute of Radio 
Engineering and Electronics, 
Czechoslovak Academy of Sciences, 
Prague, and A.Spizzichino, Centre 
National d’Etudes des 
Telecommunications, Paris 

Contents include : 

The general Kirchhoff solution for scatter- 
ing from arough surface; Random rough 
surfaces I-Surfaces generated by random 
processes; Random rough surfaces H- 
Other models; The statistical distribution 
of the scattered field; Reflection of ` 
electromagnetic waves by a perfectly 
smooth earth; The reflection of waves 


from irregular ground; Experimental 
investigation of the specular reflection 
coefficient of the earth; Scattering by 
atmospheric sheets. 

International Series of Monographs on 
Electromagnetic Waves, Volume 4 

512 pages. £5 5s. ($15.00) 


The Theory of Space Time and 
Gravitation—2nd Revised Edition 
V.Fock, Physical Institute, 

Leningrad University 

Contents : 

The theory of relativity; The theory of 
relativity in tensor form; General tensor 
analysis; A formulation of relativity 
theory in arbitrary coordinates; The 
principles of the theory of gravitation; 
The law of gravitation and the laws of 
motion; Approximate solutions, 
conservation laws and some questions of 
principle; Conclusion; Appendices; 
References; Index. 

460 pages. 100s. ($15.00) 


An Introduction to the Hydrodynamical 
Methods of Short Period Weather 
Forecasting 
LA.Kibel’ 
Contents include : 
Boundary layers in the atmosphere; 
Equations of hydrodynamics and 
thermodynamics for the free atmosphere; 
Order of magnitude of meteorological 
elements; The three-dimensional 
linearized forecasting problem; Main 
prognostic equations. Green’s functions 
for derivatives of meteorological elements 
with respect to time and for vertical 
speed; The three-dimensional non-linear 
Sorecasting problem, Frontal zones and 
Frontal surfaces solenoidal motion; 
Influence of orography and friction. 

396 pages. 100s. ($14.50) 
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AGARDograph 59 

The Effect of Disturbances of Solar 
Origin on Communications 

Papers presented at the Symposium of 
the Ionospheric Research Committee 
Agard Avionics Panel, Naples 

Edited by G.J.Gassmann, Air Force 
Cambridge Research Laboratories, 
Bedford, Massachusetts 

Contents include : 

The occurrence of polar cap absorption— 
D.K.Bailey and J.M.Harrington; 

The influence of polar blackouts on VLF 
circuits~B.Landmark,; Influence of solar 
flares on transarctic HF propagation— 
J.Ortner ; Effects of magnetic disturbance 
as noted on oblique-incidence ionograms— 
V.Agy and K. Davies; Classification of 
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Pergamon Press Publications 


ionospheric storm types—R.J.Cormier ; 
On the effect of solar disturbances on the 
low-radiofrequency ionosphere reflection 
process~J.R.Johler and J.D.HarperJr. 
360 pages. 100s. ($14.00) 

Published for and on behalf of the 
Advisory Group for Aeronautical 
Research and Development, North 
Atlantic Treaty Organization. 


e 
AGARDograph 59 (Supplement) 
Observations During the Eclipse of 
February 1961 
Edited by L.De Socio, Institute of 
Aerodynamics, University of Naples 
Contents include: 
Results of the ionospheric observations 
made in Rome during the solar eclipse of 
15th February, 1961 —A.Bolle, F.Coccia 
and C.A.Tiberio,; Eclipse effects on 
ionospheric propagation—M.Bossolasco 
and A.Elena; Photographs taken at high 
altitudes from balloons during the total 
solar eclipse, 15th February, 1961 -- 
R.Cialdera, M.Cimino and G.Fea; 
Geomagnetic observations during the 
solar eclipse of 15th February, 1961 - 
G.Simeon, A.Sposito and A.Russo 
68 pages. 25s. ($3.75) 
Published for and on behalf of the 
Advisory Group for Aeronautical 
Research and Development, North 
Atlantic Treaty Organization. 


Offered for sale by : 
Robert Maxwell 
& Co Ltd 
international 
university and 
industrial 
booksellers 


Waynflete Building, 

1-8 St. Clements, Oxford. 

4 & 5 Fitzroy Square, 

London W.1. 

2 & 3 Teviot Place, Edinburgh |. 
44-01 21st Street, Long Island 
City 1, N.Y. 

24 Rue Des Ecoles, Paris Ve. 
Kaiserstrasse 75, 

Frankfurt-Am- Main. 


Pergamon Press books are distributed in the 
Western Hemisphere and the Philippines by The 
Macmillan Company, 60 Fifth Avenue, New 
York 11, N.Y. 
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Fig, 1. ` The azimuth of winter moonrise from 1600 to 1400 B.o. 


bodies, but have never held stones. Now, if the Stone- 
henge people desired to divide up the circle why did they 
not make 64 holes simply by bisecting segments of the 
circle—32, 16, 8, 4and 27? I believe that the Aubrey holes 
provided a system for counting the years, one hole for 
each year, to aid in predicting the movement of the 
Moon. Perhaps cremations were performed in a par- 
ticular Aubrey hole during the course of the year, or 
perhaps the hole was marked by a movable stone. 


Stonehenge can be used as a digital computing machine. . 


One mode of operating this Stone Age monument as a 
computer is as follows: 

Take three white stones, a, b, c, and set them at Aubrey 
holes number 56, 38 and 19 as shown in Fig. 2. 

Take three black stones, x, y, z, and set them at holes 
47, 28 and 10. 


Shift each stone one place around the circle every year, 
say at the winter or the summer solstice. 

This simple operation will predict accurately every 
important lunar event for hundreds of years. For example, 
to the question: “When does the full Moon rise over 
the heel stone at the winter golstice 7”, the answer 
is: “When any stone is at hole 56”. (Hole 56 is a logical 
marker because it lines up with the heel stone as 
viewed from the centre.) In Table 2, I have given 
the critical years as predicted by the Stonehenge com- 
puter for the period 1610 to 1450 B.c. with the stones 
set so that ‘a’ was at hole 56 in 1610. This period was 
chosen because 1600 B.o. is the earliest year for which 
eclipses have been computed‘. Table 2 shows the remark- 
able accuracy of the Stonehenge computer. The correct 
year was predicted on 14 occagions out of 18 and the 
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maximum error was only one digit. It also gave the 
years when the nearest full Moon to mid-summer set 
through the great trilithon (55-56). Incidentally, a 
stone was at hole 28° at this time, lining up with the 
great trilithon. : 

The. stones. at hole 56 predict the year when an. eclipse 
of the Sun or Moon will occur within 15 days of midwinter 
—the month of the winter Moon. It will also predict 
eclipses for the summer Moon. In 1500 B.c. the winter 
solstice occurred on January 6, Julian calendar, and so 
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the 30 days between December 22, 1501, and January 21, 
1500, were the period of the winter Moon. Similarly, the 


summer Moon and other seasons in 1500 B.c. occurred ° 


15 days late by our present Gregorian calendar. Table 2 
gives actual eclipse data, showing how Stonehenge scored 
100 per cent success in predicting winter and/or summer 
eclipses. When more than one eclipse occurred, only one 
is listed in Table 2. 

To summarize the mode of operation for the reader, the 
six movable stones give intervals of 9, 9, 10, 9, 9, 10,... 
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Table 2, WINTER MOONRISE OVER THE HEEL STONE AND ECLIPSES AT THE 
SUMMER AND WINTER SOLSTICES 


No, 4939 


Stonehenge ‘Moon over Lunar Solar 

cycle heel eclipses eclipses 
Year B.c. B.C. 

1610 1610 No data available! 
1601 1601 No data available‘ 
1592 1591 Jul. 14, '92 “Dee. 24, 792 
1582 ‘1583 Dee. 30, *83 _ 
1573 1573 — Jan. 4, °73 
1564 1564 Jan. 10, "64 == 
1554 1554 — Jan. 4, 54 
1545 1545 Jan. 10, '45 — 
1536 1536 — Jan. 14, "36 
1526 1527 Jul. 16, ’27 Jan. 5, ’27 
1617s 1517 Dee. 31, 18 — i 
1508 ~ 1508 — ` Jan. 5, 08 
1498 1498 Dec. 31, ’99 = 
1489 1489 — Jan. 6, ’89 
1480 1480 Jon. 10, ’80 Jun. 21, ’80 
1470 1471 ‘ Dee, 22, °71 Jul. 12, °71 
1461 1461 — Jun, 21, ’61 
1452 1452 Jan. 1, '52 Jul, 12, 752 


years after 1610 s.c. The a, b, c stones give intervals of 
18, 19, 19,... years. The Stonehenge cycle keeps in step 
with the Moon because it gives an average period of 18-67 
years and the regression of the nodes of the Moon’s orbit 
is close, 18-61 years. It keeps in step with eclipses 
because ,the metonic cycle of 19 years and the saros 
of 18 years are both eclipse cycles. The metonic ‘cycle 
has not been previously recognized as an eclipse cycle, 
probably because it runs for only 57 years or so. It is, 
however, a remarkable cycle because eclipses repeat on 
the same calendar date. The lunar eclipse of December 
19, 1964, for example, follows the lunar eclipse of December 
19, 1945. 


Table 3. WINTER MOONRISE OVER STONE F, AND ECLIPSES OF THE H ARVEST 
AND SPRING Moon 


Stonehenge Moon 

cycle over F Lunar eclipses Solar eclipses 
Year B.c. B.C, 

1597 1596 Apr. 18, Oct. 6, 97 Mar. 18, 96 
1578 1578 apr. 13, Oct, 7,78 — 
1559 1559 — Mar. 29, Sep. 22, ’59 
1541 1540 — Apr. 9, Oct. 2, °41 
1522 1522 — Apr. 9, Oct. 3, 22 
1503 1503 Mar. 25, 03 Apr. 9, Oct. 3, 03 
1485 1485 Apr. 4, Sep. 28, ’85 Apr. 19, Oct, 13, ’85 
1466 1466 Apr. 5, Sep. 29, ’66 — 
1447 1447 _ Mar. 20, 47 


When does the winter Moon rise over stone F, and set 
along 93-917; when does the summer Moon rise over 91 
as seen from 93?; when does the equinox’ Moon rise and 
set along 94-C, and when do eclipses occur at the 
equinoxes? Answer: When a white stone is at hole 51. 
A comparison of the Stonehenge prediction and the 
actual dates is given in Table 3. Again the accuracy is 
very satisfactory. 

When does the winter Moon rise over stone D, and set 
along 94-917; when does the summer Moon rise over 
mound 92 as seen from 93?; when does the equinox Moon 
rise and set along 94-0, and when do eclipses occur at the 
equinoxes? The answer to all these questions is: When 
a white stone is at hole 5. A sample yun (Table 4) shows 
the accuracy of tho stone machine. 

Needless to say, Tables 2, 3 and 4 also predict the 
appearances of the moonrise and moonset in the trilithon 
and archways of the sarsen circle, because this later 
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Table 4. WINTER MOONRISE OVER SYDNE D, AND ECLIPSES OF HARVEST 
AND SPRING Moon 


Stonehenge Moon . . 

cycle over D Lunar eclipses. Solar eclipses 
Year B.C. B.C. e 

1605 1606 No data available‘ 
1587 1587 Apr. 18, Oct. 7, '87 Apr. 7, Oct. 1, 37 
“1568 1568 Mar. 23, ‘68 Apr. 7, "68 
1549 1550 Mar, 23, *49 — 
1531 1531 Apr, 3, Sep. 28, ’31 ia 
1512 1512 — Mar. 20, Oct. 12, °12 
1493 1494 — Mar. 19, Sep. 24, 9+ 
1476 475 ar Mar. 30, Sep. 24, °75 
1456 1487 a Mar. 30, Sep. 23, °56 


construction repeats the 10 lunar-solar alignments of the 
station stones. 

In what years will eclipses occur between the solstice 
and equinox ? In terms of our calendar, take the months 
of April and October as an example. When any stone is 
at holes 3 or 4,-eclipses occur dyring these months. The 
sector between 51 and 5 has been marked appropriately in 
the diagram so that it predicts the eclipse seasons according 
to our present-day calendar. 

One remaining requirement was to be able to determine 
which full Moon was nearest to the solstice or equinox. 
The average time between one full Moon and the next is 
29-53 days and the Stonehengers would need to count 
that interval. A movable stone in the 30 archways of the 
sarsen circle would be sufficient. If it were moved by one 
position each day, full Moon could be expected when the 
stone was at a particular archway, such as 30-1. The 
stone would require resetting by + 1 position every two 
or three months to stay in time with the somewhat 


- irregular Moon. As the solstice or equinox approached 


(shown by solar observations), the Stonehenger could 
decide which full Moon was going to be the critical one. 
The sarsen circle could also have been a vernier for 
predicting the exact day of an eclipse. A lunar eclipse 
occurs when the Moon stone is in archway 30-1; a solar 
eclipse when. the Moon stone is in 15-16. 

A complete analysis shows that the stone computer is 
accurate for about three centuries, and then the Moon 
phenomena will begin to occur one year early. This would 
be noticed by the Stonehengers and could have been 
corrected simply by advancing the six stones by one 
space. The process is known to-day as resetting or 
recycling, and is used by all modern computers and logic 
circuits. A simple rule to add to the operating instructions 
would be to advance all six stones by one hole when the 
Moon phenomena are a year earlier than the prediction 
of a particular stone, say stone a. This is not a critical 
adjustment. If the error was not noticed with stone a, 
because of clouds for example, the error could still be 
corrected with the following stones, x, b, y, ete. The 
adjustment becomes due once every 300 years or so, in 
2001, 1778, and 1443 B.0., for example. 

Precession does not affect the accuracy, and the change 
of obliquity of the ecliptic and Moon’s orbit also have very 
little effect. In 1964, for example, stone a is at 56. The 
full Moon rises over the heel stone on December 19, will be 
eclipsed at 2.35 am. and will set along 94-G. The 
next winter eclipse is also visible at Stonehenge, and is 
marked by stone x, 9 years later on December 10, 1973. 
The Stonehenge computer will function until well beyond 
A.D. 2100, when it will require resetting by one hole. It 
will then function for at least another 300 years before 
further resetting is required. 


1 Diodorus of Sicily, Book IT, 47 (Harvard Univ. Press, Cambr., 1935). 
Hawkins, G. 8., Nature 200, 306 (1983). 
2 ee hae Supplement to the Astronomical Ephemeris (H.M.S.0., London- 


Holland, 195: 
* Newham, C. A., The Enigma of Stoneheng& (private publication. 1964). 
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COLOUR OF THE OCEAN” 


By Dr. J. E. TYLER 
Visibility Laboratory, Scripps Institution of Oceanography, University of California, La Jolla, California 


HE colour of the ocean has been a subject of con- 

siderable interest among scientists for a good many 
years. Philosophical papers on this subject began appear- 
ing at least as early as 1882, and since then various 
colorimetric methods for specifying colour of ocean water 
have been advanced. Those interested in reading this 
early literature would profit from the bibliographies of 
refs. 1 and 2. 
. Various physical methods have also been used in an 
attempt to specify the spectral distribution of the light 
at various depths or in various directions in the ocean. 
Published results of this type have generally involved the 
measurement of the transmittance (or attenuation co- 
efficient) of a specified water path as a function of wave- 
length, or the measurement of the relative spectral 
‘intensity’ of the flux in the spacelight underwater. 

The various methods used by authors to specify the 
colour of ocean water have often dealt with more than one 
variable or with different types of flux fields (collimated 
or diffuse), or have yielded data which could not readily 
be interpreted in terms of the colour of the ocean. For 
purposes of colour specification, the most significant 
measurements have been those which attempted to 
measure the spectral ‘intensity’ of the spacelight under- 
water. Historically. Bertel? was the first to undertake 
such measurements. He used a small quartz spectro- 
graph to photograph the spectrum-penetrating sea-water 
to various depths. From the plates he was able to delin- 
eate the limits of the daylight spectra as a function of 
depth. He did not specify the spectroradiometric charac- 
teristics of the flux reaching his instrument. In 1933 
Erikson? submerged a small quartz spectrograph in 
Gunflint Lake, Minnesota, and photographed the zenith 
flux generated by both Sun and skylight. By methods of 
photographic photometry he computed curves of “‘intens- 
ity” versus wave-length from 447 mp to 623 mp for 5 
depths to 46-5 ft. In 1937, Darby et al.5, using similar 
equipment at Tortugas, photographically recorded the 
spectra in a horizontal direction at one or two depths 
and in the direction of the Sun from 2:2 m. In their 
treatment of the data, which covered the wave-length 
range from about 330 my to about 560 my, they plotted 
ratios of the “intensities” in various directions as. well as 
the “intensities” themselves. In 1956 Le Noble! described 
anew quartz spectrograph for studying the penetration of 
ultra-violet light into the sea. From the photographic 
data, she has calculated the “luminance” as a function of 
depth for selected wave-lengths and the extinction co- 
efficient as a function of wave-length. The wave-length 
range treated in her paper is 318-5-413 mu. Ivanoff? has 
also described a small submersible spectrograph from 
which he has been able to obtain results similar to those 
of Le Noble, but in the wave-length range 400-600 mu. 
In 1958-59 Hubbard and Richardson*® described a sub- 
mersible photoelectric spectrometer of the Littrow type. 
The instrument was equipped with an arrangement which 
compensated for the spectral sensitivity of the phototube 
and thus recorded directly the spectra of the natural 
daylight that penetrated to the instrument. Using this 
instrument, Hubbard and Richardson published a few 
curves showing irradiance as a function of wave-length 
400-600 mu at several depths in the Atlantic near Woods 
Hole. In 1961, Tyler? demonstrated that spectroradio- 


*The results used in this article were obtained during the course of 
research on optical methods for in situ detection and estimation of chloro- 
phyll and other pigments in the ocean, a research programme which is 
supported by the U.S. National Selence Foundation, Earth Sclences Division. 


metric results obtained from measurements on the space- 
light underwater, contained information on the detailed 
absorption spectra of the pigments in the water. 

None of these papers on physical methods has made a 
point of specifying the colour of the water being examined. 
In 1944 Duntley™? examined coastal and .Gulf Stream 
water near Dania, Florida, with a spectrograph mounted 
vertically in a glass-bottomed boat. From the spectro- 
radiometric data obtained, he computed ‘the observed 
nadir colour for five water depths. 

In order to specify properly the colour of the ocean fm 
a point within the ocean, and do so in the frame. Y fof 
modern colorimetry, it is necessary first to specu; ʻe 
geometry of lighting and measurement. This specificatia 
will be more stringent than is usually necessary for the 
specification of simple reflecting or transmitting materials 
because the colour of the ocean will be different in almost 
every direction and can vary somewhat with the altitude 
of the Sun or with the geometrical distribution of flux 
in the sky. At least this is true for measurements near 
the surface of the water. At great depth these effects 
should become insignificant. Secondly, it is neces- 
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Fig. 2. Output-input data on Pacific coastal water (December 16, 1963). 
The measured ‘concentration of chlorophyll-a was 1-24 pgh. 
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sary to know the spectroradiometric composition of 
the flux falling on the water surface. Thirdly, it is 
necessary to know the spectral output-input function 
of the water body for the specified lighting geometry. 
The output-input function is a physical property of 
the water body and is independent of the spectral dis- 
tribution or ambient level of the lighting. 

A completely analogous situation exists in the specifica- 
tion. of the colour of reflecting materials. Here again the 
output—input function, which in this case is called ‘reflect- 
ance’, is determined for a specified geometry but is inde- 
pendent of the spectral quality and ambient level of the 
incident flux. . 

As yet no name has been given to the output—input 
function of a body of water; but if we assign to it the sym- 
bol O} and assign the symbol Hy to represent the 
spectroradiometric properties of the source, then the 
colour of the ocean can be computed by standard methods 
of colorimetry™ using the equations: 


X = f O,Hyedir 
Y = f Oabygdid 
Z = f Og 2dr 


where &, 7 and Z are the tristimulus values of the spectrum 
colours and X, Y and Z are the tristimulus values for the 
colour of the ocean as seen under illuminant Æ}. 

The two things which are lacking to accomplish this 
colour specification are information on the geometry of 
the natural lighting end data on spectral output—input 
functions. 

It is aceepted practice in the colorimetry of reflecting 
materials to establish a standard lighting geometry for 
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the measurement of the output—input function. This can 
be done for the ocean, and perhaps a useful lighting stand- 
ard would be to. measure horizontal. radiance under- 
water and irradiance at the surface. One could then 
experimentally determine the difference in X, Y and Z 
for horizontal viewing under clear, sunny lighting versus 
overcast lighting, and examine the change in colour by 
computing trichromatic coefficients and plotting in the 
chromaticity diagram. It is quite possible that the changes 
in colour associated with changes in lighting geometry 
would be largely changes in brightness, that is, in the value 
of Y, with dominant wave-length and purity remaining 
nearly constant. Another possible standard geometry 
might be to measure the nadir radiance from below the 
surface and the spherical irradiance at the ocean surface. 
These two measurements should exhibit minimum varia- 
tion with changes in the geometry of the natural lighting. 

Output—input data have recently been measured by 
Tyler’? for two bodies of water. Fig. 1 gives results of the 
ratio of horizontal radiance to surface irradiance for com- 
pletely diffuse lighting of an artificial pond containing 
fresh-water plankton as wellras ‘yellow substance’. Fig. 2 
gives similar data for Pacific coastal water under clear, 
sunny lighting conditions. Sun altitude varied between 
26° and 28-5°, azimuth angle between direction of Sun’s 
rays and direction of observation varied from 78-5° to 
86-0° (that is, the instrument was looking into the forward 
scattering from the Sun’s rays). 

Using these output-input results together with the 
relative distribution of energy in sunlight above the Earth’s 
atmosphere"! (which is a close approximation to the 
spectral quality of daylight), the trichromatic coefficients 
for the curves of Figs. 1 and 2 have been computed 
(weighted ordinate method, AA = 10 mp) and are shown 
plotted in the chromaticity diagram in Fig. 3. 

The colorimetric specification is given in Table 1. 

Because the data in Fig. 1 were taken under a variety of 
lighting conditions and for other reasons, the colorimetric 
specification is based on output—input data which have 
been normalized at maximum value and the brightness 
is taken to be 100 per cent on November 9. The trend in 
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T&ble 1 
Dominant Excitation Relative 
1963 wave-length{my) purity luminance 

Pond water . (per cent) (per cent) 

November 9 564 18-0 ` 100-0 

November 18 6569 35-4 955 

November 18 572 66-8 86-0 
Pacific coastal water 519 8-0 irrelevant 


brightness from November 9 until November 18 is cor- 
rectly shown. 

The output-input ratio, and hence the colour of the 
ocean, observed from below ths surface will vary with the 
direction of observation and with the depth. The results 
presented here are all for horizontal observation at a 
depth of approximately 1 m. It is obvious from Figs. 1 
and 2 that a major factor in the colour of the ocean is 
the chlorophyll? (and other pigments) contained in the 
plankton. 

The colours observed by Duntley!® exhibited dominant 
wave-lengths between 510 mu and 475 my, whereas the 
colours observed in this investigation have their dominant 
wave-lengths between 515 my and 575 mu. This difference 
is evidently due to the low concentration of phytoplankton. 
and decomposition products in Gulf Stream water. The 
fact that Duntley’s observations (except for one) appar- 
ently included light reflected from the ocean bottom 
would also affect the observed:colour. The differences in 
excitation purity which are apparent between these 
results and those obtained by Duntley can likewise be 
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explained by differences in plankton concentration and 
also by the difference in geometry of observation. In 
Duntley’s nadir observations the effective path-length 
traversed by the flux before observation would have been 
longer than for horizontal observation. Exponential 
attenuation over the longer path would normally lead to 
colours of greater excitation purity and lower relative 
luminance. Although there is no way to compare relative 
luminance in these two determinations of water colour, 
it can be deduced from visual observation or from radiance 
distribution measurements" that water colour would have 
lower relative luminance in the nadir direction than in 
the horizontal direction. . 
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A HYPOTHESIS FOR DEOXYRIBONUCLEIC ACID TRANSCRIPTION AND 
‘MESSENGER RIBONUCLEIC ACID SYNTHESIS in vivo 


By Dr. K. W. JONES and Dr. D. E. S. TRUMAN 


Institute of Animal Genetics, Edinburgh 


HE DNA molecule has long beon regarded as the 

repository of genetic information in the cell, and the 
double-stranded helical structure proposed by Watson and 
Crick! provided a stimulating and persuasive model for 
the replication of nucleic acid molecules by a specific 
pairing of bases brought about by hydrogen bonds. Sub- 
sequent research has substantiated the Watson—Crick 
model to a great extent. DNA has been shown to replicate 
in a semi-conservative manner, as predicted?; the role of 
DNA in the specification of the sequences of bases in 
RNA has been demonstrated in vitro®4; and the RNA 
formed in this way, which is regarded as the messenger 
RNA (mRNA)>-§, has been shown to regulate the synthe- 
sis of protein’, presumably by acting as the template for 
the alignment of amino-acids. DNA appears to act here 
as a primer in the enzymatic linking of the complementary 
ribonucleotides by the RNA polymerase. The Watson- 
Crick model provides an attractive mechanism for the 
generation of identical daughter molecules; but this is 
somewhat marred by the problem of separation of strands 
both when the DNA replicates and when RNA is syn- 
thesized. It must be recognized that template activity 
may be localized in one part of the DNA molecule at some 
time, and this might be in the middle portion of the 
strand or at the ends, depending on the genetic activity 
of the cell. Moreover, it appears that only one of the 
complementary strands of the DNA codes for the synthesis 
of mRNA in vivo!-?, It is not obvious from the Watson— 
Crick model, as it now stands, how the DNA duplex might 
become separated so as to allow one of the strands to be 
transcribed, or, if no separation occurs, how the encoded 
RNA is released from the DNA helix. Furthermore, 
present ideas of the coding mechanism leave unexplained 
the function of one of. the two antiparallel strands in the 


DNA helix, the so-called ‘nonsense’ strand, except for the 
suggestion that it may produce a ‘nonsense RNA’ which 
is broken down as it is made, or that this strand may 
give rise to sRNA (see Smellie!? for a discussion of this 
problem). To surmount some of these difficulties, Zubay™ 
has proposed models whereby double-stranded DNA 
might control the synthesis of RNA by the formation of 
hydrogen bonds between groups of three bases, while 
Stent has proposed a similar three-stranded model for 
DNA replication. 

We wish to suggest here a hypothetical model of DNA 
transcription which may account for some of these out- 
standing problems, and which may also explain some results 
hitherto unaccounted for. Briefly, the model we propose 
is as follows: 

(1) During the synthesis of a molecule of mRNA one 
of the two strands of DNA is broken and the strands 
separate over a short distance. 

(2) The broken strand then acts as the template for the 
specification of the mRNA, the bases being selectively 
aligned by base pairing, and the condensation catalysed 
by RNA polymerase, beginning at the breakage point. 
The strand which acts as the template for mRNA synthesis 
is termed the ‘transcription’ strand. After the transcrip- 
tion strand has unwound it might be involved in the 
synthesis of one or of several molecules of mRNA, and 
this might occur before or after its complete separation 
from the rest of the DNA molecule after a second break 
in the DNA chain. ; ` 

(3) Meanwhile, the unbroken strand of DNA, termed the . 
‘reference’ strand, aŝsembles deoxyribonucleoside triphos- 
phate molecules in the correct complementary sequence 
and in the presence of DNA polymerase synthesizes a new 
strand of DNA identical with the transcription strand. 
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(4) After synthesis of the mRNA. the transcription 
strand is broken down, and the newly synthesized DNA 
strand complementary to the reference strand joins on to 
the transcription strand at the point where transcription 
ceased, thereby reconstituting the double helical structure. 
The time at which the transcription strand might be 
broken down could vary from almost as soon as the first 
few nucleotides of mRNA were condensed together to a 
time well after the DNA-RNA hybrid molecule was 
released from the reference strand, and different arrange- 
ments might be found in different cells. 

Details of the model and experimental evidence supporting 
it. If one of the two strands of the DNA molecule is to 
undergo changes different from the other strand, the two 
strands must be distinguishable. The most notable differ- 
ence between the two strands is their polarity, the two poly- 
nucleotide chains being antiparallel’. In an organized 
system such as the intact cell where one end of the DNA 
molecule could be distinguished from the other, it is 
possible to visualize such a distinetion being within the 
capabilities of particular enzymes. This is ‘in accordance 
with the evidence that im vivo only one of the strands is 
‘transcribed?°-!2,16, whereas in vitro, when. two ends of the 
DNA molecule would not be distinguishable, both strands 
appear to be transcribed!’-!*, The need for organization 
if the two strands are to be distinguished i is shown by the 
replicating form of the DNA of oX 174, in which one 
strand is transcribed when the DNA is in its native cir- 
cular state, while both strands are transcribed if the DNA 
chains are disrupted*°. 

The concept of the transcription of the DNA from a 
particular point, in a fixed direction, is in agreement with 
genetic experiments relating to the reading of the genome*!, 
and is analogous to the formation of polypeptide chain 
from a fixed point by the sequential attachment of amino- 
acids??.23, 

The model that we propose here involves breakage of 
one of the polynucleotide chains of the DNA molecule. 
Evidence for the existence of such breaks comes from ultra- 
centrifugal studies on denatured DNA from a variety of 
bacteriophages? 

The problem of whether RNA polymerase requires a 
double-stranded or a single-stranded primer is not 
resolved experimentally, since the affinity of the enzyme 
for DNA increases with single-stranded forms, while 
the maximum velocity of the reaction is greater with 
double-stranded forms. The model that wə propose 
might offer some-explanation of these facts in that it 
involves the enzyme acting at the junction of the single- 
stranded and double-stranded states. 

Somewhat similar considerations apply to the DNA 
polymerase, which would be involved in the synthesis of 
the new transcription strand. -Bollum?* has shown that 
DNA polymerase is activated to a much greater extent 
by denatured and probably single-stranded DNA, and the 
requirement laid on the enzyme by the model we propose 
is that it should complete the replacement of DNA in the 
single-stranded region but not act in the double-stranded 
region. 

The breakdown of the transcription strand that we 
postulate here might be brought about by a DNase 
specific for single-stranded DNA, such as has been found 
in bacteria?” and in brain”. 

It is interesting to note that a process of strand breakage, 
separation, synthesis of fresh DNA and breakdown of 
original DNA, similar to that proposed here, has been 
suggested by Whitehouse in a theory which seeks to 
explain the molecular. mechanism of crossing- -over by 
chromosomes?*:30, 

The model which we put forward here is illustrated in 
. Fig. 1, and it will be seen that certain assumptions are 
made about the mechanism of synthesis of polynucleotides 
for which we can offer, as yet, little experimental evidence. 
For the synthesis of the DNA chain we have assumed the 
mechanism proposed by Kornberg”! in which deoxyribo- 
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nucleoside-5’-triphosphates are added to the free 3’-OH 
groups of the terminal deoxyribose of the chain. By 
making this assumption, our model requires that the 
mRNA chain shall grow by addition to the 5’-terminus. 
This could come about by the addition of nucleoside-5’- 
triphosphates, if the RNA itself bore a triphosphate group 
in the 5’-position. The «-phosphate of this group would 
then undergo a nucleophilic attack by the 3’-OH of the 
nucleoside-5’-triphosphate, eliminating a pyrophosphate 
ion, joining on another nucleotide and still retaining a 
terminal triphosphate group. Although there appears 
to be no experimental evidence in favour of such a reaction, 
as yet the only mechanisms which have been proposed for 
mRNA synthesis have been by analogy with those for 
DNA synthesis or for the addition of the three terminal 
nucleotides to the unpaired region of the sRNA molecule. 
Hurwitz and August®* have pointed out that the differ- 
ential action of actinomycin D on RNA and DNA synthe- 
sis suggests that the reaction mechanisms might be 
different for these two processes. It must be understood 
that the problem of growth of polynucleotides in both 3’ 
and 5’ terminal positions is inherent in the mechanism 
of DNA replication proposed by Levinthal and Crane*, 
and a mechanism similar to that proposed here for mRNA 
has been considered for DNA synthesis by Kornberg. 
The model described here does not claim that DNA 
turnover is a necessary prerequisite for RNA primer 
activity, and such a proposal would not fit the findings of 
experiments on RNA synthesis in vitro. The model does 
suppose, however, that nuclear control of RNA synthesis 
involves conditions which induce the ‘reference’ strand to 
make a complementary copy, while inducing the ‘tran- 
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scription’ strand to assemble ribonucleotides into RNA. 
On the basis of present information it is difficult to envisage 
the nature of these conditions, but it may be pointed out 
that a mechanism which appears from experiments to 
discriminate between the two strands of the DNA in vivo 
may be likely to ascribe different functions to each. 

Metabolism and turnover of DNA. The present model 
proposes that metabolism of DNA shall result from the 
turnover of the transcription strand and therefore pre- 
dicts that DNA turnover and gene, activity are concomit- 
ant processes. “While the general truth of this prediction 
remains to be tested, there are some reports of DNA 
turnover, at present unexplained, which could be ac- 
counted for by the model. It is pertinent to briefly 
discuss some of the problems of detecting the kind of turn- 
over envisaged by the model. In most cells in which 
nucleic acid metabolism is investigated, net DNA synthesis 
pccurs periodically in preparation for division or poly- 
ploidy, and tirnover has to be detected against this back- 
ground. In the ideal situation of non-dividing cells which 
are not becoming polyploid the kind of turnover predicted 
by the model will depend on the interaction of a number of 
factors, such as the size, number and frequency of opera- 
tion of active genes, the length of time for which the 
postulated DNA template persists, and the size of the 
pools of free nucleotides. To take extreme examples, a 
small gene of infrequent operation and low turnover, 
producing DNA templates with a short half-life, may be 
undetectable by present methods. 

On the other hand, detectability will be more likely 
in the case of a large gene or a collection of genes with a 
frequent operation and high turnover producing more 
persistent templates. Detectability will also be increased 
in the polytene chromosomes of insects. Here the chrom- 
osome has come to be composed of hundreds of similar 
basic units held in lateral register. The added amplifica- 
tion introduced by polyteny will serve to make conditions 
hundreds of times more favourable for investigation, and 
it is perhaps for this reason that well-authenticated 
instances of the kind of behaviour predicted by the model 
have been found in two species of diptera®*-*’. 
certain bands of the polytene chromosomes of salivary 
glands show a disproportionate increase in their DNA 
content connected with puffing activity and the synthesis 
of RNA and proteins. The additional DNA may disappear 
when. the puffs regress. In these instances the additional 
DNA has been estimated at no more than 10 per cent of 
the DNA of the chromosome or 1 per cent of the total 
nuclear DNA. Fluctuations of DNA of these amounts 
would scarcely be a departure from ‘constancy’ with 
present detection methods in normal interphase nuclei. 
In view of the difficulties of detection it is perhaps not 
surprising that other examples of DNA turnover are rare. 
In some plant roots, cells which are not becoming poly- 
ploid or preparing for mitosis have been shown to synthe- 
size net amounts of DNA®*:3®, However, it must be 
pointed out that few investigations have been reported 
of this aspect of DNA behaviour and that the current view 
of the metabolic stability of DNA rests largely on the 
investigations’?! which established the so-called ‘con- 
stancy rule’. Some evidence for a possible turnover of 
DNA in bacteria has recently been reported by Theil 
and Zamenhof®, 

Another feature of the model with important conse- 
quences is the production of expendable DNA templates 
from the turnover of the transcription strand. Such 
templates might be expected to be of variable duration, 

_and might accumulate to a greater or less extent in some 
systems. In support of this aspect of the model, in addi- 
tion to the findings cited above, there are reports of a 
number of instances of the accumulation of DNA. In 
several spocies of Tipulids (Diptera) the synthesis of a 
Feulgen-positive body has been described in association 
with the sex chromosome at meiosis**:44, This body incor- 
porates tritiated thymidime and disappears at the time of 
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yolk formation*®. In newt oocyte nuclei the lampbrush 
chromosomes, which are known to be active along most 
of their length, have been shown to contain four times as 
much extra DNA (after allowing for tetraploidy) as a 
diploid set of chromosomes, and to give rise to free 
‘nucleoli’ which have DNA associated with them. The 
RNA metabolism of these ‘nucleoli’ is DNA-dependent**. 
The authors of this work speculate that the RNA meta- 
bolism in these nuclei is “stepped up by increasing the 
number of DNA templates” and that such a process might 
be of more general occurrence in interphase nuclei. 
Attempts to demonstrate uptake of tritiated thymidine 
in this system failed‘?*, This cannot be taken as exclud- 
ing the possibility that DNA metabolism is active since 
the oocyte has a slow rate of maturation, and the loops 
of the chromosomes, which are thought to be expressions 
of chromosomal activity, take several months to unwind!?, 

The present model would predict that free template 
DNA of the kind proposed here will be single stranded 
and may therefore remain in this condition where 
templates have an extended life. 

The model also predicts that under certain conditions 
DNA with a high specific activity will occur after labelling 
a cell population with radioactive precursors. It has 
recently been reported that a DNA fraction from nuclei 
of rat liver and ascites hepatoma cells has a, specific 
activity fifty times higher than the remainder of the 
chromosomal DNA. 

In addition to the cases cited here, there are various 
reports of an unexplained DNA synthesis in cells which are 
differentiating and which do not normally divide 
further®®.51, While net DNA synthesis leading to poly- 
ploidy cannot yet be ruled out as an explanation of some 
of these results, they do provide indications of systems 
which might be of value for the experimental confirmation 
of the model which we put forward. 

It is evident from the foregoing discussion, which is 
by no means exhaustive, that DNA exhibits many features 
which lack an explanation within the orthodox view that 
it is metabolically stable. The tendency has been largely 
to view such reports with scepticism, or to suppose that 
they are mechanisms peculiar to a few species and of 
limited interest. The merit of the model proposed here 
is that it is capable of providing for a widér view of DNA 
which predicts rather than excludes these apparently 
exceptional findings without sacrificing the basis of genetic 
stability on which the orthodox view has been built, 
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NEWS and VIEWS 


The National Chemical Laboratory: Mr. R. A. Wells 


Mr. R. A. WELLS, at present deputy director, will act 
as director of the National Chemical Laboratory, Ted- 
dington, Middlesex, from September 1, following the 
resignation of Dr. J. W. Mitchell, who is réturning to the 
University of Virginia. Mr. Wells, who is forty-four, was 
born at Carshalton, Surrey, where he attended Wallington 
County School. He took an external degree in chemistry 
at the University of London in 1946. Before the Second 
World War, Mr. Wells served for a period in the Labor- 
atory of the Government Chemist. He was then employed 
by the Admiralty on the analysis of explosives, joining 
the National Chemical Laboratory in 1947 to carry out 
research on the analysis and recovery of uranium and 
other metals from their ores. This programme of work 
was sponsored by the U.K. Atomic Energy Authority. 
After a tour of duty in Washington with the United 

- Kingdom Scientific Mission, he returned to the National 
Chemical Laboratory in 1953 as head of the Radio- 
chemical Group. Under his leadership, the Group estab- 
lished an international reputation in extractive metallurgy 
and Mr. Wells travelled widely in connexion with these 
activities. His work was recognized in 1958 by promotion, 
on special merit, to the rank of deputy chief scientific 
officer. He was appointed deputy director of the Labor- 
atory in 1963. 


Mechanics in the University of Cambridge: 
Prof. E. W. Parkes 


Pror. E. W. Parres, who has been elected to the chair 
of mechanics in the University of Cambridge, was born 
in 1926 and educated at King Edward’s School, Birming- 
ham, and St. John’s College, Cambridge. He read 
engineering at Cambridge from 1943 until 1945, taking 
the Mechanical Sciences Tripos, and graduated with first- 
class honours, afterwards gaining industrial experience 
with, successively, the Royal Aircraft Establishment, 
Armstrong Whitworth and Hawker Aircraft. He returned 
to Cambridge as a research student in 1948, working on 
classical elasticity, and was awarded the degree of Ph.D. 
in 1950 with a thesis entitled “Stresses in Flanged 
Beams”. He was appointed university demonstrator at 
Cambridge in 1950, promoted to university lecturer in 
1954 and elected Fellow and later tutor of Gonville and 
Caius College. During this period he was actively engaged 
in research, chiefly in the fields of dynamic plasticity and 
repeated thermal effects in structures, and has published 
more than thirty papers in both scientific and engineering 
journals. He was visiting professor at the University of 
Stanford, California, during 1959-60, and returned more 
recently for a short visit to the East coast as a member 
of the University Grants Committee on Audio-Visual Aids. 
Taking up his present appointment of professor of 
engineering at the University of Leicester in 1960, Prof. 
Parkes proceeded with great vigour to build up a unitary 
department from scratch and stayed just long enough to 


see his first students graduate. He will be greatly missed 
by the members of his department at Leicester. 


Director of Royal Naval Aircraft and Helicopter Devel- 
opment, Ministry of Aviation: Mr. L. H. G. Sterne 


Mr. L. H. G. STERNE has been appointed director of 
Royal Naval aircraft and helicopter development in the 
Ministry of Aviation. Mr. Sterne was born in 1916 and 
educated at Culford School and Jesus College, Oxford 
(open exhibitioner and honorary scholar of Jesus College), 
where he gained double first-class honours in mathe- 
matics. Mr. Sterne entered the Scientific Civil Service in 
1940 and worked in the Structures, Mechanical and Aero- 
dynamics Department of the Royal Aircraft Establish- 
ment, Farnborough; he served there for a time as 
superintendent of the Subsonic and Transonic Group. 
He was head of the Naval Air Department from 1954 
until 1958, chief ‘superintendent of the Royal Aircraft 
Establishment, Bedford, from 1955 until 1958, director of 
the Von Kármán Institute for Fluid Dynamics, Belgium, 
from 1958 until 1962, and Ministry of Aviation repre- 
sentative in the Ministry of Defence from 1962 until 1964. 


Director of the Explosives Research and Development 
Establishment, Ministry of Aviation: 
Dr. L. J. Bellamy 


Dr. L. J. BELLAMY has been promoted to chief scientific 
officer and appointed director of the Ministry of Aviation’s 
Explosives Research and Development Establishment at 
Waltham Abbey. Dr. Bellamy graduated from the 
University of London with first-class honours in chemistry 
in 1937 and obtained his Ph.D. two years later. He 
then joined the Scientific Civil Service, working first at 
Woolwich with the War Department Chemist and later 
at the Explosives Research and Development Establish- 
ment, Waltham Abbey, which he joined as superintendent 
of the Analytical Services Branch. In July 1961 he was 
given an Individual Merit Appointment as doputy chief 
scientific officer in recognition of his contributions in the 
field of infra-red spectroscopy. He is the author of about 
forty scientific publications in this field, and his hook, 
The Infra-red Spectra of Complex Molecules, has been 
translated into Russian, Japanese and German. 


Scientific and Technical Personnel in Industry in the 
United States 


A FURTHER survey of the employment of scientific and 
technical personnel in industry in the United States, 
sponsored by the National Science Foundation, indicates 
that about 815,000 scientists and engineers were employed 
in industry in January 1961 (NSF 63-32: Scientific and 
Technical Personnel in Industry, 1961. Pp. iv+84. 
Washington, D.C.: Government Printing Office, 1964. 
55 cents). The increase of 6 per cent in this employment 
figure between January 1960 ang January 1961 continues 
the average rate of growth since January 1958. Manu- 
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facturing establishments employed about 72 per cent of 
the total, and three groups—electrical equipment and 
supplies, transport equipment, and chemical and allied 
products—employed 55 per cent of all scientists and 
engineers in manufacturing establishments. Most of the 
scientists and engineers in the electrical equipment indus- 
tries group were in industries primarily concerned with 
electronics. Those in the transport equipment industry 
were in establishments classified in the aircraft and parts 
industry, and nearly half the engineers and scientists in 
the chemical industries were in works producing basic 
industrial chemicals, Of about 225,000 scientists and 
engineers In non-manufacturing industries, nearly two- 
fifths, mostly engineers, were in the construction industry 
and closely related engineering and architectural services 
industry. About 37 per cent were primarily engaged in 
eect or administering research and development. 
The number bf technicians increased by about 5 per cent 
w sa period, about 573,000 being employed in January 


Trade Unions and the Law 


A BROADSHEET by J. Cotton, entitled Trade Unions and 
the Law, concludes the examination by Political and 
Economic Planning of Trade Unions in a changing socicty 
(Planning, 30, No. 479; March 23, 1964. Pp. 119-150. 
London: Political and Economic Planning. 4s.). It 
discusses the position at law of five aspocts of trade 
unionism in which either the rights of the individual are 
affected or the public interest is involved. These are: 
(a) admission to, and expulsion from, a Trade Union; 
(b) elections to Trade Union officos; (c) the effect of 
collective agreement; (d) strikes. In general, thero 
appears to be no need for sweeping changes in the law, 
and mostly the Trade Unions themselves could take 
action where extended legal control has been suggested. 
If closed-shop agreements increase markedly, some form 
of protection may be needed for the individual who is 
refused admission. In connexion with Union olections, 
the Trades Union Congress could be empowered by mem- 
ber Unions to enquire into elections alleged to have been 
musconducted or the Chief Registrar of Friendly Societies 
could be given the power of supervision and investigation 
when needed. Legislation to prevent unofficial strikes is 
unlikely to be effective unless society is prepared to 
surrender some principles regarded as essential in a 
democracy. 


The Parliament of the European Communities 

A BROADSHEET by M. Forsyth, entitled The Parliament 
of the Huropean Communities, forms part of a major 
investigation by Political and Economic Planning of 
Britain and the European Common Market (Planning, 
30, No. 478; March 1964. Pp. 120. London: Political 
and Economic Planning. 10s. 6d.). It has been published 
after discussions by the Steering Group responsible for 
the project. It reviews first the development of intor- 
national parliamentary assemblies and then discusses, in 
two successive chapters, the structure and organization 
of the European Parliament, and its powers and functions. 
Tho fourth and final chapter discusses the future of the 
European Parliament. It includes the immediate problems 
of strengthening its authority, the possibility of direct 
elections and ultimately of increasing its power. The 
English text of the Rules of Procedure of the European 
Parliament is appended. 


Rubber and Plastics Research at Shawbury 

Tur forty-fourth annual report and accounts of the 
Rubber and Plastics Research Association of Great 
Britain covers the year ending December 1963 (Pp. 42. 
Shawbury, Shrewsbury: Rubber and Plastics Research 
Association of Great Britain, 1964). It contains a full list of 
staff and officers of the Association, a list of member 
firms, a list of publications, a résumé of the activities of 
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the Association, and the annual balance sheet and 
accounts. During the ycar, the Government grant for the 
quinquennium 1964-68 was agreed with the Department 
of Scientific and Industrial Research. The terms of the 
grant show a small but encouraging increase in Govern- 
ment support which appears also to be reflected in the 
reaction of industry to the new subscriptions for certain 
member firms. Tho year saw the completion of a sub- 
stantial programme of building and the Association looks 
forward to a period of expanding activities, particularly 
in the field of plastics. A notable feature in engineering 
to-day is the incursion of polymers (plastics and rubbers) 
into more and more fields. In keeping with these develop- 
ments, the Association has initiated a programme of work 
aimed at helping to produce rational design procedures 
for plastics with particular emphasis on the elucidation 
of critical failure criteria. The ‘Shawbury Damper’, a 
potential replacement for hydraulic damping units in 
vehicles, ete., which employs rubber as the working sub- 
stance, has aroused wide industrial interest, and licences 
have been granted to several companies to go ahead with 
development for production. Process research and 
development have continued on many lines, including 
calendering, blank cutting, fluid bed vulcanization, 
moulding machinery and materials evaluation. “More 
fundamental work has included investigation of flow of 
polymer melts, the role of the fibre/resin interface in 
determining the strength of reinforced plastics, and the 
decomposition of polymers during processing. 
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Wool Research in Australia 

THE annual report for 1962-63 of the C.S.I.R,O. Wool 
Research Laboratories comments on the expansion of the 
three Laboratories during 1959-63 as the result of con- 
siderably increased support from C.8.1.R.0. and the wool 
growers (Pp. 49. Melbourne: Commonwealth Scientific 
and Industrial Research Organization, 1963). The report 
surveys growing and well co-ordinated laboratories that 
provide & stimulating and progressive outlook for wool 
rescarch. The Division of Protein Chemistry at Mel- 
bourne uses all modern techniques to study wool and 
allied proteins; the summarized results are impressive. 
Outside the field of protein structure the laboratory has 
improved sheep shearing, developed an aeration method 
for fell-mongering sheep-skin pieces, provided sheep-skins 
as a nursing aid and shown that wool fibres do not carry 
bacteria in hospital wards. An intriguing development is 
the compression of wool into bales by packing the fleece 
into a polythene bag which is evacuated with a milking 
machine pump. The Division of Textile Physics at Sydney 
deals with a number of unique properties of wool, such 
as permanent set and the effect of moisture absorption 
on the properties and behaviour of wool and wool pro- 
ducts. The reversible extension and contraction of wool 
cloth on absorption and desorption of moisture provide 
some particularly interesting results. The Division of 
Textile Industry at Geelong has provided many industrial 
requirements from branding fluids for sheep to ‘Easy-Care’ 
garments. The removal of burr and seed without carding 
has been achieved and further progress is reported on jet 
scouring. Almost a hundred published papers are listed 
from the three Laboratories during 1962-63. 


The East African Wildlife Journal 

The East African Wildlife Journal is a new publication 
sponsored by the East African Wild Life Society (P.O. 
Box 20110, Nairobi, Kenya), a Society formed by the 
union of the former three wild-life societies of Kenya, 
Ugande and Tanganyika (1, August 1963. Pp. 131. 
Nairobi; East African Wild Life Society, 1963. Annual 
subscription 17s. 6d; 2.50 dollars). It is intended for 
the publication of papers on all aspects of research dealing 
with wild life. not necessarily only those concerning 
East Africa. This first volume contains papers on birds 
of prey, animal husbandry and wild life, elephants, 
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rhinoceroses, the spotted-necked otter, the Arabian 
oryx, and the ecological separation of large mammal 
species, as well as a number of shorter research notes. 
This journal is not @ local natural history magazine of 
anecdotal observations, interesting as such a production 
can be, but a serious scientific publication of papers 
containing the results of research mainly on the African 
fauna, which during the past decade has been increasingly 
attracting the attention of professional zoologists. The 
work reported is of a high standard and its presentation 
is excellent. This new venture, produced, printed and 
published in East Africa, is obviously going to be of the 
greatest value to everyone interested in the fauna of 
Africa and its ecology. It is illustrated with half-tone 
plates, numerous text figures, maps, diagrams, and tables. 
The cditorial board is to be congratulated on producing 
this initial volume of such first-class work, and all zoo- 
logists will wish it the success it deserves with its very 
welcome enterprise, which should become the foremost 
publication on its subject. 
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Type Specimens 

In the March issue of the Museums Journal (63, No. 4, 
1964), Dr. D. E. Owen returns to the problem of the care 
and location of type specimens. The alternative possi- 
bilities of collecting them together in one centre in each 
country or spreading them throughout many museums are 
fully discussed with a bias towards the latter scheme. In 
this case there should be adequate facilities for careful 
curating, storago, registration and card indexing. In 
other words, only the larger museums should retain types 
in their collections, and then only if they are relevant to 
the region covered by the museum. With regard to loans 
of type material, it is suggested that these should be of a 
few specimens and for a limited period. It is also main- 
tainod that ideally the specimens should be collected by 
the borrower and included in his personal luggage rathor 
than be subjected to transport by other means. 


Packaging 

It has been estimated that goods exported to tropical 
countries are handled at least fourtoen times. Lack of 
mechanical handling equipment ard covered storage 
overseas may add to the normal hazards of climatic 
conditions and accidental damege. A booklet issued 
by the Department of Scientific and Industrial Research, 
entitled Safe Transit, reviews the complex subject of 
packagirg and incorporates practical guidance which 
will be of particular interest to members of smaller 
firms. Two examples in the booklet show how incorrect 
packaging can lead to loss of goodwill, time and money. 
After a three-week journey to the tropics, an eagerly 
awaited theodolite proved completely useless and was 
returned to the supplier. The surfaces of its lenses had 
been ruined because the packagng materials had not 
been sufficiently proofed against fungi. On a shorter 
journey @® much-wanted component reached Scotland 
from the Midlands in a matter of days. The carton was 
intact, but shocks sustained during the journey had 
damaged the component beyond immediate repair— 
because vibration and resonance had not been allowed 
for during packaging. The Printing, Packaging and 
Allied Trades Research Association has established that, 
for packages in transit, drops of 3 ft. (roughly waist 
high or the height of a lorry’s tailboard) are rare, but 
drops of 2 ft. and less are common. Size. weight and 
shape govern the treatment a package is likely to receive. 
The worst treatment is received by packages one man 
can lift with difficulty: he is tempted to throw or drop 
them. Heavier packagos requiring two men or lifting 
gear to move them receive more careful treatment. 
Packaging has become a science in “which it is possible 
to counter the specific as well as the general hazards of 
transit. The booklet indicates some of the precautions 
which can be taken. There are sections on the important 
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primary stage of initial protéction (mainly instrwnents 
and components since these usually combine various 
metals, plastics, glass and wodd); ,on wrappings, which 
may havo to protect the. contents from the harmful 
effects of extreme climates at high relative humidity ; 
and on external packaging, which should take caro of 
the worst transport shocks—though external provection 
can only reduce the shock reaching the packed goods. 
Copies of the booklet can be obtained (free) from tho 
Department of Sciextifie and Industrial Research, 
State House, High Holborn, London. W.C.1. 


British Precast Products Federation 


Tus ever-increasing demands on the British brulding 
ir.dustry to-day have brought in their train a large uumber 
of technological advances which have already outmoded 
many time-honoured practices, and at the present rate, 
taking the long view, bid fair to revolutionize both tech-~ 
nical procedures and administrative customs. It is well 
known that for some time past the labour problem in all 
branches of the industry has become progressively acute: 
it is not lessening and steps haye already been taken to 
meet tho situation by streamlining production methods, 
including automation where feasible, and by amalganie- 
tion of controlling interests. In the latter connexion, an 
event of great importance in the sphero of concrete con- 
struction occurred at the beginning of tho year. the 
amalgamation of two organizations concerned with the 
manufacture of precast concrete: the British Cast Con- 
crete Federation and the Cast Stone and Cast Conercto 
Federation. This has had the effect of bringing together 
all the important manufacturers of cast stone and conercto 
products in Britain. According to an editorial in Conerete 
Quarterly (No. 60; January-March 1964. Cement and 
Concrete Association, London), this amalgamation is one 
to be widely welcomed and “... will enable the mdustrv 
to intensify its research and exchange findings in a way 
not previously possible, and to increase its development 
activities, and generally, by closer collaboration, consider- 
ably to increase its influence”. This means, for example, 
improvements in factory layout and plant; the use of 
higher strength concrete; automated methods of pro- 
duction; a more extensive use of the increasingly popular 
lightweight concrete; advances in prestressing i all tts 
forms; vast improvements in manufactiwe, quality and 
variety of precast concrote facing slabs. pavirg slabs, 
flags, facing-blocks and largo slabs for industrialized 
buildings. Britain already leads the world in a number 
of fields in the pre-cast products industry. notably roofing 
tiles and facing slabs in their many decorative forms; “the 
same is true of prestressed products, and in the more 
humdrum, but no less valuable, fields of pipes”. In 1966. 
the Bureau International du Béton Manufacturé will 
hold its next triennial meeting in London and it may be 
anticipated with certainty that the nowly formed British 
Precast Products Federation will seize this opportunity 
“to show greater advances yet, both to Britain and to 
the world”. 


Water Pollution by Detergents 


One of the aims of the Organization for Economic 
Co-oporation and Devolopment is to promote cconomic 
expansion; this in turn depends on industrial progress 
and hence on the application of results of rosearch. The 
Organization has therefore created a Committee for 
Scientific Research to promote and harmonize scientific 
investigations in the member countries. One field m 
which co-operation is likely to prove particularly valuable 
is that of the investigation of water pollution. and sevoral 
groups have been set up to deal with specific aspects of 
the work. One such group is concerned with pollution by 
synthetic detergents, a matter which, since the carly 
1950's, has attracted increasing attention in many urban 
communities. J. Prat and A. Giraud prepared a report for 
consideration at the first meetiwg of this group in July 
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1963 (The Pollution of Water by Detergents. Pp. 86. 
Paris: Organization for, Economic Co-operation and 


Development, 1964).- The scope of the report can be ~ 


judged by the number of references quoted,—244. Sub- 
jects dealt with include tonnages and types of deter- 
gents in present-day use, effects of pollution, analytical 
determination, and biological degradation. Administra- 
tive and technical measures which have been proposed 
for alleviation of the difficulties are also discussed. In 
view of the widespread interest ix this topic the Organ- 
ization for Economic Co-operation and Development 
recommended early publication, and there is some evidence 
of hasty preparation. Nevertheless, the authors and the 
Organization are to be congratulated on making available 
a publication which brings together a great deal of 
information, some of which was hitherto not readily 
available. The booklet should be of considerable value to 
all those concerned with the many aspects of this problem. 


Radiation Injury and Somatic Mutation 


Tax first symposium in the Institute of Radiation 
Breeding in Japan was held during August 11-12, 1962. 
The Institute has a y-field of 100 m radius with a 
cobalt-60 ‘source in the centre. At present, crop and 
forage plants, vegetables, ornamental flowering plants, 
tea plants, fruit trees, mulberry trees and forest trees are 
exposed in the field. These are used for investigations 
concerning differences in radiosensitivity between species 
and developmental stages, the effects of physiological 
and environmental conditions on sensitivity, the action 
of protective substances, and the production of germinal 
and somatic mutations. Population investigations on the 
irradiated soil micro-organisms and nematodes in the 
field have been initiated, and all ecological changes 
within and near the field will be monitored. The reports 
presented at the symposium, which have now been 
published, deal with modification of radiation-induced 
damage in seeds of rice and mulberry plants, differences 
in radiosensitivity between various stages of rice plants, 
the production of chlorophyll mutations in rice and of 
budsports in tulips and chrysanthemum (Radiation Injury 
and Somatic Mutation (Gamma Field Symposia, No. 1). 
Pp. 73. Obhmiya-machi, Ibaraki-ken, Japan: The In- 
stitute of Radiation Breeding, Ministry of Agriculture and 
Forestry, 1963). The data are discussed in relation to 
earlier work and in the framework of present-day theories 
‘on the action of radiation. The introductory paper is a 
clear and succinct outline of the biophysical aspects of 
radiation biology. 


Soil and Land-Use Survey of Jamaica 


Tur Regional Research Centre of the Imperial College 
of Tropical Agriculture was set up in 1955 and the Soils 
and Survey Section has been engaged in an investigation 
of the main soil types with “a broad interpretation of the 
results in terms of land-usage and land-capability”’. 
Report No. 14, prepared by J. Stark, concerns the parish 
of St. Elizabeth in south-west Jamaica (Pp. 30+2 soil 
maps on scale 1:50000. ‘Trinidad: Imperial College, 
1963. 15s.). The salient features of this area of some 
474 square miles, which have influenced soil development, 
are described. The average daily temperatures range from 
about 60° to 90° F, the rainfall figures for around 40 years 
show averages of 40-100 in. for nine places, but torrential 
rain during thunderstorms is much less valuable than the 
figures would indicate, and irrigation is beneficial in the 
southern districts. The geology and lithology are dis- 
cussed under such headings as alluvium (including morass, 
basin deposits and coastal sandstone), limestone forma- 
tions, Trappean series of highly weathered shales, tuffs 
and conglomerates, and undifferentiated cretaceous shales. 
The relief and drainage are closely related to the geo- 
logical pattern; the White Limestone Mountains rising 
to 2,500 ft. have pronounced dry valleys, while saline 
ponds are found at part#of the coast. Parent material is 
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the most important factor in the formation of the soils, 
which have been classified in a manner convenient for the 
discussion of capability classes and recommended cultiva- 
tion practices. Apart from some evergreen forest of tall 
trees in inaccessible places and mangrove swamp, there 
is little natural vegetation left. Introduced plants such 
as breadfruit, bamboo, almond tree (Terminalia catappa) 
and various pasture grasses are of great importance. Beef 
cattle are the most important livestock, and sugar cane 
the most important cultivated crop, but a large variety 
of fruits, vegetables and cereals is grown. Misuse of land 
in the past, through fragmentation by inheritance and 
subsistence farming, has greatly intensified erosion, and 
efforts are being directed to a more suitable land-use 
policy. 
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Archeology in Switzerland 


CIBA CHEMICALS, Lrp., which has its headquarters 
at Basle, and a branch factory at Duxford in Cambridge- 
shire, issues a Journal from timo to time. The winter 
1963/64 issue of the Ciba Journal contains two interesting 
archeological articles, one concerning the treasure of 
Kaiseraugst, by Prof. Rudolf Laur-Belort, and the 
other dealing with the well-known Mildenhall Treasure. 
Basle, once the site of a Roman encampment, stants 
near where the Imperial legions defended the Rhenish 
frontier. Recently a find of silverware dating from 
those days has come to light nearby. The Mildenhall 
treasure is of a somewhat similar kind and age. The 
latter has been already well published some little time 
ago, but the two articles in the Ciba Journal are well 
illustrated and so comparisons of the two finds can 
easily be made. 


Early Farmsteads in French Canada 


A RECENT publication of the National Museum of 
Canada describes in detail some of the early farmsteads 
of Quebec (Ministére du Nord Canadien et des Ressources 
Nationales. Bulletin No. 192 (No. 2 de la Série des 
Bulletins d’Histoire): Les Granges du Québec du X VII? 
au XIXe Siècle. Par Robert-Lionel Séguin. Pp. viii+ 128 
(60 planches). Ottawa: Imprimeur de la Reine, 1963. 
2.50 dollars). The rural buildings of Quebec fall under 
two main headings: the poorer dwelling with a barn 
attached, and the more elaborate house with an inner 
yard surrounded by farm buildings. A detailed examina- 
tion of some of these buildings demonstrates the basic 
similarities to Western French rural traditions, but in 
French Canada local climatic and economic conditions 
have resulted in regional styles, including the adaptation 
of Indian techniques. A study of the history of rural 
building construction in Quebec shows that the ‘bees’ are 
mainly a nineteenth-century innovation. This well- 
illustrated bulletin is a useful source of information for 
anyone interested in early building techniques and their 
organization. 


University News : Belfast 


Dr. A. A. Wetxs has been appointed to the chair of 
structural science (a second chair in the Department of 
Civil Engineering). Dr. F. J. Wallace has been appointed 
to the chair of thermodynamics and fiuid mechanics (a 
second chair in the Department of Mechanical Engineer- 
ing). L. H. Tanner has been appointed to a senior lecture- 
ship in aeronautical engineering. Dr. J. R. M. Coulter 
and Dr. B. S. Cox have been appointed to Jectureships in 
physics and genetics, respectively. 

Birmingham 

Tum following appointments have been made: Lecture- 
ships, Dr. C. A. Barson and Dr. J. N. Hay (chemistry); 
Dr. D. E. Briggs (biochemistry in the Sub-Department 
of Malting and Brewing); Dr. D. J. Candy and Dr. A. A. 
Horton (biochemistry); Dr. E. Canel (mathematical 
physics); Dr. C. E. Gough (physics); P. J. C. Child, 
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Dr. B. K. Gazey and D. R. Noaks (electronic and elec- 
trical engineering); Dr. P. J. C. Lamont (pure mathe- 
matics); Dr. M. P. Osborne (zoology and comparative 
physiology); Dr. C. N. Reid (physical metallurgy); J. 
Tarney (geology); T. H. Y. Tebbutt (civil engineering). 
Research Fellowships, B. C. Cole (virology and bacterio- 
logy); W. A. Kelly (Senior Research Fellow in the 
Department of Anatomy); Dr. T. C. Anand Kumar, S. 
Salmons, Dr. L. E. W. Vollrath and P. G. Wall (anatomy), 
W. E. M. Pryse-Phillips (Cullip Senior Research 
Fellow in the Department of Psychiatry). 
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London 


Dr. C. A. B. SMITE, reader in gonetical statistics ab 
University College, has been appointed to the Weldon 
chair of biometry tenable at that College. Dr. R. K. 8. 
Wood, reader in plant pathology at the Imperial College 
of Science and Technology, has been appointed to the 
chair of plant pathology tenable at that College. Dr. 
P. H. Gulliver, lecturer at the School of Oriental and 
African Studies, has been appointed to the readership in 
African anthropology tenable at that School. The title of 
professor of geography has been conferred on Dr. J. C. 
Pugh, in respect of his post at King’s College. The title 
of,reader in mathematical statistics has been conferred on 
Dr. G. M. Jenkins, in respect of his post at the Imperial 
College of Science and Technology. 


New Chair in Environmental Design and Engineering, 
University College, London 


A NEw chair, to be known as the Haden~Pilkington 
Chair of Environmental Design and Engineering, is to be 
established in the Bartlett School of Architecture at 
University College, London. This has been made possible 
by financial support from Messrs. G. N. Haden and Sons 
and, Messrs. Pilkington Bros., Ltd. The task of the new 
professor will be to investigate what makes a building 
pleasant, comfortable and stimulating to live and work 
in. He will instruct future architects, engineers and 
acientists in ways of designing a better environment for 
human beings in buildings and cities. He will be con- 
cerned with lighting, heating, ventilation and the problems 
of noise—with the impact of the environment on people 
via their eyes, ears and skin. Further information can be 
obtained from the Bartlett School of Architecture, 
University College, Gower Street, London, W.C.1. 


Advanced Course in Surface Chemistry and Colloids 


A ONE-YEAR postgraduate course in surface chemistry 
and colloids, leading to the degree of M.Sc., will be held 
in the Department of Physical Chemistry, University of 
Bristol, commencing in October 1964. The course is 
designed to give graduates an understanding of the 
fundamentals of surface phenomena and the opportunity 
of gaining experience of a wide range of experimental 
techniques in surface and colloid chemistry, including 
electron microscopy, ultracentrifugation, X-ray and 
radiochemical techniques, particle counting, adsorption 
and surface area determination, and in rheology. Further 
information can be obtained from the Registrar, Senate 
Houso, Bristol 2. 


Lady Tata Memorial Fund Awards 

Tue Trustees of the Lady Tata Memorial Fund for 
research in leukemia and allied disorders have made the 
following awards for the academic year 1964-65: Fellow- 
ship, Dr. J. de Maeyer (University of Louvain). Scholar- 
ships, Dr. G. Corneo (Laboratory of Molecular Bio- 
pathology, Milan); Dr. D. Quaglino (Institute of Medical 
Pathology, Modena); Dr. G. Tridente (Division of 
Experimental Cancer, Bari). Hapenses Grants, Dr. A. 
Agostoni (Medical Clinic, Milan); Dr. K. M. Laurence 
(Welsh National School of Medicine, Penarth); Dr. B. 
Pedersen (University Institute of Genetics, Copenhagen). 
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Announcements . 

Pror. P. L. Pgart, professor of crystal physics in the 
Department of Metallurgy, Imperial College of Science 
and Technology, has been warded a gold modal and a 
prize of 100 guineas by the administrators of vhe Sir 
George Beilby Memorial Fund, for his work on crystal 
physics with special reference to the study of plastic 
deformation in metallic and non-metallic crystals and tho 
relation between defect structures and fracture behaviour. 
The administrators of the Fund represent the Royal 
Institute of Chemistry, the Society of Chemical Industry 
and the Institute of Metals. 


Frins of the late Dr. E. W. R. Steacio, presidont of 
the National Research Council during 1952-62 (Nature, 
196, 110; 1962), have established a memorial fund from 
the income of which a prize will be given (not necossarily 
annually). The E. W. R. Steacie Prize will bo awarded 
for an outstanding contribution to the natugal sciences in 
Canada. The first award will be made late in 1964 and, 
at that time, the approximate value of tho Prize will bo 
1,000-dollars. Further information can be obtained from 
the Secretary, E. W. R. Steaeio Memorial Fund, 100 
Sussex Drive, Ottawa. 

An international summer school on “Activation 
Analysis” will be held as a NATO Advanced Study 
Institute at the University of Glasgow and the Scottish 
Research Reactor Centre during August 13-26. Further 
information can be obtained from Dr. J. M. A. Lenihan, 
9-13 West Graham Street, Glasgow, C.4. 


AN international summer institute of “Molecular Bio- 
physics”, sponsored jointly by NATO and the U.S. Offico 
of Naval Research, will be held at Squaw Valley, Cali- 
fornia, during August 17-28. Further information can 
be obtained from Prof. B. Pullman, Institut de Biologie 
Physico-Chimique, 13 rue Pierre Curie, Paris 5. 


Tue tenth international symposium on “Combustion” 
will be held in the University of Cambridge during 
August 17-21. The programme will include discussions 
on: aerodynamics in combustion; elementary combustion 
reactions; electrical properties of flames. Further in- 
formation can be obtained from Dr. W. G. Parker, the 
Combustion Institute (British Section), College of 
Advanced Technolegy, Birmingham 4. 


A SYMPOSIUM on. ‘Current Research in Leukemia” will 
be held in the University of Cambridge during August 
18-21. Lectures will be given on the following topics: 
cytology and cytochemistry; electron microscopy’; cyto- 
genotic work; in vitro studies; etiology and pathogoncesis; 
biochemistry; immunological studies; therapy; epidemi- 
ology. Further information can be obtained from the Seere- 
tary, the Medical School, Tennis Court Road, Cambridgo. 


AN international congress on “‘Logic, Methodology and 
Philosophy of Science” will be held, under the auspices 
of the International Union for History and Philosophy 
of Science, at the Hebrew University, Jerusalem, during 
August 26-September 2. A colloquium on “Algebraic 
Linguistics and Automata Theory” will be held a fow 
days before the congress. Further information can bo 
obtained from Prof. Y. Bar-Hillel, Hebrew Univorsity, 
Jerusalem. , 


A sorntT meeting of the Challenger Society and repro- 
sentatives from the Marine Laboratories (Development 
Commissioners’ Scheme) will be held at the Marine Scionce 
Laboratories, Menai Bridge, Anglesey, during July 2-3. 
The programme will include sessions on marine biology, 
hydrographic and chemical studies of the Menai Straits 
and associated waters,’and chemical factors in settlement. 
In addition, there will be a discussion meeting on chemical 
oceanography, and demonstrations of the work of the 
Laboratories will also be on view. Further information 
can be obtained from H. O, Bull, The Dove Marino 
Laboratory, Cullercoats, Northurgberland. 
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A POLICY FOR NUGLEAR-POWERED MARINE PROPULSION 


ISCUSSING the technical situation in its report, 

Nuclear Power for Ship Propulsion *, the Padmore 
Working Group on Marine Reactor Research points 
‘out that the U.S. Administratiort has already built an 
experimental merchant vessel, the Savannah (Nature, 
184, 677, B.A. 15; 1959), which was ready for use in 
1962, and from Russia there have been many reports of 
the successful operation of the nuclear icebreaker Lenin. 
The Norwegians and Swedes have recently agreed on a 
joint programme on a boiling-water reactor. Besides 
the research on the Vulcain reactor, jointly with the 
‘Belgians, the U.K. Atomic Energy Authority carried 
out some research on the integral boiling reactor, but 
work on the design and development of the core structure 
revealed difficulties demanding a lengthy devolopment 
programme. Because of this, research work was sus- 
pended when the design study was completod at the end 
of 1963, pending consideration of the future programme. 
The theoretical and experimental core physics work on 
this design, however, confirmed that the ‘burnable 
poison’ material incorporatod in the fuel assembly to 
regulate the burn-up of the fuel shows considerable 
promise as an alternative technique to the ‘spectral 
shift’ method of controlling nuclear reactivity used in 
the Vulcain design. As a result, in the latter part of 
1963 the Authority suggested an alternative core design 
known as the ‘burnable poison pressurized water 
reactor’ and estimated that a prototype reactor might 
be ready in 1968. 

Further work is necessary before a clear judgment 
can be formed, and more research is required to establish 
the feasibility of the steam-cooled light water moderated 
reactor studies by the Mitchell Engineering Co., Peter- 
borough, and the Fairfield Engineering Co., Glasgow. 
The Babcock and Wilcox Co. (United States) has a 
design concept, the consolidated nuclear steam generator, 
also incorporating the burnable poison technique in an 
integral design, of which a prototype could be ready in 
1968, and an advanced design, the unified modular plant 
of the Combustion Engineering Co., of the same type 
could also be ready in four years time, while the U.S. 
General Electric Co. also has an air-cooled design of 
reactor, but for both the last-mentioned types a land- 
based prototype is believed to be desirable. The cventual 
capital and fuel costs of all these reactors are very difficult 
to estimate, but the Padmore Working Group concludes 
that, given the right arrangements, industry should be 
able to achieve a production cost of loss than £1 million 
for a 20,000-shaft horse-power reactor installed in a 
ship, and, with adequate experience, designs bringing 
the costs within the range of £500,000-£750,000 should 
be possible. In the Group’s judgment, no adequate 
justification exists at present for believing that any of 
these designs could be developed as better economic 
propositions in a marine application than the present 
integral pressurized-water reactor designs. Moreover, 
it regards its original recommendation in favour of these 
designs as justified. Nuclear marine power plants offer 
attractive possibilities of simplicity and reliability which 
should surpass that foreseeable for oil-fuelled machinery. 
These qualities are of great interest to ship-owners and 
very relevant to the ultimate prospects of nuclear pro- 
pulsion at sea. . 

On the economie prospects, the Group observes that 
direct economie comparison is less favourable to nuclear 


* Nuclear Pow-r for Ship Propulsion: Report of the Working Group on 
Marine Reactor Research. Pp. 22. (Cmnd. 2358.) (London: H.MS.O., 
1964.) Is. fd. net. See also p. ge? of this Issue of Nature. Ț 


power than, seemed probable a year ago, largely because 
of the reduction in the price of ships, the introduction 
of substantially larger diesel engines, and a marked 
reduction in the average price of bunker oil, while nuclear 
fuel-cycle costs are now estimated to be about 0-05d. per 
shaft horse-power hour higher. On the other hand, it 
considers that, while conventional machinery will continue 
to improve, there is likely to be more scope for develop- 
ment with nuclear reactors. No significant increase is 
foreseen in the scope for reducing fuel costs in ship oper- 
ation, but nuclear power might offer possibilities in the 
reduction of the size of crews. The special operating 
characteristics of nuclear-fuelled ships are difficult to 
assess, but the reactor should eventually need less running 
maintenance than oil-fired boilers or diosel engines. 

As to the alternative courses possible, the Working 
Group sets out tho following arguments in favour of 
constructing and testing a reactor now. An economic 
nuclear marine reactor for merchant ships will probably 
be developed some time in the future, without calling 
for an improbable degree of improvement on advances 
already made by the Atomic Energy Authority. Britain 
is well placed for this purpose, partly as a result of the 
valuable design and research experience of the past 
two years in this field. Present-day designs of American 
merchant ships are no closer to being economic than 
Britain’s, and if such a project is embarked on Britain 
will acquire the technology peculiar to reactors for 
merchant ships which we need at present. One of the 
problems encountered by the Savannah has concerned 
crews. Experience of these and of the practical problems 
of sea operation, as well as those of berthing and arranging 
port facilities, would derive from a ship-borne project 
and help to indicate the way to improve future designs. 
All this experience would put British engineering and 
shipbuilding firms into a strong position to retain orders 
from British ship-owners and to obtain them from foreign 
shipping firms. Little further progress can be made 
in developing an economic type of reactor without 
actually constructing an experimental reactor or reactors. 

Against starting a programme is the absence at present 
of any reactor type which holds firm promise of becoming 
economic. Nuclear reactors may prove to have no 
great future for propulsion of merchant ships even after 
further heavy expenditure on research and development. 
It is likely that any economic type of reactor developed 
could only be used in a limited number of large ships, 
operated intensively on a few long routes, with special 
terminal facilities. Moreover, the advantages of successful 
development of reactors, which are decisively the best 
and maintain a decisive lead, apart from prestige, may be 
no more than marginal. It is also conceivable that the 
eventual economic reactor will be gas- or steam-cooled. 

On the content of any such programme, the Working 
Group recommends the construction and testing of a 
reactor to the Vulcain design or the burnable poison 
pressurized water reactor of the U.K. Atomie Energy 
Authority. The balance of advantage lies with a ship- 
borne project, and actual construction should be possible 
at the end of a year. In the phased programme outlined, 
sea-trials are contemplated in 1968. The Group is 
convinced that to continue with a marine research 
programme at the present level of about £2 million a 
year and not building a reactor until thero is a better 
prospect of an economic design would be getting the 
worst of both worlds. Its alternative is to continue 
commitments under the joint Vuleain programme to 
1967 and tidy up other research during the present year. 


N 


June 27, 1964 


No. 4939 


NATURE 1273 


APPLICATION OF LASERS 


N informal conference on scientific and industrial 
applications of lasers was held at the National 
Physical Laboratory, Teddington, during April 23-24. 
Three hundred people (the maximum number it was 
possible to accommodate) attended, of whom twenty 
were from overseas. 

The ‘first day was concerned with gas lasers. During 
the morning, papers were presented on a variety of applica- 
tions, including metrology, geodesy, communications, 
optical testing and alignment, navigation and machine tool 
control, and these and other topics were discussed during 
the afternoon session. The laser, as one speaker put it. 
is a solution in search of a problem. At present it is 
mainly useful in science, and there are few applications 
earning money, but many where it is a very convenient 
light source. It was generally agreed that for broad-band 
communications a frrther decade of component develop- 
ment is needed. and even then millimetre wave-guide 
communications systems may be preferable. For many 
other applications such as optical testing the greater 
convenience of the gas laser as a light source must be 
balanced against it8 greater cost. In machine tool control 
the laser is capable of quite unnecessarily high accuracy, 
but requires rigorous and expensive control of machine 
operating conditions. The stability of existing continuous 
wave gag lasers could profitably be improved, but other- 
wise they seem to be satisfactory. The pulsed gas laser 
holds promise for micro-machining of thin films. 

After tea, some of the laser work in the Light and 
Standards Divisions of the National Physical Laboratory 
was displayed, and a number of commercial gas and solid- 
state lasers, mostly British, were demonstrated by the 
makers. 

The second day was spent discussing pulsed solid-state 
lasers, the principal characteristic of which is their ability 
to compress energy in time, space and frequency. A 
paper on the applications of neodymium-doped glass 
lasers to machining, welding, the spectral microprobe and 
computers was followed by papers dealing with diode 
lasers, micromachining, atmospheric studies, satellite 
tracking, beam-riding guidance systems, electron emission 
from laser-heated surfaces, generation of submillimetre 
waves, range-finding and ophthalmic surgery. For metal 
cutting operations the laser, though energetically ineffici- 


ent, is in competition with the electron beum machine, 
which can work only in a vacuum. One speaker found 
that case of cutting depended on the thermal conductivity 
of the material, while another found that the reflectivity 
and binding energy were the important paramoters. Tho 
laser may find application in dentistry for the selective 
vaporization of caries in teeth, and in surgery for drilling 
thin bone. It is already in successful use for anchoring 
detached retine. Tungsten surfaces receiving a focused 
laser beam produce high-density electron cmission. and 
may be useful as the cathodes of millimetre wave valves., 
Range-finders using gallium arsenide diode laŝers and ruby 
lasers were described, with ranges of the order of a mile 
and accuracy of 1 in 10‘: the diode laser has the advantages 
of ease of modulation, compactness and high pulso 
repetition rate. 2 

During the second afternoon discussion session many 
people wanted to know more about neodymium glass. 
lasers. This material has the great advantage over 
crystalline materials that it can be produced in large 
optically homogeneous blocks with quite high neodymium 
concentrations. In pulsed operation with water cooling, 
a pulse repetition frequency of one a second has beon 
achieved, but the cost goes up more than proportionally 
to the repetition rate. The surface damage observed 
at high pumping power densities can be avoided by clad- 
ding the neodymium glass with a plain glass, and solariza- 
tion is prevented by filtering out ultra-violet radiation. 
The difficulty of obtaining laser pulses longer than 1/100 
sec, desirable for welding applications, was emphasized. 
On the question of range-finder accuracy, improved 
narrow-band filters for the detector would bo helpful, 
though thermal drift of the transmitter wave-length would 
have to be considered. 

Many applications had to be left out, or received only 
cursory attention, including high-speed photography, 
plasma physics, vision in fog, testing of optical components 
and education in optics. 

Commercially, perhaps, the picture presented was 
disappointing, at least in the short run. Much develop- 
ment remains to be done before many industrial applica- 
tions become possible. It is still true that the principal 
applications of the laser are in scientific work, where it is 
invaluable. T. P. Hucuss 


ORDER-DISORDER STRUCTURES 


SYMPOSIUM on order-disorder structures was held 

under the auspices of the Slovak Academy of Science 
and the German Academy of Sciences in Berlin at Castle 
Smolenice, near Bratislava, during May 19-23. There 
were some sixty participants from six countries, namely, 
Czechoslovakia, German Democratic Republic, Hungary, 
Japan, the United Kingdom, and tho U.S.S.R. The 
symposium was organized by Prof. K. Dornberger-Schiff 
(Berlin) and Dr. F. Hanic (Institute of Inorganic 
Chemistry, Slovak Academy of Science). 

Prof. Dornberger-Schiff gave a review of the subject, 
which in its present stage of development owes very 
much to her and to colleagues in Adlershof. A foundation 
has been given to the systematic theory of the symmetry 
operations which are invelved in the separate layers, and 
in their mutual arrangements, in a large class of order— 
disorder structures. The application of these concep- 
tions to the solution of the structure of strontium ger- 
manate was very striking. Prof. B. B. Zvjagin (U.S.S.R.) 
proposed & classification of layer silicates and Dr. V. A. 


Dritz (U.S.8.R.) discussed the imperfections in lizardite. 
The silicates were also the subject of a report by Dr. 
J. A. Gard (United Kingdom), in which he described the 
application of electron diffraction to these investigations. 
Dr. W. A. Wooster (United Kingdom) described the 
application of automatic photographic and diffracto- 
metric methods to the study of diffuse reflexions of all 
kinds. 

A group of papers dealing with problems of disorder 
of a more general kind was presented by several speakers. 
Prof. G. S. Zhdanov (U.S.8.R.) spoke about crystals 
showing a combination of Seignette-electric properties 
with ferro- or anti-ferro-magnetic properties. Dr. L. 
Zsoldos (Hungary) dealt with a new approach to the 
problem of the disorder shown by Cu,Au. Dr. K. Doi 
(Japan) gave an analysis which permits of a direct determ- 
ination of atomic displacements in disordered alloys. 
Prof. A. J. C. Wilson (United Kingdom) described the use 
of variance as a measure of line broadening and its use in 
the study of stacking faults. e 
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Castle Smolenice is situated at the foot of the Lower 
Carpathian. mountains and is in a beautiful countryside. 
It now provides both a holiday resort and a meeting-place 
for scientists and is maintained by the Slovak Acadomy of 
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Science. Apart from the scientific programme there was 
a well-arranged ladies programme and an excursion to 
Bratislava for all members of the Symposium. 

W. A. WOOSTER 


BRITISH LEATHER MANUFACTURERS’ RESEARCH ASSOCIATION 


URING the open days ab the Egham Laboratories 
of the British Leather Manufacturers’ Research 
Association, which were held during May 12--14, members 
of the staff gave short lectures on subjects of particular 
interest. 
- Dr. J. H. Bowes spoke about hides from intensive feed- 
ing trials and other accelerated stock- -raising methods; 
in composition and leather-making characteristics they 
resemble the lighter hides from normally fed animals of 
the same age. In the hair-loosening process, one of the 
most critical stages of leather manufacturing, alkaline 
unhairing treatments loosen the keratin structure by 
breaking its disulphide links, while enzyme methods mostly 
act by dissolving non-keratinous protein around the hair 
bulb so that the hair can be pulled from the follicle. 
These procedures are being re-examined by the Biology 
and Biochemistry Departments, one object being to 
diminish the effluent problem caused by waste unhairing 
Liquors. 

Other work arising from offluent problems was described 
by Dr. R. G. Mitton, who described the complete utiliza- 
tion of vegetable tanning liquors with no discharge of 
wastes, and by Mr. D. A. Bailey, who dealt with chlorina- 
tion and aeration of waste sulphide liquors. In addition 
to work on effluent problems the Chemical Engineering 
Department continues its investigations into drying 
leather. The efficiency (in heat and power) of vacuum 
drying has been examined and was described by Dr. FE. E. 
Humphroys. 

In the Association’s first quarter-century, the research 
programme was mainly occupied with investigations of 


FLAME-RESISTANT 


OR many years natural rubber latex has been used 

for bonding fibres togother in various forms to pro- 
duce packaging and particularly upholstery filling 
materials. Curled animal hair is most commonly used 
for this purpose, tho popular material being hog hair 
blended with small proportions of longer hair derived 
from cattle tails, horse tails and manes. For packaging, 
at least 80 per cent hog hair is normally specifiod. 
Alternatively. certain vegetable fibres, such as coir 
(coconut fibre), used alone or blended with sisal, are 
suitable for some applications. The function of the latex 
as bonding agent is to improve load-carrying capacity, 
resilience and resistance to compression. For domestic 
upholstery and privato transport, in conjunction with 
springs, these rubberized materials have withstood the 
test of time; latterly their use has found favour for 
packaging radio and electronic instruments and other 
fragile equipment. 

According to E. G. Pole, in an article in Rubber Develop- 
ments (quarterly journal of the Natural Rubber Producers’ 
Research Association, Malayan Rubber Fund Board, 17, 
No. 1; 1964): “It has been suggested that usage could 
be further expanded into new and virtually untapped 
markets, such as that of public transport seating, if only 
flame-resistant properties could be added to the already 
excellent physical proferties of natural rubber bonded 
hair pads”. 


leather-making processes; but more attention is directed 
nowadays to finishing processes and to the properties of 
leather which are important to users. Mr. T. J. Bickerton 
outlined the problems met with in dyeing (many of which 
are due to resistance to wetting in areas where fatty 
compounds persist from the original skin), and Mr. A. W. 
Landmann discussed the new methods of applying pig- 
mented finishes (in particular the mechanized ‘curtain- 
coating’, which has been .adopted from the timber- 
finishing industry). Miss B. M. Haines spoke on adhesives 
for leather and the proparation of leather for cementing, 
a very important subject in many uses of leather. It is, 
for oxample, essential that adhesives used in suéde and 
grain leather garments shall be resistant to dry-cleaning 
solvents. 

In the Chemistry Department, the display of work on 
the organic chemistry of tannins dealt’with the reactivity 
of 3 : 4 diol flavonoid compounds, from natural sources or 
synthetic. The Physics Department showed new tests 
which are being developed for various properties of leather, 
and the continuation of work on waterproofing and heat- 
setting (moulding to shape) of upper and clothing leather. 
Dr. J. H. Bowes spoke on the recently completed project 
(sponsored by the U.S. Department of Agriculture) on 
the resistance of leather to de-tanning treatments and 
the chemical stability of collagen and leather fibres. A 
new contract has been awarded by the Department of 
Agriculture for work in the Biochemistry Department on 
compounds which react chemically with collagen and can 
be used to improve the characteristics of leather. 

M. P. BALFE 


RUBBERIZED HAIR 


The use of certain combustion retarding materials, for 
example, ammonium salts, borates, metallie oxides, 
chlorinated hydrocarbons, with natural rubber latex, has 
been recognized for some years past, but high levels of 
these compounds aro required and it has beon found that 
the clastic properties of the products involved in this 
treatment are adversely affected. Natural rubber can 
now be modified ‘chemically to give more permanent 
flame-resistant properties without impairing the elasto- 
meric characteristics of rubber latex by reacting it with 
polyhalogenated compounds in the presenco of suitable 
catalysts. Trichlorobromomethane is the preferred com- 
pound, and it is stated: “Tho reaction ... proceeds 
nearly to completion at room temperature and can thus 
be regarded as a maturation or compounding step in the 
preparation of a latex compound suitable for the pro- 
duction of flame-resistant rubberized hair”. 

It has been found that the optimum combination of 
flame-resistance and good physical properties in the 
modified rubber is obtained when latex is com- 
pounded with between 14 and 20 parts by weight 
of trichlorobromomethane per 100 parts by weight of 
rubber. 

The article gives both recipe and procedure for pro- 
duction of rubberized hair with good flame-resistant 
properties, together with relevant illustrations and 
appropriate references. 
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NATURE CONSERVATION IN ETHIOPIA 


OST people, even those with experience of other 
parts of Africa, think that wild-life should be able 
to ‘take caro of itself’ in Ethiopia. In a country of some 
400,000 square miles, with a total population of only some 
twenty millions, one might expect there to be plenty of 
room for man and for even the largest wild animals. 
However, many animals and their habitats have already 
suffered severely. In some regions those mammals with 
valuable pelis, such as the leopard, colobus monkey and 
various antelopes, have been almost exterminated, and in- 
tensive farming has loft little room for wild-life in others. 
At the request of the Ethiopian Delegation to Unesco, 
a mission, headed by Sir Julian Huxley and including 
Prof. Th. Monod, Mr. Lloyd Swift, Dr. E. B. Worthington, 
and M. Alain Gille, was organized to visit the country. 
This it did in September 1963; the mission’s report is 
dated December 27, 1963*, The party spent only some 
six days in Ethiopia; but as its members all had consider- 
able experience of conservatior throughout Africa they 
were able to produce a useful report, setting out general 
principles and not trying to work out the details of their 
plans. 

The report shows how much Ethiopia has still to offer. 
There is a wider range of biological environments than in 
any other African country. The surface of the land ranges 
from 146 m below sea-level to a height of 4,620 m, and 
includes tlesert as well as tropical rain forest. Not only 
is the natural history of great interest; Ethiopia has a 
unique cultural heritage. There is Aksum, with its 


* United Nations Educational, Scientific and Cultural Organization. 
The Conservation of Nature and Natural Resources in Ethiopia. Report by 
J. Huxley, A. Gille, Th. Monod, L, Swift and E. B. Worthington. Pp. 50. 
(Paris: Unesco. 1963.) 


monuments dating from the third century B.C., and a 
wealth of Christian architecture from the fourth contury 
onwards. 

At present it is difficylt for visitors from abroad, inclid- 
ing scientists, to study or enjoy all that Ethiopia has to 
offer. The mission recommends improvements in the 
transport system and in hotels for visitors who could 
help to finance the schemes proposed. It recommends 
improvements in education and training, and hopes that 
these can be made through the University of Addis 
Ababa, so that research can be done which will show how 
conservation can be promoted. The mission recommends 
the creation of a group of National Parks and controlled 
wild-life areas, not only to conserve what is there, but also 
to encourage the breeding of larger stocks of many 
animals. Finally, it suggests the administrative machinery 
to ensure the working of its plans. 

Ethiopia is the only country in Africa which has not, 
except for the brief period of Italian occupation, had a 
colonial phase. Often in other parts of Africa and Asia 
wild-life conservation has been due to the enthusiasm of 
the ruling powers rather than of the indigenous people. 
However, to-day we see, in newly independent countries 
like Kenya and Tanganyika, an encouraging realization 
of the importance of conservation among the people, and 
now in Ethiopia the value of their unique wild-life is also 
being appreciated. Perhaps Africa will not, afior all, 
become so impoverished as many have feared. It is 
clear, however, that help from outside will long bho neoded, 
and that, as well as advice from Unesco missions, concrete 
financial assistance and the help of technical staff will 
also be required. K. MELLANBY 


BILHARZIASIS RESEARCH IN EAST AFRICA 


HE saying, ‘Prevention is better than cure’, is perhaps 

truer of bilharzia than of many other infections. Even 
if an individual is cured of the infection, tissues and 
organs in the body may have been irreparably damaged. 
Prevention, or control, of bilharzia is difficult anywhere, 
but a reduction in the amount of transmission, that is, 
control, might be achieved by breaking the parasite cycle 
in its intermediate host (snail) stage or by treating every- 
one who is infected to prevent water becoming contamin- 
ated with schistosome eggs. 

The first mothod probably offers a greater chance of 
success since it does not require active co-operation of 
the population. If logistics and technical details of a 
campaign to kill snails can be overcome, and such a cam- 
paign is based on sound preliminary investigations of 
ecology and bionomics of the snail, it is possible that 
much can be done to control tho infection. The agreement 
of the people must be obtained, but, apart from this and 
their co-oporation in showing the control workers the 
whereabouts of all water bodies, the local population will 
not be inconvenienced in such a scheme. 

The East African Institute for Medical Research has 
prepared a pilot control scheme for an area of Sukumaland 
based on the knowledge which is now available as to 
‘where’ and ‘when’ urinary bilharziasis is acquired; it is 
hoped that help from outside agencies will be available to 
promote the scheme prior to a bigger project in Sukuma- 
land*. Such obvious details as the best methods of 


* East African Common Services Organization. Annual Report of the 
East African Institute for Medical Research, 1962-68. Pp. 67. (Mwanza, 
Tanganyika: East African Institute for Medical Research, 1964.) 5s. 


applying molluscicide to ponds and the optimum time 
for application are being investigated; but, until such a 
scheme is put into operation, its difficulties will not be 
apparent and therefore cannot be overcome. Previous 
work has suggested that, in Sukumaland, only ponds of 
a temporary nature are involved in the spread of urinary 
bilharziasis, and that permanent bodies aro of little or no 
importance. Field studies are in progress to confirm this. 

Evidence has been obtained that children aro the main 
source of infection in urinary bilharziasis, but curative 
treatment on a large scale is not practicable owing to the 
toxicity of drugs available. When, however, treatment 1s 
given at intervals of a few weeks (suppressive treatniont), 
toxice effects are virtually eliminated, and, although tho 
cure rate is much less than with a normal course of treat- 
ment, the egg output of individuals is considerably reduced 
and they aro therefore less ‘dangerous’ from the public 
health angle. 

A satisfactory treatment for bilharzia in hospital and 
dispensary outpatients has yet to be found, but a com- 
promise between a form of ‘suppressive treatment” and 
the usual ‘curativo treatment’ might be suitable. ‘The 
time-interval between injections is being reduced to try 
to increase the cure rate of suppressive treatment while, 
at the same time, overcoming the toxicity associated 
with curative treatments. The effect on tho infection 
rate of snails in artificial ponds of reducing the amount of 
urinary contamination added (such as might occur in the 
field if a large-scale treatment of children were instituted) 
is being investigated. It is hoped that. from this, informa- 
tion will emerge as to how much@eduction of egg output 


in a population is required in order to prevent infection 
from snails. : 

Irrigation schemes are notorious for providing habitats 
suitable for snails, and for attracting labouyers or tenant 
farmers. The combination of high snail and human 
population invariably leads to the spread of bilharziasis. 
New irrigation schemes are being planned in East Africa 
or have been constructed. Some of these are in areas 
-where bilharzia already occurs. The danger of the disease 
‘becoming serious in such areas must be recognized. 
‘Observations at two of the larger schemes in Tanganyika 
are being made regularly so that appropriate measures 
can be taken if and when bilharziasis begins to be trans- 
mitted. Smaller schemes are also being visited to assess 
the danger of bilharziasis becoming a menace. 
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In the vicinity of one scheme, the South African carrier 
of urinary bilharziasis, capable of colonizing, at irrigation 
schemes, was found with a potential carrier of rectal 
bilharziasis. Both these snails have now been shown in the 
laboratory to be efficient intermediate hosts of bilharzia. 

Although immunization against human helminth 
disease is not yet possible, some evidence suggests that 
it might be possible in the future. It has been suggested 
that immunity or resistance might develop after inocula- 
tion with an animal schistosome which does not normally 
affect man. Experiments on these lines are being carried 
out using baboons as experimental animals and infecting 
them with a schistosome worm from cattle. Snails were 
found naturally infected with this parasite, which is now 
being maintained in the laboratory. 
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EXTENSION OF THE THEORY OF ZONAL ROTATION TO EXPLAIN 
: GLOBAL FRACTURING 


By Dr. WILLIAM N. GILLILAND 


Department of Geology, University of Nebraska, Lincoln, Nebraska 


Ee mirror-symmetric, strike-slip systems in several 
parts of the world (the Caribbean Sea, the Banda 
Sea, the Scotia Sea, the Carpathian Mountains, and the 
mid-Atlantic Ridge between Brazil and the Congo) have 
recently been cited as indications of “. . . deformation 
by an eastward-moving force somewhere below the 
‘crust’ (in each case left-lateral offset lies north of right 
lateral offset) .. .”°1. The world-wide distribution, in the 
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ocean basins, of east-west-trending faults with hundreds 
of miles of horizontal displacement (Fig. 1)? may support 
the concept of an eastward-moving force below the 
‘erust’. 

A theoretical source of such an eastward-moving force 
was described by Jardetzky in 1929 (ref. 4), but was first 
presented in English twenty years later’. Then in a 
summary he stated: : 
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“The liquid Earth was not in a state of equilibrium but 
in a state of zonal rotation similar to that observed at 
present on the Sun, Jupiter and Saturn. 

“This state was maintained after the formation of the 
crust. There are theoretically many possible types of 
currents in the Earth’s interior, but the existence of the 
ones along the parallels, whose angular velocities increase 
under the crust from the poles to the equator, can explain 
the spreading of continents and mountain building. The 
currents in meridian planes do not seem to have any 
important influence because of their extraordinarily low 
velocity. The currents of other types could have some 
influence on various local formations of secondary signifi- 
cation.” 

Jardetzky’s theory is based largely on a possible analogy 
between behaviour of the Earth’s interior and observed 
behaviour of surficial materials on the Sun, Jupiter and 
Saturn. Latitudinally distributed variations in angular 
velocities in the surficial materials of these planets are 
well known (Fig. 2)§. The angular velocities increase from 
the poles to the equator, but, according to Menzel’, the 
reason for the equatorial acceleration is not known. The 
variations in rotation apparently are not uniform but 
occur in zones. Distortion of surface features and a 
shearing effect between different zones of latitude result 
from the differential rotation®. 
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system occur at interruptions in the American: Antarctica 
continental masses. 

It is necessarily implied that there exists, at some 
uncertain depth below the Earth’s surface, a decoupling 
level which*separates the outer portion of the Earth that 
is rotating en bloc from the inner fluid portion postulated 
as being characterized by zonal rotation. It is a further 
requirement that frictional drag must, at times, be exerted 
across the decoupling level to the base of the uniformly 
rotating ‘crust’. Such a process can well account for 
shearing above zonal boundaries. The mirror-symmetric, 
strike-slip systems apparently reflect relatively uniform 
application of the drag across the entire width of a zone 
with resulting en masse movement of the ‘crust’ above 
that zone. 

The inconsistency of direction of relative offset along 
the major oceanic shears superficially soems to deny the 
postulate of increasing angular velocities from poles to 
equator, which theoretically would xeqifire only left- 
lateral movement in the northern hemisphere and right 
lateral movement in the southern hemisphere. However, 
it is clear that, if drag is causing movement of the surface 
in a given ‘crustal’ block but not in the ‘crust’ across the 
zonal boundary on the equatorial side, a contrary move- 
ment will occur. 

The principal, east-west, strike-slip shears seem to be 
confined to the oceanic areas (Fig. 1), yet 
zonal rotation, if it exists, must exist on a 
global scale. Perhaps Vacquier, Raff and 
Warren}? were correct in imagining that 
oceanic crust can slip under the continents 
without appreciably disturbing the con- 
tinent’s isostasy and geology. It is sug- 
gested, therefore, that the principal mani- 
festation of zonal rotation occurs in the 
oceanic crust and below the ‘floating’ con- 
tinental masses. However, some evidence 
of the eastward continuation of one of the 
largest Pacifie fractures, the Mendocino, 
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Fig. 2. Distortion of a meridian after one complete rotation in latitude 60°, caused by 
the Sun’s differential rotation (after Rudaux and DeVaucouleurs, 1959) 


The objections to Jardetzky’s theory have been sum- 
marized by Scheidegger’. The principal criticism is that 
because of viscosity of the Earth, the decay time for zonal 
rotation is extremely short; therefore, it seems quite 
unlikely that a ‘primeval’ zonal rotation could persist 
very long. However, Jardetzky*?° has effectively argued 
that both external and internal forces, which are either 
known to exist or thought to exist, have prevented 
achievement of the equilibrium necessary to cause en bloc 
rotation of the Earth. 

Jardetzky’s5.!° principal application of this theory 
has been concerned with development of continents and 
‘ocean basins and formation of mountain chains. Addi- 
tional ramifications should exist. Shearing in the crust 
reflective of shearing at zonal boundaries reasonably may 
be expected. Furthermore, because the Earth rotates 
from west to east, the zonal rotation should produce a 
gigantic east-west counter-clockwise couple in the northern 
hemisphere. An opposing couple would exist in the 
southern hemisphere. Similarly oriented couples would 
exist in each of the zones. It is my belief! that zonal 
rotation occurs in the sub-‘crust’ and that the very large, 
east-west oceanic fault zones as well as the mirror-sym- 
metric systems reflect interzonal shearing. In the case of 
the mirror-symmetric systems, it seefns clear that a portion 
of the crust has sheared from the bounding areas and 
moved eastward independently of them. It is significant, 
perhaps, that both the Caribbean system and the Scotia 
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through, or below, North America at 40° N. 
has been cited!?. At the same latitude. 
Woodward** and Drake! have recently 
indicated possible major transcurrent move 
ment in the Appalachians and along the 
Atlantic margin of North America. respect- 
ively. Perhaps, then, some of the fractures 
extend below tha continents and are 
more extensive than is evident from Fig. 1. 

A world-wide, meridionally oriented, compressional 
stress, sometimes cited!® as the ultimate cause of large 
wrench faults, is patently incompatible with the more 
recently recognized, even larger east-west shears of the 
oceans. Certainly, by any criteria, some of these must 
be judged first-order in applying Moody and Hill's 
principles of wrench-fault tectonics’. The multiplicity 
of associated complementary first-order and resulting 
second-order and third-order wrench directions, as well 
as the possibility of rotation and intrazonal shearing duo 
to intrazonal couples, seems fully sufficient to oxplain 
almost any direction of wrench-faulting. Thus, tho 
concept of an essentially north-south global stress 
would seem eliminated as a real objection to zonal 
rotation. Conversely, however, zonal rotation in itself 
does not deny simultaneous existence of a meridional 
stress. 

In summary, there are a number of conditions which 
behoove us to consider seriously the theory of zonal 
rotation as the cause of major east-west shearing. (1) 
The Earth is a rotating celestial body whose interior has 
fluid properties. (2) The fluid material of other celestial 
bodies displays zonal rotation with latitudinal shearing 
between zones and distortions of features within the 
zones. (3) The equilibrium necessary to cause cessation 
of zonal rotation has not yet been attained in other fluid 
celestial bodies. (4) The Earthglisplays a great system of 
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enormous east-west trends of shearing which has not yet 
been satisfactorily explained by any other theory of global 
tectonics. . 

Although many other gross, tectonic features are sus- 
ceptible to analysis in this light, many apparetitly are not. 
Several principal factors may account for some of the 
incongruities. (1) The heterogeneity of the crust would 
have caused variations in the resulting strain. (2) It is 
true that the zonal rotation explanation of the east-west 
shears is workable only with the prgsent axis of rotation. 
Any past changes in the Earth’s axis presumably would 
have caused a reorientation of the forces and direction 
of shearing. Such changes have been suggested, but 
recently several authors!?!* have cast doubt on these 
hypotheses of polar movement based on paleomagnetic 
data. (3) Several mechanisms of crustal deformation 
may exist and may be mutually influential. 
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‘HEAT FLOW IN THE HUNGARIAN BASIN 


By Pror, T. BOLDIZSAR 


Geothermal Energy Board, Budapest 


A SURPRISINGLY high heat flow was reported in 
1956 from Hungary?. A figure of 3-035 ucal/em? sec 
was found, and some doubt was expressed in accepting 
such high values over the average (1:2 pcal/em* sec). 
Other investigators have also found considerably higher 
values than the average in Canada®, Japan’, Australia‘ 
and England’; but it may be doubted whether all these 
high values, including the Hungarian, represent the 
regional heat flow of greater areas. A 

Heat-flow measurements in the Nagylengyel oilfield, 
(ae a Austrian border, revealed 1-9-2-0 pcal/em? sec 
ref. 6). 
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Further measurements of heat flow indicated in the 
Pliocene sediments of the Hungarian plain at Hajduszo- 
boszló” a heat flow amounting to 2-2-2-6 ucal/em? sec. 
At the edge of the Mid-Hungarian Mountains near Szen- 
tendre in Oligocene sandstone 2-0 pcal/em? sec has been 
found®; farther in the southern part of the Mecsek moun- 
tains in Permian sandstone near Hetvehely and Bakonya, 
the heat flow amounted to about 2-4 ucal/em?® sec (ref. 9). 

In the Czechoslovakian part of the Hungarian basin 
at Selmecbánya (Banska Stiavnica) in Tertiary andesite 
and dacite rocks 2-66 pcal/em? sec heat flow was observed". 
All heat-flow values are shown in Fig. 1. The distribution 
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Fig. 1. 

















Temperature gradient and heat-flow values within the Carpathians. 1, Zobák, 3:3; 2, Hosszuhetény, 2'5; 3, Bakonya, 2-4; 4, Nagy- 
lengyel, 1-9-2-0@ 5, Hajduszoboszló, 22-26; 6, Szentendre, 2:0; 7, Banska Stiavnica, 2-6. Heat flow in wcal/em? sec 
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Fig. 2. Heat-flow chart of Hungary 


of high heat-flow values over the whole Hungarian basin, 
without any exception, suggests that this tectonic structure 
is somehow connected with this geophysical phenomenon. 

More than 400 carefully revised temperature measure- 
ments were made to ascertain virgin rock temperature 
of the rocks of the Tertiary basin and the bottom rock. 
Points of measurement are well distributed over the whole 
country and iso-temperature-gradient lines were con- 
structed as shown in Fig. 1. The average value of the 
temperature gradient is 54:2° C/km, but over big terri- 
tories (about 3,500 km?) the temperature gradient is 
more than 70° C/km. The highest measured temperature 
gradient at Lakitelek is 147° C/km in Pliocene sediments 
without any indication of voleanic activity. 

Comparing isogradient and isobath lines, higher 
gradients than the average (more than 70° C/km) are 
at those places where the bottom rock is in an elevated 
position. Lower gradients than the average (less than 
45°-50° C/km) occur under thick Tertiary sediments, 
where the Mesozoic—Paleozoic bottom rock lies in 
depths of 3,000-5,000 m under sea-level. The centre of the 
greater Hungarian plain has been, and is, sinking along 
the valleys of Tisza and Kérés Rivers, and this continuous 
sinking since the Upper Miocene caused the sedimentation. 
of thick Pliocene sandstone and clayey strata. This sinking 
explains the relatively smaller heat flow and consequently 
smaller gradients. The same case can be observed in the 
Lesser Hungarian plain in the north-west part of Hungary 
and in the ‘Drava-graben’ at the south-west border of 
Hungary. 

The conductivity of Mesozoic—Palxozoic bottom rocks 
is better than the conductivity of the Tertiary rocks. 
In those zones where the ‘Mesozoic—Paleozoic bedrocks 
are exposed, and further where the Tertiary rocks 
are thin owing to the small subsidence of the Palæo- 
Mesozoic bottom rocks, more heat flows toward the 
surface than in those regions where the Tertiary basin is 
deep. 

It is interesting to see that in the north-west part of the 
basin the gradient is decreasing from 40° to 25° C/km 
towards the Vienna basin, where the heat flow may be 
assumed to be normal. 


There are no heat-flow measurements in the Carpathians 
and outside of this mountain chain, but temperature 
gradients in the basin of Vienna, in the Czech platoan in 
Polen and Romania, farther in the Po Valley, show con- 
siderably lower values, between 20° and 30° C/lan. Theso 
temperature gradients indicate that the Hungarian basin 
is an isolated geothermic high, surrounded by tho geo- 
thermically normal territories of central and castern 
Europe. 

The values of measured, rock conductivities give some 
support to compute average conductivities for greater 
areas. Average conductivity for the whole basin may bo 
taken as 0-0044 o.e.s. The average value of terrestrial Leat 
flow for the Hungarian basin, with the average gradient 
of 54-2° C/km, may amount to about 2-4 ucal/em? sec. 

In the Mesozoic north-east part of the Mecsok, after 
careful measurement an average of 2-9 ycal/em® sec in 
the Paleozoic south-west part 2-4 ueal/em? sec has been 
established. 

The areas of high gradient over 70° C/km are distin- 
guished with higher heat flow from 2-8 ycal/em" see to 
the maximum at Lakitelek, where the heat flow may reach 
to 5-5-5-8 ucal/em? sec. 

Relatively low heat flow may occur in small areas 
where the basin is deep and the gradient is between 
40° and 45° C/km. This geothermal low may be charac- 
terized by 1-4-1-6 ucal/em? sec except if low heat flow is 
caused, by abnormally high conductivity, but this seems 
improbable. At the north-west border of Hungary the 
gradient diminishes to 30° C/km and the heat flow may 
decrease to about 1-2 ycal/om? sec, which is the normal 
continental value. In the Vienna basin tho heat flow 
decreases further to about 1-0 wcal/em? sec as tho tempera- 
ture gradient is about 25° C/km. 

Fig. 2 presents the heat-flow distribution of the Hun- 
garian basin. Higher heat flows than 2-5 ucal‘em? sec 
generally characterize those areas whero bottom rock is 
near to the surface; lower values than 1-75 yucal’em sec 
are observed on those territories where Tertiary sedi- 
ments are thick and the bottom rock is still sinking. 
The Raba tectonic line where the heat flow is about 1-5 
ucal/em? sec can be consideredgas the Western boundary 
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of the Hungarian geothermal anomaly, since heat flow 
diminishes from that line in the north-west direction to 
the European normal continental value. 

The Hungarian basin is surrounded by the Carpathians 
and the Dinaric Alps. The territory of the present 
basin in the Mesozoic was characterized by thin sediments 
and the sequence of rocks is incomplete, but in some 
places, especially in the Middle Hungarian Mountain 
Range, the thickness of the Mesozoic deposits is consider- 
able too. At this time the Carpathians and the Dinaric 
Alps owing to intensive subsidence were zones of thick 
deposition. In the Tertiary period the Hungarian basin 
began to subside intensively and was filled up by Paleogene 
and Neogene and especially Pliocene sediments. The 
zones of the Carpathians and Dinarics were uplifted 
simultaneously with the subsidence of the Hungarian 
basin. Especially in the Neogene period, in connexion 
with the moyntain risings, great volcanic activity took 
place. 

The normal value of the isostatic anomaly for Europe 
is +15 mgal. The Hungarian basin has gravitational 
maxima from +15 mgal to +46 mgal. This gravite- 
tional anomaly perhaps may be in connexion with the 
high heat flow and may give the explanation of it. Sup- 
posing that the denser magmatic rocks are nearer to the 
surface in the hyperthermal basins than elsewhere, and 
supposing that during the tectonic cycle of the mountain 
building the plastic magmatic rocks were flowing upward 
and thus transporting heat into the basins, the higher 
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heat flow measured at present in the basins can be 
explained. 

The volume of Tertiary and younger rocks in the 
Hungarian basin is about 160,000 km?. The volume of 
porous rocks with porosity over 10 per cent ‘is about 
20,000 km*. More than 4,000 km? hot water of 60°-200° 
C temperature is stored in the pores of the rocks between 
1,000 and 3,000 m depth; most of it can be mobilized by 
putting down boreholes everywhere to create hot water 
wells with capacities of 1-3 m°/min. This immense 
quantity of stored heat when used down to 40° C tempera- 
ture amounts to 2:3 x 10*! cal, which is about 50 per cent 
of the calorific value of the world known petroleum deposits 
at the end of 1963. 

Following my proposition, the hot water is now being 
exploited on a greater scale for heating and industrial 
purposes since geothermal heating is more economic 
than any other alternative. Wells of 1,000-2,000 m 
depth will produce 1-3 mê hot water (60°-100° C) per 


min for decades. 
e 

1 Boldizsár, T., Nature, 178, 35 (1958). 

* Misener, A. D., Trans. Amer. Geophys. Union, 36, 1055 (1955). 

3 Uyeda, S., and Horai, K., Bull, Earth. Res. Inst., 38, 421 (1960). 
t Newstead, G., and Beck, A., Austral. J. Phys., 8, 480 (1953). 

$ Bullard, E. C., and Niblett, E. R., Mon. Not. Roy. Asiro. Soe. Geophys., 

Suppl., 6, 222 (1951). 

* Boldizsár, T., Publ. Fac. Mining, Sopron, 20, 27 (1959). 

? Boldizsár, T. (in the press). 

8 Boldizsár, T. (in the press). 
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1° Boldizsár, T. (in the press). 


REEF CORAL TOLERANCE OF HIGH TEMPERATURES AND SALINITIES 


By Dr. D. J. J. KINSMAN 


Department of Geology, Imperial College of Science and Technology, 
London, S.W.7 


HE purpose of this article is to bring revised data to 
the attention of geologists and others interested in 
the distribution of coral reefs, concerning the temperature 
and salinity conditions under which reef corals may grow. 
During the past three years I have been engaged in 
the investigation of Recent limestones and calcareous 
sediments near the town of Abu Dhabi, Trucial Coast, 
Persian Gulf. The area comprises a series of coastal 
islands and lagoons at the southern margin of a broad 
shelf, the Trucial Coast embayment. Field studies have 
revealed the presence of coral reefs, along the inner 
margin of the shelf, at its junction with the coastal island 
and lagoon complex. The reefs are associated with areas 
of oolite and skeletal sands, and farther back in the 
lagoons are extensive spreads of pellet sands and aragonite 
muds. Early diagenetic dolomite and evaporite deposits 
exist in many of the innermost areas. 

Reef or hermatypic corals are distinguished by the 
presence of symbiotic, unicellular, dinoflagellate algae or 
zooxenthelle in their endodermal tissues. ‘“Deep-sea’ or 
ahermatypic corals lack zooxanthelle and can withstand 
a much wider range of environmental conditions than can 
reef corals. Reef corals are limited in their habitats 
largely because of the mutual interdependence of the 
coral polyps and their algal symbionts. 

Limitations on reef coral growth include factors such 
as water circulation, illumination, temperature, and 
salinity: 

(a) Water circulation: fairly vigorous water circulation 
is required to ensure the necessary supply of oxygen and 
nutrients. 

(b) Illumination : reef corals generally live in depths of 
less than 50 m and most vigorous growth takes place in 
depths of less than 20 mẹ The depth control is a reflexion 


of the depth to which light may penetrate in sufficient 
amount to maintain the metabolic processes of the zooxan- 
thellz. The upper limit of coral growth is normally close 
to low water mark, as death ensues by desiccation if 
exposure is too prolonged. 

(c) Temperature: water temperature is an important 
control and reef corals flourish best in the range 25°-29° C. 
They can withstand limited exposure to temperatures as 
low as 16°-17° C, and in the West Indies the maximum 
endurable temperature for survival and continued growth 
has been found to be about 36° C. Because of its high 
rate of metabolism, Acropora is thought to be the most 
sensitive and can endure a maximum temperature of only 
32° C (Wells, personal communication). 

(d) Salinity: average tropical ocean water has a 
salinity of 35 parts per thousand and reef corals flourish 
best within the range 34-36 parts per thousand. How- 
ever, they can tolerate dilution to 27 parts per thousand 
or concentration to 40 parts per thousand. In the West 
Indies it is found that Acropora can withstand salinities 
of 40 parts per thousand for only a few hours, although 
Porites can survive salinities of up to 48 parts per thousand. 
Above 48 parts per thousand all forms die or are damaged. 

Along the Trucial Coast reef corals grow between low 
water mark and about 10-15 m depth. However, sea- 
water temperatures and salinities have been found to 
exceed those recorded in other regions of reef coral 
growth. Surface and shallow sea-water temperatures 
range seasonally from a minimum of 16°C to a maximum 
of over 40° C; deeper than 4-5 m the seasonal temperature 
range is about 20°-36° C. Average surface water tem- 
peratures from May to October are in excess of 30° C. 
In late July, August and early September air temperatures 
over the adjoining islands reach at least 47° C, and during 
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Fig. 1. Temperature and salinity tolerances of reef corals. Black, 
optimum conditions; white, previously accepted limits; hatched, 
extended limits derived from Persian Gulf investigations; broken 


* hatched, extreme limits—boundaries uncertain 


this period shallow water temperatures in excess of 35° C 
are commonly encountered. Previous authors! have 
found that a large diurnal range in water temperature 
has drastically affected the distribution of corals on reef 
flats and other very shoal areas. Along the Trucial 
Coast corals in very shallow depths endure diurnal 
temperature ranges in excess of 10° C and a total seasonal 
range of over 20° C. The Trucial Coast reefs are com- 
posed dominantly of Acropora, even in very shoal areas 
which suffer maximum temperature changes; yet Acro- 
pora is a form found to be extremely temperature sensitive 
in the West Indies. 

Sea-water salinities along the Arabian shore of the 
Persian Gulf are everywhere high and near Abu Dhabi 
the open coast salinities are always in excess of 42 parts 
per thousand. Salinities in the reef areas range from 42 to 
45 parts per thousand and in the seaward parts of the 
lagoons large Porites colonies, up to 3 m in diameter, 
occur where salinities reach 48 parts per thousand. As 
in the West Indies, it is the massive coral Porites which is 
capable of withstanding the highest salinities, although 
above 48 parts per thousand even this form cannot 
survive. Other genera apparently cannot tolerate 
salinities much in excess of 45 parts per thousand. 

The optimum and previously determined temperature 
and salinity limits of reef coral growth are indicated in 
Fig. 1; also shown are the extensions of the limits 
determined from the Trucial Coast reef coral environ- 
ment. 

The reef coral fauna from the Abu Dhabi area comprises: 


ve Acropora sp. cf. A. pharaonis (Milne Edwards and Haime) 

ve Porites sp. cf. P. lutea—Milne Edwards and Haime 

zane lamellina—Ehrenberg 

Cyphastrea microphthalma (Lamark) 

Stylophora pistillata (Esper) 

Favia favus (Forskaal) 

Coscinaria monile (Forskaal) 

Siderastrea liliacea (Klunzinger) 

Psammocora (Stephanaria) planipora--Milne Edwards and 
Haime 

r Turbinaria sp. 

rt Plesiastrea sp. nov. 


ve, very common (dominant reef builders); 
uncommon; r, rare, 


namgono 


c, common; U, 
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With the exception of thesnew species of Plesiastrea, 
all the foregoing forms are known to occur in the Red Sea 
and Indian Ocean faunas, and-most of these species have 
been previously recorded in the northern Persian Gulf. 
The genus Psammocora is uncommon. but widespread in 
the Red Sea and Indo-Pacific faunas, but this is the first 
recorded occurrence from the Persian Gulf. The presence 
of Siderastrea is also of interest as it is extremely rare in the 
living Indo-Pacific fauna, being typically an Atlantic genus. 

The total number ọf reef coral genera now recorded 
from the Persian Gulf is fifteen, and eleven of these have 
been found in the Abu Dhabi area. The full Indo-Pacific 
fauna numbers over 80 genera. The attenuation in the 
number of genera between the Indo-Pacific and Persian 
Gulf regions may be explained either as a result of geo- 
graphical isolation or because of the extreme temperatures 
and salinities experienced in the latter region. Even 
within the Persian Gulf the number of genera would 
appear to be lower along the Trucial Coast than in the 
northern parts of the Gulf, where water salinities are less 
than 39-40 parts per thousand and summer water tem- 
peratures probably do not exceed 35° C. It is therefore 
probable that the further reduction of genera along the 
Trucial Coast is a result of the higher water temperatures 
and salinities of this area. 

The distribution of reef corals in areas affected by low 
temperatures has been remarked on by several authors’. 
Below 18° C the number of genera and species falls and 
reef development as a whole is less strong than in areas 
of higher temperatures. In the Abu Dhabi area reef 
structures are fairly well developed, though probably 
inferior to those formed under less extreme conditions of 
temperature and salinity. Despite the reduction in the 
number of reef coral genera, reef structures formed of 
several coral genera are still developed where salinities 
do not exceed 45 parts per thousand. Above 45 parts per 
thousand reefs are no longer formed and only lone colonies 
of Porites, often of large size, are to be found. 

In the geological record the presence of coral reefs is 
usually taken as good evidence that the environment was 
one in which sea-water salinities were close to normal 
(35 parts per thousand). However, in the Abu Dhabi 
area coral reefs are growing under conditions of elevated 
temperature and salinity. The only indication of extreme 
conditions is the reduction in the number of genera. 
Those genera which are present show "no noticeable 
differences or effects—they might all have come from 
waters of usual salinity and temperature” (Wells, personal 
communication). 

Lying close behind the reefs are the lagoonal carbonate 
sediments together with early diagenetic dolomite and 
evaporite deposits. The close juxtaposition of coral 
reefs, apparently indicating normal salinity waters, 
and of evaporites and lagoonal ‘back-reef’ dolomites, 
normally considered indicative of elevated salinities, is 
of fairly frequent occurrence in the geological record. But 
investigations on the Trucial Coast have shown that the 
back-reef dolomite and evaporite deposits are a diagenetic 
development and that excessively high salinities in this 
environment are not attained by free-standing bodies 
of lagoon waters but by pore fluids within the sedi- 
ments. Thus the concept of a back-reef lagoon with 
waters of salinity greater than 100 parts per thousand 
will in many instances be almost certainly incorrect. 
However, in order to produce high salinities in the inter- 
stitial fluids within the sediments, an area must be one 
of high net evaporation. High net evaporation will tend 
to produce higher than normal salinity waters in shallow 
shelf and lagoon environments, as occurs along the 
Trucial Coast. If offshore depths are fairly great and 
water circulation unrestricted, then salinities at the sea- 
ward edge of the lagoon barrier might rise little higher 
than those of normal ocean water. Thus, in any area, if 
fairly deep water conditions can be proved to have existed 
seaward. of the coral reefs, then ghe corals probably lived 
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in waters with salinities élose to normal, even though 
shallow back lagoonal waters might have been fairly saline. 
But if evidence is’ found’ of coral reefs growing at the 
inner margins of a broad, -shallow shelf, with saline 
lagoons behind, then it is quite possible that the corals 
themselves were living under fairly saline conditions. 
The latter type of occurrence is exemplified by the 
present-day Trucial Coast environment. 
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-ISOTOPIC COMPOSITION AND THE ATOMIC WEIGHT OF NATURALLY 
OCCURRING MOLYBDENUM: A POSSIBLE REFLEXION OF THE 
CREATION PROCESS 


. By E. A. C. CROUCH and T. A. TUPLIN 
Chemistry Division, Atomic Energy Research Establishment, Harwell, Didcot 


JE have determined the isotopic composition of ten 
samples of molybdenum each extracted from an 
ore sample as supplied to us either by the Department of 
Mineralogy of the British Museum (Natural History), or 
by the Department of Geology and Mineralogy, University 
Museum, Oxford, and it is clear that the isotopic com- 
positions of molybdenum from these sources are not 
constant. 

The molybdenum was extracted from each ore sample 
and chemically purified by repetition of a process based 
on the extraction of the benzoin-w-oxime complex with 
ethyl acetate, followed by sulphide precipitation from 
acid aqueous solution. For the mass-analysis, a single 
filament of rhenium was heated to 2,000° in vacuo, until 
its molybdenum content was such that at no stage in the 
subsequent mass analysis of an ore-derived sample could 
the ion-beams due to molybdenum impurity in the fila- 
ment have exceeded 0-1 per cent of the ion-beam due to 
the sample. Approximately 20 ug of molybdenum was 
deposited on the filament and reduced in a hydrogen 
atmosphere to metal. The thermal ion emission of this 
source was then examined in a mass-spectrometer (A.H.I. 
type 185), and after obtaining steady conditions at least 
50 scans of the mass-spectrum were recorded by direct 
collection and electrometer measurement of ion beams 
which were gradually increased stepwise to 10-1? amps or 
above, until emission began to fall off quickly. At no 
time during this process were beams of neighbouring 
elements zirconium, niobium or ruthenium found, although 
during prior measurements, using an ion-electron con- 
verter and, photon-multiplier detector, there were found 
traces of niobium at mass 93 and a satellite at mass 97 
which gradually burned away. The results expressed as 


. 


isotopic atom ratios were examined in'groups of five and 
the mean and its standard deviation of each group was 
plotted against time to ensure that the ratios were 
invariable during the life of the ion source. 

For each ore sample five ion-sources were prepared and 
examined as described, and the means of the results 
obtained are given in Table 1. These results are not yet 
corrected for mass discriminations which are known to 
be inherent in the mass-spectrometer used?; but the 
corrections to the mean values which constitute Table 1 
are constant for any particular isotopic atom ratio. Com- 
parisons between the values of one particular, isotopic 
ratio, obtained from the ten ore samples, can therefore 
validly be made. Those between different ratios will be 
in error by a factor (lying between 0-98 and 1-00), which 
increases from **Mo/*Mo to °Mo/**Mo. The quantity 
by which two means must differ for significance at a given 
probability-level is stated at the foot of each column in 
Table 1. The average error to be associated with each 
entry in Table 1, the mean of five analyses, is given by 
a coefficient of variation of 0:30 per cent. In order to 
normalize the ratios for comparison on the same scale 
each entry has been divided by its column moan. These 
figures are in brackets. 

In the case of the ""Mo/**Mo ratio the variance ratio 
test showed that there are no significant variations 
between the mean values found for the different ore 
samples; but for all the other isotopic ratios there are 
highly significant differences. This means that the atomic 
weight of natural molybdenum is not a constant, and the 
results help to explain the variation between the values 
for the molybdenum isotopic ratios which have been 
reported previously?-4. 


Table 1. Isotopic RATIOS (BY ATOMS) FOUND IN NATURALLY OCCURRING MOLYBDENUM: MRANS OF FIVE DETERMINATIONS 


Ore (museum identity) Place of origin °sMo/**Mo 

1. Molybdenite St. Lawrence, Jersey 0-6193 
(O.U.M. 18465) (1-0022) 

2. Molybdenite Altenberg, Saxony 0-6169 
(0.U.M. 5173) (0:9983) 

3, Wulfenite Los Lamentos, Chihuahua, 0:6128 
(B.M. 1928, 332) exico (0-9917) 

4. Wulfenite Broken Hill, N.S.W., -616 

(B.M. 1908, 223) ustralia (0-9975) 

5. Powellite Calumet, Michigan, U.S.A. 0-0223 
(0.U.M. 8763) (1-0087) 

6. Ferri-molybdite Chuquicamata, Chile 6216 
(0.U.M. 19527) {1-0060) 

7. Molybdenite Adun-Chilon, Transbaikal, 0:6174 
(B.M. 36936) Asiatic Russia (0-9993) 

8. Molybdenite Namaqualand, S. Africa 0-6183 
(B.M. 32460) (1:0006) 

9. Wulfenite Jebel Mahser, Oudjda, 0:6201 
(B.M. 1923, 878) Morocco (1-0036) 

10. Wulfenite Bleiberg, Carinthia 814: 

(0.U.M. 2878) (0-9941) 

Means 0-6179 

5 per cent P 0:0048 

Significant (0-0078) 

differences 
1 per cent P 0-0085 


**Mo/"*Mo **310/**Mo "Mo/*Mo *®Mo/**Mo 100Mo/**ALo 
1:0840 1:1391 0:8472 1:8688 0:6580 
(1-0037) (10046) (1-0067) (1:0072) (1:0077) 
1:0779 1-1317 -6401 1:6527 -8488 
(0-9981) (0-9981) (0:9957) (0:9975) (0:9937) 
1:0816 1:1379 0:8390 6647 6497 
(1:0015) (1-0036) (0:9939) (1-0047) (0:9949) 
1-0807 -1357 -6443 8628 6570 
(1-0007) (1:0017) (10022) (1:0036) (1-0061) 
10828 1:1380 -6485 -6839 0:0598 
(1:0027) (1:0037) (1-0086) (1:0042) (1:0104) 
1:0814 “1376 8461 -6589 "8572 
(10013) (1-0083) (1:0050) (10012) (1-0065) 
1:0780 1311 6400 6535 0-6506 
(0-9988) (0-9976) (0:9954) (0:9980) (0-9963) 

“0761 1:1274 "6428 6413 "64 
(0-9985) (0:9943) (0:9998) (0-9908) (0-9930) 
1:0793 “1826 8471 6536 0°6555 
(0:9994) (0:9988) (1-0085) (0-9980) (1-0038) 

+0770 1275 -034i 6489 0°6449 
(0-9973) 0:9944) (0:9861) (0:9952) (09876) 

-080 1:1339 0:6429 6569 "8530 

— 00081 =, 0-0075 0:0144 0:0088 
(0-0071) (0-0116) (0:0087) (0-0104) 

— 0-0108 0-0101 0:0192 0-0091 
0-0081 (0:0155) (0-0115) (0:0139) 


(The figures in parentheses are the ratios which each table entry bears to the overall column mean) 
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¥ fusion processes were the cause of the variations 
g between these ratios, it would be expected that 
>/Mo were high in a given sample, then all the 
vatios to Mo in that sample would also be high by 
tor dependent in some way on the ratio of the atomie 
res, or vice versa. If the mean ratios of a given ore 
. iple are plotted as a sequence against mass number 
’ ng the bracketed figures of Table 1 for convenient 
parison), then trends which might be explained by 
‘fusion phenomena can be discerned (for example, in 
.© first, fourth and eighth samples), but it is also clear 
‘iat other effects are superimposed on the trends. Thus, 
the fifth and ninth samples the **Mo/®*Mo and }°*Mo/*Mo 
tios are relatively high, while the **Mo/**Mo and tho 
f Mo/**Mo ratios are low. In the third and tenth samples 
ae opposite effect occurs. 

If diffusion effects are not the cause of the observed 
variations it is tempting to speculate whether these results 
provide direct evidence about the synthesis of the ele- 
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ments, as discussed, for example, by Burbidge eżt al.*. 
These authors indicate three main routes by which the 
elements heavier than **f'e might be formed in stars, each 
of which takes place at a different temperature on different 
time-scales, and giving rise to its own distribution of 
nuclides. Not all these processes need occur in any given 
star, and since there are many ways by which stars of 
different types return matter to the interstellar gas (for 
example, repeated nova or rapid supernova explosions), 
and since there is evidence of inhomogeneity in the outcr 
layers of some stars®, there seems no reason to doubt the 
possibility of varying abundances of the isotopes of a 
given element at different points in space. 

Thus the elements of Earth may have accrued from 
diverse origins, and although mixing must have occurred 
during the chemical history of our planet, yet if the 
mixing were at all imperfect the isotopic abundance vari:»- 
tions in diverse samples ought to reflect the primal genetics. 

In the case of molybdenum it is said’ that the slowest 
of the three processes (slow neutron captures and sub. 
sequent 6-decays following the path of maximum stability) 
was responsible for the formation of Mo, "Mo. °*Mo, 
part of “Mo and part of **Mo. The other part of **Mo 
and all the #°Mo appear to have been formed by the 
second very rapid neutron capture process in which rapid 
§-decay occurs at points where neutron binding energics 
are low, and in which neutron excessive isotopes aro pro- 
duced. All the **Mo and some of the Mo are thought to 
have been produced in the third very fast process by 
py reactions on the products of the first two processes. 

Taking the abundance of Mo = 1 (note that "Mo and 
*sMo are each formed in only one way), it might be 
expected that the following relationships would hold for 
small variations in the relative abundances: (a) Mo v. 
23Mo. A simple linear relationship would be expected as 
sMo must be formed by neutron capture on ™Mo. 
(b) Mo v. Mo. A simple linear relationship due to 
formation of both in the slow progess, but with deviations 
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from this relation due to varying proportions of material 
from the third process. (c) ”?Mo v. **Mo should be related 
as in (a). (d) **Mo v. *Mo'and 1™Mo v. "Mo as in (b), the 
seatter being due to varying quantities of material formed 
in the second process. (e) A simple linear relation should 
hold between Mo v. '°Mo, both being formed in the 
second process, but with scatter about the line due to the 
formation of some °8Mo in the first process. 

The experimental results (in parentheses) in Table 1 have 
been plotted in Figs. 1-3, the arms of the crosses repre- 
senting + one standard deviation. The agreement with 
prediction is good except only that *"Mo appears to have 
changed places with °*Mo, although this might be explained 
as due to the inaccuracies in the predicted neutron binding 
energy values used in the theory® or to the statistical 
nature of the calculations. 

The small variations of Mo with respect to °**Mo com- 
pared with the relatively large variation in the other 
isotopes might indicate that terrestrial molybdenum con- 
tains material from only one supernova (in which it is 
thought the p,y reactions are important), added to 
material from sources in which the p,y reaction took little 
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part. This surmise is consistent with the conclusi 

Burbidge eż al.5 as to the origin of second process isot 

in the solar system5. ` 

Possibly discordant deductions might be made 

the slopes of the lines which can be drawn to fit 

points in Figs. 1-3. The slopes appear to be ratios 

integers, a fact first noticed by Dr. E. Glueckauf; fi 

example, °*Mo/**Mov. *Mo/**Mo slope appears to be 2/1, tha! 

for 1°°Mo/**Mo v. °7Mo/**Mo is 1/1, that for **Mo/**Mo 

*®Mo/**Mo is 3/4, that for **Mo/**Mo v. °7Mo/*?Mo is 1/ 

and **Mo/**Mo v. }°°Mo/**Mo appears to fit a line slo 

1/2. However, these ratios may well represent the ratio: 

of (dZ/dA) for varying A in equations similar to equatio 

17 (ref. 5). 

1 Crouch, E. A. C., and Turnbull, A. H., J. Chem. Soc. (81), 161 (1962), 

* Bainbridge, K. T., and Nier, A. O., Preliminary Rep. No. 9, NRC Com. 
Nuclear Science (1950). ` 

3 Fuller, G. H., Relative Isotopic Abundances, NAS-NRC, Nuclear Daia 
Tables (1959). 

t Alperovitch (Anders), E. A., dissertation, quoted in Progress in Isotope 
Geology, Rankama, K. (London, 1963), 

? Burbidge, E. M., Burbidge, G. R., Fowler, W. A., and Hoyle, F,, Rer. Mod- 
Phys., 29, 547 (1957). G 

* Cameron, A. G. W., Ann. Rev. Nuc. Science, (8), 299 (1958). 


TUMULI AND LAYA BLISTERS OF VICTORIA, AUSTRALIA 
By C. D. OLLIER 


Department of Geology, University of Melbourne 


N volcanic terminology, tumuli are small mounds or 
hummocks on a lava plain. They are not gas blisters, 

but are full of solid lava. Jointing at the surface is often 
splayed, indicating that a fairly solid and jointed crust 
has been pushed up by intrusion of lava from below, and 
sometimes the tumuli are cracked open across the top 
due to excessive bending. Victorian examples do not 
have the ‘somewhat thickened crust’? mentioned by 
Cotton!. 

Another relief feature on lava plains is the lava blister, 
and those from Byaduk and Wallacedale in Victoria have 
become the type examples*. They were originally 
described by Skeats and James*, who believed they were 
due to a pushing up of the lava crust by great bubbles 
of steam generated when lava flowed over a swamp. 

Wentworth and Macdonald‘ have described lava 
blisters from Hawaii. which are indeed due to gas bubbles, 
but are much smaller than those of Byaduk. Wentworth 
and Macdonald are not convinced that steam bubbles of 
the size envisaged by Skeats and James could be formed, 
and suggest that the Byaduk lava blisters may, in fact, 
be tumuli. 

The Byaduk blisters (which I shall now call tumuli) 
occur on the surface of the Harman Valley, flow—a lava 
flow which travelled about 15 miles from its source at 
Mount Napier. The flow is very variable in width, and 
although its thickness is not accurately 
known the flow appears to be relatively 
thin. The surface is flat (on a broad 
scale), indicating a very liquid lava, and 
the flow went up tributary valleys. Fig. 1 
shows the terminal part of the flow and 
the distribution of tumuli. They appear 
to be concentrated close to the edge of 
the flow, especially where lava has entered 
tributary valleys. Many seem to be 
arranged in lines, and some are closely 
associated with longitudinal barriers (some- 
times called pressure ridges). 

The tumuli are up to 30 ft. high and 
60 ft. across the base. They often rise 
very steeply from the plain (Fig. 2), 
but gently sloping domes are also found 
(Fig. 3). Polygonal jojnting which de- 








veloped in the crust before buckling is revealed 
on the upturned sides. Many of the tumali have 
cracked open (Fig. 4), but the cracks never lead into 
a hollow chamber as might be expected from the 
steam-bubble hypothesis. Even experienced and diminu- 
tive speleologists have been unable to find more 
than enlarged joints. The inner lava is usually distinct 
from the crust: crust lava has layering parallel to the 
surface, formed by partings and flattened vesicles; the 
inner lava is usually much more frothy, and even when it 
is rather solid there is formation of ‘cauliflower heads’ of 
frothy lava immediately beneath the crust lava. The 
very vesicular nature of the lava suggests the rapid 
escape of a lot of volatiles, but the escape of volatiles 
when the lava crust breaks is quite a different thing from 
a large steam bubble pushing the crust apart. 

The range of variation shown by tumuli is indicated 
in Fig. 5. Simple tumuli are usually formed where 
jointing is closely spaced, and there is no breaching of 
the crust. Usually, however, the crust is cracked open by 
excessive bending, and often there are several radiating 


<a 
cracks on one tumulus. Another type of tumulus occurs 
when the crust is pushed aside completely and the central 
part is occupied by a dome of irregular blocks of vesicular 
lava, quite different in appearance from the crust. In 
some instances this inner, more viscous lava is extruded 

° 

ki 





Fig. 1. Distribution of tumuli on the Harman Valley flow. 


Tho dots represent all the 
main tumuli, and the short lines mark the crests of barriers (pressure ridges) 
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Fig. 5. Range of variation among tumuli. From top to bottom: a 

simple tumulus; a cracked tumulus with slight extrusion of lava; a 

tumulus breached wide open, with a dome of vesicular lava in the 

: centre; a tumulus with an inverted top and cracked rim; a down- 

Fig. 2. A steep-sided tumulus showing the jointing and layering of the faulted disk of crust lava, the remains of a collapsed tumulus 
crust lava 





through cracks in the crust. All these types 
- =o -- ; indicate clearly that pressure from below 
has pushed up the crust. There are two 
other types which indicate that there was 
withdrawal of support for the crust after 
an initial push upwards, causing collapse 
features to develop. The simplest case is 
when a complete disk of lava collapses in 
one piece, forming a circular depression on 
the site of a former tumulus. There is a 
slight rise to the rim from the surrounding 
plain, and then a very sharp drop to the 
flat-bottomed hole. Only one example is 
known, and the jointing of the crust appears 
to be widely spaced. Another collapsed 
tumulus type, of which there are few exam- 
ples, has closely spaced jointing. This was 
Fig. 3. A gently sloping, simple tumulus originally an intact, simple tumulus, but 
collapse caused the peak to invert, giving 
a rounded depression in the centre and a 
circular rift round the rim. 

Fig. 6 shows the general setting of the 
tumuli. The idea of Skeats and James was 
that the flow from Mt. Eccles blocked Darlot 
Creek, causing the formation of Condah 
Swamp. Lava then flowed down the Harman 
Valley and over the swamp, generating steam 
to form blisters. Detailed mapping along 
the edge of Condah Swamp has shown that 
the swamp overlies the Harman Valley 
flow, and there is other evidence to suggest 
that the Harman Valley flow is older than 
the Mt. Eccles flow’, so the chronology of 
Skeats and James is incorrect. It is just 
possible that another swamp underlies the 
Harman Valley flow, but there is no particu- 
lar reason to suppose so. 

The Harman Valley flow attained its 
position largely by laminar flow. and 
consists mainly of ‘layered lava’ together 
Fig. 4. A tumulus cracked open, with a small ‘graben’ on the top with a few main lava, channels, some of which 











Fig. 6. Geographical setting of the Harman Valley lava flow. The 
blank area is bedrock 
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became caves. (The caves are all upstream from the 
so-called blisters’.) It seems that in the later stages of 
solidification of a flow the solid lava exerts varying 
pressure on the still liquid parts, and the equation of 
pressures may be resolved in various ways. The greatest 
pressure is likely to be in the centre of a flow, because it 
is thicker and therefore heavier there, and liquid lava is 
pushed to the edges. The pressure near the edges of the 
flow may buckle up the crust, sometimes cracking it, to 
form a ‘lateral barrier’. In exceptional circumstances, 
instead of a linear feature being formed there may be a 
number of tumuli, when pressure is concentrated at 
points of weakness. A few tumuli are actually on 
the lines of pressure ridges. The pressure of lava 
is not constant and in a few cases the tumulus may 
collapse due to removal of the pressure that pushed it 
up. 

The work recorded here indicates that tumuli are more 
variable than has generally been thought, and that there 
is no evidence for lava blisters at Byaduk. The term 
‘lava blister’ should be restricted to those features 
definitely due to steam bubbles such as those described 
by Wentworth and Macdonald. 


$ Cotton, 0. A., Volcanoes as Landscape Forms, 118 (Whitcombe and Tombs, 
3 Corton; = A., Volcanoes as Landscape Forms, 126 (Whitcombe and Tombs, 


* Skeats, E. W., and James, A. V. G., Proc. Roy. Soc. Vict., 49, 245 (1987). 
s Wentworth; C. K., and Macdonald, G. A., U.S. Geol. Soc. Bull, 094, 62 


* Olier, ©. D., and Joyce, E. B., Proc, Roy. Soc. Vict., 7? (in the press). 
* Ollier, C. D., and Brown, M. C., Bull. Vulcanologique (in the press), 
7 Ollier, C. D., and Brown, M. O, Viet. Naturalist, 80, 279 (1964). 


RATES OF SEDIMENTATION OF NICKEL, COBALT, COPPER AND IRON ON 
THE EQUATORIAL MID-ATLANTIC FLOOR, AND ITS BEARING ON 
THE NATURE OF COSMIC DUST 


By Dr. J. D. H. WISEMAN 
Department of Mineralogy, British Museum (Natural History), London, S.W.7 


URING the past few years many detailed investiga- 
tions have been made on supposedly extraterrestrial 
particles collected from a variety of sources. The reasons 
for this work have doubtless been a desire to discover 
independent evidence about the composition and rate of 
accretion to the Earth’s surface of extraterrestrial dust, 
coupled with the present great interest in space research. 
The identification of cosmic particles has, however, proved 
a very difficult task, because of the lack of unambiguous 
criteria for recognizing contaminants and the limitations 
of electron probe analyses on particles a few u or sub-u 
in size. Only a few of the hundreds of particles examined 
have a composition similar to that of meteorites, and no 
notable advance has been made in our knowledge of the 
average composition of cosmic dust. An alternative but 
indirect method of unravelling information about its 
composition is to estimate rates of sedimentation of 
selected elements in deep-sea cores, collected from locali- 
ties where there are few sedimentary complications. 

With this object in view, as well as with the idea of 
determining whether any significant fraction of nickel in 
deep-sea calcareous oozes is derived from a cosmogenous 
source, rates of sedimentation of nickel and cobalt have 
been estimated by geochemical methods on seven Post- 
Glacial sections from a short core in the equatorial 
mid-Atlantic Ocean (1°10’N., 19°50’°W., 4,350 m). Rates 
for copper have been estimated on five of these sections; 
CaCO, and non-caleareous components rates on 40 
Post-Glacial sections ang iron rates on 24 sections. The 


average rates where nickel, cobalt and copper have been 
determined are: nickel 17-5, cobalt 5:3, copper 36-8, 
iron 5,826 ( x 10-§ mg em~*yr-1), CaCO, 0-82 mg emyr, 
non-calcareous components 0:107 mg cm-“yr-. This 
method, like other geochronological techniques in deep-sea 
core investigations, is only valid if specific conditions are 
satisfied. The results may be compared with Post-Glacial 
rates found by a different method on a core from this 
region’-*: nickel 22, cobalt 12 (x10-° mg cm-*yr-), 
CaCO, 1:35 mg cm~yr-}, non-caleareous components 
0-215 mg em-yr-. 

The components which made up deep-sea sediments are 
derived from lithogenous, biogenous, hydrogenous and 
cosmogenous sources. It is possible from the rates of 
sedimentation for each section of CaCO, and the non- 
carbonate fraction to compute the average contributions 
of iron, nickel, cobalt and copper from biogenous and 
lithogenous sources (Table 1). The contribution derived 
from the biological component (essentially planktonic 
Foraminifera with about 10 per cent Coccolithophoridae) is 
based on the assumption that it has a trace element 
composition similar to that determined in a haul of 
planktonic Foraminifera from the North Pacifict. The 
lithogenous contribution is based on the hypothesis that 
its iron and copper contents are similar to those in Clarke’s® 
average terrigenous mud, and that the nickel and cobalt 
contents are the same as in a recent average for shales’, 
The close agreement between the average computed rate 
of sedimentation of iron (5,824 x 10-° mg em-*yr-1, S = 90) 
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Table 1. COMPARISON BETWEEN AVERAGE ESTIMATED RATES OF SEDIMENTATION OF IRON, NICKEL, COBALT AND COPPER IN AN EQUATORIAL 
MID-ATLANTIO CORE AND AVERAGE COMPUTED RATES ATTRIBUTABLE TO LITHOGENOUS AND BIOGENOUS SOURCES 


























(x 10 mg em~* yr?) . 

Fe Fo Fe lithogenous Fe Ni: ° Ni Ni lithogenous Ni 
lithogenous biogenous + biogenous estimated lithogenons biogenous + biogenous estimated 
5,697 127 5,824 5,826 76 41 11-7 17-5 
Co Co Co lithogenous Co Cu Cu Cu lithogenous Cu 
lithogenous biogenous + biogenous estimated lithogenous biogendus + biogenous estimated 

8-4 36-8 








. 
Table 2. COMPARISON BETWEEN AVERAGE ESTIMATED RATES O¥ SEDIMENTATION OF IRON, NICKEL, COBALT AND COPPER IN AN EQUATORIAL 
MID-ATLANTIO CORE AND AVERAGE COMPUTED RATES ATTRIBUTABLE TO LITHOGENODS, BIOGENOUS AND COSMOGENOUS SOURCES? 


(x 10-* mg om yr?) 



































Fe Ni 
Fo Fe Fe lithogenous + Fe Ni Ni Ni lithogenougt+ Ni 
lithogenous biogenous | cosmogenous | biogenous+ estimated lithogenous biogenous | cosmogenous | biogenous+ estimated 
cosmogenous cosmogenous 
6,659 127 a 205 5,991 5,826 7-6 41 12:0 | 23-7 17-5 
; aah 
Co Cu 
Co Co Co lithogenous + Co -Cu Cu C lithogenous + Cu 
lithogenous biogenous cosmogenous | biogenous + estimated lithogenous biogenous cosmogenous | biogenous + estimated 
7 cosmogenous ; . cosmogenous 
2-0 1-4 0:7 41 53 18-5 11-4 0:07 25-0 36:8 











* It is assumed that the rate of accretion of cosmic dust to the Earth’s surface is 365 x 10‘ metric tons yr“, and that its composition is similar to 


Mason’s average meteorite’. 


and its average measured rate (5,826 x 10-° mg em~yr-, 
S=105) suggests that the iron in this core is derived from 
lithogenous and biogenous sources. In the case of nickel, 
cobalt and copper, where the average computed rates are 
about two-thirds the measured rates, it is likely that 
either the concentration of these elements used in the 
computation is too low, or that there is appreciable 
contributions from a hydrogenous or cosmogenous 
source. 

Unfortunately, there is no agreement on the rate of 
accretion of cosmic dust to the Earth’s surface. Estimates 
based on exposed trays’~* are of questionable significance 
because they are normally limited to magnetic spherules. 
In addition the spherules may be partially derived from 
terrestrial or industrial sources’*11, This difficulty has to 
some extent been overcome by investigating spherules in 
ice cores from Polar regions. The mean rate of sedimenta- 
tion of spherules over the Earth’s surface, based on 
investigations from 11 Antarctic stations!*, is 1-2x 105 
metric tons yr. Spherules, considered to be the ablation 
products of meteorites, were originally described from 
deep-sea deposits by Murray and Renard", but only 
recently by using the electron probe and neutron activation 
techniques has it been possible to demonstrate that the 
contents of iron, nickel, cobalt and copper are similar to 
those in meteorites'*.15, The rate of sedimentation of these 
spherules* over the Earth’s surface has been estimated at 
2-4-5:0 x 103 metric tons yr-!. Recent estimates of the 
rate of accretion of cosmic dust based on high flights!?, 
rockets, satellites'®-*°, and zodiacal light measurements?! 
suggest a rate of ~ 365 x 104 metric tons yr-}. 

If this latter figure is reliable and the assumption is 
made that cosmic dust has a composition similar to an 
average meteorite®*, the rates of sedimentation of iron, 
nickel, cobalt and copper attributable to cosmic dust, 
as well as revised rates referable to the lithogenous 
component, can be calculated (Table 2). In view of the 
notable excess of both iron and nickel derived from 
lithogenous, biogenous and cosmogenous sources over 
the measured rates, and taking into account the lack of 
balance of both cobalt and copper, it seems likely that if 
cosmic dust falls at a rate of 365 x° 104 metric tons yr- 
its composition is different from that of an avérage 
meteorite, or alternatively that its rate of accretion has 
been greatly overestimated. 


If it is assumed that the average composition of run-off 
water from land to sea is the same as that of river water?*: 
nickel 10, cobalt 0-89, copper 10 (p.p.10°), that its mass*4 is 
0-59 x 10° g yr, and that there is for these elements a 
steady-state system in the oceans, then the average removal 
rates (biogenous and hydrogenous) per unit area of ocean 
floor are: nickel 163, cobalt 15, copper 163 (x 10-* mg 
em- yr). Although a significant fraction of these 
elements is abstracted in shallow seas it is likely that, under 
steady-state conditions, there is in the deep sea a suffi- 
ciency to achieve a balance between the computed and 
measured rates of sedimentation, without any appreciable 
addition from a cosmogenous source. It is possible that 
the concentration of these elements in planktonic For- 
aminifera from the equatorial mid-Atlantic is greater 
than in the North Pacific, where there is a differcnt 
species distribution. In addition, the Coccolithophoridae 
may concentrate nickel, cobalt and copper to a greater 
extent than planktonic Foraminifera. Alternatively, a 
notable proportion of these elements may be abstracted 
from the deep-sea by other methods, for example, scaveng- 
ing by hydrated oxides of manganese or iron, as well as 
by other particles. 

The tentative conclusions are therefore that the rates of 
sedimentation of iron, nickel, cobalt and copper in a 
core from the equatorial mid-Atlantic can be explained by 
lithogenous, biogenous and possibly hydrogenous con- 
tributions, without any appreciable addition from a 
cosmogenous source*-8, In view of this it is suggestod 
that if the rate of accretion of cosmic dust to the Earth’s 
surface is ~365 x 104 metric tons yr-1, its average con- 
tent of iron, nickel, cobalt and copper is likely to approxi- 
mate to that found in terrigenous muds or shales. In 
order to test this hypothesis rates of sedimentation in 
several Post-Glacial sections from other suitable cores 
should be estimated. Investigations should also be made 
into the trace-element composition at the species level of 
planktonic Foraminifera and Coccolithophoridae, especially 
from the equatorial mid-Atlantic Ocean. It is of some 
importance to note that indirect investigations on these 
lines are not complicated through unavoidable contamin- 
ants, or by difficulties of identifying particles a few 
g or sub-p in size, as appears to be the case in dust- 
samples collected on high flights?’, rockets**, or on the 
Earth’s surface. Finally, mores reliable information is 
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required about the rate of accretion of cosmic dust to the 
Earth’s surface. 
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INCORPORATION OF 5-IODO-2!-DEOXYURIDINE INTO BACTERIOPHAGE ° 
TI AS RELATED TO ULTRA-VIOLET SENSITIZATION OR PROTECTION 


By W. DEAN RUPP and Pror. WILLIAM H. PRUSOFF 


Department of Pharmacology, Yale University, New Haven, Conn. 


HE incorporation of halogenated pyrimidines into 

the deoxyribonucleic acid (DNA) of mammalian 
cells, bacteria or viruses generally causes an increased 
sensitivity to the lethal effects of ultra-violet-irradiation 
(refs. 1-9 in ref. 1). However, normal phage and phage 
that contain 5-bromo-2’-deoxyuridine (BUdR) in their 
DNA show similar survival curves when irradiated with 
ultra-violet and plated on either ultra-violet-sensitive 
mutants or pre-irradiated bacteria!?. This may reflect 
enzymatic repair of ultra-violet photoproducts of thymine, 
but not of the corresponding photoproducts of BUdR, in 
DNA. Hotz? has shown that although the presence of 
cysteamine during ultra-violet irradiation has no effect on 
the survival of normal T'1 phage, it has a marked protective 
effect on phage highly substituted with BUdR, thereby 
raising the survival of the latter to that of the unsubsti- 
tuted control’. Although incorporation of 5-iodouracil 
into T-even phage was reported in 1954*, no investigations 
of irradiation of phage in which the analogue is present 
in the DNA have been reported. This communication 
describes experiments on the survival after ultra-violet 
irradiation of normal and 5-iodo-2’-deoxyuridine (TUdR) 
containing bacteriophage when irradiated with and 
without cysteamine and plated on the wert and uvr- 
strains of Escherichia coli K-12. 

T1 bacteriophage that contain IUdR in their DNA 
were prepared by the method of Howard-Flanders et al.?, 
modified by the replacement of BUdR with ITUdR and by 
the infection of the bacteria with a multiplicity of 0-5-1-0 
phage per bacterium. The phage lysate, treated with 
chloroform, was concentrated and freed of bacterial debris 
by filtration through Celite Filter Aid and differential 
centrifugation. A dense fraction of highly substituted 
phage for the ultra-violet investigations was obtained by 
centrifugation in a cesium chloride density-gradient. 
Cesium chloride (3-12 g) was added to 4-0 ml. of the phage 
suspension (~ 10° particles/ml.) and the mixture centri- 
fuged for 60 h at 6-8° at 25,000 r.p.m. in the Spinco 
SW 39 rotor. Fig. 1 shows the results of an experiment 
in which an aliquot of the dense fraction (IUdR-T1) used 
for the ultra-violet investigations was re-banded in the 
presence of an unsubstituted marker phage (GeH-T1). 
From the difference in @he observed densities of the two 


bande it is estimated that about 60 per cent of the thymine 
in the DNA has been replaced by iodouracil. 

Ultra-violet irradiation was performed with a partially 
shielded G.E. 15-W germicidal lamp that had an intensity 
of 12-13 ergs/mm?/sec at 20 cm, as measured with a 
malachite green leucocyanide actinometer®. Tl phage 
(10*/ml.) were suspended in an adsorption buffer® (0-5 ml.) 
(essentially transparent to 2537 A irradiation) contained 
in a 19-mm diameter open vessel and irradiated while 
stirred by a micro glass-enclosed magnetic stirrer. 
Cysteamine (0-1M; pH 7; 0-1 vol.) was freshly prepared 
and added to the phage suspension several min before 
irradiation. Since cysteamine (0-01 M) absorbs ultra- 
violet light at 2537 A, the incident dose was corrected for 
this absorption’. 
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Fig. 1. Density gradient centrifugation of IUdR-labelled 71 used for 
ultra-violet irradiation investigations and of unsubstituted marker phage 
GeH-T1. Conditions of centrifugation are described in the text. Phage 
were assayed on E. coli B and E. coli B/1, as described by Howard- 
Flanders e¢ al. (ref. 1) 
©, WUaR-T1; O, GeH-T1 
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Fig. 2. Effect of cysteamine and of the incorporation of [UdR into DNA on the survival 
of T] phage irradiated with ultra-violet. a, Irradiated phage plated on E. coli K-12 
4B1157 wort; b, irradiated phage plated on E. coli K-12 AB1886 uvr- 1, Control; 
W, controlirradiated in presence of 0-01 Mcysteamine; O,IUdR-71; @, IUdR-T1 irradi- 
cysteamine. Broken line in æ is the survival of control phage on 
AB1886 uvr-; broken line in b is the survival of control phage on 421157 wort 


ated in presence of 0-01 


The ultra-violet sensitivity of T1 phage plated on E. 
coli K-12 AB1157 uvrt is depicted in Fig. 2a. The survival 
of phage that contain TUdR is lower than that of unsubsti- 
tuted control phage, a finding that is in agreement with 
the sensftization produced by halogenated pyrimidines in 
other systems. Whereas the presence of cysteamine 
(0-01 M) has virtually no effect on the ultra-violet sensi- 
tivity of normal unsubstituted phage, it eliminates the 
increased sensitivity observed in the [UdR-substituted 
Tl phage. This experiment is comparable with that 
described by Hotz, who obtained similar results with 
BUdR-labelled TI. 

Ultra-violet irradiated phage were assayed also on 
E. coli K-12 AB1886, an ultra-violet-sensitive mutant 
derived from AB1157, bearing the uvr- marker. Fig. 2b 
depicts predictably that the survival of control phage is 
much lower when plated on AB1886 wwr- than on strain 
AB\157 uert, and that the survival of IUdR-labelled 
T1 plated on AB1886 uvr- also is reduced to a similar 
level. The survival of control phage is not affected by the 
presence of cysteamine during irradiation, regardless of 
the strain of E. coli on which the phage is plated subse- 
quently (Fig. 2). IUdR-labelled phage irradiated in the 
presence of cysteamine (0-01 M), however, show a higher 
survival than when irradiated in its absence 
(Fig. 2), and when plated on AB1886 wor- 
the survival of IUdR-labelled T1 is strik- 
ingly higher than that of normal unsub- 
stituted phage. Thus, when the strain 
defective for enzymatic repair is used as 
host, there is a higher level of survival 
when the phage contain IUdR and 
ere irradiated in the presence of cyste- 
amine. 

It will be evident that the incorporation 
of IUdR into the DNA of T1 bacterio- 
phage may either sensitize to or partially 
prevent the lethal effects of ultra-violet 
irradiation. The effect observed is de- 
pendent on the environment during irradia- 
tion and the strain of bacteria that is used for the 
assay. The experimental ITUdR-labelled T1 phage, 
although the most highly substituted fraction that could 
be obtained in an amount adequate for investigation, still 
contained about 40 per cent of the normal complement 
of thymine. Boyce and Howard-Flanders® have reported 
that strain AB1157 wert can remove thymine dimers 
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from its irradidted DNA, whereas strain 
AB1886 uvr- lacks this ability. It has been 
suggested? that ‘the excision of thymine 
dimers and subsequent enzymatic repair 
° may account for the difference in ultra-violet 
survival of these two strains of E. coli, and 
presumably may explain the decreased 
survival of ultra-violet-irradiated normal 
Tl phage plated on AB1886 wvr-. The 
excision hypothesis could explain the be- 
haviour of the IUdR-labelled T1 if the wort 
gene were able to direct the repair of the 
ultra-violet damage to thymine, but was 
inoperative on the photoproducts of TUdR. 
Clarification of this point would require the 
isolation of 71 phage the DNA-thymino of 
which was substituted more fully by IUdR. 
In the absence of DNA-thymine, ultra-violet 
irradiation would produce no reparable ultra- 
violet damage and hence the presence or 
absence of the wert gene would have no 
influence on suryival. Howard-Flanders 
et al. have prepared T1 phage in which the 
DNA was highly substituted with BUdR 
and found little difference in the survival 
of the ultra-violet-irradiated phage when 
plated on ABI1157 and AB1886 (ref. 
2 


900 


The protective effect of cysteamine is specific for phage 
that contain a halogenated pyrimidine in DNA and is 
independent of the wer gene, since a similar change in the 
slope of the survival curve is observed when the irradiated 
phage is plated on either H. coli K-12 AB1157 or AB1886. 
Thus, one may postulate that the protective effect exerted 
by cysteamine is concerned with the photochemistry of 
TUdR incorporated into the phage DNA. Two possibilities 
have been considered: (1) that cysteamine prevents or 
diminishes the alteration of [UdR by ultra-violet; (2) 
that cysteamine alters the reaction of IUdR with ultra- 
violet in such a manner that the production of the 
photoproduct does not constitute a lethal event. Recent 
investigations in vitro on the ultra-violet irradiation of the 
pyrimidine, iodouracil, support the second possibility’. 
Indeed, the presence of cysteamine altered the nature of 
the irradiation products formed, although the extent of 
degradation of iodouracil was approximately the same. 
The major product formed in the presence of cysteamine 
was uracil, but in the absence of cysteamine little or no 
uracil, uracil dimer or uracil hydrate could be detected. 
Halogenated photoproducts were not detected in either 
case’, The following scheme is a possible representation 
of these reactions: 


— oO 
| —>—-—Photoproducts other 
t ) than uracil 
7 | HN 
A Nosa j 
é NÍ H H 
~ 
X i ci 
: AA 
I 
H 
Uracil 


It is recognized that the photochemistry of iodouracil in 
DNA may be quite different from that of the free pyrimi- 
dine. Wacker has reported, however, that in contrast to 
the stability of free bromouracil, the dehalogenation of 
iodouracil occurs readily whether irradiated as the free 
pyrimidine or as a constituent of the DNA-polymer?. 
Thus, if the photoproducts obtajned from TUdR in DNA 
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are aniier to those derived from free iodouracil, it is 
proposed that the radiation products obtained in the 
absence of cysteamine constitute a lethal event, whereas 
the uracil produced in’ its presence does not. It has been 
suggested previously that the presence of vfracil in the 
DNA after ultra-violet irradiation could be a lethal event 
because of the formation of fraudulent messenger RNA"; 
however, uracil is similar to thymine in positions 2, 3 and 
4, the critical positions for coding during complementary 
base pairing. It appears, therefore, that the occurrence of 
several uracil residues in the DNA need not be a lethal 
event. 

In support of this contention is the finding that uracil 
completely replaces thymine in the DNA of B. subiilis 
PBS2 bacteriophage". The normal absence of uracil from 
the DNA has been attributed to enzymatic exclusion 
at the substrate level’*, rather than to an inability to 
function as a part of the DNA polymer. The formation of 
the uracil radical in this scheme eliminates the need to 
postulate a special reaction for cysteamine, since similar 
reactions with free radicals produced by ionizing radiation 
have been proposed*4~1*. Because the experiments recorded 
here were performed in open vessels, oxygen was available, 
and would be expected to react rapidly with a uracil radical 
to form an oxidized product. When cysteamine is present, 
competition with oxygen results, and uracil is formed by 
abstraction of a hydrogen atom from the sulphydryl 
compound. The presence of a free radical as an inter- 
mediate during the photochemical conversion of iodouracil 
could explain the failure of cysteamine to protect 
unsubstituted phage against ultra-violet irradiation, since 
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the formation of thymine dimers is not believed to occur 
by a free radical mechanism”. 

It has been shown that the incorporation of IUdR into 
bacteriophage may result in either radiation-sensitization 
or -protection. A hypothesis has been proposed, based on 
an investigation of photochemical reactions im vitro, 
which may explain the observed biological events. 

We thank Dr. P. Howard-Flanders for the strains of 
bacteria and bacteriophage used in this work, which was 
supported by research grants CA—65262 of the U.S. Public 
Health Service and G'9-0397 of the U.S. National Science 
. Foundation. One of us (W. D. R.) is a predoctoral 
trainee of the U.S. Public Health Service (CRTY 5012). 
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OF CARBOXYDISMUTASE 


By Dr. B. R. RABIN* and Dr. P. W. TROWN 


Laboratory of Chemical Biodynamics, Lawrence Radiation Laboratory, 
University of California, Berkeley, California 


BOXYDISMUTASE catalyses the primary re- 
action in the fixation of carbon dioxide by photo- 
synthetic! and other autotrophic? organisms. (Carbon 
dioxide and bicarbonate are used interchangeably in this 
article, without intending to denote the actual species 
involved.) The enzyme has been isolated in several 
laboratories? and shown to catalyse the reaction of one 
molecule of ribulose-1,5-diphosphate (RuDP){1) with one 
molecule of bicarbonate to give two moleoules of 3-phos- 
phoglyceric acids: 
CH,OPO,- 


=O à 
coo- 
nb om ie 
B +HCO,-—+ 2H-O-OH +H. 
- HCO | 
CH,OPO;?- 


'H,OPO,?- 
(1) 

The enzyme is conveniently assayed by measuring the 
amount of acid-stable radioactivity fixed in a given time 
using NaH™CoO, (refs. 2f, 3c, 4). Magnesium ions are 
required as co-factor?” and the interaction of the protein 
and metal ion to generate the active enzyme has been 
shown to be a time-dependent process at low tempera- 
tures**, Excess RuDP inhibits the enzyme**, and the 
order of addition of the substrates profoundly influences 
the reaction rate. Pre-incubation of the enzyme with 
RuDP results in a lower activity than preincubation of the 
enzyme with bicarbonate for concentrations of RuDP in 
the region of excess substrate inhibition®.. Whether this 


* On leave of absence from the Department of Biochemistry, University 
College, London. e 


effect also occurs at lower and non-inhibiting concentra- 
tions of RuDP is not known, and further detailed kinetic 
investigations are required. Although it was thought at 
one time that a complex between bicarbonate and the 
enzyme existed’, more recent investigations® have indi- 
cated other interpretations of the data, and we have not 
found it possible to isolate a carboxylated enzyme inter- 
mediate. 

In view of the complexity of the reaction and its key 
importance in autotrophic carbon metabolism, the 
mechanism of action of carboxydismutase is of considerable 
interest. Calvin? suggested that the reaction involves 
the carboxylation of an enediol intermediate (2) to give 
a ketoacid (3) which is hydrolysed to 3-PGA: 


CH,OPO,* 
CH,OPO,*- CHOPOS b 
HC—OH 
HO— HO—C—CO,- ji 
l f | O,- 
HOt HCO; Ono 
+ 
fi Sone —-> B08 EEP 
CO; 
OPO,- CH,OPO,*- 
aed bon 
(2) (3) 
d,oro,- 


Consistent with this mechanism, it has been shown® that 
incubation of the enzyme, RuDP and magnesium ions in 
deuterated or tritiated water caused the incorporation of 
the isotope into the substrate in a carbon-bound form. 
Despite an intensive search, no evidence has ever been 
obtained for the existence of the ketoacid (3) as an 
identifiable chemical entity. 
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Earlier work? showed that the enzyme was inhibited by 
PCMB and iodoacetamide, implicating a sulphydryl 
group in the activity of the enzyme. The reaction of the 
enzyme with iodoacetamide is first order in each compon- 
ent‘ as determined by measuring the loss of catalytic 
activity. The second order rate constants for the alkyla- 
tion reaction as a function of pH have been measured 
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Fig. 1. Variation of second-order rate constant for the inhibition of 
carboxydismutase by iodoacetamide with pH at 25° and ionic strength 
0-1. A, éris buffers; W, di-(hydroxyethy)]) amine buffers. The points 
are experimental and the line theoretical assuming a pK of 8-82 and a 


second-order rate constant for the base species (&.) of 833-1 mole- 
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į 2. Progress eurves for the inhibitigu of carboxydismutase by 
cetamide at 25° In iris buffer pH 8-0 (0-07 M), All reaction mixtures 
ined: iodoacetamide, 0-5 ;_ enzyme, 1 mg/ml. A, control, 
ditions; {], plus MgCl, (10 mM); @, plus NaHCO, (10 mM); 
MgCl, (10 mM) and NaHCO, (10 mdi); W, plus RuDP (1-5 mM) 

and MgCl, (10 mM);- O, plus RuDP (1:5 mM) 
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Fig. 8, Progress curves for the reaction of carboxydismutase (0-5 mg/ml.) 
with 6,5’-dithiobis-(2-nitrobenzoic acid) (50 4M) at pH 8-0, 25°. Curve 
(a), control, no additions; (b) plus RuDP (1:5 mM) 
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and the data are shown in Fig. 1. The points shown were 
experimentally determined by measuring the kinetics of 
loss of activity, and the line ts theoretical assuming the 
reacting species is the base form of a single group with a 
pKa value of 8-82. The magnitude of both the pK value 
and rate constants suggested the sulphydryl group of a 
cysteine residue was alkylated’. This has been confirmed 


-by the isolation of “C S-carboxymethylcysteine from an 


acid hydrolysate of the product of the reaction of the 
enzyme with “C-iodoacetamide (1 mM) at pH 8-0 and 
25° for 30 min. Only small traces of other alkylated 
products were obtained. 

This clear-cut demonstration that alkylation of a sul- 
phydryl group causes loss of catalytic activity docs not of 
itself prove that this group is concerned directly in the 
catalysis. However, as shown in Fig. 2, RuDP, with or 
without Mg?+ ions, protects the enzyme almost completely 
against alkylation. No such protection is obtained by 
Mg?+ or bicarbonate, alone or in combination. It seems 
reasonable to conclude that the sulphydry]l is concerned 
in the formation of an enzyme-RuDP complex. 

Further information on the function of the sulphydry]l 
group has been obtained using the reagent 5,5’-dithiobis- 
(2 nitrobenzoic acid)". This reacts with sulphydryl 
groups to give, in the appropriate pH region, the di-anion 
of 5-thio-2-nitrobenzoie acid, which has a molar extinction 
coefficient of 14,000 at 410 my. The reaction has beon 
followed spectrophotometrically, and some progress curves 
are shown in Fig. 3. In the absence of RuDP (Fig. 3a). a 
fast primary reaction is followed by a slower secondary 
and almost linear production of chromophore. Extra- 
polation of the linear portion to zero time gives a measure 
of the stoichiometry of the primary reaction, which corre- 
sponds to an equivalent weight of 131,000. We have 
shown that the catalytic activity is completely destroyed 
by incubation for 30 min under these conditions with the 
reagent. The progress curve is not significantly affected 
by the presence of NaHCO, or MgCl,, alone or in combina- 
tion. In the presence of RuDP, the initial rate of the 
reaction is considerably reduced (Fig. 36), but the rate of 
the slow secondary reaction is little changed. The number 
of sulphydryls which react in the primary process, as 
determined by extrapolation, is less than in the absence 
of RuDP. An equivalent weight of 257,000 for RuDP 
binding can be calculated from the difference between 
the extrapolated values in the absence (Fig. 3) and 
presence (Fig. 3b) of RuDP. This difference is independent 
of the preparation of enzyme used, although the actual 
stoichiometry of the primary reaction does vary from one 
preparation to another. 

It has been possible tojobtain further information on 
the interaction of carboxydismutaso with RuDP by 
difference spectrophotometry, using split compartment 
cells as described by Yankeelov#!. Each cell consists of 
two ‘compartments separated by & transparent partition. 
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disappear on addition of NaHCO, and Mg*+ 
ions. This is, in fact, observed, and the 
kinetics of decay of the complex can be ~ 
followed spectrophotometrically, as shown. in 
Fig. 5. The lower curve represents the 
disappearance of the chromophore in the 
reference cell (state 3 to state 4, Fig. 4). 
Spectra 4 and 2 in Fig. 4 are not the same; the 
differences could be due either to the effect of 
Mg?+ on the enzyme-RuDP complex or to 
the absence of RuDP (which has a small 
absorption peak at 270 mp) from the blank 
cell. The upper curve in Fig. 5 shows the 
kinetics of disappearance of chromophore 
from the sample cell. 

The experiment illustrated in Fig. 4 has 
been repeated using enzyme alkylated with 
iodoacetamide. No spectral shifts at 268 
and 298 mu were observed on mixing with 
RuDP, indicating these changes require the 
free sulphydryl group. A small spike at 
288 mu, similar in magnitude and shape to 
that obtained with the unalkylated enzyme, 
was still found. This might be taken as 





Wave-length (mæ) . 4 3 =i 
Fig. 4. Difference spectrum of complex formed between carboxydismutase (1:21 mg/ml.) evidence that the alkylated protein binds 
and BuDE (0-4 mM) in tròs BOI buffer (05 mA) at pH 8-0 and 25", ina total volume of RuDP. 
2 + AN otal Lg path 1:0 cm. 1, baseline; 2, spectrum obtained after mixing sampic + i 
cell; 3, base Hne obtained after mixing reference cell; 4, spectrum obtained 30 min after As a simp, le model y system, the Peo 
the oe MaC, Goe 020 pia NaHCO, (69 a 0-5 M) to reference colk- NaCl between cysteine and dihydroxyacetone p 
BL, QO ani #l, U were adde O the sample cell; 5, base line obtaine: $ 7 "i 
$0 sain after adding NaBCO, (60 ul, 0'5 M) to sample cell anā NaC} (20 aL 05M) to © PHate was investigated ropi aren ra re 
reference cell by similar procedures and under similar condi- 
tions. As shown in Fig. 6, a peak in the differ- 
. 
0-05 
= 
S 
0-04 s 
0-03 3 
â 0-04 
0-02 
2. SAMPLE MIXED 
GOL 
0-00 y 0-03 
8 5 4 3 2 1 2 
Time (min) S 
Fig. 5. Kinetics of disappearance of chromophore at 268 my on addition 5 
of bicarbonate and Mg?* ions. The lower and upper curves represent a ~ 
the passage of the system from state 3 to state 4, and from state 4 to < 
state 5 (Fig. 4), respectively 0:02 
The sample and reference cells were prepared identically 
by pipetting the enzyme and substrate into separate 
compartments. The base line was first recorded (Fig. 4 0-01 
(1)), then the sample cell was mixed by inversion and the 
difference spectrum obtained (Fig. 4 (2)). Each com- 
ponent was, of course, diluted by a factor of two, but 
this is compensated by a doubling of the effective path 
length. As a control, the reference was mixed and the 0-00 
base line, which had not changed, was recorded (Fig. 4 0-005 
(3)). There are two peaks of positive absorption in the 
difference spectrum, at 268 and 288 my, and a negative 0-00 
peak at 298 mu. The kinetics of the formation of these 
peaks are too fast to measure at 25°, and the formation eas 
of the enzyme-RuDP complex cannot be rate limiting in ae 300 Zid 
the overall reaction. The chemical basis of the spectral ai ` 
changes is not certain, but the peak at 268 my could well Wave-length (mg) 
be associated with the formation of an enol, as discussed Fig. 6. Diferonce gusicata öf the Prodiot of Teadtion beiwend ay 
later. and dihydroxyacetone phosphate (each 50 mM final concentrati 


If the difference spectrum in Fig. 4 (2) is due to an 


intermediate in the enzyme catalysed reaction, it should a 


tris/HCl buffer; 0-4 M) at pH 8-0 and 25°. 1, baseline; 2, s4 






ed by mixing sample cell; 3, baseline obtained by 
reference cell 
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ence spectrum was obtained at 275 mp, and the kinetics of 
formation of this chromophore could easily be followed. 

S This lends weight to the idea that the spectral changes 
observed on combination of the enzyme with RuDP 
involve the sulphydryl group of the enzyme and the 
carbonyl group of the substrate. The sulphydryl group 
at the catalytic site of the enzyme reacts much more 
rapidly with RuDP than does cysteine with dihydroxy- 
acetone phosphate. 

On the basis of the evidence presented above, it is 
possible to formulate a mechanism for the action of the 
enzyme. It is suggested that an enzyme-RuDP complex 
(I) is formed first by electrostatic interactions involving 
the charged phosphate groups of the substrate. This is 
followed by the addition of the mercaptide group of the 
enzyme to the carbonyl of the substrate to give a thio- 
hemiacetal (IT). The condensation is probably assisted 
by a suitably located acid group (BY—H) which transfers 
a proton to the carbonyl oxygen atom: 





I X thiohemiacetai 


and is thus converted to the conjugate (base) form. This 
group can, of course, readily return to the acid form by 
acquiring a proton from the medium. The next step is 
an elimination reaction which could be assisted by inter- 
action of the substrate with groups on the protein in the 
acid (BY —H) and base (B,:) form, as shown in III. The 
product is the enol structure (IV): 


í 2- 
CH,OPO3 
® 





TZ enol 


The requirement for the group B, could well explain why 
RuDP cannot be replaced by its epimer, xylulose-1,5- 
diphosphate. 

The next step in the reaction sequence is the condensa- 
tion with bicarbonate. This requires the conjugate 
species (B,: and BY —H) of the acid/base pair in IV. A 
hydroxyl ion has to be removed from bicarbonate, 
and the metal ion could well assist this process. Inter- 
ction with acid and base groups could further facilitate 
is reaction, which can be formulated as shown (V—VI): 
is a B-ketoacid, and the hydrolysis of this could occur 
e sequence of reactions VI->VII—VIII-1xk~—x: 
ion VI—VII is the hydration of the ketone group. 
est that this is assisted by the acid group BY —H, 
ssible that the attacking reagent is an hydroxyl 
iated with Mg?+. The capacity of sulphur to 
octet) is another factor favouring the hetero- 
n of the carbon-carbon bond of VIT. As a 
process VII->VIII, one molecule of PGA, 
bon atoms 3, 4 and 5 of RuDP, is pro- 
ption of the second molecule of PGA 
f the thioether, IX, and this could 
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IX ‘bound’ PGA 


well be the rate-limiting step in the overall reaction. We 
have pictured this reaction as base catalysed (IX ->X). 
although other mechanisms are possible. 

The mechanism proposed here falls within the general 
framework of the original hypothesis advanced by Calvin’. 
but requires that the B-keto-acid intermediate (VI) is 
firmly attached to the enzyme. This would explain the 
lack of success of attempts to detect this compound. 
It is also possible that a pool of ‘bound PGA’ (IX) of 
relatively high specific activity could exist in the eurly 
stages of photosynthesis with “CO,. If so, some of the 
minor anomalies in radiocarbon distribution recently 
described'* can be explained without any need for modifica- 
tion of the photosynthetic carbon reduction cycle. 

We thank Prof. M. Calvin for providing laboratory 
facilities, and for his advice. This work was supported 
by the U.S. Atomic Energy Commission. One of us 
(B. R. R.) thanks the Wellcome Trust for a travel grant. 
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ELEMENTS FROM WESTERN-EQUINE-ENCEPHALITIS-INFECTED 
AND NORMAL CHICKEN EMBRYO CELLS 


By Pror. G. W. COCHRAN, J. STORZ and A. MIKULSKA-MACHETA 


Departments of Botany and Plant Pathology, and Veterinary Science, Utah State University 


HE cell-free synthesis of infectious ribonucleic acid 

(RNA) of tobacco mosaic virus (TMV) using extracts 
from virus-infected plant cells has been reported}-7. 
Recently we recorded that extracts from normal plant 
cells apparently synthesized infectious TMV RNA when 
primed with ‘either phenol-prepared viral RNA or with 
sub-cellular components from infected plants®®. Both 
nuclei and chloroplasts appeared to be capable of syn- 
thesizing new viral RNA. These normal plant cellular 
extracts gave much greater increases in infective viral 
RNA than did comparable infected plant systems. 

In this article we report the results of a series of experi- 
ments in which the knowledge gained from investigations 
of TMV RNA synthesis systems was applied to experi- 
ments with western equine encephalitis virus (WEE) 
using sub-cellular extracts from infected and normal 
chicken embryo cells. Brief reports of this research have 
already been presented to two scientific meetings®!°. 

In a typical experiment, 12-day-old chicken embryos 
were inoculated with 10*-10* plaque-forming units of 
WEE virus. The plaque mutant, LP7, was used". After 
5-5-8-5 h incubation the embryos were collected and, after 
discarding heads and digestive systems, were homogenized 
in a pH 7-2 isotonic suerase-iris buffer (0-25 M sucrose, 
0-003 M CaCl, 0-006 M tris and 0-01 M MgSO,). The 
homogenate was centrifuged for 10 min at 450g to 
eliminate most of the whole cells. Any remaining whole 
cells were removed when this supernatant was passed 
through a 2 per cent particulate agar gel column at 2° C 
using the sucrose buffer for the elution. Numerous 
microscope investigations of Giemsa-stained smears 
of the sub-cellular elements eluted from the gel columns 
revealed an abundance of nuclei and other smaller 
fragments, but no whole cells were found. This gel 
filtration process also separated the free ribonuclease and 
other smaller molecules from the larger sub-cellular 
elements. Elution was stopped while these smaller mole- 
cules were still trapped in the gel. The initial effluent 
was centrifuged for 30 min at 13,5009 to sediment nuclei, 
mitochondria, and other similarly sized sub-cellular 
elements while eliminating much of the ribosomes, free 
virus and free viral RNA with the discarded supernatants. 
Identical procedures were followed in preparing similar 
extracts from normal chicken embryos. 

The 13,5009 pellets were resuspended in small volumes 
of the sucrose buffer for incubation at 37° C. The samples 
taken from these solutions for infectivity assays were 
subjected to a high-intensity sonic treatment transmitted 
through thin plastic test tube walls so that the membranes 
of sub-cellular structures such as nuclei would be broken. 

Viral RNA titres were assayed using a modification of 
the hypertonic magnesium sulphate technique’. The 
high salt concentration permits RNA infection while 
inhibiting the interaction between cells and whole virus*’. 
The results of our earlier experiments were confounded 
by a cytotoxicity which we attributed to the irreversible 
effect of the high magnesium sulphate concentration in 
the RNA assay technique. This was corrected by ad- 
justing the molarity to 0-75 and the inoculation contact 
time to 10 min at 37° C. Under these conditions we found 
that the infectivity of the whole virus which was present 
in the samples was reduced 100-1,000 times. This method 


of assaying for RNA also detects one infective unit among 
100-1,000 viral RNA particles#4. ; 

Titres of intact virus were determined by a plaque 
technique" which has a plating efficiency of nearly 100 
per cent in detecting whole virus. These assays were 
made in every experiment at zero incubation time. The 
whole-virus starting titres were usually 10*~105 per ml. of 
the incubation media. Whole-virus titres, followed 
through 3-5-4 h incubation in five experiments, showed 
exponential decreases in all. A plot of the results from one 
of these experiments is shown in Fig. 1. In most-of our 
experiments two types of cell-free preparations were 
incubated, one containing only sub-cellular structures 
from infected cells (with or without added nucleotides) 
and the other containing a mixture of these structures 
from virus-infected and normal cells. The whole-virus 
titres dropped at comparable rates during the continued 
incubation of both types of preparations. 

All our results relating to viral RNA titres are pre- 
sented in terms of plaque-forming units. Becatise of the 
inefficiency of our assay, the actual viral RNA levels 
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were, theoretically, 2-3 orders of magnitude higher. The 
starting titres of viral RNA in our preparations usually 
varied from 104 to 10° plaque-forming units per ml. In 
every experiment in which viral RNA titres were fol- 
lowed in preparations made from only infected cells, 
infectivity was lost in a rapid exponential manner if 
nucleotides had not been added. The rates of Joss were 
usually faster than that of the whole virus in the same 
preparations. A plot of such a viral RNA loss is shown 
in Fig. 1. 

We have observed that the viral RNA losses can be 
reversed to give apparent new viral RNA synthesis if the 
four ribose-5’-triphosphate nucleosides are added to 
preparations made from infected cells. This occurred in 
a number of experiments. Results of one such experi- 
ment are shown in Fig. 1. After an initial loss during the 
first 30 min, the RNA infectivity increased 14 orders of 
magnitude during the next hour and then fell rapidly to 
undetectable levels. 

In our preliminary experiments we worked at a dilution 
range of 5- to 5-5, which was too low for RNA assays. 
We failed to anticipate the high starting RNA levels as 
well as the extent of new viral RNA synthesis in the 
mixtures of sub-cellular components from infected and 
normal cells. The dilutions used in many of these experi- 
ments did not establish titration end-points. During the 
first 60-90 min of incubation, the infectivity usually fell 
exponentially to approximately 1 per cent of the starting 
levels. This decrease was probably attributable to 
degradation by the traces of ribonuclease still present in 
the mixtures. Following this, an abrupt exponential 
increase in viral RNA infectivity usually continued for 
2h or Yonger. Titration end-points were established in 
four experiments with increases of 3-, 3-, 50- and 100,000- 
fold from the low points in the data plots. In three other 
experiments in which definite end-points were not ob- 
tained, increases of more than 13-, 37,000- and 37,000- 
fold were observed. In some experiments final decreases 
in RNA levels were noted. The addition of the four 
ribose-5’-triphosphate nucleotides to the mixtures of 
infected and normal sub-cellular components did not 
appear to exert much influence on the production of the 
new viral RNA, but their addition lowered the infectivity 
of the incubation mixture by one order of magnitude. 

Embryos infected less than 3 or more than 8 h did not 
appear to be suitable sources of infected sub-cellular 
elements for this type of experiment. Cultured chicken 
embryo fibroblasts which were infected with a multi- 
plicity of 10 to cause synchronous infections appeared to 
serve as well as infected embryos for the starting infective 
material. In fact, all of the results shown in Fig. 1 except 
those showing the progressive loss of whole virus titre 
were derived from an experiment in which infected 
chicken fibroblasts were used instead of embryos. In a 
few experiments the homogenates from the virus-infected 
tissues failed to elute from the gel columns satisfactorily ; 
the cause of this failure was not determined. 

A number of facts must be considered in attempting 
to explain the phenomenon that we have observed in 
these experiments. The possibility that the observed 
RNA infectivity increases were derived from whole cells 
in the preparations can be excluded. Whole cells were 
never found when our preparations were subjected to 
detailed microscopic examination. If whole cells were 
responsible for the production of our observed RNA 
titres of 10’7~10° plaque-forming units (10°-101* theoretical 
RNA particles), then the incubated mixtures would have 
had to consist of considerably condensed masses of such 
cells, with little or no bathing fluid. Our preparations, 
wever, were always about as liquid as the buffer used. 
thermore, no one has ever shown that whole infected 
an produce the increases in viral RNA infectivity 
sometimes observed. The most that has been 
for whole cells has been an increase in viral RNA 
ximately 2-5 orders of magnitude in 1 h of 
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exponential synthesis‘. In contrast to this, our prepara- 
tions gave as high an increase as 5 orders of magnitude 
in infectious viral RNA during incubation for 1-4 h. This 
increased efficiency of our sub-celtular system probably 
resulted from the concentrating of viral RNA synthesizing 
structures in much smaller volumes than those occupied. 
by whole cells. f 

An attempt to explain the observed viral RNA in- 
fectivity increases by postulating that the now RNA 
camo from the transformation of previously existing 
whole virus is also unlikely. The original levels of wholo 
virus were insufficient to explain the observed RNA 
increases. All the exponentially decreasing wholo-virus 
titres observed in our experiments were derived using the 
highly efficient whole-virus assay technique. The hyper- 
tonic RNA assay technique used was equally insensitive 
to either whole virus or viral RNA, detecting only about 
one out of 1,000 infective units. Because the RNA assay 
was equally insensitive to either infective form of the 
virus, any possible exponential conversion of whole virus 
to infective RNA could not increase the plaquo-forming 
units titres observed. In fact, if such a transformation 
occurred, the titres would at°best remain constant or 
more probably would be decreasing in the absence of any 
synthesis because of the action of ribonuclease. Our results 
have shown that the RNA titres are decreasing. In all 
our experiments, RNA infectivity dropped exponcntially 
except during periods of actual RNA synthesis. Tho 
RNA increases observed during the synthesis periods 
could not possibly be explained on the basis of whole 
virus in existence at the beginning of the incubation 
period. It was quite apparent that ribonuclease degrada- 
tion of the viral RNA was a continuing factor throughout 
all the experiments. During periods of intense new 
viral RNA synthesis, however, its destructive effecis were 
more than compensated. 

No evidence was observed which suggested that our 
results could be explained by postulating a liberation of 
preformed viral RNA. The greatest increase of new viral 
RNA infectivity occurred when normal sub-cellular 
elements were added to similar components extracted 
from infected cells without the addition of nucleotides, 
therefore the observed RNA increases could not have 
resulted from liberation of preformed viral RNA by 
added nucleotides. 

Apparently the only plausible explanation for tho 
observed results is that new viral RNA units were formed 
by the cell-free preparations. The preparations made 
from infected cells seemed able to use the added nucleo- 
tides for the formation of limited amounts of new viral 
RNA. The mixed preparations made from infected und 
normal cells apparently behaved somewhat differently. 
Perhaps viral RNA diffused into the normal cellular 
components where it acted as a messenger RNA for the 
formation of polymerase enzymes at ribosomal sites. 
This polymerase formation might have required 60-90 
min before enough would have been formed to initiate 
significant new viral RNA synthesis using viral RNA as 
a pattern for the new RNA. During this 60- to 90-min 
period, the free viral RNA in the system could have 
been subjected to continual attack by traces of ribo- 
nuclease and therefore could have decreased exponen- 
tially. Finally, the levels of viral RNA polymerase could 
have become sufficient to synthesize more new viral RNA 
than that being lost by ribonuclease degradation. From 
this point on, exponential viral RNA synthesis could have 
become the dominant reaction while the ribonuclease 
digestion, although continuing, would have been masked by 
the overwhelming RNA synthesis. The normally occurring 
nucleotide pools in the normal components appear to be 
sufficient for the synthesis of 108 units of viral RNA per ml. 

The TMV and WEE RNA synthesizing systems 
appeared to respond similarly with the addition of 
nucleotides or normal sub-cellular components. In the 
absence of any data indicating a valid alternative ex- 
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planation, we are suggesting that the cell-free preparations 
which we have investigated are synthesizing new viral 
RNA. There is further support for this interpretation 
from another laboratory. In the discussion following our 
initial presentation®, Huppert described exptriments in 
which nuclei isolated from ascites cells infected with 
encephalomyocarditis (EMC) virus appeared to give 
3,000-fold increases in infectious viral RNA during 17 h 
of incubation. His colleagues presented the details of 
this research at a subsequent meeting of the Paris 
Academy of Sciences*. 

Our investigations did not attempt to identify the 
actual sub-cellular structures involved in WEE viral 
RNA synthesis. Our preparations contained nuclei, 
mitochondria and fragments of endoplasmic reticulum 
carrying ribosomes. There is evidence that polio virus is 
produced within membranous structures having dia- 
meters of about ly (refs. 16, 17). We have not attempted 
to determine ff similar structures are involved in the 
synthesis of WEE virus. If such structures are involved, 
our preparation methods would probably have extracted 
and concentrated them along with nuclei and other 
smaller sub-cellular structures. It would seem unlikely 
that such membranous structures could have been 
formed by our preparations from normal cells in response 
to priming viral RNA coming from the infected com- 
ponents in the mixture. 

Since the evidence that TMV viral RNA is synthesized 
by infected and normal nuclei**, and that EMC viral 
RNA is apparently synthesized in isolated infected 
ascites nuclei!5, the nuclei may have been the prime site 
of the synthesis in our experiments. 
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Note added in proof. Recently, Glasky and Holper’*®?° 
have also reported the appearance of infectious units of 
influenza and Newcastle disease viruses in cell-free 
preparations made from infected calf kidney cells and 
infected chick fibroblasts, respectively. 


1 Cochran, G. W., Dhaliwal, A. S., Welkie, G. W., Chidester, J. L., Lee, 
M. H., and Chandrasekhar, B. K., Phytopath., ‘52, 728 (1962). 

* Cochran, G. W., Dhaliwal, A. S., and Chidester, J. L., Utah Farm and 
Home Sci., 29, 66 (1962). 

3 Cochran, G. W., Dhaliwal, A. S., Welkie, G. W., Chidester, J. L., Lee, 
M. H., and Chandrasekhar, B. K., Science, 138, 46 (1962). 

i Eine. Y. T., and Wildman, 8. G., Biochem. Biophys. Res. Comm., 8, 394 

ti Kare M., and Schramm, G., Biochem. Biophys. Res. Comms, 9, 63 

“Cormier di. C., and Astier, S., Abst. Eighth Intern. Cong. Microbiology, 

1 Cornuet, T C., and Astier-Manifacier, S., C.R. Acad. Sci., Paris, 255, 
3076 (196 2). 


8 Cochran, G. W., paper presented at the Seventeenth Ann. Symp. Funda- 
mental Cancer Research: iruses, Nucleic Acids, and Cancer, M.D. 
Anderson Hospital and Tumor Institute, Houston, Texas, 252 (1963). 

* Cochran, G. W., Bact. Proc., Abst. Sixty-third Ann. Meeting, 131 (1963). 

10 Cohan G. W., Storz, J., and Mikuleka-Macheta, °A., Fed. Prot., 22, 436 
(19 

a» Tshijima, B 3. Hill, D. W., Dolana, G. H., and Gebhardt, L. P., Virology, 
I 6 


32 Wecker, E., Hummeler, K., and Goetz, O., Virology, 17, 110 (1962). 

13 Ellem, K. A. O., and Colter, J. S., Virology, 11, 484 (1960). 

u Wecker, B., and Schonne, E., Proc. U.S. Nat. Acad. Sei., 47, 278 (1961). 

18 Zalta, J. P., Rozencwajg, R., Breugnon, M. M., and Huppert, J., C.R. 
Acal. Sci., Paris, 256, 2471 (1968). 

1° Horne, R. W., and Nagington, J., J, Mol. Biol., 1, 333 (1959). 

27 Darnell, J. E., Bact. Proc., Abst. Siaty-third Ann. Meeting, 12 (1963). 

2 rit Nae J., and Holper, J. C., Biochem. Biophys. Res. Comm., 12, 87 

ae Holper dd ah and Glasky, A. J., Abst. 145th Meeting Amer. Chem. Soc., 


CHARACTERISTICS OF THE ZOOLOGICAL SPECIFICITY OF SOME 
PROTEIN HORMONES FROM THE ANTERIOR 
PITUITARY 


By YVES A. FONTAINE 


Laboratoire de Physiologie Générale et Comparée, Muséum d'Histoire Naturelle, Paris 


HE anterior pituitary exhibits several functions 

which are similar throughout vertebrates. For 
example, in fish as. well as in mammals, it contains and 
secretes protein hormones capable of stimulating growth, 
thyroid gland, gonads, etc. The question arises if these 
factors which display the same activity in different species 
are identical or different. 

First attempts to solve this problem were made by 
assaying crude extracts of pituitary of different zoological 
origin on various receptors. Using such a comparison, 
Gorbman was able to conclude that a certain zoological 
specificity of gonadotropin! and thyrotropin? existed. In 
spite of these results, most of the investigators in this field 
still considered this specificity to be doubtful. This 
opinion was due to several reasons; the use of crude 
extracts of pituitaries, the existence of important differ- 
ences in physiological states of the various receptors, and 
therefore in sensitivity, accuracy and specificity between 
the various biological assays, and finally, the use of 
qualitative histological methods: all these facts led many 
people to neglect the conclusions of Gorbman. 

In our laboratory, we have been investigating problems 
related to this question for the past ten years. First, we 
used simultaneously quantitative biological assays, similar 
in nature but with different receptors, and secondly, we 
purified active factors from pituitaries of different classes 
of vertebrates. We were thus able to demonstrate the 
existence of a phylogenetic specificity and to specify 
some of its characteristics in the case of thyroid-stimulat- 
ing hormone (TSH)?. 


In fact, it appears evident that other protein hormones 
from anterior pituitary display a similar specificity. Let 
us recapitulate here some common characteristics of this 
phenomenon and endeavour to formulate general hypothe- 
ses, suggested by work on TSH. In this paper we shall 
limit ourselves, generally, to results concerning the com- 
parison of fish and mammal hormones. 


(1) ‘One-way’ Zoological Specificity and its Limitations 


(A) Crude extracts or purified preparations of fish 
pituitary, which are able to stimulate a given target organ 
or tissue in fish, do not have the same typical action on 
mammals (growth hormone‘, TSH*:*, gonadotropins’*). 

In fact some results, apparently conflicting, have been 
obtained with crude extracts which, in some cases, pro- 
duced a stimulation of the mammalian (or avian) gland 
examined, and this response was taken by some investi- 
gators as a basis for a biological assay of fish hormones on 
higher vertebrates (gonadotropins®!°, TSH, prolactin"). 

To understand this discrepancy, two points should be 
considered. First, much greater amounts of material 
have been administered in the case of crude extracts 
than in the case of purified hormone, which is always 
very precious. So it is possible that the zoological 
specificity of fish hormones is not total, and that th 
hormones are actually able to stimulate mammal tisy 
at very high doses, muth higher than the doses stimu} 
fish tissue. 

The second point appears even more interest, 
should be emphasized. Even with small doses 







June 27, 1964 


pituitary extracts, a small stimulation of the mammalian 
gland under examination can often be observed. How- 
ever, this reaction displays peculiar characteristics. It is 
interesting to note that these characters are the same in 
several different cases. There is a very feeble response 
corresponding approximately to the smallest one which is 
statistically significant, and this response does not increase 
with higher doses. We observed this kind of reaction in 
the case of thyroid’ and gonads*. By assaying the pro- 
lactin in fish pituitary, on birds, Chadwick observed 
similar results!?. In the case of gonadotropin, this 
phenomenon is specially obvious when the augmentation 
test of Steelman and Pohley** is used, and we were able, 
with Gerard, to show that the factor responsible for this 
atypical action was not the actual fish gonadotropic 
hormone active on lower vertebrates*. In this case at 
least, we therefore believe that this response is not a 
typical one and is not due, or not directly, to the actual 
fish hormone possibly present in crude extracts. Some 
factor present in these extracts may exert an indirect 
action, perhaps through the pituitary of the receptor, 
and it is possible this indirect action may explain some 
of the positive results obtained previously. 

It therefore seems probable to conclude that protein 
hormones of fish anterior pituitary do not exert their 
typical action on mammals (with a possible limitation 
concerning very high pharmacological doses). 

(B) On the contrary, it appears that mammalian 
hormones do stimulate target organs of fish. This fact 
was demonstrated by many investigators who injected 
fish either with crude extracts of mammalian pituitary", 
or with purified mammalian hormone (growth hormone*, 
TSH"*).. This action is perfectly typical ; it increases with 
dosage. 

It is necessary to notice, however, that the responses of 

fish target gland may exhibit some differences according 
to the zoological origin of the stimulating hormone. For 
example, the stimulation of fish thyroid by mammal TSH 
is decreased much more at lower temperatures than is its 
stimulation by fish TSH". Indications of a somewhat 
similar phenomenon have been observed concerning the 
sensitivity of frogs to different gonadotropins, according 
to the season®. We do not know if an actual difference 
in sensitivity of target gland is responsible for these 
facts. A difference in the rate of elimination of different 
hormones, and its variation in function of the temperature 
or of other factors, could also be postulated. 
. To summarize, it appears clearly that, in spite of some 
possible limitations, the more important characteristics 
of the zoological specificity of protein anterior pituitary 
hormones is one way; that is to say, mammalian hormones 
do act on fish but fish hormones do not stimulate mam- 
malian target organs. It is obvious that this expression 
should not be considered as a general rule, valid in all 
the cases along the whole vertebrate phylum (for example, 
frog TSH is active on mammals). 


No. 4939 


(ll) Attempts at Interpretation 


This fact implies not only a difference between the fish 
hormone and the mammal hormone which play, in each 
group, the same part, but also some difference at the level 
of the target organ. 

(A) Evolution of specificity of reaction of target organ, 
Not much is known concerning this point. It is impossible 
so far to specify what may be the factor whose evolution 
is involved, since we do not know how the stimulating 
protein hormones act at the level of the target organs. 

We can, however, see an important characteristic of 
this evolution: from fish to mammal, the target organs 
seem to become more and more specifically sensitive to 
the endogenous stimulating hormone. 

For example, fish thyroid is stimulated by several 
factors which are actually different, not only by fish 
TSH but also by mammal TSH, and even by another 
mammalian pituitary protein, heterothyrotropie factor 


N 


NATURE * 1297 


(ATF), that we could purify!*. On the contrary, only 
mammal TSHs seem to be active on mammal thyroid. 
Thus fish thyroid seems to recognize its own stimulating 
hormone much less than mammal thyroid does. 

Some similar phenomena have been observed. 
Relatively purified mammal TSH stimulates gonads of 
eel (more than could be expected from contamination by 
LH?®). 

(B) Evolution of stimulating protein hormone. Concern- 
ing the evolution of stimulating protein hormones of the 
pituitary, we are jusé beginning to be able to make some 
hypothesis. It is obvious that complete purification and 
biochemical study of these substances (from different 
species) are necessary. So far that has not been achieved 
for any hormone in any species. However, we have somo 
information in the case of growth hormone and especially 
TSH. Different mammalian TSHs*?? and one fish 
TSH! were purified in a similar way, to a similar extent. 
The final products are still not homogeneous in electro- 
phoresis, but it has been shown in the case of mammalian 
hormone that all the different components present in 
purified TSH were active®®.?#.23, Moreover, all of them 
had about the same amino-kcid composition®™**, It 
seemed, therefore, possible to compare the amino-acid 
composition of mammal and fish purified TSH. They were 
similar to a large extent, but some differences were notice- 
able and the most striking one concerned cystine. Fish 
TSH is much less rich in cystine than various mammal 
TSHs*20-23, Indeed, cystine is very important because 
it plays a fundamental part, via its disulphide bridge, in 
determining the tertiary structure of the molecule. Accord- 
ingly, we put forward, with Condliffe®, the hypothesis of 
a relation between the low content in cystine of fish TSH 
and its inactivity on mammal. It is interesting to note 
that the heterothyrotropic factor which is active on fish 
thyroid but not, or much less, on mammal thyroid is also 
poor in cystine*. Moreover, unpublished results concern- 
ing a purified gonadotropic factor of fish, compared with 
mammal gonadotropins, seem to reveal also a difference 
in cystine concentration’. Finally, it should be noticed 
that there is no apparent zoological specificity in the 
case of the polypeptide ACTH which has no disulphide 
bridges: fish ACTH does act on mammals”>.?s, 

It is therefore possible to think that evolution of the 
protein hormones of the pituitary would imply a tendency 
to a more rigid, complicated tertiary structure. i 
eventual change in number and maybe arrangements of 
disulphide bridges does not seem to modify the type of 
potential activity of the molecule; but it does seem to 
change its capacity to act on the receptor, perhaps in 
modifying some attachment sites. 

In relation to this hypothesis, it is also interesting to 
point out that investigations on competitive inhibition 
led Jard and Morel?’ to suggest that the disulphide bridge 
might-play a part of attachment site in the case of post- 
pituitary peptide hormone. 

In this hypothesis, the major portion of the part of the 
molecule which varies with the species—maybe an 
attachment site—is mandatory for activity. A different 
hypothesis was proposed by Li concerning growth 
hormone; a part of the molecule varying from one species 
to another would prevent the hormonal action by masking 
a common active core. This part would have to be 
removed. before activity can be manifested. This could 
be done only by specific enzymes of homologous receptors. 
It must be kept in mind that action of growth hormone 
displays a special characteristic, that is, this hormone 
does not stimulate a specific target organ. It is also not 
a glycoprotein, while TSH and gonadotropins are. Thus. 
even if experimental results confirmed the two different 
hypotheses précised above, this difference could be related 
to these peculiar characteristics of growth hormone. 

(C) These two evolutions, of target organs and of 
stimulating hormones, must be parallel in order to permit 
a harmonious regulation in every case. Simultaneous 
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. 
investigations in these twe directions might be useful 
for understanding the mechanism of action of these 
protein hormones, which is so far unknown. 
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ELECTROPHORETIC BEHAVIOUR OF RABBIT GAMMA-GLOBULIN 
FRAGMENTS AND CHAINS 


By A. FEINSTEIN 


Agricultural Research Council Institute of Animal Physiology, Babraham, Cambridge 


ERUM y-globulin displays a characteristic electro- 

phoretic heterogeneity. After papain digestion! of 
y-globulin fractions with differing mean electrophoretic 
mobilities, the charge differences are mainly associated 
with those monovalent fragments carrying the specific 
antibody sites, as shown by: (a) the varying yields of 
chromatographically separated fragments?; (b) direct 
studies of electrophoretic mobilities during immuno- 
electrophoresis of human? and rabbit‘ papain digests. 
Quantitative differences in amino-acid composition related 
to these charge differences have been reported‘*. Evid- 
ence has been presented for the importance of positive or 
negative groups in the binding sites of antibody elicited 
by haptenic groups carrying an opposite charge®-8. 
Moreover, quantitative differences in content of basic 
and acidic amino-acids in specific antibody preparations 
of this type have been described®. It is clearly of great 
interest to establish whether part of the charge variation 
in y-globulin preparations arises from the variation within 
a relatively small polypeptide region. 

This article describes the cleavage of monovalent 
y-globulin fragments with differing electrophoretic mobili- 
ties, using the method of Fleischman, Porter and Press?®. 
The separated products were examined to establish 
whether part of the electrophoretic heterogeneity was 
associated with the ‘4 piece’, which is thought to derive 
from that part of the undegraded A chain which carries 
the binding site’. -Globulin preparations were made 
from the sera of single sabbits of known allotype?!. 
Apart from a single crude preparation precipitated by 
15 per cent sodium sulphate, used to illustrate the 
full electrophoretic spread of y-globulin (Fig. 1), subse- 
quent preparations were made using a diethyl-aminoethyl 
cellulose column. In Fig. 16 aro shown the immuno- 
electrophoretic patterns of four y-globulin fractions 
separated from rabbit serum by zone electrophoresis in 
agar gel4*, Comparison with the patterns after papain 
digestion (Fig. 1d) shows that the monovalent fragments 
in each digest have an electrophoretic character dependent 
on that of the untreated y-globulin fraction, whereas the 
crystallizable fragment (Porter’s fragment ITI?) has in 
each digest an identical mobility. The patterns of 
Porter’s fractions I and II (Fig. 1c), derived from papain- 
digested whole rabbit y-globulin, correspond to those of 
monovalent fragments derived from fractions C + D and 
A + B respectively. 








A B Cc D G 


Fig. 1. (a) Stained patterns of four rabbit y-globulin sub-fractions. 
(A, B, C, D) and crude whole y-globulin (@). (b) Immuno-electrophoretic 
patterns of A, B, C, D and G. (d) Immuno-electrophoretic patterns, 
after papain treatment, of A, B, C, Dand G. (c) Immun»-electrophoretic 
patterns of purified fragments I, II and II, isolated chromatographically 
from papain-treated rabbit y- Jobulin, a crude preparation of which is 
shown at G. Immuno-electrophoretic patterns were developed using a 
goat antiserum to rabbit serum globulins 


Knowing that a fraction of y-globulin yields monovalent 
fragments of corresponding electrophoretic character, it is 
legitimate to explore y-globulin heterogeneity by examin- 
ing sub-fractions of monovalent fragments. Fig. 2a 
shows the immuno-electrophorstic patterns of such a series 
of sub-fractions, derived from rabbit anti-bovine serum 
albumin as follows. After papain digestion and fraction- 
ation on carboxymethyl cellulose. the pooled monovalent 
fragments were eluted from a diethyl-aminoethy] cellulose 
column, using a pH gradient, as a single trailing peak. 
The tubes were arbitrarily divided into the four pools 
(i) to (iv) of Fig. 2a. Fig. 26 shows the result of an 
identical electrophoretic experiment to that shown in 
Fig. 2a, but the paterns were this time developed by 
exploiting the power of the monovalent fragments to 
inhibit precipitation of bovine serum albumin (BSA) 
with its antiserum. Alternate slots were filled with BSA 
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Fig. 3. Electrophoretic patterns in 8 M urea-glycine starch gel. (a) 
Papain-treated rabbit y-globulin. (b, j} Monovalent fragments. (e, d, e) 
Fractions 1, 2 and 3 isolated by gel filtration in 1 M propionic acid, from 
monovalent fragments which had been partially reduced with mercapto- 
ethanol and treated with iodoacetamide. (A, i) Two sub-fractions of 
monovalent fragments. (f, g) Partially reduced preparations A and i 


and rabbit anti-BSA serum. By this means the zones of 
the inhibiting fragments are located as gaps in the pre- 
cipitin lines, and are found to correspond in position to the 
precipitin arcs in Fig. 24. This method for detecting the 
presence of inhibiting fragments is particularly sensitive 
when the precipitin line is first visible, as the precipitating 
components are present in low concentration. The later 
persistence of the inhibition zone is dependent on the 
proportion of precipitating antibody to inhibiting frag- 
ment. This method has been used to examine the mixed 
products after papain digestion of antibody preparations 
from several different species, and the results will be 
published elsewhere. 

Preliminary reductions of monovalent fragments, and 
fractionation of the products, were performed using 
preparations from two rabbits of different (a) locus 
allotype (one A 1/4, the other A 3/4)". The frag- 
ments were treated in éris buffer with 0-2 M mercapto- 
ethanol for 1 h, when iodoacetamide was added. Fraction- 
ation on ‘Sephadex G200’ gel in 1 M propionic acid gave 
3 main peaks’*. These were pooled separately, dialysed 
against saline, concentrated and examined by electro- 
phoresis in starch gel containing 8 M urea in pH 8:5 
glycine buffer. The products from each rabbit behaved 
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g. Immuno-electrophoretic patterns of (G), papain-treated rabbit y-globulin con- 
taining antibody to bovine serum albumin (BSA), and of four sub-fractions (i, ii, iii, iv) of 
the monovalent fragments derived from @. Alternate slots in Fig. 2a were filled with 
two different goat ahtisera, one #n antiserum to rabbit y-globulin, the other to rabbit 
Alternate slots in Fig. 2b were filled with 0-1 per cent BSA and witha 
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similarly, and only one series, illustrated 
in Fig. 3, will be discussed. The pattern 
of monovalent fragments (Fig. 3b). derived 
from papain digest (&), appears as n set of 

e evenly spaced bands. The fastest bands 
would be oxpected to derive from the 
fastest y-globulin molecules. This is 
found to be the case whon papain-treated 
y-globulin sub-fractions are concentrated 
to remove crystalline fragments. thus 
avoiding the selection of bands which, 
might occur during column chromato- 
graphy, and examined by electrophorosis 
in starch gel. 

Figs. 3c, d and e show the patterns of 
the three fractions of reduced monovalent 
fragment separated on ‘Sephadex’ gel. 
Fraction 1 appears as a set of cathodic 
bands. Fraction 2, containirtg ‘A pieces’! 
produces a similar set of bands, but faint 
bands are also detectable in positions 
corresponding to those of the original 
monovalent fragments. Fraction 3 (Fig. 
3e) behaves identically to B chains 

derived from reduced rabbit y-globulin (Fig. 5). The 

cathodic bands of fraction 1 are presumably 4 pieces 
which are eluted early from ‘Sephadex’ gel due to their 
state of aggregation. A similar migration of the major 
part of fraction 2 behind the monovalent fragments is 
observed in stained patterns after agar-gel electrophoresis. 

The relative mobilities of monovalent fragments, B chain 

and A pieces are in accord with the amino-acid analyses of 

Fleischman et al, if it is assumed, that an equal proportion 

of the dicarboxylic acid residues in each are amidated. 

The patterns shown to the right of Fig. 3, where migra- 
tion was allowed to continue for a longer period, illustrate 
the relation of the A-piece bands to the bands of unreduced 
monovalent fragments. From the monovalent fragment 
preparation (Fig. 37), two sub-fractions (Figs. 3h and i) 
were prepared using a diethylaminoethyl cellulose column. 
After mercaptoethanol and iodoacetamide treatment. 
fractions h and 7 gave the patterns shown in Figs. 3f and 
g respectively. Bands corresponding to B chains. to the 
original fragments and to A pieces are all evident in these 
patterns. However, the slower A-piece bands are far more 
pronounced in pattern g, derived from fraction 7 in which 
the slowest monovalent fragment bands predominated. 
Thus the slower A pieces derive from the slower mono- 
valent fragments and hence, presumably, from the slower 
y-globulin molecules. Should it transpire that the banding 
in those electrophoretic patterns is due partly to non- 
uniformity in the sites of papain splitting, the above 
conclusion would not be affected; similar A-piece bands 
are, however, seen in patterns derived from pepsin- 
treated y-globulin. 

The four preparations of monovalent fragment, (i)—(iv). 
shown in Fig. 2, were treated with mercaptoethanol, then 
with iodoacetamide, and each was fractionated as above 
on ‘Sephadex’ gel. After dialysis, the resulting four 
groups of three fractions were concentrated and examined 
by immunoelectrophoresis. As in each case, fraction 1l 
(the aggregated A pieces) showed no immunological 
activity, the results for fractions 2 and 3 only, designated 
A (A piece) and B (B chain) respectively, are shown in 
Fig. 4a. The B chains show a progressive increase in 
mobility paralleling that of the original monovalent frag- 
ment sub-fractions. Precipitin ares with B chains were 
formed only by the allotypie antiserum! (rabbit anti- 
rabbit A4). The goat anti-rabbit y-globulin serum in the 
alternate slots did not react visibly. However. both 
these antisera reacted with <A-piece fractions, though 
very faintly in the case of the goat antiserum. The 
positions of these arcs formed by A-piece fractions, 
however, are identical to those formed by the corre- 
sponding untreated monoyalont, fragments (Fig. 2a). 








Fig. 4. Immuno-electrophoretic patterns of A pieces (A) and B chains 

(B) derived from 4 sub-fractions of monovalent fragments ((i) to (iv), 

see Fig. 2a), after partial reduction with mercaptoethanol. Alternate 

slots in Fig. 4z were filled with goat anti-rabbit y-globulin and with an 

allotypic antiserum, rabbit anti-rabbit y-globulin (anti-A4). Alternate 

slets in Fig. 4b were filled with 0-1 oe cent BSA and with a rabbit 
antiserum to BSA 


Since, as discussed earlier, the A pieces migrate behind 
the monovalent fragments, it seems likely that the reac- 
tions here are due to contamination of A-piece fractions 
with monovalent fragments. Such contaminating bands 
were noted earlier in the starch-gel patterns of an A-piece 
fraction (Fig. 3d). Contamination of this type could 
arise either from unreduced monovalent fragment, or by 
recombination of A piece and B chain. That the latter 
can occur is shown when reduced monovalent fragment in 
propionic acid is redialysed against saline, then examined 
by” immuno-electrophoresis. Complete recombination 
occurs, as judged by the absence of anodically migrating 
B chains, and by the retention of a strong reaction with 


the goat antiserum. The resulting contamination of the ' 


A-piece fractions with B chain may explain the otherwise 
puzzling fact that the anti-A4 allotypic serum used gives a 
reaction of identity with A pieces and B chains. A similer 
situation arose in the separation of whole A chain from B 
chain, discussed in an earlier communication’. 

_ A test for inhibiting activity, similar to that used to 
examine monovalent fragments (Fig. 2b), was now applied, 
after electrophoresis in agar gel, to the A and B fractions 
examined earlier in Fig. 4a. The resulting patterns, seen 
in Fig. 4b, show that whereas no activity is discernible in 
B-chain preparations, the A-piece fractions did inhibit 
precipitation. However, as with the corresponding 
precipitin ares of Fig. 4a, each inhibition zone was in the 
same position as that of the corresponding unreduced 
monovalent fragment (Fig. 2). It is likely, therefore, that 
both the antigenic and the antibody activity found in 4- 
piece fractions are due, not to the A pieces themselves, 
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but to contaminating monovalent fragments. This 
suggests that during the recombination process, A pieces 
and B chains are able to re-adopt the configuration, which 
was lost when they were separated. 

Having established that the electrophoretic characters 
of both B chains and A pieces are related to that of the 
monovalent fragment from which they derive, it was of 
interest to examine electrophoretically the relation of A 
and B chains from y-globulin preparations with different 
mean mobilities. In Figs. 5i and j are shown the starch 
gel electrophoretic patterns of two rabbit y-globulin 
fractions separated on DEAE-cellulose. The patterns 
after mercaptoethanol and iodoacetamide treatment 
(Figs. 5g and h, repeated in Figs. 5e and f) show the 
similarity in character of the (cathodic) A chains. The B 
chains differ rather more but are too diffuse for careful 
comparison. When the same two y-globulin preparations 
were examined after disulphide bond cleavage had been 
rendered complete by the presence of 8 M urea during the 
mercaptoethanol treatment, the patterns were different 
(Figs. 5c and d). The B chaing now formed sets of discrete 
bands, and it was quite clear that in separating the two 
y-globulin fractions, two different selections of B chains 
had been made, though some bands were common to 
both fractions. The A-chain bands, however, were again 





atterns in 8 M urea-glycine starch gel. (a) 


Electrophoretic 
Partially reduced monovalent fragments; (b) fully reduced monovalent 
fragments; (i, HAs sub-fractions of rabbit y-globulin; (g, A) partially 
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reduced y-globulin fractions i andj; (e, f}, identical preparations to g and 
k; (c, d) fully reduced y-globulin preparations ¢ and 3 
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Fig. 6. Diagram relating the electrophoretic characters of y-globulin 
` and its constituent polypeptide chains 
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almost identical in position. A quite different finding was 
described by Cohen and Porter recently, for human 
y-globulin. Whereas the B chains prepared from yl- and 
y2-globulins formed identical band patterns, the A 
chains differed in mobility in a manner resembling the 
corresponding y-globulin fractions. 

Reference to Fig. 6 shows how the apparently contra- 
dictory findings for rabbit and human y-globulins can be 
reconciled. It is supposed that both A and B chains 
may be electrophoretically heterogeneous. Fig. 6 shows 
how, in the human, a single set of B chains might combine 
with two different A chains to form two different sets of 
y-globulin molecules, the band patterns of which merge into 
a single spectrum. If two such fractions were separated as 
yl- and y2-globulin preparations, the isolated chains when 
examined would have the relative characters observed by 
Cohen and Porter. In the rabbit, however, if the A chains 
were all to have similar mobilities, the process of y-globulin 
formation could be adequately represented by only the 
left-hand side of Fig. 6. In this case, isolated y-globulin 
fractions of different electrdphoretic mobility would yield 
correspondingly different B-chain bands, as was indeed 
found to be the case. If this explanation is the correct 
one, ‘it is predictable that electrophoretically differing 
sub-fractions of human y2-globulin would not yield iden- 
tical B chains. 

It is not yet clear how the electrophoretic patterns of 
rabbit A chains, relate to those of A pieces described 
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earlier. The possibility that A-piece heterogeneity arises 
from configurational variation alone was tested by 
electrophoresis of monovalent fragments after complete 
reduction jn urea. Comparing the resulting pattern 
(Fig. 5b) with that after partial reduction shown in 
Fig. 5a, it is seen that the A-piece bands aro almost 
unchanged in appearance. Thus, unless configurational 
differences can survive without disulphide linkages in 
8 M urea, the heterogeneity of monovalent fragments. 
which arises from the combined heterogeneity of both A 
pieces and B chains, is evidently one of primary structuré, 
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BREAKDOWN OF NUCLEAR RIBONUCLEIC ACID IN THE PRESENCE 
OF ACTINOMYCIN D 


By Pror. HENRY HARRIS 
Sir William Dunn School of Pathology, University of Oxford 


N a previous communication! it was shown that when 
cells incubated for 10 min with “C-adenine were 
transferred to non-radioactive medium containing actino- 
mycin D, the labelled RNA in the cell nucleus underwent 
breakdown to acid-soluble end-products. No transfer of 
labelled RNA from nucleus to cytoplasm could be detected. 
A similar observation was made by Levy? with HeLa 
cells, by Paul and Struthers? with L cells and by Lieber- 
man et al.‘ with rabbit kidney cells. However, Darnell 
et al.5:5, in apparently similar experiments with HeLa 
cells, found that only 30-40 per cent of the labelled 
nuclear RNA underwent breakdown to acid-soluble end- 
products in the presence of actinomycin D; the rest was 
thought to be transferred in a stable form to the cyto- 
plasm. Much the same result was obtained by Georgiev et 
al.” with rat liver cells. 

There are important differences in technique in the 
experiments mentioned above, and it is therefore perhaps 
not surprising that the results obtained showed dis- 
erepancies. These need not in themselves have been a 
matter of great moment but for the claim made by Girard 
et al.° that their experiments provided an “‘unquestion- 
able” demonstration of the transfer of the labelled 
nuclear RNA to the cytoplasm—a feat which had not 
hitherto been accomplished. It therefore seemed worth 
while to examine more closely the differences between the 
experiments of Darnell et al.5:* and those of other 
workers'!-* who failed to observe a transfer of RNA from 
nucleus to cytoplasm under apparently similar con- 
ditions. 

Girard et al.* themselves suggest one reason for the dis- 
crepancy between their findings and my ownt, in which no 
transfer of RNA from nucleus to cytoplasm was observed 
in the presence of actinomycin D. They propose that 
a 10-min exposure to “C-adenine, as used by me, might 
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be too short to permit the labelled nuclear RNA to 
become ‘stabilized’, so that in the presence of actino- 
mycin D this labelled nuclear RNA undergoes breakdown 
instead of being transferred to the cytoplasm. In their 
experiments, a 30-min exposure to labelled uridine was 
used. A perusal of the literature makes this suggestion 
unlikely. For example, Lieberman eż al.‘ found that 
in rabbit kidney cells almost all the RNA labelled during 
a 20-min exposure of the cells to tritiated cytidine 
underwent breakdown to acid-soluble end-products in the 
presence of actinomycin D; and even after 2-h exposure 
to the radioactive precursor more than 70 per cent of the 
labelled RNA underwent breakdown within 6 h. The 
experiments illustrated in Figs. 1 and 2 provide further 
evidence that the differences between the results obtained 
by Darnell e¢ al. on one hand, and those of Harris’. 
Levy?, Paul and Struthers’, and Lieberman eż al.‘ on the 
other, are not due to the different periods of exposure of 
the cells to the radioactive precursors. In the experiment 
shown in Fig. 1 HeLa cells were incubated for 20 min in a 
medium containing “C-adenine at a concentration of 
2 ue./ml. and were then transferred to non-radioactive 
medium containing 10-3 M adenosine, 2 x 10-* M guano- 
sine and actinomycin D at a concentration of 2 ug/ml. In 
the experiment shown in Fig. 2 the cells were incubated 
for 18 h in medium containing ‘C-adenine and then trans- 
ferred to the non-radioactive medium containing unlabelled 
nucleosides and actinomycin D. Samples were taken at 
suitable intervals, and the nuclear RNA was separated 
from the cytoplasmic RNA by treating the cells with 
phenol-saturated water. The specific activity of the 
adenine in the two RNA fractions was measured as 
previously described?. 

It will be seen that after the first hour the loss of 
radioactivity from the nucleag RNA was more rapid in 
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the cells labelled. for only 20°min than in those labelled 
for 18 h. The continued incorporation of radioactivity 
into the nuclear RNA during the first hour in the cells 
labelled for 20 min and the absence of this effect in the 
cells labelled for 18 h are due to the difference in the 
relative amounts of radioactivity in the precursor pools. 
After a short period of labelling the amount of radio- 
activity remaining in the precursor pools greatly exceeds 
the amount incorporated into RNA; after 18 h labelling 
the amount of radioactivity remaining in the precursor 
pools is a small fraction of the amount already incor- 
porated. In both cases, however, the loss of radioactivity 
from the nuclear RNA during the succeeding 4 h is not 
accompanied by any increase in the amount of radio- 
activity in the cytoplasmic RNA. It is thus clear that 
the failure to observe transfer of RNA from nucleus to 
cytoplasm under these conditions is not due to too short 
a period of labglling. 

A more interesting difference in technique between the 
experiments of Girard et al. and my own} is the fol- 
lowing. After exposing the cells to the radioactive 
precursor, I washed the labelled cells and then transferred 
them to non-radioactive medium containing unlabelled 
nucleosides and actinomycin D. Levy’, Paul and 
Struthers®, and Lieberman et al.t also transferred the 
cells which had been exposed to a radioactive precursor 
to non-radioactive medium containing actinomycin D, 
and Levy? and Lieberman et al.4 added unlabelled nucleo- 
sides to this medium. Girard ef al., on the other hand, 
simply added actinomycin D to a culture growing in the 
presence of the radioactive precursor: in their experi- 
ments, the radioactive precursor was present in the 
medium throughout. 

The effect of this difference in technique can be seen 
by comparing the results shown in Fig. 1 with those 
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Fig. 1, Breakdown of labelled nuclear RNA in the presence of actino- 
mycin D. The cells were exposed to “C-adenine for 20 min. They 
were then washed and transferred at zero time to non-radioactive 
medium containing 10* M adenosine, 2 x 10 M guanosine and 
actinomycin D at a concentration of 2 ug/ml. 
O, Nuclear RNA adenin® @, cytoplasmic RNA adenine 
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Fig. 2. Breakdown of labelled nuclear RNA in the presence of actino- 


mycin D. The cells were exposed to “C-adenine for 18 h. They were 
then washed and transferred at zero time to non-radioactive medium 
containing 10° M adenosine, 2 x 10t M guanosine and actinomycin D 
at a concentration of 2 ug/ml. : 
O, Nuclear RNA adenine; @, cytoplasmic RNA adenine 
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Fig. 3. Residual incorporation of precursors into RNA in the presence 
of actinomycin D. The cells were exposed to C-adenine for 20 min, 
and actinomycin D at a concentration of 5 ug/ml. was then added to 
e culture : 
O, Nuclear RNA adenine; @, cytoplasmic RNA adenine 
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shown in Fig. 3. In the experiment shown in Fig. 1 the 
cells were incubated for 20 min in medium containing 
“4C-adenine and were then washed and transferred to 
non-radioactive medium containing 10-3 M adenosine, 
2 x 10-4 M guanosine and actinomycin D at a concen- 
tration of 2 ugml. In the experiment shown in Fig. 3 
the cells were incubated for 20 min in medium containing 
4C-adenine, and actinomycin D at a concentration of 
5 ug/ml. (the concentration used by Girard et al.) was 
then simply added to the culture. In the experiment 
shown in Fig. 1 radioactivity is rapidly lost from the 
nuclear RNA after the first hour in the presence of actino- 
mycin D, and this loss is not acecmpanied by any increase 
in the amount of radioactivity in the cytoplasmic RNA. 
In the experiment shown in Fig. 3, however, despite the 
higher concentration of actinomycin D, radioactivity con- 
tinues to be incorporated into the nuclear RNA for about 
2h after the addition of the antibiotic, and the loss of 
radioactivity from the nuclear RNA after this period is 
much less rapid than. in the experiment shown in Fig. 1. 
Radioactivity cantinues to, be incorporated into the cyto- 
plasmic RNA for about 4 h. These results indicate that 
if the radioactive precursor remains in the medium and 
no attempt is made to dilute the labelled intracellular 
RNA precursor pools with non-radioactive compounds, 
radioactivity may continue to be incorporated into both 
nuclear and cytoplasmic RNA for some hours after the 
addition of actinomycin D. If, however, the cells are 
transferred to non-radioactive medium containing un- 
labelled nucleosides and actinomycin D, this residual 
incorporation of radioactivity is greatly reduced, although, 
as Fig. 1 shows, not entirely abolished when the level of 
radioaetivity in the precursor pools is high. 

The extent of this residual incorporation of precursors 
into RNA in the presence of actinomycin D varies with 
different cell types and with the conditions of labelling 
used. Paul and Struthers’, who first described the effect, 
found that it occurred in L cells even with actinomycin 
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concentrations of 100 ug/ml. These authors considered 
that an actinomycin D-resistant form of RNA synthesis 
was involved. Whether this.is the caso or not, it is clear 
that under conditions where residual incorporation of 
precursorseinto RNA takes place, the appearance of radio- 
activity in the cytoplasmic RNA does not constitute a 
demonstration of the transfer of the labolled nuclear RNA 
to the cytoplasm, as Girard eż al.* claim. The uncertainties 
inherent in any analysis of precursor-product relationships 
under such conditions are well known and have been 
discussed by several authors (for reviews see refs. 9 and 
10). Evidence has been presented in support of the view 
that only a small proportion of the RNA made in tho 
nucleus at any one time can be an immediate macro- 
molecular precursor of the stable RNA in the cytoplasm?’. 
If this is so, the unequivocal demonstration of the transfer 
of RNA from nucleus to cytoplasm may remain a formid- 
able problem for some time to come. y 

The experiments of Gcorgiev et al.” were carried out in 
essentially the same way as those of Darnell et al.*5; 
but the interpretation of the results obtained by Georgiev 
et al.? is further complicated by the fact that in their 
experiments the actinomycin *D was deliberately used at 
concentrations which only partially inhibited the syn- 
thesis of RNA in the cell. 
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THYROID ORIGIN OF CALCITONIN 


By Dr. G. V. FOSTER, Dr. A. BAGHDIANTZ, Dr. M. A. KUMAR, Miss E. SLACK, Dr. H. A. SOLIMAN 
and Dr. I. MacINTYRE 


Department of Chemical Pathology, Postgraduate Medical School, 
Ducane Road, London, W.12 


OPP eż al.' noted that perfusion of the thyro-para- 

thyroid glands in the dog with blood high in calcium 
led to a more rapid fall in systemic plasma calcium than 
could be accounted for by the inhibition of parathormone 
secretion. They explained these results by postulating 
the liberation of a plasma-calcium lowering substance 
when the glands were perfused with high-calcium blood. 
They called this substance “calcitonin”. 

We were able to confirm the existence of this hormone 
in the dog?, but our investigations provided no evidence 
on whether the parathyroids were tho sourco! or whether 
calcitonin originated from the thyroid—a possibility 
suggested by Hirsch et al.. The latter group also showed 
that a hypocaleemic substance could be extracted from 
the thyroid in many mammalian species*:*. We have 
confirmed this finding in dog, rat, ox, pig and goat’. 
Talmage et al. have presented ovidence to show this 
principle is present in the blood in vivo in rats and 
suggested that it may be involved in calcium transport. 

Perfusion of the parathyroid glands in isolation from 
thyroid tissue is not possible in the dog, but this can be 
accomplished in the goat. We present results of perfusion 
studies in this species. The results establish the thyroid 
as the source of this new hormone. 


N 


Perfusion technique. In the goat the external pair of 
parathyroid, glands have a separate blood supply arising 
from the carotid artery near its bifurcation. The internal 
pair of glands are inseparable from thyroid tissue and 
receive a blood supply from the superior or inferior 
thyroid arteries. 

Ten healthy male goats (21-82 kg) were used. All 
fermentable food except for hay bedding was withdrawn 
the night before an exporiment. Anesthesia was induced 
with pentobarbitone (20-30 mg/kg) and maintained on 
cyclopropane (10-20 per cent in oxygen) by endotracheal 
tube. 

The neck was exposed by longitudinal incision and the 
thyroids and parathyroids identified. The external 
parathyroids were usually located at the level of the 
superior pole of the thyroid just lateral or dorsal to the 
common carotid artery. In all experiments the external 
parathyroid and the thyroid lobe with its contained 
internal parathyroid were removed on one side. A 
section of the common carotid artery on the opposite 
side was isolated by ties placed above the origin of the 
external parathyroid artery and below the inferior 
thyroid artery. The goat was heparinized (8,000 units/kg 
and 2,000 units/kg hourly thereaftor) and the artery 
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perfused with blood of high calcium content (7 m.equiv./l. 
plesma). The perfusing blood was drawn from the carotid 
proximal to the tie below the inferior thyroid artery 
and allowed to flow ‘through, a suitably treated ion- 
exchange column before perfusing the isolated carotid 
segment. The ion-exchange column increased the 
plasma calcium without affecting other electrolyte con- 
centrations’. The goats were maintained in net calcium 
balance as described by Kumar eż al.2. This involved 
maintaining an equal blood flow from the same carotid 
through a second resin column which removed an amount 
of calcium equivalent to that added by the first column. 
The low-calcium effluent was returned to a systemic 
vein. 
` In one group of five goats (two castrates, three billies) 
perfusion of both thyroid and parathyroids was carried 
out (Fig. la) In a second group of five goats (two 
castrates, three billies) the thyroid lobe on the perfused 
side was remo¥ed at the same time as removal of the 
glands on the contralateral side. In this group only the 
external parathyroid was perfused (Fig. 1b). Perfusion 
was continued for 2-5 h in both groups after a 0-5 h 
control period. Flow rates of high-calcium blood in the 
perfused carotid were 2-5 ml./min for thyro-parathy- 
roid perfusion and 1-2 ml./min for external parathyroid 
perfusion. Blood pressure was recorded throughout. 


Table 1. CHANGES IN PLASMA CALCIUM (M.EQUIV./L.) DURING HYPER- 
OALOMMIC PERFUSION 


The figures are means + S.E. (range) 


Time Parathyroid Thyro-parathyroid 
(min) (five goats) (five goats) 

15 +0°11 + 0-04 (+ 0-05— + 0-25) —0-03 + 0-06 (—0°17— + 0-15) 
30 +003 + 0-05 (~0-15—+-0-14) ~0:07 + 0-06 (—0-20— + 0°15) 
46 + 0-07 40-07 (~0-18—+ 0-21) — 0-26 + 0:05 (—0-40— — 0-15) 
60 + 0:08 + 0-08 ( —010— + 0-32) —0-36 + 0-08 (—0-63— — 0°20) 
90 — 001+ 0-07 (~0°15— + 0-25) — 0°55 + 0-10 (—0-77—~~~ 0°27) 
120 ~— 0-01 + 0-08 ( —0-20— + 0°25) — 0-69 + 0-11 (— 1-04-—~ 0°40) 
150 - +0°07 £ 0°11 (~0-15—+0°31) — 0-82 40-12 (— 1-22—-~-— 0-50) 


The plasma protein concentration fell by only 0-13 g/100 ml. in the a 
patathyroldectomized group. This excludes the possibility of the fall in 
calcium being due to a protein change. : 


Analytical techniques. Four arterial blood samples 
were obtained in the control period and seven further 
samples during the perfusion. Plasma was separated 
within 30 min of sampling. Calcium and magnesium 
were determined by flame spectrophotometry*, plasma 
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Fig. 1. Schematic diagram of areas perfused. In each instance all 
contralateral thyroid and parathyroid tissue was removed prior to 
perfusion. (a) Isolated, perfused segment of the common carotid 
artery. The internal parathyroid is not visible to the naked eye. 
{b} Isolated, perfused caroti po after removal of the 
yro 
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Fig. 2. Hypercalcemic perfusion of the isolated external parathyroid 
(@) and total thyro-parathyroid apparatus (O): Mean values of 
changes in systemic plasma csleium from the control values together 
with standard errors are shown. Five animals were used in each group 
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Fig. 3. Effect of autogenous thyroid extract. 1-0 ml. of an 0:2 N 

hydrochloric acid extract (0-47 mg protein nitrogen) from the animal's 

own thyroid was injected 2 h after hemi-thyroidectomy. The 

amount used was that extractable from 1/20 of the animal's total thyroid 
sgue 


protein by the biuret reaction? and thyroid extract 
protein by the Lowry method”. 
Results and discussion. Fig. 2 shows that 2-5-h high- 


calcium perfusion of a single parathyroid gland, after ` 


removal of the thyroid and other parathyroids, produced 
no change in systemic plasme calcium. In contrast, when 
the thyroid was also included in the perfusion there was a 
fall of 15 per cent (range 10-22 per cent) in systemic plasma 
calcium. The chemical results are given in Table 1. 

Two conclusions can be drawn. First. calcitonin 
exists in the goat as in the dog. i 

Second, the thyroid is essential for the calcitonin 
effect. Since parathyroid perfusion had no effect it 
appears that the thyroid is the source of calcitonin. It 
also seems likely that ‘thyro-calcitonin’, the hypo- 
caleaemic substance extracted from the thyroid by Hirsch 
et al.3, and calcitonin are identical. 
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Fig. 3 shows the systemic plasma calcium in a hemi- 
thyroidectomized goat produced by intravenous injection 
of an autogenous thyroid extract. The extract was 
prepared from the upper pole of the thyroid in order to 
avoid contamination with the internal parathyroid. 
Thyroid tissue was minced and macerated in a hand 
mortar. Extraction was carried out in 0-2 N hydro- 
chloric acid (10 ml./g tissue). The mixture was heated 
for 5 min to 70°-90° and centrifuged before injection. 

Until recently it has been held that calcium homoeo- 
stasis is maintained by variation in the secretion of para- 
thormone, A fall in plasma-calcium would stimulate 
parathormone’ secretion, and a rise would inhibit it by 
direct action in the gland. There is a serious difficulty 
with this theory. Parathormone is slow-acting and if 
it were the sole means of calcium regulation this would. 
lead to oscillation in the plasma-calcium level!?. It 
seemed clear that some factor other than parathormone 
must be involved in calcium homoeostasis. There is 
now substantial evidence that this additional factor is 
a plasma-calcium lowering hormone’*. The present in- 
vestigations demonstrate that the thyroid is the source 
of this new hormone. 
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PROTEINS OF VARIOUS SPECIES OF WHEAT AND CLOSELY RELATED 
GENERA AND THEIR RELATIONSHIP TO GENETICAL 
CHARACTERISTICS 


By Pror. C. B. COULSON* and Dr. A. K. SIM 
Arthur D. Little Research Institute, Inveresk Gate, Musselburgh, Midlothian 


HE method of starch-gel electrophoresis has been 

developed and applied successfully to the fractiona- 
tion of wheat flour proteins. Using the low ionic strength 
aluminium lactate/lactic acid buffer system developed by 
Jones et al.L? for free boundary electrophoresis, fine 
resolutions were achieved of the order of 10-28 com- 
ponents*-*. More recently, the method has been used to 
resolve up to 32 apparently separate protein components’ '*, 
Similar fractionations have also been reported using 
polyacrylamide gels*-11, 

These components have been rather arbitrarily divided 
into albumins, globulins, gliadin and glutenin, following 
the classical nomenclature of Osborne!? based essentially 
on solubility criteria’, Results in this laboratory have 
shown, however, that the solubility characteristics of 
wheat flour proteins are somewhat complex. The classical 
albumin, globulin and gliadin fractions were all shown to 
contain significant levels of most of the protein com- 
ponents, while the concentration of individual fractions 
was largely dependent on the conditions of extraction. 
Similar results have also been reported elsewhere?:}*. 
Solubility data are shown diagrammatically in Fig. 1. 

Since aqueous extracts of wheat flour were shown to 
contain a representative cross-section of the protein 
components, it was decided to limit the investigation 
reported here to these solutions. Thirty-four different 
varieties of Triticum vulgare were examined in this way, 
and a representative portion of these is shown in Fig. 2. 
The method involved hand-grinding of the wheat sample, 
followed by sieving (100 mesh). 2-0 g of the isolated 
flour was dispersed in 6 ml. distilled water (pH 5-6) for 
30 min, centrifuged for 15 min at 3,000g followed by 
centrifugation of the supernatant for a further 30 min 
at 25,000g (0° ©). A sample of the protein solution 
(0-2 per cent protein) was inserted in the starch gel using 
the filter-paper insertion method described by Smithies*®. 


* Present address: Department of Biochemistry, Nutrition and Food 
Science, Faculty of Agriculture, University of Ghana, Legon, Accra. 
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Fig. 1. Diagram of starch-gel electrophoresis patterns of wheat endo- 

sperm proteins extracted in: (1) distilled water (pH 5'6); (2) sodium 

chloride (0-5 M); (3) aqueous ethanol (70 per cent): (4) acetic acid 
(0-01 N). * Components visible only after concentration 
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Fig. 2, Starch-gel electrophoresis of the water-soluble endosperm proteins of various varieties of T. vulgare 


10 per cent starch gels were used incorporating an 
aluminium lactateflactic acid buffer system with the 
addition of urea up to a concentration of 0-5 M. In the 
main, gels were cast in a simplified insulated brass mould, 
10 in.x 10 in. x 0-5 in., cooled by a constant stream of 
tap water. Electrophoresis was carried out in the hori- 
zontal position for 3 h at 8-10 V em. Up to nine 
samples could be accommodated per gel. 

Gels were sliced with a taut cheese-wire in the hori- 
zontal plane and stained in a solution of ‘Nigrosine’ 
(0-5 mg/ml.) in glacial acetic acid/water/methanol (10 : 50 : 
50, v/v/v) for at least 12 h. Washing was carried out in 
a similar solution for 5-6 h. 

A commercial automatic recording double beam 
reflectance densitometer with integrator (Messrs. Joyce, 
Loeb] and Co., Ltd., Newcastle upon Tyno: ‘Chromosean’, 
1961) was used for producing graphical scans (with peak 
integration values) of starch-gel strips. 

Major differences in protein composition were confined 
to the fractions of low electrophoretic mobility (‘gliadin’ 
region). The faster-moving components were remarkably 
similar for all varieties examined. The overall protein 
pattern appeared to be typical of each variety. Identical 
patterns were obtained for the same variety grown in 
different areas, although these did not include extremes of 
climate and fertilizer treatment which could possibly 


“bring about significant alteration of the protein pattern. 


There appeared to be no obvious correlation between 
protein pattern and the physical characteristics of the 
flour. : : 

Different varieties of the same parental forms, but 
obtained from separate crosses, showed marked differences 
among the slow-moving components. There was, however, 
one exception, but in this case the two varieties were 
morphologically similar and had the same name (‘Fylgia T’; 
‘Fylgia ID’), presumably because of this similarity. The 
pattern in this region may thus reflect, at least in part, the 
morphological .rather than rheological characteristics of 
the wheat. i 

Moreover, ‘different varieties derived from the same 
parents by-plant selection,gwithout crossing, were essen- 


tially similar in protein composition, except for some 
minor differences among the slowest-moving fractions. 

Similar investigations were carried out on a number of 
different species of Triticum and closely related genera in 
an attempt to determine which components, if any, were 
characteristic of the species, and if any correlation 
existed between the protein pattern and the genetical 
history of the sample (Fig. 3). Certain similarities in 
protein composition were indeed found to exist, particu- 
larly in the region of intermediate electrophoretic mobility. 
These can best be seen from the densitometric traces in 
the region marked F (Fig. 4). 

T. dicoccum is very similar to T. durum, while T. 
temopheevi is somewhat similar, although possessing some 
unique features. T. turgidum resembles T. polonicum to 
some extent. All five have rather similar characteristics 
and can perhaps be classed as one group. 

T. spelta is very similar to T. compactum. T. vulgare 
resembles these two and is somewhat similar to A. 
squarrosa, although the latter is rather distinctive. These 
four appear to contain a characteristic doublet which is 
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Fig. 3, Starch-gelelectrophoresis of the water-soluble endosperm proteins 
of species of Triticum and related genera. (a) T. vulgare; (b) A. 
squarrosa ; (c) T. monococeum ; (d) T. dicoccum; (e) T. compactum ; 
(f) T. spelta ; (g) T. turgidum ; (h) T. polonicum ; (i) T. durum 
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Fig. 4. Starch-gel electrophoresis of the water-soluble endosperm proteins ‘of species of 
Triticum and related genera 


SERIES II SERIES IH 
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Fig. 5. Genetical relationship between wheats (ref. 16) 
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Fig. 6. Starch-gel electrophoresis of the water-soluble saps lla proteins of various 
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Graminae. Voltage gradient: 8-10 Vem. . Time, 3h 


most marked in A. squarrosa. Generally, they seem to 
form a second group. 

Finally, T. monococcum seems to be unique in that, in 
this region, it is unlike any of the other patterns. 

Components of low electrophoretic mobility appeared 
to be somewhat more distinctive of the species with few 
similarities in protein distribution. Differences were 
particularly marked among the components of lowest 
mobility. 

By comparison of these results with the proposed 
genetical table’ (Fig. 5) it can be seen that these fractions 
appear to reflect to a large extent the genetical character- 
istics of the species. Although in most cases only single 
varieties of each species have been examined, it seems 
likely that the components of this region are typical, 
if not common, to all varieties of the particular 
species. This view is supported by the identical patterns 
obtained in this region from numerous varieties of 
T. vulgare. 

In an attempt to broaden the scope of this investigation, 
the water-soluble protein components of a number of 
different Graminae were similarly examined. By compari- 
son with the protein patterns already obtained for various 
species of Triticum and related genera, it was hoped to 
obtain further evidence for those components associated 
with the unique gluten-forming capacity of the wheat 
and to determine if any relationship existed in terms of 
protein composition. . 

Samples examined are shown in Fig. 6. 
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Most of the protein components were 
well resolved under the conditions de- 
veloped for the fractionation of wheat 
proteins, although extracts of millet, 
maize, milo and rice each contained a 
component(s) of similar electrophoretic 
mobility which was less clearly resolved. It 
would be of interest to examine this fraction 
under more suitable conditions to determine 
if in fact it was common to each of the 
genera. Immunologically similar protein 
components ih wheat, rye, barley, maize 
and oats have already beon reported?’. , 

The outstanding feature of most Graminae 
extracts was the lack of fractions of low 
electrophoretic mobility compared with the 
corresponding components of wheat. Rye, 
however, contained a relatively high pro- 
portion of components in this region, while 
traces were also observed in barley and couch 
grass extracts. I+ is interesting to note that 
ryo, and, to a lesser extent, couch grass, are 
the only genera with flour of sufficient 
gluten-forming capacity to be suitable for 
bread-baking. 

Although couch grass is considered by 
some to be directly related to present-day 
wheats, protein fractionations did not merit 
comment of this nature. Patterns obtained 
from a wheat—couch grass hybrid, however, 
appeared to suggest that the components 
of intermediate mobility were not identical 
with those of the parental wheats. 

These results seem to suggest the possi- 
bility of a new method of wheat protein 
classification as well as the accurate identi- 
fication of different wheat varieties (which 
is at present extremely difficult) The 
evaluation of new varieties and inheritable 
factors of quality, which would be extremely 
useful to the wheat breeder, may also be 
possible. 
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EXAMINATION OF THE GIBBERELLINS OF Zea mays AND Phaseolus 
multiflorus USING THIN-LAYER CHROMATOGRAPHY 


By D. F. JONES 


Imperial Chemical Industries, Ltd., Pharmaceutical Division, Akers Research Laboratories, Welwyn 


REVIOUS publications? have described the identifica- 
tion of microgramme amounts of the endogenous 
gibberellins of some higher plant seeds by thin-layer 
chromatography. This technique has now been used to 
identify gibberellin A, in an extract of Zea mays seed 
and in quantitative analysis of the gibberellins in develop- 
ing seed of Phaseolus multiflorus. Previous investiga- 
tions*-5 of the gibberellins of developing seeds have been 
made using paper chromatography in conjunction with 
bioassay, which does not allow of positive identification 
of the number and nature of the gibberellins present. 
Zea mays gibberellin. Immature kernels of sweet corn 
(var. ‘October Gold’) (25 kg) were minced and extracted 
with 30 per cent aqueous ethanol (10 1.) and the extract 
passed through a column of cation exchange resin (‘Amber- 
lite J#-120/H*’) (1,200 ml.) and then through a column 
of anion exchange resin (‘Amberlite [RA-400/HCOO-’) 
(800 ml.). Elution of the latter column with 1 N formic 
acid gave acidic material, which was isolated in ethyl 
acetate (3 x 500 ml.) and further processed by? * treat- 
ment with basic lead acetate and gradient elution in 
acetone—water from a column of ‘Celite’--charcoal. Frac- 
tions collected from the charcoal column were found to 
contain gibberellin A, (about 150 ug) and the isomeric 
lactone (1) (about 50 ug). Purified samples of each of these 
compounds were obtained from silica thin-layer chromato- 
grams developed in water!. Each of the compounds was 
identified by the characteristic Ry valuest-*.?7 of the free 
acid, its derived methyl ester and acetylated methyl 
ester, and of its products of mineral acid hydrolysis. 
Chromatography was carried out on thin layers of silica 
and kieselguhr in di-isopropylether—acetic acid, benzene— 
acetic acid—water and n-butanol-ammonium hydroxide as 
described elsewhere. Identifications were made on the 
bases of direct comparison of mobilities with those of 
authentic compounds using an ethanolic sulphuric acid 
spray for detection’. Confirmatory evidence was 
provided by the determination of fluorescence-activation— 
emission spectra? and, in the case of gibberellin A, by 
the demonstration of typical growth-promoting activity 
in the following bioassay systems: dwarf pea®, cucumber 
hypocotyl’, lettuce hypocotyl? and barley endosperm". 
Gibberellin A, has only recently been positively identi- 
fied as a constituent of higher plants. In addition to Zea 
mays, this gibberellin has been detected in seed extracts 
of Hordeum vulgare’, Festuca pratensis, Echinocystis 
macrocarpa? and Phaseolus multiflorus (vide infra) and 
may be of quite widespread occurrence. The lactone (1) 
may not be a natural seed constituent since it was found 
that gibberellin A, is partly converted to this compound 
under the conditions of the isolation procedure. 
Phaseolus multiflorus gibberellins. Runner bean seeds 
(var. ‘Prizewinner’) were sorted into groups according to 
length as indicated in Table 1. The seed samples, each of 
which contained a known number of seeds (about 1,000), 
were separately processed by extraction with aqueous 
ethanol and isolation of acidic components in ethyl 
acetate. Further purification was accomplished with 
basic lead acetate and by column chromatography on 
charcoal. Fractions obtained from charcoal columns 
were found to contain gibberellins A,, As, As, A, and As, 
the lactone (1) and two new gibberellins designated here as 
compounds a and b. The known compounds were identi- 
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fied by their response to ethanolic sulphuric acid detection 
and by the characteristic migratory properties!” of 
the free acids and their derived methyl esters on thin- 
layer chromatography in the systems listed in the previous 
section. Identifications were made by direct comparison 
of Rr values with those of authentic compounds and were 
confirmed by determination of fluorespence spectra. 
Gibberellins A,, As, A, and A, are known®-! constituents 
of runner bean seeds, but gibberellin A, has not hitherto 
been identified in this material. As already indicated, the 
lactone! may be an artefact. e 


Table 1. SEED SIZES AT BACH SAMPLING INTERVAL 
Sample A R ¢ D E F G H 
Mean seed length 
(cm) 05 OF 09 11 15 #19 24 27 


Mean seed fr. wt. (g) 0-03 007 01 02 O8 15 2:0 27 
Purified samples of compounds a (about 40 ug) and b 
(about 80 ug) were obtained from thin-layer chromato- 
grams developed in benzene-acetic acid-water (for a) 
and in di-isopropyl ether-acetic acid (for b). Both com- 
pounds gave: (1) a positive response in the dwarf pea assay 
when applied at approximately 0-5 ug per plant (a > 
5 per cent GA,, b= 40 per cent GA,); (2) the fluorescence 
activation—-emission spectrum typical of gibberellins 
having a 7-hydroxyl substituent*; (3) bright blue fluores- 
cent spots visible in ultra-violet light on chromatograms 
sprayed with ethanolic sulphuric acid and heated at 120° 
for about 15 min. Some Rr values for the two compounds 
relative to selected gibberellins are given in Table 2. The 
chromatographic similarity between gibberellin A, and 
compound a suggests a structural similarity and, in 
particular, the presence of a single hydroxy group in the 
latter. Treatment of compound a (10 ug) with 1 N 
hydrochloric acid (100°, 1 h) gave (2, R = OH, F’ =O, 
R” = Me) a known‘ derivative of gibberellin Aa, which was 
identified by silica thin-layer chromatography of both 
free acid and its methyl ester in the systems listed pre- 
viously. It is tentatively suggested that compound a is 
derived from gibberellin A, by protection! of two of the 
three hydroxyl substituents with acid labile groups. 
Compound b on treatment with 1 N hydrochlorie acid 
(100°, 90 min) gave a derivative whose sulphuric acid 
induced fluorescence, and Rr values in the systems listed 
previously were identical to those of the major product 
of a similar acid treatment of gibberellin A, (10 ug). 
In addition, the methyl esters of the two products were 
chromatographically identical. The product derived 
from gibberellin A, may be (2, R = Cl, R’ = O, R” = Me) 
which has been isolated from a similar but larger-scale acid 
treatment’. On this basis a possible structure for com- 
pound b would be (2, R = Cl, R’ = CH, R” = OH} 


fe) 
auerae® 
TONo por 
HO rm] CH, HO DOE »- 
Me 
Me ĉo 


H COH 


(1) (2) 
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Tabfe 2. Ry VALUES OF COMPOUNDS a AND b AND SELECTED GIBBERELLINS 
ON ‘SIGA GEL G’. (E, MERCK, A. D. DARMSTADT) 


Di-isopr opylet ether-acetic 
ackl Benzene-acetic acid—water 
Methyl ester Acid 


Acitl Methyl ester 
Compound a 0-31 0-39 0-70 ° 1-0 
Gibberellin 4, 0-31 0-38 0-38 1:0 
Gibberellin A, 0-24 0-30 0-20 1:0 
Compound b 0-18 0-22 0-0 0:33 
Gibberellin 4, 0-10 0-17 0-0 0-33 


Tt is possible that both compounds a and b may be artefacts 
derived from gibberellins A, and A, respectively during 
the isolation procedure. 

The amounts of the gibberellins at the various sampling 
intervals were estimated as follows: thin-layer chromato- 
grams of the seed gibberellins (as either free acids or 
methyl esters) and known amounts of authentic gibberel- 
lihs were sprayed with ethanolic sulphuric acid (95 : 5) 
and heated at 120° until all the components were visible 
in ultra-violet light as blue fluorescent spots. The regions 








Gibberellin amounts (ug/seed) 





Seed-length (mm) 


Gibberellin coe ot runner bean seed at various stages of 

vig I, Gibb. As; II, Gibb. As; u, compound @ (in equivalents, of 

ás); IV, be NN rOn (); Y gompound b b (in a ara “of 
A,); VI, Gibb. 43; Vir 
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of adsorbent corresponding to these spots were removed 
from the chromatograms and eluted with ethanol. The 
intensities of the eluted fluorescent species were compared 
with those of the appropriate standards in ethanolic 
sulphuric acid in a spectrophotofluorometer. For con- 
venience, compounds a and b were estimated in terms of 
gibberellins A, and A, respectively. The results obtained 
are shown in Fig. 1. Of interest is the early appearance of 
gibberellin A;, which is in agreement with the viow that 
this compound may be a key intermediate in the bio- 
synthesis of bean gibberellins. The apparent sequential 
production of the gibberellins warrants further investiga- 
tion, since experiments using a larger number of more 
closely defined seed samples of known age, in conjufiction 
with detailed growth curves, might indicate a relationship 
betweon gibberellin content and various physiological 
processes. 

Seeds from samples Æ, F, G and H were dissected into 
embryonic axes, cotyledons and sced coats and each set 
of components was processed as previously described. 
The gibberellins, already noted here, were found in all 
components, but there was a marked concentration in 
the seed coats which contained approximately 80 per 
cent of the total gibberellin. This localization in the 
seed coat might be physiologically important since it has 
been noted" that in the later stages of seed development 
continued growth of the embryo is dependent on expansion 
of the seed coat. 

In a search for ‘bound’ gibberellin the procedure 
described by McComb" was applied to seeds from each 
of the samples B-H and the gibberellins were concen- 
trated as outlined above. Analysis of the gibberellins 
was complicated by the fact, revealed by thin-layer 
chromatography, that conversion of the gibberellins to 
their products of Wagner—Meerwein. type rearrangement?* 
had occurred to varying extents in both ficin treated and 
untreated extracts. Thus bioassay was inapplicable and 
satisfactory fluorimetric estimation proved impossible. 
However, visual examination of chromatograms suggested. 
that ficin treatment of seed extracts of C, D and E had 
given increased total gibberellin (including ‘rearranged’ 
gibberellin) fluorescence. If confirmed, this result would 
suggest the existence of bound gibberellin during the early 
stages of seed development. This problem deserves 
further investigation, since it is possible that gibberellins 
are bound to the enzymes responsible for their biosynthesis 
or physiological action. 

After completion of these experiments Sembdner et al. 
published** a short note on the gibberellin content of the 
variety runner bean used in this invostigation. Using 
thin-layer chromatography, these authors detected 
gibberellins A,, A;, A, and A, in both pod and seed 
extracts and gibberellin A, in pod extracts. In additior, 
they record the detection of several new gibberellin-like 
substances all more polar than gibberellin A;, one of which 
is thought to be “a gibberellin bound to carbohydrates 
and ninhydrin positive compounds”. 

I thank Miss M. E. Radley for the bioassays, Mr. G. E. > 
Elson for spectrofluorometrie determinations and Messrs. 
D. Harding and D. Brown for their assistance. 
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A NEW HETEROLOGOUS RADIATION CHIMARA 
By Dr. D. W. van BEKKUM 


Radiobiological Institute, Organization for Health Research, T.N.O., Holland 


INCE 1955 the establishment of a number of stable 
radiation chimeras has been reported following 
transplantation of bone marrow cells into lethally irradi- 
ated homologous hosts. Among the mammalian species, 
so fan only one heterologous transplantation, namely, rat 
bone marrow into mice, has been found to produce perman- 
ent chimerism under suitable experimental conditions! *. 
Some therapeutic effect has been obtained with guinea 
pig bone marrow*-4 and with Syrian hamster marrow‘ in 
irradiated mice, but the, identity of the hemopoietic cells 
of the survivors was not determined, possibly because the 
survival time never exceeded, 32 days. Shekarchi and 
Makinodan® obsérved a persistence of Syrian hamster 
hemopoietic cells as long as 10 days following transplanta- 
tion in lethally irradiated mice; but they provided no 
information on the ultimate fate of these animals. Pro- 
tection of irradiated rabbits with foetal mouse cells was 
reported by Jacobson®, but evidence of persistence of the 
mouse cells in the surviving rabbits was not obtained. 

Recently our interest in the creation of hamster to mouse 
radiation chimeras was renewed, and, by using relatively 
large numbers of cells and supportive treatment of the 
recipients with antibiotics, long-term radiation chimeras 
could be obtained in a reproducible way. 

Inbred mice of the CBA/Rij strain as well as F\(CBA/ 
Rij x Ci7BL/Riy) and F (RF x CBA]Riy) hybrids were 
used as hosts. Irradiation was performed with a 250 
kV Maxitron X-ray machine, operated at 30 m.amp, half- 
value layer: 2-0 mm of copper, dose rate: 76 r./min, 
focus-target-distance: 51 cm. 

The donor animals were of a non-inbred stock of 
Mesocricetus auratus and 7-12 weeks old. Both males 
and females were used as donors. When pooled bone 
marrow was used, the donors belonged to the same sex. 
The bone marrow was taken from the femora and humeri 
and suspended in Tyrode’s solution. The cells were 
counted in a 0:1 per cent solution of eosin in Tyrode to 
determine the number of viable cells. The bone marrow 
was injected into the tail vein in a volume of 0-5 ml. at 
24 h following the irradiation. 

The recipients were kept on a commercial diet to which 
penicillin 1 mg/g or streptomycin 2 mg/g was added 
(until day 30). Thereafter the antibiotics were adminis- 
tered intermittently with antibiotic-free periods of 14- 
30 days. <A few groups of mice received penicillin and 
streptomycin subcutaneously during the first month post- 
irradiation. The 30-day survival obtained with two 
different supralethal X-ray doses and various numbers 
of bone marrow cells are shown in Table 1. Optimal 
results were obtained following the higher X-ray dose and 
the highest number of cells, that is 10° cells/mouse. It 
should be noted that the results obtained with individual 
donors were not appreciably better than those following 
the injection of pooled cells. 


Table 1. THIRTY-DAY SURVIVAL OF IRRADIATED MICE FOLLOWING TREAT- 
MENT WITH HAMSTER BONE MARROW 


Bone marrow No. of mice 
Recipients X-ray No. of on day Survival 
dose cells Pooled 
(« 10") 0 30 
F,(RFx CBA) 900 10 + 10 0 0 
rn + 20 + 20 1 5 
os . 40 + 19. 9 47 
» 1,000 10 + 9 1 11 
» s 20 + 6 19 8 42 
” ” 40 + 19 15 79 
s ‘9 40 - 56 38 68 
F,ACBAx C57BL) 1,800 40 + 39 18 46 
A z 100 + 15 15 100 
í 900 100 + 15 11 73 





Fig. 1. Chromosome preparations of bone marrow cellsin metaphase. 


a, Normal mouse; b, normal hamster; c, mouse subjected to 1,000 r. 
total body irradiation and treated with 40 x 10‘ bone marrow cells, 
killed 79 days after transplantation 


Three different techniques were used to demonstrate 
the presence of cells derived from the hamster hemopoietic 
transplant in the survivors. 

(1) The alkaline phosphatase reaction could be em- 
ployed in blood sméars to identify hamster polymorpho- 
nuclear granulocytes as was done previously in the rat 
to mouse chimera’*, because in hamsters these cells 
also show a positive reaction, while mouse granulocytes 
are uniformly negative. 

The majority of the animals tested showed exclusively 
positive granulocytes in the peripheral blood from day 
12 onwards. In a few animals investigated 2-3 months 

° 








Fig 2. Hamster skin graft on a mouse subjected to 1,000 r. X-irradiation 

treated with 40 x 10° hamster bone marrow cells. The photograph 

was made 22 days after grafting, ae the skin and 63 days after the 
rradiation 


after irradiation, negative granulocytes were found, indi- 
cating a tendency to revert to host type myelopoiesis. 

(2) The erythrocytes of the survivors were typed by 
agglutination tests with specific anti-hamster and auti- 
mouse sera. After the second month the majority of the 
survivors showed hamster type erythrocytes only in the 
peripheral blood. Before the sixtieth day a diminishing 
proportion of mouse erythrocytes was also identified. 
The replacement of host erythrocytes by hamster type 
erythrocytes seems thus to follow a similar pattern as 
has been described in rat to mouse radiation chimeras. 
Tests performed on the blood of 18 mice at 90-114 days 
following irradiation (900-1,000 r.) and hamster bone 
marrow transplantation (40 x 10° cells) showed exclu- 
sively donor type cells in 11 animals and mouse erythro- 
cytes or mouse and hamster erythrocytes in 7. 

(3) Chromosome preparations of bone marrow cells 
were prepared following treatment of the mice with 
desacetyl-methyl-colchicin. The mouse has a diploid 
chromosome number of 40. and all chromosomes are 
acrocentric’, The Syrian hamster cell has 44 chromosomes 
of which 34 are metacentric in metaphase®. This differ- 
ence between hamster and mouse cells is so evident that 
a distinction can be made easily in suitable preparations. 
The chromosome preparations were made according to 
the method described by Pacha and Kingsbury®, who used 
fixation on agar. The bone marrow of a few mice which 
survived 80 days following hamster bone marrow trans- 
plantation was examined and in all cases an overwhelming 
proportion of hamster type cells has been found (Fig. 1). 

In a number of chimeras, hamster skin was grafted 
at 42 days following the bone marrow transplantation. 
A considerable prolongation of graft survival was observed 
(Fig. 2, and Table 2), but rejection of all grafts occurred 
eventually, the longest graft survival time being 63 days. 
The cause of this final rejection is not known for certain, 
but it might be attributed to the fact that the hamster 
strain used was not inbred. The low incidence of reversals, 
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Table 2. PERSISTENCE OF HAMSTER SKIN GRAFTS IN IRRADIATED MICE 
TREATED WITH HAMSTER BONE MARROW 
Days after grafting 
0 15 80 45 60 
No. of mice with viable grafts 10 10 7 5 1* 


* Rejected on day 63. 
Skin grafts were performed 42 days following bone marrow transplantation. 


as determined with the methods described above, makes 
reverting to host type hemopoiesis an unlikely explana- 
tion for the observed late skin-graft rejection. 

The fate of these chimeras is now under investigation. 
The incidence of secondary mortality among the 30-day 
survivors is appreciable (Table 3) but certainly not higher 
than in other histo-incompatible host donor combinations. 
Overt clinical symptoms of secondary disease are limited 
to wasting and a mild degree of diarrhea. This may be 
related to the intermittent antibiotic treatment, but a 
few untreated groups have so far behaved similarly. 
Macroscopic skin lesions have not yet been observed to 
any significant extent. Microscopical examination of 
the tissues, however, has revealed all the characteristic 
lesions of secondary disease; for example, lymphoid 
atrophy, skin abnormalities, colitis with loss of crypts in 
the colon as well as liver cell necrosis!*. These preliminary 
observations seem to suggest that the secondary disease 
runs & similar course as following homologous or rat bone 
marrow transplantation but that the severity is less than 
would be expected in a heterologous chimera. This 
may be due to the use of pooled bone: marrow, but it 
seems also possible that this is related to the well-known 
relative weakness of the immunological reactivity of the 
hamster. These hypotheses are at present under investiga- 
tion. ° 


Table 3. SECONDARY MORTALITY IN LETHALLY IRRADIATED MICE TREATED 
WITH HAMSTER BONE MARROW 


No. of bone 
Recipients X-ray ree cells No. of mice on day 
dose (x 10°) 0 50 60 90 
F, (RF x OBA) 900 40 19 9 6 6 
a 000 40 19 15 13 9 
F, (CBA x 057BL) 1,000 40 19 8 8 — 


I thank Misses A. Pagano, L. E. J. Moor and H. T. M. 
Nieuwerkerk for their assistance. The serological tests 
were kindly performed by Dr. D. van der Waay and Miss 
A. de Witte, and the grafting by Dr. H. Balner and Mr. 
H. Dersjant. 
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EXAMINATION OF SOIL OXYGEN BY POLAROGRAPHIC METHODS 
By H. A. P. INGRAM* 


Department of Botany, University of Durham 


EVERAL important difficulties are raised by the recent 
S attempts of Lemon and Erickson!? and of Poel? to 
estimate, in situ, the rate of diffusion of oxygen in soils, 
by using a manual polarograph with a stationary pletinum 
wire cathode. 

* Present address: Department of Agricultura} Botany, Memorial Bulld- 
ings, Bangor. 
° 


(1) The circuit. Poel’scircuithas two main disadvantages. 
First, it tends to give a large drift in applied potential differ- 
ence during theexponential decay of current which precedes 
the taking of a reading. - Secondly, the potential difference 
is not measured across the electrodes, but across the elec- 
trodes and microammeter in series—a procedure which is 
inadmissible unless the meter has negligible resistance. 
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Fig. 1. (b) ‘Ever-Ready’ type AD4 or equivalent; (c) Beckman ‘Helipot’ model 4; 
(d) Mallory voltage reference battery type 303114; (e) wamp-range switch; moving-coil 


microammeters; (f) 0-5! 


cathode; (1) calomel anode. 


switches and protective shunts omitted 


An alternative arrangement is suggested in Fig. 1. The 
applied potential difference is kept within 1I per cent of the 
desired value by suitably reducing the resistance of the 
potentiometer (a). The dry cell (b) must be large enough 
to withstand the resulting discharge. The effect on applied 
potential of the shunts (h) is cancelled by appropriate 
series resistors (j). The applied potential difference is 
measured directly across the electrodes by comparison 
with the E.M.F. of a Mallory mercury cell (d), using a 
precision potentiometer (c) and a null-point galvanometer 


(9). 

(2) The medium and the cathode. The polarographic 
reduction of oxygen occurs in the liquid phase in contact 
with the cathode’. If the cathode is buried in a soil, 
only a part of its surface will be in contact with liquid, 
the remainder being either obscured by solid particles or 
directly exposed to the soil atmosphere. The readings of 
current obtained with this apparatus can therefore only 
validly be compared if the area of contact between the 
cathode and the soil water is known in every instance. 
The necessary data on moisture content and tension? 
and on particle size distribution are, however, rarely 
available. In water-logged soils, these difficulties can be 
avoided by using a probe to obtain small water samples, 
free of solid matter. For such samples, in situ estimates 
of relative oxygen concentration have been obtained 
with a rotating cathode, driven by clockwork. A station- 
ary electrode is not suitable for this purpose‘. 

(3) Correction for variation in temperature and con- 
ductivity. Whereas calibration of the stationary cathode 
in soil is frustrated by the difficulty of controlling and 
altering temperature and conductivity, it has proved 
relatively easy to calibrate this rotating electrode in open 
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solution. It was found that the current 
at constant oxygen concentration anl 
temperature increased lincarly with the 
logarithm of conductivity when this was 
varied by ‘addition of saturated aqueous 
potassium chloride solution, up to 500 
ymho. ‘The current at constant oxygen 
concentration and conductivity increase: 
linearly with temperature up to 28° C, which 
was the highest temperature used in celi- 
bratior&. Using such results as these. 
readings of current obtained m the fied 
may be corrected to any desired ‘standard’ 
temperature and conductivity as follows: 

Ico Ito: observed current in test medina 
of conductivity co at temperature te. 

Ic, Ip: corrected current in ‘standard’ 
medium of conductivity ¢ at temperature t. 

de: conductivity coefficient: the fractional 
increase in current per ten-fold increase 
in conductivity, expressed as a percentage 
of the value at c. 

g:: temperature coefficient: the fractional 
increase in current per degree rise in tempera- 
ture, expressed as a percentage of the value at £. 


Conductivity correction: Ic = Ie . ————> re 
100 —ge (1081. =) 


: 100 
Temperature correction: J; = It . i00 gli i) 

For my rotating electrode, the values of the coofficients 
were: 


qe = 170 per cent (c = 100 pmho) 
q: = 4-9 per cent (t = 25° ©) 


Further research may reveal other factors for which 
corrections ought to be applied; but it is clear, from the 
magnitude of the two coefficients quoted above. that the 
influence of temperature and conductivity alone on 
polarographic estimates of soil oxygen in situ is considcr- 
able, and that estimates which do not take these factors 
into account are of limited value. 

This work was supported by a NATO studentship. | 
thenk Mr. G. Bainbridge, Mr. M. Hunter and Mr. F. 
Spence for help in constructing the rotating electrode, 
Dr. A. Apostolakis and Mr. A. W. K. Ingram for assistance 
with the voltammeter, and Prof. D. H. Valentine for facili- 
ties and advice. 
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MITOCHONDRIAL NADH, DEHYDROGENASE AND NADH, OXIDASE FROM 
HEART MUSCLE: POSSIBLE EXISTENCE OF A FERREDOXIN-LIKE 
COMPONENT IN THE RESPIRATORY CHAIN 


By Dr. ERIC R. REDFEARN* and Pror. TSOO E. KING 


Laboratory for Respiratory Enzymology and Department of Chemistry, Science Research Institute, School of Science, 
Oregon State University, Corvallis 


NE portion of the respiratory chain about which 
relatively little is understood is that segment of the 
NADH, oxidase system between NADH, and the ubiquin- 


* Visiting associate professor at Oregon State University. Permanent 
address: Department of Biochemistry, University of Leicester, England. 


one/cytochromes. This may be referred to as the ‘NADI, 

dehydrogenase segment’. Recent work on this sytem has 

resulted in the preparation of a ‘NADH,-ubiquinone 

reductase’ particle which, as its name implies, catalyses 

the reduction of ubiquinone (coenzyme Q)!. Attempts to 
. 
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a ; 
‘solubilize’ the NADH, dehydrogenase flavoprotein from 
heart particles have led to.the isolation of several prepara- 
tions with different properties and activities, as summar- 
ized in Table 1. These isolated dehydrogenases are active 
with artificial electron acceptors. So far it has not been 
possible to identify any of these with the physiological 
enzyme. Probably the only valid test of the latter will 
be in the successful reconstitution of the NADH, oxidase 
system in @ manner similar to the reconstitution of 
succinate oxidase*. In this article we shall consider some 
of the problems of the NADH, dehydrogenase segment 
of the respiratory chain, particularly those concerning 
reconstitution, the possibility of the presence of addi- 
tional components and the nature of the inter-carrier 
linkages. 

A consideration of the general problem of NADH, 
oxidation in the respiratory system naturally leads to a 
comparison with the analogous oxidation of succinate. 
However, there sare a number of important differences. 
First, in phosphorylating preparations such as intact 
mitochondria, coupled phosphorylation occurs between 
the NADH, and the NADH, dehydrogenase-flavoprotein, 
whereas there is no ATP synthesis in the corresponding 
part of succinate oxidase. Secondly, behaviours toward 
inhibitors are different. Barbiturates (for example, 
amytal and scconal)? aiid steroids and related compounds 
(for example, progesterone and diethylstilbcestrol)* are 
potent inhibitors of electron transport in NADH, oxida- 
tion but have no effect on succinate oxidation; the site of 
inhibition is on the oxygen side of the flavoprotein. 
However, it should be pointed out that barbiturates also 
inhibit the energy transfer reactions at the first’ and 
second’ phosphorylation sites and thus succinate oxidation 
would also be inhibited in coupled preparations. Thenoyl- 

» trifluoroacetone, a powerful metal chelating agent, is 
another type of inhibitor. This compound inhibits suc- 
cinate oxidation by either intact? or reconstituted succin- 
ate oxidase® but has little effect on NADH, oxidation’. 
Thirdly, the NADH, oxidase chain is apparently more 
unstable and fragile than succinate oxidase. This relative 
instability is manifested in a number of ways; the actions 
of organic solvents’, detergents!’ and heat treatment? 
have all been shown to exert a greater inactivating effect 
on the NADH, oxidase than on the succinate oxidase 
system. 

These observations indicate that the NADH, dehydro- 
genase segment may be structurally different from the 
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corresponding part of the succinate oxidase system. It 
seemed. worth while, therefore, to oxamine the properties 
of this segment with respect to the relative instability of 
the NADH, oxidase system. Such an investigation not 
only might provide information about the system per se but 
would possibly also reveal suitable ways for preparing 
the correct particles for use in reconstitution experiments. 

Polar, semi-polar and non-polar solvents, such as 
butanol, iso-butanol, n-, iso- and tert-amyl alcohol, di- 
methylformamide. dimethylsulphoxide and 30°-60° light 
petroleum, were found to be effective inactivating agents 
for NADH, dehydrogenase and NADH, oxidase in the 
Keilin-Hartree heart muscle preparation. On the other 
hand, these reagents exerted much less or no effect on! the 
succinate dehydrogenase-succinate oxidase system. Experi- 
ments with a detergent, ‘Emasol 1130’, confirmed the 
earlier suggestion’! that surface-active agents selectively 
inactivate NADH, oxidase. 

It is well known that urea brings about conformational 
changes in protein molecules which may result in the 
inactivation of enzyme systems; for example, it has. been 
used for the inactivation of enzymes of the mitochondrial 
oxidative phosphorylation system'. Jt is believed to act 
by breaking hydrogen bonds as well as the disruption of 
hydrophobie interactions*. Colacicco™ has considered 
that urea may behave as a surface active cation. It seems 
reasonable to suppose, therefore, that at the proper con- 
centration urea may act as an effective inactivator of 
NADH, oxidase by disrupting the sensitive linkage or 
linkages in the NADH, dehydrogenase segment. A 
detailed examination of the effect of urea on the respiratory 
enzyme systems was therefore carried out. 

The optimal concentration of urea for the inactivation 
of NADH, oxidase was found by examining the effect of 
varying concentrations on the enzymatic activities of the 
Keilin—Hartree preparations (Fig. 1). A final concentra- 
tion of up to 2 M urea (90 min at 0°) resulted in small 
increases in succinate and NADH, oxidase activities, 
Increasing the concentration beyond 2 M, however, re- 
sulted in a dramatie decreass in NADH, oxidase activity 
but a much less rapid inactivation of succinate oxidase. 
Thus, at 3 M urea, the NADH, and succinate oxidase were 
respectively about 25 and 80 per cent of the original 
activities. Further increase of urea concentration resulted 
in almost complete abolition of both activities. These 
results indicated that 3 M urea was a suitable concentra- 
tion for the selective inactivation of NADH, oxidase. 
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Table 1. ‘SOLUBLE’ NADH, DEHYDROGENASE FROM HEART MITOOHONDRIA 


. i Approximate 
Soluble enzyme * Investigator Starting material Solubilization Non-protein moiety minimum molecular 
conditions weight 
(1) NADH, Mahler et al. Heart particles Acid-ethanol 42-44° 1 flavin 80,000 
cytochrome c reductase 4 Fe 
(2) NADH, DeBernard ETP , Acid-ethanol 48° 1 flavin — 
cytochrome c reductase 2 Fe 
(8) NADH King et al. Keilin-Hartree prepara- Naja naja venom, 1 FMN 120,000 
dehydrogenase tion (or ETP) 87° 4 Fe 
(4) NADH: Mackler, Huennekens *‘DPNBE oxidase’ Modification of 1 FMN = 
dehydrogenase et al. DeBernard’s 2 Fe 
method 
(5) NADH Singer, Ringler, et al. ETP Naja naja venom, 03 FAD} ~ 1,000,000 
dehydrogenase ee 30° 0-7 FMN 
~ 20 Fe 
Lipid 
(6) NADH Sanadi CoQ reductase Acid-ethanol FMN = 
dehydrogenase r 8 (probably also Fe) 
(7) NADH, Chapman and ETP, CoQ reductase Thiourea, 0° EMN < 200,000 
dehydrogenase Jagannathan or Keilin-Hartree Fe 


preparation 


199, 582 
(4) Rao, N. A., Felton, S. P., Huennekens, F. 


E., and Howard, R. L., J. Biol. Chem., 286, 1686 (1962). 


+ Referendo for each enzyme is the latest or main reference: (1) Mahler, H. R., Sarkar, N. K., Vernon, L. P., and Alberty, R. A., J. Biol. Chem., 


1. « Biochim. Bi $ , 28, 510 (1957). (8) King, T, E. 
a Belton, S Po Hann go ae Gok Mane B J. o 6 s 238, 449 (1963), (5) Minakami, S., Cremona, T., Ringler, R, L., and 


Singer, T. P., J. Biol. Chem., 238, 1529 (1963). (6) Sanadi, D, R., in Energy-linked Functions of 


itochondria, edit. by Chance, B. (Academic Press, New 


York, 1963), and personal communication. (7) Personal communication, and also King, T. E., ef al. (to be published). 
+ It was originally reported as 100 per cent FAD, but recently it was claimed as 100 per cent FMN (Cremona, T., and Kearney, E. B., Proc. U.S. Nat 


Acad. Sei., in the press). 
e 
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The rates of urea inactivation of the heart muscle 
preparation with respect to its NADH, oxidase and 
succinate oxidase activities are depicted in Fig. 2. Tho 
selective inactivation of the NADH, oxidase can be clearly 
seen. If the heart muscle preparation was pre-treated 
with NADH, there was a lower degree of inactivation 
by urea. Addition of succinate did not protect against 
the inactivation of the NADH, oxidase, thus showing that 
the protection was not due to anaerobicity but probably 
to tho reducing action in the NADH, dehydrogenase 
segment of the chain. 

Attempts were made to reconstitute the NADH, 
oxidase activity by mixing together the urea-treated heart 
muscle preparation with various NADH, dehydrogenase 
preparations. As shown in Table 2, in no case could an 
unequivocal reconstitution be obtained, although the 
dehydrogenase solubilized by thiourea, showed a small, 
but significant, activity in reconstitution experiments 
with the alkali-treated heart muscle preparation as the 
source of the cytochrome system. Lack of success may 
be attributed to one or more factors. Thus either the 
particle or the dehydrogenases, or both, may not be 
the functionally correct entities. Also the inactivation of the 
NADH, oxidase may result in an irreversible dissociation 
of the dehydrogenase or in the loss of an essential factor or 
component. However, the successful reconstitution of 
succinate oxidase may not support the possibility of 
irreversible dissociation?. Further work will be aimed at 
investigating these variables. 

The idea that there may be another component inter- 
posed between the flavoprotein and ubiquinone or cyto- 
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Fig. 1. The effect of urea concentration on NADH, and succinate oxidase 
activities. @, succinate oxidase; ®©, NADH, oxidase. 5-ml. portions of 
the Keilin-Hartree preparation (16-5 mg protein/ml.) from beef heart 
in 50 mM phosphate-borate buffer were mixed with equal volumes of 
water or aqueous urea to give final concentrations from 0 to 5 M. The 
mixtures were allowed to stand in an ice-bath for 90 min. They were 
then centrifuged at 30,000 r.p.m. in the No. 30 rotor of the Spinco 
preparative centrifuge. The residues were washed and re-suspended in 
0-1 M phosphate buffer, pH 7-4, and centrifuged again. The residues were 
re-suspended in 5 ml. 0:1 M phosphate, buffer, pH 7-4. NADH, and 
succinate oxidase activities were dete ed polarographically (@.M.E. 
Oxygraph) at 25° with the following reaction mixtures: phosphate 
buffer, pH 7-4, 0-077 M; cytochrome c, 15 uM; NADHs, 1 mM; or 
sodium succinate, 9 mM: the heart muscle preparation, 0-2 ml., contain- 
ing 0-6 mg protein. Total reaction volume, 1-35 ml. 
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Fig. 2. Rates of inactivation of NADH, oxidase and succinate oxidase 
by 3 M urea. @, succinate oxidase; ©, NADH; oxidase. 25 ml. of the 
Keilin—Hartree heart muscle preparation (21:0 mg protein/ml.) mixed 
with 25 ml. of 6 M urea at 0°. 5 ml. samples were withdrawn at 0'5, 1. 
1:5 and 2h. Other manipulations, such as centrifugation, washing and 
assay of enzyme activities, were carried out as described in Fig. 1 


chrome b is attractive and merits further discussion. 
All the NADH, dehydrogenase preparations recently 
isolated contain non-hem iron, but in varying amounts 
(2-20 atoms irén per mole flavin) depending on the solubil- 
ization procedure used. It is possible that this variation 
in iron content may be explained in terms of an additional 
iron—protein moiety of the ferredoxin type’®. Dehydro- 
genase with differing iron contents would be obtained on 
the site of cleavage. This argument is in accord with 
the previous conclusion!’ that the apparently different 
NADH, dehydrogenase preparations are cleaved from the 
same respiratory segment; the cleavage position depends 
on the solubilization agent employed. It is possible that 
the non-hem iron protein moiety which is unstable after 
its removal from particles is modified or ‘denatured’ in 
the course of solubilization and isolation. Thus it becomes 
reconstitutively inactive. The characteristic electron 
spin resonance signal of non-hem iron in sub-mitochon- 
drial particles'*, in succinate dehydrogenase’®* and in 
certain preparations of NADH, dehydrogenase’ at g = 
1-94 is unique; no other iron compounds as such or in the 
solid state exhibit this g value. However, even the 
electron spin resonance signal at g = 1:94 in these NADH, 
preparations may not completely represent all the non- 
hem iron entity in sub-mitochondrial particles; no 


Table 2. ATTEMPTED RECONSTITUTIONS OF NADH; OXIDASE WITH DIFFERENT 
SOLUBLE AND PARTICULATE PREPARATIONS 


Reconstitutive 


Soluble activity 
preparations * Particles {on flavin basis) 
1 1. Alkali-treated heart ii 
musele preparation? : 
3 2. Cytochrome b-c, | 
particle?*:** ! 
5 3. Succinate cytochrome c l 
reductase’? ?3 Zero 
7 4. Dimethylsulphoxide i 
particle | 
7 5. Urea particle | 
7 Particle 1 or 2 ~1% 
Succinate 


dehydrogenase Particle 1 or 2 


* Numbers in this column refer to the numbers 


of the dehydrogenase 
preparations described in Table 1. 
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Fig. 3. A possible scheme of electron transport in the NADH, dehydro- 
genase segment of the non-phosphorylating respiratory chain. Y is a 
ferredoxin-like compoun 


quantitative calculation has been made. It has been 
suggested by Green” that non-hem iron mediates electron 
transfer between the succinate (a well as NADH,) 
dehydrogenase and ubiquinone. As already pointed out, 
metal chelating agents which inhibit succinate oxidation 
are without effect on NADH, oxidation. This may simply 
reflect differences in the physical states of the iron in the 
two segments of the chain, thus supporting the existence 
of different iron—protein entities. 

In addition to an iron—protein component, it may also 
be’ necessary to visualize yet another component or 
special kind of structural linkage. This could conceivably 
be of a lipid nature. It has been reported that the 
NADH, -ubiquinone reductase contains about 20 per cent 
lipid?. Furthermore, the sensitivity of the system 
towards organic solvents, surface-active agents and 
barbiturates, the inhibitory powers of which depend on 
the possession of lipophilic side-chains*!, seems to support 
the possibility of the involvement of lipid in the structural 
integrity. Although these suggestions, which are illu- 
strated in Fig. 3, are highly speculative and rest only on 
presumptive evidence, they provide a reasonable hypo- 
thesis on which to base future work. 
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RATE AND EXTENT OF LABELLING OF BOUND PHOSPHOHISTIDINE 
AS RELATED TO ITS ROLE IN MITOCHONDRIA 


By Dr. LORAN L. BIEBER, Pror. O. LINDBERG, J. J. DUFFY and Pror. P. D. BOYER 


Division of Biochemistry, Department of Chemistry, University of California, Los Angeles 


ITOCHONDRIA catalyse a rapid incorporation of 

phosphorus-32 from #*P; or ATP into a protein- 
bound phosphohistidine. This phosphohistidine appears 
to be an intermediate in the formation of ATP from 
inorganic phosphorus, and has been suggested as a key 
intermediate in oxidative phosphorylation!-*. Recently 
Slater et al. presented data on the rates of protein-boun 
2P and AT#P formation by mitochondria at 0° whic 
they felt precluded phosphohistidine as an intermediat 
in oxidative phosphorylation. The main purpose of this 
article is to present results which extend and amplify 
those reported by Slater et al.4, in particular a more 
critical examination of labelling rates of mitochondrial 
fractions. The additional information shows that the 
findings of Slater et al.4 do not allow exclusion of bound 
phosphohistidine as an intermediate in oxidative phos- 
phorylation. In addition, some considerations pertinent 
to definition of the metabolic role of phosphohistidine are 
briefly discussed. 

Measurements of the rate and extent of incorporation 
of °P; into various protein-bound components have been 
made as part of a broader programme on the enzymology 
of bound phosphohistidine. Data in Fig. 1 show the rate 
of appearance of P from **P; in bound phosphohistidine 
and in ATP near 0°. The reactions are sufficiently slow 
so that about 30 sec is required for half-maximal labelling 
of the phosphohistidine. Results in Fig. 2 show the 
labelling rates near 25°, with use of a rapid-flow technique 
for mixing and rate measurements. At this temperature 

° 


half-maximal labelling is observed in 2-3 sec. Both the 
very small amount of labelling in the short time-periods 
and the variability among mitochondrial preparations 
contribute to the scattering of the data at 25°; but the 
results suffice to establish some important relationships. 
Assays for the experiments reported in Figs. 1 and 2 were 
made with a phenol extraction and acid hydrolysis pro- 
cedure, which gives a more reliable assay for bound 
phosphohistidine than column procedures previously 
used. ’ 

Of considerable interest is the definitive lag in the 
labelling of bound phosphohistidine, which is evident at 
25° but much more pronounced at near 0°. This is in 
contrast to the conclusion of Slater eż al.4 that the labelling 
is linear with time. Their earliest measurements were 
at about 10 sec and did not suffice to demonstrate the 
delay in labelling. At 1°-3° no labelling of phospho- 
histidine has been detected in all experiments where 
samples were taken within 3 sec or less. At 25°, the 
average labelling observed in the first 0-05-sec period is 
considerably less than half that observed in the second 
0-05-sec period. The lag in reaching maximal labelling 
rate is roughly 5-15 msec. 

The actual turnover rate of the phosphoryl group on the 
imidazole of histidine cannot be estimated with any 
satisfactory degree of certainty from data such as that 
presented in Figs. 1 or 2. The definitive lag period 
demonstrates that some process or processes precede the 
labelling of both the phosphohistidine and the ATP. 
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The limiting factor probably represents the time required 
for penetration of the **P; to the phosphorylation. site(s). 
A very rapid exchange of the phosphoryl group on the 
imidazole residue at the site(s) could then occur, with the 
resultant labelling patterns as observed by us or by 
Slater et al.4. 

From their results at 0°, Slater et al.4 concludo that the 
actual rate of turnover of the phosphorylated group of the 
phosphohistidine is only a small fraction of the rate of 
**Pj incorporation into ATP. With recognition that other 
reactions or processes precede the phosphohistidine 
labelling, data of Figs. 1 and 2 or of Slater et al.‘ only 
suffice for estimation of a minimal value for the rate of 
phosphohistidine turnover. The actual rate could far 
excecd this minimal value. Thus nothing in the experi- 
mental findings rules out an exchange sufficiently rapid 
so that the specific activity of the phosphohistidine is 
close to the same as that of the Pi at the phosphorylation 
site(s) when label is first detected in phosphohistidine. 
Under such circumstances, if the pools of phosphohistidine 
and ATP are catalytically homogeneous, the participation 
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Fig. 1. Time course of the labelling of mitochondrial bound phospho- 
histidine and ATP by “P; at 1-3°. 

Mitochondria from about 1 g rat liver were incubated in a 1:3-ml. 
volume containing 0-2 M sucrose, 0-1 M tris buffer, pH 7-5, 2 x 10° M 
MgCl, and 1 x 10- M Pi in a room at 1-3°. After addition of a trace 
quantity of P, (4-8 x 10° c.p.m.) to the rapidly-stirred mixture, the 
reactions were stopped with 8 ml. of cold 0:3 M trichloroacetic acid 
containing 3 x 10° M Pi. The precipitates were collected by centrifuga- 
tion in the cold and were dissolved in 1-1-5 ml. of 6-5 M urea-0'8 M 
NHOH, then 2-2-5 ml. of liquid phenol was added at room tempora- 
ture, After standing for 30 min, the samples were carefully washed 
5-6 times by thorough mixing with 5-7 ml. of a phenol saturated buffer 
(pH 8, 0-01 M P:-0-01 M EDTA), centrifuging and removing most of 
the aqueous layer. Sufficient 7-5 M urea—0-3 N NH,OH was added be- 
tween each washing to disperse insoluble material at the interface. 
The protein was precipitated from the phenol by addition of 4-7 volumes 
of cold acetone. The precipitate was washed by centrifugation with 
ehloroform/methanal (1:1, v/v), suspended in 1 part of methanol 
followed by addition of 3 parts of chloroform/methanol/water 
(20:10:1, v/v), collected and washed with methanol by centrifuga- 
tion. The protein was dispersed in 2 ml. of cold 0-1 N NaOH-0:01 M Pi. 
then precipitated with cold 0-3 M trichloroacetic acid containing 
0-008 M Pi. The precipitate was centrifuged in the cold and resus- 
pended in 2 ml. of 0-3 M trichloroacetic acid-0-0038 M Pi. Pi was 
liberated from bound phosphohistidine by heating in a boiling water 
th for about 3 min, and radioactivity present in the supernatant 
a wash with 0-01 M P: pH 8-5 was measured. ATP was estimated 
e radioactivity remaining In the lower layer in the Berenblum-— 
Chain extraction procedure (ref. 5) 
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Time course of the labelling of mitochondrial-bovnd phe -pho- 
histidine and ATP by *P; at about 25°. 


Two syringes arranged for synchronous discharge through an inter- 
connecting T-tube were used for rapid mixing and short incubation 
at room temperature. The reaction was calculated from the rate of 
emptying the syringe and volume between the point of mixing and 
the tip of the delivery tube. The latter was immersed in rapidly stirred 
liquid phenol. One syringe contained in 0-25 M suerose the mitochondria 
from about 1-2-1:6 g of rat liver. The other syringe contained 2 ml. 
of incubation media sufficient to give final concentrations after mixing 
of 0-2 M sucrose, 2 x 10° M MgCl, 01 M tris buffer pH 7-2. and 
1 x 10+ M **P; equivalent to 4-9 x 10% c.p.m. Determinations of pro- 
tein-bound phosphohistidine and ATSP were made essentially as 
described with Fig. 1 


Each point represents the average of 6-9 determinations for reaction~ 

within the time-interval as indicated by the horizontal bar. The 

values in brackets give the standard deviation for each point. Given 

mitochondrial preparations gave relatively consistent labelling patterns 

and most of the variability reflects differences in mitochondrial 
preparations 


Fig. 2. 


of phosphohistidine as an. intermediate would only demand 
that its rate of approach to maximal labelling equal or 
exceed that of ATP. Such is observed to be the case. 
With demonstration of a readily anticipated lag in the 
labelling of phosphohistidine, the use of data on labelling 
rates in mitochondria to estimate turnover rates has 
no more validity than the attempted measurement of 
turnover rates of phosphorus compounds in tisstes by 
moasurement of rates of incorporation of intravenously 
administered. #*P;. 

Other limitations in addition to tho kinctic factor also 
need consideration. The investigations of Slater ef al.‘ 
were made at 0° in order to decrease labelling rates. 
Various laboratories may have experience common to 
our own, namely, that oxidative phosphorylation ability 
in mammalian mitochondria decreased very precipitously 
as the temperature is lowered below 10° 15°. and is 
questionably demonstrable near 0°. Thus possibly the 
limited labelling of ATP observed by Slater et al.4 might 
not occur by the main reactions of oxidative phosphorvla- 
tion. A contrast in mitochondrial behaviour near 0° as 
compared with 30° is also apparent from the observation 
that the extent of intramitochondrial ATP labelling at 
0° after an apparent plateau is reached is only about 0-5 
that found at 30°. Two metabolically distinct pools of 
ATP appear to be present near 0°. 

The lack of inhibitory effect of oligomycin on bound 
phosphohistidine labelling, although stressed by Slater 
et al.‘, is likewise not conclusive. In addition to tho 
limitations already mentioned here, it must be recognized 
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that the mode of action of oligomycin remains unknown. 
For example, oligomycin might prevent the transfer of 
a phosphorylated intermediate from a hydrophobic locus 
where it is formed to a lecus allowing reaction with ADP. 
The inability of arsenate to relieve oligomycin-blocked 
respiration® does not exclude such a possibility. An 
arsenylated intermediate confined to a hydrophobic 
locus might be stable. Similarly the blocking of the 
exchange of water oxygens and inorganic phosphorus 
oxygens by oligomycin does not rule out formation of 
a phosphorylated intermediate in the presence of oligomy- 
cin. The same oxygen lost from inorganic phosphorus 
in formation of an intermediate could be returned in the 
reverse reaction. Occurrence of exchange with water 
could reflect a need for dynamic reversal of the transfer 
of the phosphoryl group to intramitochondrial ADP and 
liberation of an oxygen containing group which exchanges 
with water. Even if, as may be more likely, oligomycin 
inhibits the primary phosphorylation reaction of oxidative 
phosphorylation, data on rates of labelling in presence 
and absence of oligomycin allow only limited deductions. 
This follows from the possible occurrence of more than one 
form of bound phosphohistidine, as mentioned later, with 
an oligomycin-insensitive form as the principal component 
- observed under experimental conditions used. 

An additional criterion for the possibility of phospho- 
histidine as an intermediate in the labelling of ATP may 
be applied to data on relative rates of labelling. Tf all 
phosphorylation sites have identical kinetic character- 
istics and if the phosphoryl group is transferred directly 
from phosphohistidine to ADP, the rate of ATP labelling 
should reflect the specific activity of the bound phospho- 
histidine. Sufficiently accurate rate measurements for a 
critical test of this possibility have not yet been conducted, 

e but the results in Fig. 2 of Slater et al.* and results pre- 
sented here are consistent with such a relationship. 
Within experimental error, near maximal labelling of 
phosphohistidine occurs by the time the ATP labelling 
rate is maximal. 

Additional insight into the possible metabolic role of 
phosphohistidine comes from studies of its level during 
net oxidative phosphorylation by mitochondria. An 
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Fig. 3. Effect of adenine nucleotide additions on levels of *P; as 3P, 
and as “P-phosphohistidine in mitochondria 
A 21-ml. reaction volume at 20° contained 88 mM sucrose, 40 mM 
tris buffer pH 7-5, 40 mM KCI, 4 mM MgCl,, 10 mM f-hydroxybutyrate 
and 0-8 mM Pi. At the time indicated 0-1 ml. volumes of ADP, AMP, 
or 2,4-dinitrophenol (DNP) were added to give the final molarities 
noted in the figure. 2-ml. aliquots were withdrawn at intervals, and 
P, and °*P-phosphohistidine determinations were made essentially 
as noted in Fig. 1 
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example is shown.-in Fig. 3, in which a phenol extraction 
and hydrolysis procedure was used for measurement of 
the low amounts of bound phosphohistidine present. 
The phosphohistidine labelling was maximal when first 
measured, and subsequent changes in labelling probably 
reflect changes in the steady-state levels of bound phospho- 
histidine. With the onset of rapid phosphorylation as 
induced by ADP or AMP addition, the labelling of the 
bound phosphohistidine shows a modest but not rapid 
rise. With a second addition of AMP, sufficient to 
deplete most of the inorganic phosphorus, the phospho- 
histidine labelling falls considerably. Addition of 2,4- 
dinitrophenol in these circumstances results in a rise of 
labelled phosphohistidine. Such increases in the presénce 
of 2,4-dinitrophenol have been observed only when 
ATP is present. In other similar experiments, depletion 
of ATSP by a hexokinase-glucose trap results in a 
pronounced decrease in the steady-state level of bound 
phosphohistidine. 


The lack of a sharp drop in the phosphohistidine-level| 


on the initial addition of AMP and the, increase noted 
under some circumstances in the presence of 2,4-dini- 
trophenol does cause some hesitancy in suggesting bound 
phosphohistidine as an intermediate in oxidative phos- 
phorylation. Again, however, in the complicated mito- 
chondrial system, such behaviour might be rationalized 
for an intermediate. Any intermediate present in low 
concentration must show a rapid turnover, and may do so 
without wide fluctuations in the steady-state level. 
Release of activated precursor forms to bound phospho- 
histidine! on addition of AMP could, for example, result in 
an actual increase in bound phosphohistidine. One is 
reminded that phosphoenolpyruvate, an intermediate in 
glycolytic phosphorylation of ADP, is present in higher 
concentration in actively glycolysing than in resting 
muscle’. 

The preceding considerations are based on the assump- 
tion that only one carrier of phosphohistidine is present 
in mitochondria. Participation of more than one meta- 
bolically distinct phosphohistidine in mitochondria would 
further complicate interpretations from labelling data. 
Other experiments? give indication that two metabolically 
distinct phosphohistidines may be present in mitochondria 
and that the form appearing in soluble mitochondrial 
extracts’ is a component of or is closely associated with 
succinate thiokinase. A bound phosphohistidine associ- 
ated with succinate thiokinase would be in concurrence 
with a role for the phosphorylated imidazole group other 
than in the main route of oxidative phosphorylation. 
The important point is that such a conclusion must be 
based on chemical identification of the components con- 
cerned, and not on deductions from available information 
on rates and extent of labelling of phosphohistidine and 
ATP in mitochondria. In addition, a unique role for 
phosphohistidine associated with succinate thiokinase 
appears unlikely, and a role in one or more steps 
of oxidative phosphorylation remains a distinct poss- 
ibility. 

This work was supported by grants from the U.S. 
Public Health Service. Dr. Loran Bicber gratefully 
acknowledges a U.S. Public Health postdoctoral. fellow- 
ship. 
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Identification of Solar Coronal Emission 
Lines 4 

TE coronal emission lines are produced by highly 
ionized atoms undergoing forbidden transitions from 
metastable levels!. In an attempt to identify further lines 
we have examined the level separation °>P,—*P, in the 
excited four-electron configuration 1s" 2s 2p. Fig. 1 shows 
the level structure near the ground-state. 


SS I ID, 


1s? 23 2p 
Pa 
in ae P, 
e ` Po 
. 
So 1s* 2s? 





Fig. 1 


The *P, state has no allowed downward transitions to 
the ground-state, and should give rise to emission lines 
through a magnetic dipole transition to *P,, as indicated by 
the arrow. For A XV, K XVI and Ca XVII those lines 
fall in the visible or near visible region of the spectrum. 
The *P, and 1P, levels de-excite predominantly by electric 
dipole transitions to the ground-state and will not give 
rise to visible radiation for these elements. The *P, level 
de-excites by two-photon emission to the ground-state and 
cannot give an emission line in the visible. 

We have obtained the level separations for the iso- 
electronic sequence, as an expansion in Z, the nuclear 
charge, using the perturbation methods of Layzer*. A full 
account of the calculations for the configurations 1s*, 1s? 
, 1s? 2p, and 1s? 2s 29, which include the first and second 
tivistic corrections to first-order perturbation theory, 
e published soon. We have also included the radia- 
rrections, and have estimated the effect of 1P, on 
intermediate coupling. It is not practicable to 
the second and higher orders of perturbation 
t we know their Z dependence, and have estim- 
effect by obtaining the best polynomial to fit 
ental data’ for Z = 4-12. 
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The results, for the observable region of the spectruin, 
are given in Table 1, together with already identified linos, 
due to the same elements in slightly lower stages of ioniza- 
tion. One would expect adjacent stages of ionization of 
the same element to have comparable populations. ®© 


Table 1. THE CORONAL LINES 


















Wave- Transition . E.P re, | 
length Spectrum predicted sec") (eV) (eV) i 
A7,786414 | Cl XIV 13? 28 2p °Py—*P, 28 268 647 | 
6,926+11) A XV 18? 28 2p *Pa-* Py 62 28°65 745 i 
4608+10 | K XVI | 193 23 2p *P,—8P; 187 | 303 | 840 | 

6,329} 8 | Ca XVII | 13° 23 2p °P}—"P, 251 | 321 | 960 

Observed è 
A XIV 1s* 28° 2p *P—*® PE 108 | 2-84) 687 | 
K XIV 1s* 2s? 2p? oR BP sa ! s U7 
2 9g? On”? 2 1 7 k 

Ca XY 18? 28? 2p VPP 95 2-18 | 1 820 











In fact only one of our predictions, A XV 5926, has 
been observed‘ and this is a very-weak line. The absence 
of the other lines is probably to be explained by the high 
excitation potentials required. For the previously observed 
lines the excited level is in the ground-configuration, and 
may be radiatively excited, but our excited configuration 
could only be produced by electron impact and is less 
probable. Nevertheless, in view of the strength of the 
Ca XV lines in coronal condensations, one may hope to 
verify our Ca XVII prediction when more sensitive obser- , 
vations become available. 

We thank Prof. M. J. Seaton for a valuable discussion. 

P. D. B. COLLINS 
M. H. L. PRYCE 
H. H. Wills Physics Laboratory, 
University of Bristol. 
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A Theoretical Domain for Flare Stars in the 
H-R Diagram 

Ir has been suggested several timos? that the flare 
activity observed in flash and UV Ceti stars is of a nature 
similar to that of solar flares. In this communication I 
shall adhere to this point of view, which, together with 
present ideas about the Helmholtz—Kelvin phases of 
stellar evolution, will permit us to understand, in a simple 
manner, a number of observations regarding flares in 
stars. 

Flares in the Sun are a result of magnetic activity, and 
if we adopt Parker’s* theory of the Sun’s magnetic field. wo 
see that its activity comes from the interplay between the 
convective motions in the outer layers and the differential 
rotation. In a more general context, the importance of 
the convection zone has been stressed by Schatzman® in 
his theory on the surface activity in stars and their loss of 
angular momentum. Thus stars that are wholly convective 
(or nearly so) and that have rapid rotations (as is the case 
of premain sequence stars‘) should show violent and very 
frequent flares (the shorter the period of rotation the more 
frequent the flares*). 

In the treatment of the premain sequence stars by 
Henyey, Le Levier and Levée', there was no room for a 
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period in which a star coultl have strong convection; 
however, the recent rediscussions of the problem by 
Hayashi et al.5-8 show that, depending on the mass of the 
contracting star, one can have also long stages in which the 
stars are wholly convective. Hayashi’s convective tracks 
are either vertical (for low masses) or somewhat inclined 
going from lower to higher effective temperature; thus it 
becomes clear that the domain of strong flare activity is 
bounded, on one side, by a curve B which is the locus of 
the intersections of the wholly radiagive tracks with the 
wholly convective tracks (for different masses), and on the 
other by the main sequence itself, that is, any wholly 
convective contracting star will lie always ‘on, or to the 
right of line B’ and ‘on or above the main sequence’. 

I have calculated the locus of the transition points by 
means of the mass luminosity relation, valid for the 
radiative tracks: 


. Me Sta . 
L = Const Pate , where M = mass; R = radius 


with « = 0-09 as found by Schwarzschild® from the com- 
putations by Henyey et al.5; taking the constant from the 
track of the Sun, the radiative tracks are finally given by: 

log L/Lo = 4:036 log (M/Mo) + l-ll log Te — 4-051 

The convective tracks were taken from a more recent 
calculation by Hayashi eż al.7* where tables are given for 
the following values of the masses: 4 Mo, 2 Mo, 1 Mo, 
0-6 Mo and 0:4 Mg. The intersections between the two 
sets of tracks were found graphically and are listed in 
Table 1; the last entry corresponds to the intersection 
between Hayashi’s and Nakano’s track (M = 0-4 Mo) 
and the main sequence defined by Limber’s' stars. At 
this point the star is almost wholly convective, which 
suggests strongly that the boundary B should cross the 
main sequence at this point. 


Table 1. TRANSITION POINTS WHERE CONTRACTING STARS GO INTO MOSTLY 
RADIATIVE STRUCTURES; OR INTO THE MAIN SEQUENCE 


MI o log LIL ro log Te 
4 2-34 3-58 
2 1°25 3:87 
1 0-04 3-67 
0°6 — 0°75 3-60 
Ot -110 3-57 


In Fig. 1 the transition points are plotted, and the curve 
B drawn through them is the boundary region, to the left 
of which no strong flare activity is to be expected. In this 
same diagram I have drawn a segment of some lines of 
constant age as given by Hayashi; finally, the vertical line 
L corresponds to the earliest possible type, K,, that a flare 
star can have. 

Examination of Fig. 1 allows the following conclusions 
about Helmholtz—Kelvin stars to be drawn: 

(1) No flare star should be earlier than about K,; this 
explains the puzzling observational result", stressed by 
Haro”, that among the nearly 200 known flash and flare 
stars in 7 widely different clusters, as well as in the solar 
neighbourhood, none appears to be earlier than K,—K,; 
this is still more surprising in view of the fact that there are 
so many young contracting stars of spectral types as early 
as A, (as is the case in Orion, an NGC 2264). 

(2) Since stars begin to shine as wholly convective 
structures, the flare phase seems to be earlier than the 
‘pure’ T Tauri phase; in fact, in young clusters there are 
many T' Tauri stars of typeG 5. These stars are already in 
their radiative track, but in the past they were on, or to 
the right of, line B; thus their flare phase preceded their 
present T Tauri phase. 

(3) Light stars, less massive than 0-4 Mo, are always 
convective while shining bodies, hence they should show 
flare activity throughout most of their lives. (Jupiter 
might be considered an extreme case of a light star, and 
it still shows ‘flare activity’ in radio frequencies.) We 
think that most of the classical flare stars of the solar 
neighbourhood belong to this group. As already men- 
tioned, the frequency of the flares decreases with the 
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slowing down of the rotation (which in turn is a conse- 
quence of the flare activity), hence very old M stars (larger 
z motions) may still show very infrequent flare activity; 
therefore the likelihood of discovering it is rather small. 
This seems to be consistent with what is known of flare 
stars in the solar neighbourhood. 

(4) Haro’s statement, in the sense that flash stars and 
flare stars are related, seems confirmed. They have in 
common their wholly convective structures; they differ 
in their masses and their degree of contraction. 

(5) The intersection of the lines of constant age with the 
boundary B shifts toward later types with the passage of 
time (¢ > 10° years). This is in agreement with the 
independent observational results of Haro}, which show 
that the older the cluster the later the spectral type of its 
earliest flare stars. : 

(6) If one observes long enough, one should be able to 
find flare stars in any cluster (provided, of course, there 
are not unusual cut-offs in the initial mass distribution 
function). 

The foregoing interpretation of flare stars can be subject 
to two observational tests, which, though difficult to 
realize. are within present capabilities: 

(a) If flare activity is of the same physical nature as 
solar activity, then the mean number of flares per week 
(say) observed in a given star should show a cyclical varia- 
tion the period of which is proportional to the rotational 
period of the star. But since the rotational period of a 
star increases with its age and since M stars evolve verti- 
cally down to the main sequence. we should find that for 
given spectral type, the fainter the flare star (at its qui 
cent state) the longer the period of its ‘cyclical activi 
It appears that there are already indications of a 
activity in UV Ceti with a period of 6 years". 

(b) If one observes two groups of flare stars of tå 
M spectral types, but one on the main sequenc 
other well above it, the group of brighter stg 
produce more flares per unit time than the maij 
group; provided, of course, that the two grou 
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the same number of stars, and that we consider flares of the 
same absolute intensity. ; 

I thank Dr. Œ. Haro for providing me with some of his 
unpublished results, as well as for directing my attention 
to this problem. 
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The Neutron-star Hypothesis of Celestial 
X-ray Sources 


Tue discovery of galactic X-rays by Giacconi ef al.t, 
confirmed by Friedman et al.*, which was quite unexpected 
from, our present understanding of physical processes in 
astronomical objects, has induced a variety of theoretical 
investigations’. Among various mechanisms so far pro- 
posed to explain the X-ray sources, the neutron-star 
hypothesis suggested by several authors‘ seems to present 
a reasonable combination of the radiative power, the 
distance, the life and the frequency of occurrence of tha 
X-ray sources although the existence of neutron stars is 
still open to question. 

A neutron star is expected to appear after a supernova 
explosion occurs. Typical characteristics may be de- 
scribed as follows: The radius is about 10 km; the mass is 
about one solar mass, the density being about 10° g/e.c.; 
the surface temperature may be originally 107 °K and 
cools down with a half-life of about a thousand years. 
This star, which radiates mostly in the X-ray region, can 
be a strong source of X-rays, if it is at a distance of the 
order of a thousand light years. This distance, considering 
that the life of the neutron star is about a thousand 
years, is compatible with occurrence frequency of super- 
nove in the galaxy. Indeed, an X-ray source was reported 
by Friedman the direction of which agrees well with the 
Crab Nebula, which is a remnant of the supernova of 
A.D. 1054. : 

Let us take this neutron-star hypothesis for X-ray 
sources temporarily. The intensity of the X-ray source, 
which presumably is in the Crab Nebula, is reported to be 
one-eighth as strong as a source which was originally 
found in the constellation Scorpius. The Scorpius-source, 
thereforo, may be about three times nearer to us than the 
Crab Nebula. Why, then, do we not see a prominent 
remnant like the Crab Nebula surrounding the neutron 
star of the Scorpius source ? 

The Crab Nebula radiates most of its energy in the 
radio and the optical region by means of synchrotron 
radiation of energetic electrons, the energy spectrum of 
hich is well approximated by a power law, in the mag- 
tic field of the Nebula. It can be shown easily that the 
iative power in the radio and the optical region is a 
sensitive function of the exponent of the power law 
rum. If, for example, the electron energy spectrum 
ectrons of energy greater than 107 oV of the Crab 
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Nebula were like E-t dH instead of E-'5 AE as is believed. 
the total number of electrons being conserved, the radio 
power and the optical energy would be approximately 
10t and 10" times lower than they are respectively. 
It is very ‘probable that the difference of the density of 
the environmental ionized gas causes the difference in 
the resistance to the expansion of the Nebula and that a 
larger resistance to the expansion may produce a condition 
which is more favourable to the acceleration. of electrons. 
It is, hence, plausible to suppose that because of the 
difference of the environment there is a wide variation Mı 
the radiative power of the supernova remnant. 

About 1 per cent of the total luminosity of the Crab 
Nebula is known to be the emission of excited gas of its 
filamentary part. Since the magnitude luminosity of the 
Crab Nebula is M = 8-6, the magnitude of the radiation, 
which is not the synchrotron radiation, is about M = 13-2. 
Ifthe Nebula were three times closer, the magnitude would 
be M = 10-8. This is 107-10 times brighter than the 
minimum sensitivity of the Palomar Survey and could not 
be overlooked. The remnant surrounding the Scorpius 
source, therefore, must be visible if its gas is excited in 
the same manner as the gas of the Crab Nebula. 

The filamentary part of the Crab Nebula stores energy 
of the order of 10 ergs and loses energy at a rate of 
about 10° erg/sec. Therefore, some energy supply is 
likely to be needed to keep this part very hot for 10° 
years. The customary supposition that ultra-violet 
light from stars seen in the centre of the Crab Nebula 
supplies the energy to the gas does not seem to work, 
since these stars are now recognized not to belong to the 
Crab Nebula. While the Crab Nebula expands. it collides 
with the atoms of the interstellar gas and the atoms trans- 
fer a part of the energy of the bulk motion of the gas to 
thermal energy. If one nebula of radius 10" em is 
expanding with a speed of 1,000 km/sec in tha interstellar 
gas of the density 1 atom/cm? the rate of gain of thermal 
energy is 10°? ergs/sec, which is sufficient to keep the 
Nebula hot. On the other hand, if the remnant is in the 
interstellar gas of lower density, the energy supply is not 
enough to keep it hot. 

The galactic co-ordinate of the Crab Nebula (ly = 184°. 
by = — 6°) and the estimated distance (3,000 light years) 
are consistent to say that it is in the arm of the galaxy 
where the density of the gas is as high as 1 atom/em}, 
whereas the Scorpius source, because of its high galactic 
latitude. is supposed to be in a region between arms or 
in the galactic halo where the density is low. This possible 
difference of environment may cause a steep energy spec- 
trum of electrons and, hence, much weaker synchrotron 
radiation of the Scorpius source compared with the Crab 
Nebula. Also this difference may easily explain more 
than a thousand times less intensity of the excited gas of 
the Nebula. Thus, the neutron star hypothesis for X-ray 
sources is compatible with the invisibility of the supernova 
remnant which possibly surrounds the Scorpius source. 

This work was supported in part by the U.S. Atomic 
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Aeronautics and Space Administration, NsG 386. 
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Magnetic Anisotropy in Single Crystal 
a Films of 6-Cobalt 


PREVIOUSLY we have reported! that single crystal films 
of face-centred cubic 6-cobalt (normally stable at tem- 
peratures in excess of 425° C) may be prepared at room 
temperature by electrodeposition on to copper single 
crystal substrates. These films may be grown in parallel 
orientation with the substrate to thitknesses of approxim- 
ately ly using a bath consisting of 300 g/l. CoSO,.7H,0, 
6 g/l. boric acid and 3 g/l. sodium chloride with the 
pH set at 2-3 and the current density ~ 12 m.amp/cm*. 
The magnetic anisotropy contents of these films have now 
been determined using a torque magnetometer having a 
sensitivity of (2:56+0-02) x 10-* dyne em/deg. rotation 
of the torsion head, the actual torque being measured by a 
null method. e With the suspension system in position 
between the poles of the 4-in. Newport electromagnet, the 
maximum field H was ~ 8 ko applied in the plane of the 
The torque, L, of the thin B-cobalt film on the copper 
disk may be expressed in terms of the magnetocrystalline 
anisotropy constants K, and K, by the equations: 


= Lino = 5 (2 sin 28 + 3 sin 48) + za (sin 28 + 
, 4 sin 48—3 sin 68) + Ky sin 20 
for a f.c.c. Co {110} film; and 


K, `. tee 
— Lory =F" (sin 48) + Ky sin 20 


for a f.e.c. {001} film. 

Here K, is the uniaxial anisotropy constant representing 
induced anisotropy, 0 the angle between the magnetization 
vector, M, and the ‘easy’ direction of the component of 
induced anisotropy and B the angle between M and the 

` <100> direction. ‘As it is not possible to align a particular 
crystal direction accurately with respect to the initial field 
direction, the angle 8 may be expressed as (T + 8), where 
T is the measured angle (for example, on the magnet 
turntable) and 3 is a constant phase angle between T and 
6 due to this misalignment. Similarly 0 may be expressed 
as (17+ 8’). 

Both expressions, therefore, may be expressed as a 
Fourier series — L = A, sin 2T + 4, sin 4T + 4, sin 6T + B, 
cos 2T + B, cos 4T + B, cos 6T. 

The experimental curves were analysed using the 
Pegasus computer of Northampton College of Advanced 
Technology with a 36 ordinate programme, and the coeff- 
cients K,, Kz, Ku, è and ò’ extracted from the appropriate 
coefficients. The following results were obtained: 

(1) Magnetocrysialline anisotropy constants K, and K,. 
The coefficients of sin 4T and cos 4T' from the analysed 
torque curves for the cobalt films with a {110} plane 
parallel to the surface of the disk gave (K, + K,/6) = 
— (8-1+0-1) x 10° ergs/c.c. (for a field of 8 kœ), which is 
comparable (6 per cent smaller) with results obtained from 
precipitated particles?. For the films with a {001} plane 
parallel to the disk surface K, was obtained again from the 
coefficients of cos 4T and sin 47. The mean value was 
‘found to be K,= —(6-3+0:+1) x 105 ergs/c.c. and hence 
K,= — (10-8 + 1-2) x 105 ergs/c.c. Extrapolation of K, and 
(K,+K,/6) to H= œ gives a variation ~ 2 per cent in the 
foregoing results. These results thus extend the work of 
Sucksmith and Thompson’, who measured K, and K, for 
B-cobalt from a bulk sample over the temperature-range 
500°-1,000° C and showed that in this range K, is a 
function of temperature given by K,=K, e272", where K, 
and a are constants. Fig. 1 shows the results of Sucksmith 
and Thompson, together with our results. It can be seen 
that the simple temperature dependence does not appear to 
hold if the results are extended to room temperature. A 
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Fig. 1. 


better fit appears to be K, =K'/(e9T°" + A), where K’, a and 
A are empirical constants (full line in Fig. 1). 

(2) The uniaxial anisotropy constant Ku. The results 
indicated that K, decreased with increasing thickness, 
becoming less than 2 per cent of K, for films thicker than 
1000 A. In agreement with previous work‘, however, no 
systematic variation of Ku with thickness was found in 
these unannealed films. Typical results for K, in ergs/c.c. 
are: {110} B-cobalt surface, 3-3 x 105 for 100 A thick film; 
{001} 8-cobalt surface 2-2 x 105 for a 100 A thick film and 


0-6 for a 850 A thick film. It would, therefore, appear 


that K, arises from an inter-surface phenomenorf at the 
copper/cobalt interface and one of the most important 
processes to be considered is oxygen ordering®. If it 
were an inter-surface phenomenon one would indeed expect 


‘the effect to decrease as the thickness increased. 


The angle, p, between a <I1T0> lattice row and the 
‘easy’ direction of the uniaxial component was found to be 
approximately 0° in the case of films prepared on’a Cu 
{110} surface, that is, the ‘éasy’ direction of K, was the 
<110> direction. For films deposited on to a Cu {001} 
surface, however, such a definite relation was not observed, 
although in general p was less than 15°. 

. . J. GODDARD 
Š J. G. WRIGHT 

Department of Physics, 

Sir John Cass College, 
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GEOLOGY 


Delayed Isostatic Response and High 
Sea-levels 


Riss of previously loaded areas as a result of delayed 
isostatic response is well established in Fennoscandia‘, the 















short-period fluctuations in level it is generally accepted 
that sea-level rose at the rapid average rate of about 
8 m/1,000 years, 17000-7,000 years ago, and that it has 
since dropped by about 4 m (ref. 2). 

It is proposed here that the 4-m drop in sea-level is th 
delayed isostatic response to the loading of the sea 4 
caused by the previous rapid rise. Land areas are tho; 
to have risen and most coasts to have been near the 
lines between the sinking sea bed and the rising 
Observations are confined to the coasts, and, if dı 
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isostatic response is significant, will be consistent only to 
the degree to which coasts approximate to hinge lines. 
The amount of delayed isostatic response depends on 
the density of the displaced material, on the previous 
changes in sea-level, and on the ‘relaxation time’). 
Density, having a limited range of values, is not critical, 
and a value of 3-25 g cm~ is assumed. Itis also assumed. 
that the sea was at a level 90 m lower than at present for a 
long period prior to 17,000 years ago; that it then rose at a 
uniform rate to a level 6 m lower than at present 7,000 
years ago. The later fluctuations are less critical and the 
levels given by Schofield’ for New Zealand are adopted. 
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Table 1. TABLE OF SEA-LEVEL CHANGES IN LAST 4,000 YEARS 
Years Relaxation time (years) 

ago 10,000 6,000 4,000 38,000 2,000 N.Z. FS. 
4,000 5-9 4°6 3-8 3-0 20 3-0 52 
3,000 42 31 24 18 0-9 1-9 28 
2,000 27 18 14 1:0 04 1-0 1-3 
1,000 13 0-8 0-6 0-3 0-1 0-0 0-6 

0 0:0 0-0 0-0 0-0 0-0 0-0 0-0 

— 0 113 —46 -20 +08 -0i 


From simplified crusta? models‘ it has been estimated 
that the ‘relaxation time’—the time in years during which 
the deviation from isostasy diminishes to 1/e of its initial 
value—is approximately inversely proportional to the 
diameter of the loaded area, but Lake Bonneville, with 
only a tenth of the diameter of ice-loaded Fennoscandia, 
has about the same relaxation time, that is, 4,000- 
10,000 yeats'. , It thus seems probable that relaxation 
time is substantially independent of diameter. Delayed 
isostatie responses calculated for relaxation times of 2,000, 
3,000, 4,000, 6,000, and 10,000 years are given in Table 1 
with observed values from New Zealand (N.Z.) and 
inferred values for Fennoscandia (F.8.) on the righté. 
Negative values at the bottom give calculated total 
remaining movement. 

From Table 1 it will be seen that unless the relaxation 
time is less than 2,000 years an appreciable part of the 
lowering of sea-level during the last 4,000 years is probably 
due to delayed isostatic response, and that if the relaxation 
time is between 2,500 and 10,000 years the whole of the 
lowering may be due to this cause and not to growth of 
ice caps and glaciers after the ‘climatic optimum’ as is 
commonly supposed’. 

H. W. WELLMAN 
Department of Geology, 
Victoria University of Wellington, 
New Zealand. 
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A Re-assessment of the Age of the Middle 
Devonian of South-eastern Australia 


Two of the best-known marine Devonian sequences of 
south-eastern Australia are those of the Buchan district, 
Victoria!, and of the Taemas-Cavan area of the Murrum- 
bidgee Valley in southern New South Wales*. The 
Buchan sequence has been regarded as Middle Devonian in 
age since McCoy? correlated it with the “Devonian lime- 
stones of the Eifel”, and this opinion has been endorsed 
by subsequent workers!4-14. Similarly, de Koninck!’ 
first suggested a Middle Devonian age for the Murrum- 
bidgee sequence in 1877, and later palæontologists?:18-20 
have agreed with this assignment. The similarity of the 
two sequences has been commented on?; but whereas 
the consensus of opinion has been that the Buchan section 
is wholly Hifelian, an age as young as Givetian has been 
ascribed to the upper part of the’Murrumbidgee section?! 

Much of the evidence which has been put forward in 
support of a Middle Devonian age for these sequences has 
stemmed from studies of rugose corals®1%19, However, 
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previous ititercontinental correlations of the Devonian of 
Australia, based on this group of organisms, are anomalous 
in certain respects®**5, Furthermore, recent work 
overseas, particularly in North*America, has modified 
some of the evidence provided by corals. For example, 
‘Campophyllum’? recessum Hill is presently referred to 
Breviphyllum, and this genus is no longer indicative of the 
Middle Devonian. Both brachiopod?4:*5 and goniatito” 
specialists now regard the pinyonensis zone of Nevadu 
(which contains species of Breviphyllum similar to B. 
recessum) as Emsian rather than Eifelian. Indeed. tho 
genus may occur in beds as old as Ludlovian in cordilleran 
North America*®. Other aspects of the Australian Lower 
Devonian coral faunas, including the generic assignment 
of species originally referred to Miciophyllum, will be 
discussed in greater detail elsewhere. ; 

More important is the evidence presented by Teichert’. 
who described from the Buchan sequence a small cephalo- 
pod fauna which he considered as being of Middle Devonian 
aspect. This included species of the bactritid genera 
Bactrites and Lobobactrites and the anarcestacids Gyrocer- 
atites desideratus Teichert and Anarcestes? sp. indet. This 
latter identification was based on a euomphalid gastropod 
and so need not be considered further. Bacirites and 
Lobobactrites, then regarded as unknown from Lower 
Devonian strata, have since been reported from the 
European Lower Devonian by Erben*?®, G. desideratus 
Teichert has become the type species of Teicherticeras 
Erben?!, a genus now known from strata regarded as 
Emsian in age in Europe?! and North America?***_ The 
ammonoid evidence favours an Emsian age for the upper 
part of the Buchan sequence which yields Teicherticeras. 

We have now collected and examined in detail the 
invertebrate faunas of both sequences. We conclude that 
these indicate a Siegenian and perhaps Emsian age. For 
example, the Teicherticeras-bearing mudstones of the upper 
part of the Buchan sequence contain inter alia tho brachio- 
pod genera Coelospira, Levenea and Notanoplia. In the 
Murrumbidgee sequence the HysterolitesChonetes’ fauna 
of the basal units is joined by a Coelospira, Cymostrophia. 
Cyrtina, Mutationella fauna toward the top. Indeed, we 
know of no valid evidence from the invertebrate faunas 
which in any way is indicative of a Middle Devonian ago. 

The vertebrate evidence, so far as is known. is in accord 
with this. The arthrodires are all endemic forms’. 
However, a second species of the primitive dipnoan 
Dipnorhynchus (originally described from the Murrum- 
bidgee area®!, and probably occurring at Buchan’) has 
been described from the Upper Siegenian Hunsriickschiofor 
of Germany?™ 3s, 

Final confirmation of our view has now been obtained 
from the isolation of disjunct conodonts from both 
sequences. Sufficient work has been completed in the 
University of New England to establish that the sequence 
of Devonian conodont faunas in eastern Australia is 
broadly similar to that of Europe**-**, 

The upper part of the Buchan sequence has yielded a 
fauna, composed of abundant forms of Spathognathodus, 
including S. frankenwaldensis Bischoff and Sanneman and 
S. cf. canadensis Walliser. Also present in the fauna are 
Ozarkodina denckmanni Ziegler, O. cf. media Walliser, 
Plectospathodus extensus Rhodes, and Trichonodella exea- 
vata (Branson and Mehl). The Murrumbidgee fauna is 
similar, but Trichonodella inconstans Walliser also occurs. 
According to the ranges given by Walliser, an Upper 
Ludlovian to Lower Emsian age is indicated by these 
faunas, with a Siegenian age suggested by S. franken- 
waldensis. However, the occurrence of platform conodonts 
closely comparable with Polygnathus linguiformis Hindo, 
but possessing an enlarged basal cavity, suggests that 
Lower Emsian strata may be represented at the top of 
both sequences. 

Our present conclusion, then, is that both the Buchan 
and Murrumbidgee sequences are wholly Lower Devonian 
in age and at. youngest may include Lower Emsian strata. 
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Furthermore, we have been umable to find any evidence for 
marine Middle Devonian strata in south-eastern Australia. 
This conclusion profoundly modifies currently held notions 
of Devonian correlations®, paleogeography*™ and distroph- 
ism*> in eastern Australia. This we will discuss elsewhere 
appended to a comprehensive survey of Devonian faunas 
and stratigraphy of eastern Australia. One of us also has 
in preparation a detailed account of the faunas of the 
Murrumbidgee sequence. 


G. M. Pame 
. A. E. H. PEDDER 


Department of Geology, 
University of New England, 
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Synchronous Stream Deposition throughout 
the Mediterranean Area in Historical Times 


Ix a previous communication!, the carbon-14 dating 
of an alluvial deposit laid down in Libya after Classical 
times was reported. Reference was also made to deposits 
of similar age elsewhere in North Africa. 

It now seems clear that a period of stream deposition 
occurred after Roman times throughout the Mediter- 
ranean, area, and that it produced a flat-topped alluvial 
formation into which the present channels were later cut. 
To this phaso belong the Rharbian deposits of Atlantic 
Morocco, investigated by French geologists’, the bourrelet 
which borders the streams of the Chelif basin in Algeria, 
described by Boulaine®, and the post-Roman fill observed 
by Judson! north of Rome and in Sicily. This view is 
based on my fieldwork in the above areas, in other parts 
of Morocco, Algeria and Italy, and in central Jordan‘, 
Tunisia, Spain and Greece. A detailed account is in 
preparation; this communication presents some of the 
main generalizations. 

The upper surface of the alluvial fill forms the main 
valley floors, which slope downstream to meot sea-level 
at the river mouths. The base of the fill rests uncom- 
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formably on bedrock or older alluvia. In other words, 
deposition filled in ungraded channels to produce smooth 
alluvial floors. These are now being eroded into terraces. 
The doposit is generally 4-12 m thick, but locally it can 
attain 20 m. In width it ranges from a few metres to 
several kilomotres. 

As the alluvium was derived to a large extent from 
earlier, poorly consolidated deposits, its composition is 
very variable. In general. however, it consists of grey or 
buff well-bedded fine sand with some silt and clay, and 
with horizons and lenses of fine and medium gravel con- 
centrated at the base and margins of the formation. Land 
snails are common; occasionally, fresh-water species 
suggest that stream flow was perennial in watercourses 
that aro now seasonal. The overall picture is one of 
deposition by sluggish streams in braided channels mean- 
dering over a marshy valley floor. 

The alluvium always contains rolled fragments of 
Roman brick and pottery, and sometimes Neolithic, Iron 
Age, Greek, Nabatean and medieval sherds. Three ancient 
towns have been partially cevered by the deposits: 
Banasa (Morocco) on the Oued Sebou, Tubusuctu (Algeria) 
on the Oued Soummam, and Olympia (Greece) on the 
River Alpheos; the last includes Byzantine remains. . In 
Tripolitania, a distinct phase of stream downcutting 
intervened between the collapse of Roman soil-retention 
dams and the onset of deposition®. North of Rome. the 
evidence suggests that the bulk of deposition post-dates 
late Imperial times’. Finally, the two carbon-14 dates 
previously reported confirm that deposition continued 
during medieval times. It is impossible to ascribe a 
precise date to the end of deposition, as in the headwaters 
of many streams the change-over to erosion is faking 
place now. The modern streams are flattening their 
gradients by headward erosion, by downcutting, and by 
deposition at their mouths. This appears to be a return to 
the conditions that prevailed during Classical times, to 
judge from contemporary accounts and from the position 
of ancient dams and other remains on the valley floors. 

Stream action is thus seen to have effected considerable 
changes both rapidly and synchronously ovor large areas 
ranging widely in climate, relief and geology. These 
changes have far-reaching historical implications; for 
deposition radically altered the form (and agricultural 
value) of the Roman valleys, and resulted from the peculiar 
hydrological conditions that characterized the Mediter- 
ranean during medieval times. 

This work was supported by grants from the Royal 
Society, the Craven Fund, Cambridge, and the Royal 
Geographical Society. 
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METEOROLOGY 


Relationships between Weather, Winds and 
Pressures in Low Latitudes 


Tue suggestion by C. S. Ramage! that, in low latitudes, 
winds and consequently vertical motion and weather 
cannot be deduced from the pressure distribution is not 
new and is at present generally true. The coriolis force is 
small in low latitudes and vanishes at the equator. but 
the horizontal pressure forces are also normally small. If 
the pressure distribution is steady a large measure of 
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balanced flow could be achieved under certain conditions. 
The smallness of the coriolis force only implies that it 
takes correspondingly longer than in middle latitudes to 
effect adjustment. 

It has been suggested by various authors? that with 


certain stationary trans-equatorial pressure distributions . 


it is possible to have quasi-geostrophic flow to within a 
few degrees of the equator. The pressure distributions are: 
(a) high pressure on both sides of the equator with low 
pressure at the equator, giving easterlies in low latitudes 
(equatorial duct); (b) low pressure on both sides of the 
equator with high pressure at the equator, giving wester- 
lies jn low latitudes (equatorial bridge). 

Johnson? considers that in the aforementioned station- 
ary pressure distributions the corjolis force (per unit mass) 
in latitudes as low as 5° exceeds the local accelerations of 
the synoptic-scale flows and that the flow is quasi- 
geostrophic. Palmer et al.t, using data for a relatively 
dense central Pacific radiosonde network, calculated the 
magnitude of terms in the equations of motion and showed. 
that, during a-period of-steady easterlies, the flow in 
mid-troposphere was quasi-geostrophic. The result was 
obtained for monthly averaged flow, but since it referred 
to a period during which winds in the region are of high 
constancy, about 90 per cent, it is likely to be applicable 
to the daily synoptic-scale flow in that area and season. 

It appears, therefore, that in low latitudes there is no 
fixed relationship between pressure fields and air flow, but 
that in certain stationary pressure distributions the wind 
is quasi-geostrophic to near the equator. If pressure and 
wind fields are time-averaged, they will normally show no 
fixed relationships; this is because the average conditions 
will normally be made up of periods when the flow is 
quasi-geostrophic and other periods when it is markedly 
non-geostrophic. During the period considered by Palmer 
et al., the synoptic situation was dominated by a large- 
scale duct. 

Pressure gradients in the atmosphere provide the driving 
forces for air flow; therefore by carrying out contour 
analyses of isobaric surfaces in low latitudes weare partly 
examining the driving forces. Streamline/isotach charts 
define the wind field at some particular instant in time; 
they do not explain the wind field. Contour charts, by 
displaying the horizontal driving forces, suggest explana- 
tions of the wind field and also suggest possible changes in 
the wind field. Since, however, the relationship between 
pressure distribution and wind field varies for different 
pressure distributions, the interpretation of equatorial 
contour charts will not be as simple as the interpretation 
of similar middle latitude charts. The solution probably 
lies in obtaining flow models for various pressure distri- 
butions. Such models would probably suggest areas of 
marked vertical motion and would therefore be a means of 
forecasting synoptic-scale weather patterns. 

Unfortunately, it is not possible to construct contour 
charts for most equatorial regions. The errors in the 
present radiosondes, both between different makes and in 
similar instruments, are often of the same order of size as 
the contour gradients found on a synoptic-scale. Also 
over most of the equatorial world suitable radiosonde 
networks do not exist. It may be that in the tropics upper 
contour and wind fields will have to be explored by some 
completely new technique. 
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* CRYSTALLOGRAPHY 


Co-ordination Seven of Uranium in 
Uranyl-acetylacetonate Monohydrate 


Many attempts have been made to define the structure 
of the uranyl group. Nevertheless, the possibility of the 
uranyl group having a ‘bent’ or a ‘linear’ structure is still 
questionable. In the particular case of uranyl-acetyl- 
acetonate monohydrate, infra-red spectra, as well as 
thermodynamic properties of the solutions, were recently 
examined by Sacconi et al.1-*. Those authors have coh- 
cluded that? “the attraction between uranium and water 
molecules should be considered as co-ordinative forces” 
and that “uranium has a tendency to manifest a co- 
ordinative number greater than six”. The interpretation 
of the spectra does not seem to be entirely satisfactory. 
and the authors affirm that “the problem of the structure 
of the uranyl radical cannot be considared to be satis- 
factorily solved”’. 

Uranyl-acetylacetonate monohydrate, the formula of 
which is as follows: 
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can be obtained in three allotropic forms, indicated as 
1, 2 and 3 (ref. 4). Crystallographic data for all three forms 
have been given by Comyns, Gatehouse and Waitt. We 
have examined form 1 using X-ray and neutron diffraction 
methods and form 2 using X-ray diffraction. The determ- 
ination of the structure of form 1 is in course of investi- 
gation, and the results will be reported later. This com- 
munication discusses the structure of form 2. 

Single crystals of the compound were prepared according 
to the method of Comyns et al.4.. Very small crystals were 
closed in Lindemann capillaries, the diffraction of Mo K x 
X-rays was recorded by Weissenberg and precession 
cameras, and the intensities were read with a photometer 
fitted with a potentiometric recorder. The use of crystals 
of regular section and very small dimensions (less than 
0-1 mm) as well as the use of Mo Ka radiation reduced 
the absorption errors to a minimum. The crystal data of 
Comyns et al. were confirmed as follows: @=7:83 A: 
b=11-99 A; c=15-64 A; 8=103-7°, and space group P2);- 
with four molecules per unit cell. Patterson projections 
were calculated on (001) and (100). Electron-density 
projections were first obtained using the heavy atom 
method. Afterwards, the light atoms were introduced in 
the calculated structure factors. A, series of trial hypo- 
theses on the disposition of the chelate rings were made 
following the usual conception that the chelate rings are in 
a transplanar configuration in respect to the uranium. 
During this series of trial hypotheses, the reliability index 
remained relatively high (greater than 0-20). Successively, 
the electron-density projections were interpreted in terms 
of a ‘bent’ configuration of the chelate rings with respect 
to the uranium. The reliability index fell to acceptable 
values (under 0-15), The Cochran method of difference 
syntheses® was used to refine the atomic co-ordinates, and, 
at the present stage, we have obtained the following 
reliability factors: hkO reflexions R=0-13; OKL reflexions 
R=0-08. Using the Cruickshank method‘, we have caleu- 
lated that the actual co-ordinates are affected with the 
following standard errors: 


Oxygen: oz= +0054; oy= +0034; o= +0-02 4; 
Carbon: az= + 009A; oy= 40073; o= + 007A. 
Fig. 1 gives a perspective view of the structure of a 
molecule of uranyl-acetylacetonate monohydrate. The 





Fig. 1. Molecular structure of uranyl-acetylacetonate monohydrate. 
Black circle, uranium; double circles, oxygen; single circles, carbon 


uranium in this compound exhibits a co-ordination number 
of seven. The geometry of the co-ordination is that of a 
pentagonal bipyramid, with seven oxygen atoms localized 
at the corners. The pentagonal basis of the bipyramid is 
given by the four oxygens belonging to the chelate rings 
and the oxygen of the water molecule. The uranyl group 
is linear within the limits of experimental error and normal 
to the plane of the other oxygen atoms. The U-O bond- 
lengths are 2-51+0-07 A for the oxygen atoms in the 
rings, 2-48+40-07 A for water oxygen, and 1-60+0-07 A 
for the oxygen atoms in the uranyl group. 
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CHEMISTRY 


Unusual Observations on Flashing Carbon 
Diselenide 


Aromic sulphur and vibrationally excited CS have been 
observed in flashed CS, vapour, under isothermal con- 
ditions!*, Removal of the atomic sulphur by addition of 
oxygen decreased the rate of decay of the excited CS, 
and it was therefore suggested that the process 

CS(v= 1) + 8(33P,)->CS8(v = 0) + 8(3°P,) 
may cause rapid relaxation. 

We are at present investigating the flash photolysis of 
CSe,, because the spin-orbit splitting of atomic selenium 
is approximately equal to two quanta of vibration in CSe. 
Thus electronic-vibrational energy transfer cannot affect 
CSe (v= 1), but CSe (v= 2) should decay rapidly, if multiple 
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quantum transitions can occur with high probability. 
There are no previous reports of the photochemistry of 
CSe,. It has an intense band system in the far ultra- 
violet, which is diffuse under low resolution, and two 
weak-band systems in the near ultra-violet and visible. 
The far ultra-violet system is most intense at about 
2300 A, and absorption by these bands causes the effects 
described below. | 

Under isothermal conditions with a flash energy of 
2,000 J, 15-20 per cent of the CSe, is decomposed into CSe 
and atomic selenium. The latter was observed to be in the 
(4°P) ground-state less than 10-* sec after the commence- 
ment of the photolytic flash. The atoms are probably 
produced directly in the (4°P) state by: 


CSe,(127 )+hv--CSe, (2$) 
and 
CS8e,(15+ )—[triplet]+OSe X(4E+) + Se (4°P) 
Several new electronic systems of CSe were observed 


` and persisted for about 1 sec afer flashing; under similar 


conditions, CS lasts for several minutes. The CSe is 
produced with up to three quanta of vibration. Se, forms 
slowly after the termination of the photolytice flash, 
without a simultaneous increase of the CSe concentration. 
Thus these results and conclusions are similar to those of 
the CS, flash photolysis. Both molecules are dissociated 
into a *P atom and a diatomic molecule in.the ground 
electronic state, the diatomic fragment is directly pro- 
duced with vibrational excitation, and the 8, or Se, forms 
by combination of atoms. A striking difference between 
the two systems is that the photolysis of CSe, is unaffected 
by oxygen, because the reaction, Se+O,>Se0 #0, is 
endothermic. 

During the course of this work, three unusual features 
were observed. 

(1) The absorption spectrum of CSe, vanishes on flashing, 
if its partial pressure is less than 0-05 mm. The CSe, is 
excited to metastable electronic states. The strong 
2300 A system was not observed in fluorescence, and it is 
curious that a perturbation can compete so effectively with 
spontaneous radiation. Flashing with filtered light showed 
that direct photolysis does not occur by absorption in the 
long wave-length bands of the 2300 A system. However, a 
very slow formation of CSe and Se, still occurs due to 
reactions of CSe,*. Only a small fraction of the excited 
CSe, decomposes. The rest decays slowly to the ground- 
state. Two metastable species are produced and experi- 
ments in Ny, Oz, and C,H, showed that each decays by a 
first-order process, and thet the rate constants are inde- 
pendent of the nature and pressure of the added gases. 
The mean Jife-times are 2:7 x 10-* sec and 3-3 x 10- sec. 
No phosphorescence was observed. The long-lived state is 
probably the lowest triplet state (°B,), from which radia- 
tion to the ground-state is strongly forbidden. 

(2) Two interesting effects occurred in the presence of 
an olefin. First, depopulation of the CSe, ground-state 
persisted for several minutes. Apparently, CSe; adds to 
the double bond of an olefin to form a metastable complex. 
Secondly, intense band systems appeared in the region 
2000-2300 A, which vary with the structure of the olefin. 
The carriers are probably cyclic selenides produced by 
reaction of atomic selenium with the olefin. The same 
spectra, were detected in flashed mixtures of olefins and 
OCSe. The rate of decay of atomic selenium in ethylene 
corresponded to roughly 10° collisions for reaction. 
Gunning et al. have reported preliminary experiments on 
the reaction of selenium with olefins’. 

(3) Although the atomic selenium is produced in the 
(£P) state, as illustrated in Fig. 1, the population of the 


. Table 1 
State Wave-length (A) Transition Energy (cm) 
SP, 2062-6 SSP, 2,534 
&P, 2030-7 53S AP 1,990 
YP, 2074: BSAP, 0 
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2062-6 A 2074-6 A 


(c) 





BP, 
(538,49 P1) 
Fig, 1. Formation and decay of electronically excited atomic selenium. 


- 3P, 3P, 
(5S4 Po) (5°Sr44 Pa) 


(a) 0-1 mm CS8e, + 50 mm Ar; (b) 0-1 mm CSes + 10 mm N, + 40 mm 
Ar; (c) 0-1 mm CSe, + 10 mm O, + 40 mm Ar 


three J multiplets does not correspond to an ambient 
temperature Boltzmann distribution; the atomic selenium 
is produced ‘electronically hot’. This was proved con- 
clusively by addition of 10 mm of nitrogen, which rapidly 
depopulated the (4°P,) state. The excitation energy 
corresponds closely with a single quantum of vibration in 
nitrogen (2,358 cm), as shown in Table 1. 

Oxygen is less effective in relaxing Se(4°P,), because the 
resonance defect of 954 em~ must be converted to trans- 
lation and rotation. The detection of Se(4°P,) at very 
short time delays is further evidence that it is produced 
directly in this state, since radiation from Se(41D,) would 
populate only the *P, and 3P, components. 

A. B. CALLEAR 
W. J. R. TYERMAN 
Department of Physical Chemistry, 
Lensfield Road, Cambridge. 
1 Callear, A. B., and Norrish, R. G. W., Nature, 188, 53 (1960), 
2 Callear, A. B., Proe. Roy. Soc., A, 276, 401 (1963). 
3 Gunning, H. E. (private communication). 


Use of Thin Films for Electrophoresis of Coal-tar 
Food Colours 


Most papers published on the separation of food dyes 
have been based on the paper-chromatographic technique. 
Few, however, describe the application of electrophoresis 
to this problem. The supports used in electrophoretic 
separations have usually been paper’, and, recently, the 
use of cellulose acetate membrane has been described?. 

Thin film chromatography, having now gained general 
recognition as a rapid and sensitive method for the separa- 
tion of a wide variety of substances, has extended the 
scope for using a range of other materials as supports for 
electrophoretic separations. An assembly has been 
described in which thin films of alumina, kieselguhr and 
silica gel have been successfully used as supporting 
adsorbents for the electrophoretic separation of amines and 
amino-acids’. Recently, we have used thin films of 
these three adsorbents in the course of studies on the 
electrophoretic behaviour of coal-tar food colours. 

The films are prepared from a slurry of the adsorbent 
with a Shandon ‘Unoplan’ leveller and spreader in the 
usual way and then dried. The Baird and Tatlock con- 
stant current/constant voltage electrophoresis apparatus 
is used for the experiments. The horizontal tank supplied 
with this apparatus conveniently accommodates a thin 
film plate of 20 cm x 17-5 om across the bridge between 
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the electrolyte compartments. Contact between tho film 
and each electrolyte compartment is made by means of a 
filter paper wick previously soaked with electrolyte and 
with one edge resting along the full width of the plate of 
film. The lid is then placed on the electrophoresis tank 
when the film becomes saturated with electrolyte by 
means of capillary action through the wicks. The electro- 
lyte fronts normally take 10-15 min to meet but it is desir- 
able to allow a period of 1 h to elapse before applying the 
test solution. This eysures that migration due to capillary 
rise of the electrolyte is minimal. Using thin film plates 
of suitable size, this procedure can be adapted for hori- 
zontal electrophoresis tanks of any commercial electro- 
phoresis apparatus. Where it is desired to carry out 
electrophoresis on strips of thin films, these are easily 
provided by scoring the film with a pointed nail. 


Table 1. ELECTROPHORETIO MIGRATION DISTANCES OF FOOD COLOURS (AM) 


Whatman 
No.1 Kiesel- 


No. 1 Kiescl- 
paper guhr paper guhr 
Tartrazine 40 59 Erythrosin 2 37 
Yellow RFS 29 50 Red FB 0 52 
Red 6B 10 49 Ponceau 4R 41 56 
Orange PN 7 40 Black PN 4 50 
Red 2G 13 46 Blue VRS 14 24 
Orange G 42 46 Indigo carmine 21 62 


Proceeding with the electrophoresis in the usual way 
and using a constant potential of 200 V, thin film electro- 
pherograms are obtained with better reproducibility and 
sharper resolution than similar electropherograms under 
the same conditions with Whatman No. 1 filter paper. 
Furthermore, the use of supports with different character- 
istics has the advantage that changes in relative migration 
distance can be observed apart from those brought about 
by a change of electrolyte. Some such changes are illus- 
trated in Table 1 for the case when the electrolyte is 0-05 M 
borax (pH. 9-18), electrophoresis taking place for 1 h. 

Except for oil yellow GG, oil yellow XP, naphthol 
yellow S and ponceau 3R, all the permitted coal-tar food 
colours‘ are being examined in six different electrolytes of 
widely different pH on the three thin film materials named 
as well as on Whatman No. 1 paper. The complete results 
will be presented and discussed elsewhere. 

We thank L. J. Ponting and Son, Ltd., Hexham, 
Northumberland, for the supply of food colours. 

` W. J. RIDDLE 
G. J. Moopy 
J. D. R. THOMAS 
Department of Chemistry and Biology, 
Welsh College of Advanced, Technology, 
Cardiff. 
t Crossley, J., and Thomas, J. D. R., Analyst, 83, 462 (1858). 
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40, 537 (1963). 
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Decomposition of Molybdenum Hexacarbony! 


Tux publication of results by Clougherty! and by Kaye? 
of the preparation of face-centred cubic molybdenum 
monocarbide, and by Goldschmidt’ of the preparation of 
face-centred cubic ditungsten carbide, have led us to 
re-examine the face-centred cubic dimolybdenum carbido 
reported by Lander and Germer*. They observed its 
formation while trying to plate metallic substrates main- 
tained at 300° to 475° C with molybdenum. formed by the 
pyrolysis of molybdenum hexacarbony] in the presence of 
partial pressures of carbon monoxide ranging from 0-02 
to 0-22 torr. The deposit had a face-centred cubic struc- 
ture with a cell edge of 4:14 A and was believed to be 
Mo,C, although full chemical analyses were not reported. 
They suggested it was isostructural with the Mo, N phase 
reported by Hagg', which is believed to have a rock salt 
structure with a defective anion sublattice. A phase, 
identified as face-centred cubic MoC, has been noted by 

° 


1328 


e 
Kuo® as a precipitate in high-speed steels, although no 
lattice parameter was reported. 

Hydrogen (Air Products, Lid.) at a pressure of 0-15 
torr was passed over mélybdenum hexacarbonyl at 20° C 
to give a total pressure [Mo(CO), + H,] of 0:30-0:35 torr. 
The gas stream was led into a ‘Pyrex’ tube, maintained 
at 300° C by a molten-alloy bath, where the hexacarbonyl 
decomposed to give an apparently metallic deposit. 
About 50 mg of this deposit were formed per hour. X-ray 
powder diffraction analysis with a Nonius Mk. IT Guinier 
fgcusing camera and an 11-54 cm Philips Debye-—Scherrer 
camera showed that the product consisted of a single, 
strained, face-centred cubic phase with a cube cell edge 
between 4:15 and 4-18 A, which was indistinguishable from 
y-Mo,N? 8, 


Table 1. X-RAY DATA FOR MOLYBDENUM OXYCARBIDE USING DEBYE- 


SOHERRER CAMERA 
sin? @ observed 
(x 10‘) 


Akl Intensity sin? ‘ calculated * 


x 10‘) 
111 m 1,033 1,034 
200 m+ 1,878 1,379 
220 w 2,767 2,758 
311 w+ 38,795 3,792 
222 vw 45152 4,136 
400 vw 6,615 5,515 
331 w 6,545 6,549 
420 w 8,894 6,894 
422 w 8,275 273 
511 wt 9,303 9,307 


* Calculated for a cell edge of 4-152 Å. 


Duplicate chemical analyses were made absorptio- 
metrically for molybdenum, for carbon by combustion, 
and for nitrogen, oxygen and hydrogen by micro vacuum 
fusion. The results of these analyses for two runs are 
given in Table 2. 


Table 2. ANALYSES OF PYROLYSIS PRODUCTS OF MOLYBDENUM HEXA- 
CARBONYL 
Weight ($ ve) Total Atom ratio Cube cell 
Ha Ns © O: Mo+tG+0 Me: : 0 edge (A) 
<002 <0-02 ei 39 47 99-8 1:0: 0834:031 4181 +0005 
<002 <002 90 32 69 100-1 1:0: 028:0486 41869+0005 


The estimated analytical precisions are + 5 per cent 
relative for molybdenum and + 10 per cent relative for 
carbon and oxygen. 

It seems, then, that molybdenum hexacarbonyl may be 
pyrolysed to give a range of oxycarbides. These com- 
pounds are interesting for they are probably isostructural 
with MoN, which is a super-conductor, while a study of 
their defect structure may shed further light on the proper- 
ties of uranium and plutonium monocarbides, which are 
potential nuclear reactor fuels. 

We thank Mr. R. V. Moore, managing director, and 
Dr. H. Kronberger, deputy managing director, Develop- 
ment, Reactor Group, U.K. Atomic Energy Authority, for 
permission to publish this communication. 
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Effect of Aromatic Groups on the Radiation 
Stability of Glycosides 


Ir has already been shown}? that, when solid glyco- 
sides or disaccharides are exposed to y-radiation, the 
main reaction is scission of the glycosidic bond to form 
a sugar and, presumably, the corresponding alcohol. 
We have found that acid formation accompanies the 
production of glucose during y-radiation of solid methyl 
a-D-glucopyranoside. From the linear yield-dose curves 
of these products, we find initial G(glucose) 2-33 and 
G(acid) 1-45. From infra-red investigations, using 
potassium bromide disks, it would appear-that the acid 
is formed directly in the solid and not merely after 
dissolution of the irradiated crystal in water. 

We have examined the behaviour of a number of 
glycosides on y-radiation, and the G values quoted in 
this communication were obtained in each case from 
initially linear yield-dose curves. Aromatic groups 
forming the aglycon were found to stabilize the glycosidic 
group strongly towards radiation scission. 

Acetylation and a change m configuration at C, in 
the glycoside exert little effect on the G value for glyco- 
sidic bond cleavage. It is found that despite the fact 
that deacetylation of tetra-O-acetyl «-D-glucopyranoside 
occurs readily (initial Œ 7-9) there is no change in G for 
glycosidic cleavage. The behaviour of methyl «-p- 
mannopyranoside is not greatly different from methyl 
a-D-glucopyranoside since G(mannose) = 2:0. ; 

However, the replacement of methyl by phenyl confers 
greater stability on the glycosidic group, as seen from the 
irradiation of phenyl B-p-glucopyranoside where G for 
glycosidic cleavage is 0-8. Paper chromatographic examin- 
ation, together with the equivalence of phenol and 
glucose production (identical G values), indicate that 
glycosidic scission is the only significant chemical effect 
of radiation up to a dose of 46x10% eV/g. This 
stabilizing effect of aromatic groups during y-irradiation. 
contrasts markedly with their influence on acid cleavage 
of the glycosidic bond, for O-aryl-glycosides are more 
rapidly hydrolysed than O-alkyl-glycosides*-. 

Further introduction of aromatic groups confers even 
greater radiation stability as shown by the behaviour of 
tetra-O-benzoyl phenyl §-p-glycopyranoside, where the 
glycosidic group is fifteen times more resistant to radi- 
ation cleavage than in phenyl B-p-glucopyranoside. 
Initial G(phenol) is 0-05. It is not necessary that aromatic 
groups form the aglycon portion to ensure protection 
of the glycoside, as shown by the behaviour of tetra- 
O-benzoy] methyl «-p-glucopyranoside. Even after a 
dose of 4:6 x 107+ eV/g, no reducing power’ nor irradiation 
products could be detected in the fully benzoylated or 
in the water-soluble debenzoylated glycosides. 

Protection would appear to be due to preferential 
transfer of energy to the aromatic group. Aromatic 
groups in a polymeric molecule are known to protect 
certain susceptible groups located in the same molecule 
from radiation damage. Experiments indicate also 
that energy transfer can occur between one component 
and another of a mixture, although the mechanism of 
transfer is far from clear. Processes, such as radiation 
protection, sensitized luminescence and related quenching 
phenomena, and sensitized decomposition, may be 
explained? in terms of initial non-localization decompos- 
ition of energy followed by rapid localization in an 
essentially inert region, or molecule. Our results demon- 
strate that one particular group within the molecule 
may lead to a similar behaviour. 

Using hepta-O-acetyl phenyl B-maltoside, it may be 
demonstrated that such intramolecular energy transfer 
effects may extend at least the length of a disaccharide 
unit. More scission oceurred at the disaccharide link 
(G 0-10) than at the glycosidic link (G 0-05). This is 
appreciably less than for an unsubstituted disaccharide, 
for the disaccharide link in maltose is at least twenty 
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times more susceptible to cleavage by y-radiation® (G 2-4). 
It is clear that protection by aromatic groups, as deseribed 
here, offers a useful practical method of reducing the 
radiation lability of carbohydrates and demonstrates 
that facile energy transfer is possible in these molecules. 
GLYN O. ParLrirs * 
Department of Chemistry, 
University College, 
Cardiff. 
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Pyrolysis of Chlorodifluoromethane and the 
Heat of Formation of Chlorodifluoromethane 
and Difluoromethylene 


In § recent communication by Gozzo and Patrick! the 
heat of formation of difluoromethylene was estimated at 
< — 43 kcal/mole from an investigation of the kinetics of 
pyrolysis of chlorodifluoromethane. We completed a 
similar investigation of this pyrolysis in the range 530°— 
700° C some time ago and obtained slightly different 


results (to be submitted for publication elsewhere). We 

believe that the main reaction steps are as follows: 
CF,.HCl-+CF,+ HCl (1) 
CF, + HCl-+CF,HCl (2) 
2 CF,-0,F, (3) 
C.F 2 CF, (4) 


The inhibiting effect of HCl (that is, reaction 2) was 
confirmed by copyrolysis of CF,HCl and HC]. Further, 
pyrolysis of a mixture of CF,HCl with HBr led to CF,HBr 
as the main product. Reaction 4 was inferred from the 
reversibility of the overall reaction: 


, 2CF,HCleC,F,+2 HCl (5) 


The function »(C.F,)p?(HCl)/p?(CF,HC]) has the form of 
an equilibrium constant, and in static system investigations 
at 600°C this function was found to increase with time 
and attain a maximum value, after which it fell slowly 
because of the formation of side products. It was possible 
to extrapolate the curve and make an estimate of what the 
final value of the function would have been had there 
been no side reactions. A value of 8-7x 10-* atm. was 
obtained. Published thermodynamic data? lead to a 
value of 30-1 cal/mole deg for AS? for reaction (5) and 
hence to a value of 30-5 kcal/mole for AH®°, at 600°C, 
which corresponds to AH°=29-1 kcal/mole at 25°C. If 
the heat of formation of tetrafluoroethylene is taken as 
— 151-5 kcal/mole, this leads to a value of — 112-3 kcal/ 
mole for the heat of formation of chlorodifluoromethane 
at 25° C, which is close to several recent estimates!4-*, 
Arrhenius parameters were obtained for reactions 1, 2, 3 
and 4 by using a computer to integrate the kinetic 
equations and to obtain a least-squares fit to the experi- 
mental results obtained in a flow system at 1 atm. over 
the range 530°—700° C. Use was made of available thermo- 
dynamic data, including the heat of reaction (5) estimated 
as indicated, to minimize the number of independent 
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parameters to be found, artd E, was assumed to be zoro. 
An empirical expression was used to take account of the 
formation of by-products (which have been described by 
Park’); the amount formed rarely exceeded a few per 
cent. i 

The Arrhenius parameters found in the least-squares 
procedure mentioned were (in kcal, litre, mole, see units) 
A= 1013-84, A,= 10835, A; = 10% 84, A, = 1016-86, E, = 55-8. 
E,=6:2, H,=0 (assumed), H,= 70-4. From these data, a 
value of — 39-1 kcal/mole for the heat of formation of 
CF, at 25° © is obtained; this is in reasonable agreement 
with various recent estimates? *. 

When E, was introduced as a further adjustable 
parameter into the least-squares fitting instead of being 
assumed zero, a value of about 5:8 kcal/mole was obtained. 
but this was very badly determined and did not exceed 
its own uncertainty. The corresponding heat of formation 
of CF, was — 46-3 kcal/mole. i 

We thank Mr. I. Gray and Mr. J. &. P. Barnes of 
Imperial Chemical Industries Central Instrument Labora- 
tory for computing assistance. 
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Inhibition of Corrosion of Iron in Chromic 
Acid 

Corrosion of iron is completely inhibited in 0-1 N 
chromic acid of pH 1-4, but a loss of 4 000 mg/dm? was 
recorded on iron in 0-1 N sulphuric acid of pH 1-6 after 
immersion for 4 weeks. Film thickness and time-potential 
measurements indicated the oxide film on iron to be more 
protective in chromic acid than sulphuric acid. 

The electrode potential of iron in chromic acid after 
24 h fluctuates from + 0-4 to + 0-5 V (hydrogen scale), 
while that in sulphuric acid after 24 h is — 0-36 V. 

The oxide film thickness increases from 12 A to 22-5 A 
after 24 h in chromic acid, but decreases from 6 A to 
values < 5 A after 24 h in sulphuric acid. Contact of 
bulk «-Fe,0, and Fe,O, with the acids for 1 h caused the 
dissolution of 0-5 p.p.m. of iron from «-Fe,0; and 13 
p.p.m. of iron from Fe,0, in each acid. After 24 h the 
corresponding figures were 7 and 100 p.p.m. respectively 
in chromic acid, and 9 and 50 p.p m. in sulphuric acid. 

Measurement of the rate of solution of iron from oxide- 
covered iron showed 0-7 p.p.m. of iron dissolved from 
90 om? of iron in 200 ml. of chromic acid solution after 1 h. 
while 15 p.p.m. dissolved in sulphuric acid. Contact of 
iron powder with chromic acid produced chromic ion; 
0-5 p.p.m. of chromium was irreversibly absorbed from 
200 ml. of chromic acid on to 90 cm? of iron after immer- 
sion for L h. 

The electrochemistry of iron was investigated in chromic 
and sulphuric acids using a potentiostat (Fig. 1). After 
reduction of the oxide film on iron by application of a 
cathodic current of 40 m.amp/em? for 2 min—7-5 me./cem? 
is required to reduce the oxide film on iron!—the potential 
of the iron electrode was increased, readings being taken at 
2-min intervals. Results obtained in sulphuric acid 
showed no evidence of film formation involving ferrous 
oxide formation until an anodic current of 24 m.amp/em* 
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was applied across the electrodes. Increased protective 
power of the film, probably corresponding to oxidation of 
ferrous to ferric oxide, was achieved at + 0:8 V. Results 
obtained in chromic acid showed a protective film formed 
at — 0-4 V, a potential corresponding to ferrous ion 
formation, while the anodic current density necessary to 
maintain iron at + 0:4 V, the potential corresponding to 
that of inhibited iron at pH 1-6, is 10 yamp/cm? in 
chromic acid, and 24 m.amp/em! in sulphuric acid. The 
protective power of the film formed in chromic acid broke 
down at + 1-2 V, the potential corresponding to oxidation 
of chromic ion to chromate. 

Previous work has shown? that the cathodic exchange 
current on iron produced by chromate is very small, and 
chromate does not owe its powers of inhibition to polar- 
ization of iron to a passive potential. Chromate is held 
exchangeably in amounts approaching a monolayer on 
passive iron’, 

It is concluded that the functions of chromate and its 
reduction products in inhibiting corrosion of iron are to 
slow down the rate of solution of the air-formed oxide film 
and/or to form a protective film on oxide-free surfaces. 

The rate of solution of the air-formed oxide may be 
lowered by the irreversible absorption of chromic ions 
into the oxide film to form a mixed iron—chromic oxide, 
with reversible adsorption of chromate at the oxide 
solution interface. The protective film formed at the 
oxide-free surface at the potential corresponding to 
ferrous ion formation may be a mixed ferrous chromic 
oxide with adsorbed chromate; it is not ferrous oxide, 
which is soluble at this pH, while results from the potentio- 
stat indicate that chromic ion is essential for the stability 
of this film. 

K. F. Lorxrna 

Australian Defence Scientific Service, 

Aeronautical Research Laboratory, 
Melbourne. 


1 Hancock, P., and Mayne, J. E. O., J. Chem. Soc., 4167 (1958). 
2 Cartledge, G. H., Corrosion, 18, 316 (1962). 
` Carioca G. H., and Spahrbier, D. H., J. Electrochem. Soc., 110, 664 


Determination of Nitric Oxide 


THE methods available for the quantitative determina- 
tion of nitric oxide in the absence of air involve differential 
manometric techniques!*, This communication describes 
a direct method for the quantitative determination of the 
gas. The procedure consists of the oxidation of nitric 
oxide to nitrite by alkaline permanganate solution. 
Nitrite is quantitatively recovered after adding alkaline 
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arsenite solution to precipitate the per- 
manganate as insoluble manganese dioxide. 

Nitric oxide was produced by reducing 
nitrite with an excess of acidified iodide 
according to the method of Johnston and 
Giauque’. Since small amounts of nitrous 
oxide were also formed, nitrogen balance 
experiments were made in Warburg respiro- 
meters. Double side-arm flasks having a 
capacity of 16 ml. were used. The main 
compartment contained a solution of 0-5 
m-equivalent of sulphuric acid and 0:25 
m.mole of potassium iodide‘in 2-3 ml. of 
water. One side-arm held a solution of 
25-100 moles of sodium nitrite in 0-2 ml. 
of water. The other side-arm contained 
0-4 ml. of a solution of 200 mM potassium 
permanganate in 2 N sodium hydroxide. 
The flasks were gassed for 20 min with 
nitrogen which contained only 0-02 per 
cent oxygen (obtained from Air Products, 
Ltd.). After temperature equilibration at 
30° C, the manometers were removed from 
the water bath and the nitrite was added 
from the side-arm. 

The formation of nitric oxide, which was complete in 
5 min, was great and it was found necessary to hold down 
the stoppers of the flask by hand. The vessels were rocked 
slowly for 10 min to agitate the permanganate and thus 
increase the rate of absorption of the gas. The vessels 
were again placed in the water bath and shaken at 80 
strokes/min. After a further 40 min, stationary readings, 
representing small amounts of nitrous oxide,* were 
obtained. 

The alkaline permanganate reagent was removed from 
the side-arm and 0-2-ml. samples were added to a solution 
of 2 ml. of 2 per cent sodium arsenite and 2-8 ml. of 2 N 
sodium hydroxide. The precipitate of manganese dioxide 
so formed was allowed to aggregate for 10 min. The 
mixture was then centrifuged at 2,000g for 3 min. Nitrite 
was determined by the method of Anderson‘ in suitably 
diluted samples of the clear supernatant. 
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Table 1. RELATION BETWEEN THE NITRITE NITROGEN ADDED AND THE 
RECOVERY OF NITRITE FROM THE ALKALINE PERMANGANATE plus THE 
RECOVERY OF NITROUS OXIDE NITROGEN 


Nitrite Recovery of inorganic nitrogen compounds (#4 atoms of nitrogen) 
added Nitrite from the Nitrous oxide Nitric oxide plus nitrous 
(moles) alkaline permanganate oxide (% theoretical) 
25 24-0 16 102 
50 46:7 3-3 100 
75 75:0 3-0 104 
100 103-5 0-7 104 


The results recorded in Table 1 show that the recovery 
of nitrite from the alkaline permanganate plus the 
recovery of the nitrous oxide nitrogen was equal to the 
nitrite nitrogen used to generate the gases. These findings 
show that the alkaline permanganate quantitatively 
oxidizes nitric oxide to nitrite. 

With respect to the accuracy of the nitrogen balance 
and the speed of the determination, this method may 
prove useful for the analysis of gas mixtures containing 
nitric oxide. Further details of the rapid absorption of 
nitric oxide and a method for the determination of 
amounts smaller than 25 pmoles will be published else- 
where. 

J. H. ANDERSON * 


Long Ashton Research Station, 
University of Bristol. 


* Present address: Department of Physiology, University of Bristol. 
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Frequency Factor of Natta’s Propylene 
Polymerization 


AccorDING to Natta and Pasquon!, the stationary rate, 
To, of propylene polymerization with titanium trichloride- 
triethyl aluminium catalyst is expressed by: 


to =A exp(—10 keal/RT) PG (1) 


whore P is the propylene pressure, @ the weight of the 
solid catalyst and A the frequency fastor. The observed 
values of ro at room temperature and atmospheric 
pressure are usually 5-35 g-propylene/h atm. g-titanium 
trichloride," The surface areas of the commercial 
titanium trichloride catalysts (prepared from titanium 
tetrachloride by reduction with hydrogen, aluminium or 
titanium and activated by grinding) have been measured 
as 10-30 m*/g by the Brunauer-Emmett—Teller method 
with nitrogen adsorption’. From these values and (1) we 
have 1022-1023 molecules/sec cm? for the order of magni- 
tude of A. This value is almost the same as that of the 
surface collision-number, Z, of gas molecule per unit area 
at the same temperature and pressure. Then the rate 
per g-titanium trichloride may be represented, denoting 
the surface area by S: 


Ta = ZS exp(—10 keal/RT) (2) 


To note this may be valuable for discussing the reaction 
mechanism of this polymerization. 

Since the polymerization is carried out with the use of 
solvent, the propylene participated in the reaction is, of 
course, that dissolved. Accordingly, the value of A 
mentioned above is an apparent one which is referring to 
the géseous state of propylene. The significance of this 
apparent value of A can easily be obtained on the basis of 
the absolute rate theory’ as follows. Denoting the 
concentration and the partition function of propylene in 
gas phase by N; and fy, that in the solution by Nz and fr, 
that of the polymerization centre by C and fc, that of the 
activated complex by C# and fz, the rate may be 
expressed by 
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kT 
To = -7 K#ACN, (3) 
with 


K* = CF/O Ny (4) 


There exists Henry’s law for the dissolution of propylene 
by n-heptane, which assures the equality of the absolute 
ETOR of propylene in both phases with the following 
orm 

the abs. activity = N,/fy = Nrifr (5) 


Hence, the rate may be expressed by: 


kT 
To = E (Jzifefo) C Ny 


= (kT/h) (FOFOS) C Ng à- (-e-e)lkT (6) 


where £ is the energy of the ground-state. The partition 
function of gaseous propylene is given by 


27m kT)?! 
es = i ias Jrot feib (7) 


where m is the mass of a propylene molecule, frot and fvib 
its rotational and vibrational partition functions. Com- 
paring (6) with (1), we have: 


“ape ON 


= the surface collision number = ZS 


(8) 


The surface collision number is given by Herz-Knudsen 
equation as À 
PS 


ET N12 
rme Tj T ) s 


(9) 
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Using equations (8), (7) and {9), the following relation can 
be obtained 

JÈ = S? frot Soin Chai (10) 
This expression for the partition function of the activatod 
complex shows that the attacking propylene monomer, 
that is, a component of the activated complex, has tho 
same internal motions as that of gaseous propylene and 
the two-dimensional motion within the small extent, 1/C 
cm?, that belongs ‘to a polymerization centre. This 
corresponds to the simple collision of propylene monomer 
to the whole surface of the solid catalyst. One of another 
possibility to explain the equality A=% S is the simple 
collision of a propylene monomer to one of tho polymer- 
ization centre, of which concentration is its maximum 
value, that is, 105 em-*. In the latter case the partition 
function of the activated complex is 


LZ = £0 frot foi 


which also corresponds to the simple collision to tho whole 
surface. Another speculation, such as that only speciul 
attack of monomer is effective or only the special structure 
(surface defect or dislocation) is available for the reaction 
should always result in a rather small value of A. Then. 
for these speculations further speculation must bo added 
in order to explain the experimental value of Al. 
Tomasa Kuu 
Department of Chemical Engineering, 
Tokyo Institute of Technology, 
Meguro, Tokyo. 
1 Natta, G., and Pasquon, I., Adv. Catalysis, 11, 1 (1059). 
3 Keii, T., Nature, 196, 160 (1962). 
3 Keii, T., Kanetaka, S., and Takagi, T., Catalyst (Shokubai), 3. 210 (1961). 
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BIOCHEMISTRY 


Enolase and Fluorophosphate 


Tr is commonly believed that the remarkable inhibition 
of the enzyme enolase by fluoride plus phosphate is due to 
the formation of fluorophosphate, a belief which is based 
on the hypothesis advanced by Warburg and Christian! 
to explain their interesting facts. This enzyme, now 
known as phosphopyruvate hydrolase, is numbered 
4.2.1.11 by the Enzyme Commission and catalyses the 
step in glycolysis D-2-phosphoglycerate =phospho-eno}- 
pyruvate + water. 

During the course of some work on the plant enzyme, 
we had occasion to test the relative inhibitory effect of a 
mixture of fluoride plus phosphate and fluorophosphate, 
when. we found to our surprise that fluorophosphate had no 
inhibitory action. 

We, therefore, investigated the effects on erystallino 
enolase, from rabbit muscle (Boehringer). The reaction 
was followed in the recording Beckman spectrophotometor 
according to the technique described by Miller?; tho 
effect of a mixture of fluoride plus phosphate, both 5 x 107° 
M, was compared with that of fluorophosphate (K,F.PO,). 
also 5 mM (Table 1). Whereas almost completo inhibition 


Table 1. ENOLASE (PHOSPHOPYRUVATE JIYDRATASP) 


Comparison of inhibitory activity of a mixture of finoride and phesphate 
with that of fluorophosphate (K,F.PO,). (Enzyme present in all) 


Change in optical density 


Additions at 240 my over 2 min 
Nil (control) 0-131 
F- + POF (each 5-0 mM) 0:007 
F.PO; 5 mM 0:150 
F.PO; 10 màl 0:153 


Experiments were made in a Beckman recording spectrophotometer; 
the enzyme was added last. Cuvettes contained in 2:2 ml., iris buffer pH &-0, 
110 zmoles; 2-phosphoglycerate, 11 wmoles; MgSO., 22 moles; glycine, 
66 «moles; water or addition, 1 mL; enzyme, 0-1 ml. 

Note: The slight increase seen with FPO, appears to be some salt effect. 
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was observed by the mixture, the same concéntration of 
fluorophosphate did not inhibit. At a concentration of 
50 mM slight inhibition was observed. As we know that 
even the pure specimen’of fluorophosphate which we have 
still contains traces of fluoride and phosphate, this 
inhibition appears to be due to these traces. That this is 
so is supported by the fact that a less pure specimen of the 
sodium salt showed slight inhibition when the concentra- 
tion was increased above 5 mM. 

The failure of fluorophosphate to inhibit enolase leaves 
ug without an explanation of the curious facts about the 
inhibition, though much is now known about the kinetics 
of this enzyme’. It seems to be clear that all three groups 
of the phosphate molecule must be ionized for tha inter- 
action with fluoride; we have confirmed that pyrophos- 
phate and fluoride are not inhibitory. It is interesting to 
note that, if fluorophosphate happens to be formed by 
pyruvate kinase in vivo, it will not inhibit phosphopyru- 
‘vate kinase. ° 

We thank Messrs. Albright and Wilson for a gift of pure 
K.PO,. We also thank the Wellcome Trustees for a grant, 
Prof. F. G. Young for facilities provided and Dr. M. Dixon 
for his advice. 

RUDOLPH A. PETERS 
M. SHORTHOUSE 
L. R. MURRAY * 


Department of Biochemistry, 
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* Present address: Animal Industry Branch, Alice Springs, Northern 
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Species Specificity of Bovine, Pig, Sheep and 
Horse Myosins 


TuE species specificity of myosins has been examined 
qualitatively by several workers. It was shown by 
Klatzo, Horvath and Emmart? that fluorescently labelled. 
anti-human myosin stained cat, rabbit, mouse and rat 
muscle. Varga, Kover, Kovacs and Yokay? also demon- 
strated the cross-reaction between rabbit and cat myosin 
. as well as between clam and earthworm myosin. The aim 
of the present investigation was to investigate both 
qualitatively and quantitatively the cross-reactions 
between pig, sheep, horse and bovine myosin using anti- 
bovine myosin serum. 

The myosins were extracted from longissimus dorsi 
muscle one day after killing by the method of Furminger*. 
Anti-bovine myosin was prepared in rabbits by intra- 
venous injection, of 1 ml. of 0-3 per cent myosin in 0-4 M 
potassium, chloride, 0-066 M phosphate buffer pH 6-8 into 
an ear vein. This was repeated for six consecutive days 
and the rabbits were left for one week before a test 
bleeding was made. Six courses of six injections were 
required to produce an antiserum containing 1 mg of 
antimyosin antibody per ml. The cross-reaction investiga- 
tions were carried out on this antiserum as antisera from 
later bleedings had decreased specificity. The cross- 
reactivity of the myosins using anti-bovine myosin serum 
were examined quantitatively by precipitin curves and 
qualitatively on Ouchterlony plates. The precipitin 
curves and Ouchterlony plate investigations were carried 
out as described by Furminger'. 

The precipitin curves (Fig. 1) gave two peaks with 
bovine, pig, sheep and horse myosin preparations when 
these antigens were reacted with anti-bovine myosin. 
The two peaks (1) and (2) were formed by the antigens 
found in myosin preparations’. The ratio of precipitated 
nitrogen to antigen added for peak (1) was always sround 
2-47. The degree of crossing-over (maximum amount of 
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Fig. 1. Precipitin curves produced by the reaction of anti-bovine 
myosin with pig, sheep and horse myosin preparations. ©, Bovine; 
A, horse; x, pig; @, sheep 


precipitate formed by the heterologous myosins x 100/ 
maximum, amount of precipitate formed by bovine myosin) 
was for peak (1): pig, 67 per cent; horse, 53 per cent and 
sheep, 88 per cent. Peak (2) formed by horse myosin was 
larger than that formed by bovine myosin but was 
smaller than that formed by pig and sheep myosin. 

The Ouchterlony plates (Fig. 2) only showed spur 
formation with pig myosin. This occurred with both 
antigens (a) and (b)? but was very slight. In all cases 
antigens (a) and (6) formed opaque lines with a clear line 
bordering on the antigen side of the precipitin line formed 
by antigen (a). : 

The specificity of the antigen-forming peak (1), which is 
the major antigen in the myosin preparations, followed the 
relationship between the species investigated in the class 
Mammalia. Sheep and cattle, which cross-react to a very 
high degree, belong to the same family, the Bioidae. The 
relationship of pigs and horses to cattle is less close. Pigs 
belong to a different sub-order, and horses, which cross- 
react the least, belong to a different super order. Thus the 
degree of cross-reaction of the antigen-forming peak (1) 
follows the relationship between the species, but not that 
of the antigen-forming peak (2), which cross-reacts to the 
highest degree with the horse antigen. 


> 


© 


Fig. 2. Welis 1 and 3, pig myosin preparation; well 2, bovine myosin 
preparation; well 4, anti-bovine myosin preparation 
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These results confirm and place on a quantitative basis 
those of Klatzo ef al.! and Varga?, who found qualitatively 
a high degree of cross-reaction between myosins of species 
within the same class. l 

The very high degree of cross-reaction between myosins 
as compared with serum albumins of various species 
reduced the possibilities of using the species specificity of 
myosin as a means of differentiating between muscles of 
various species. Another complication is the presence of 
at least two antigens of different species specificities 
causing the precipitate formed at optimum proportions 
of the antigen-forming peak (1) to contain a certain 
amount of precipitate formed by the antigen-forming 
peak (2). The same is applicable to the precipitate 
formed at the apex of peak (2). The antigen-forming 
peak (1), which is probably antigen (a) of a myosin prepa- 
ration, constituted the major part of the myosin prepara- 
tion and was therefore the most suitable for the’ cross- 
reaction investigations. This formed a much better 
defined peak than the antigen-forming peak (2). It 
always had the same retio of precipitated nitrogen to 
antigen nitrogen added, from species to species. Unfor- 
tunately, the antigens (a) and (b) in myosin preparations 
have not yet been able to be separated so cross-reaction 
investigations on antigen (a) have not yet been possible. 

I thank Prof. J. R. Marrack and Mr. J. R. Bendall for 
their advice. This work was supported by the Ministry of 
Agriculture, Fisheries and Food. 
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Glucose Turnover Rates in Pregnant and 
Non-pregnant Sheep 


SuuEp are prone to a severe hypoglycemia and ketosis 
during twin-pregnancy!. Since very little glucose is 
absorbed from the ruminant digestive tract? and since 
hexose concentrations and requirements of the sheep 
foetus seem to be high’, it has often been inferred that 
pregnant sheep are normally in a precarious state of 
glucose balance. Until recently, however, few quantitative 
data have been available on glucose metabolism in preg- 
nant sheep. 

Glucose turnover (endogenous production and utiliza- 
tion) rates have been measured in non-pregnant sheep by 
Annison and White* and in both pregnant and non- 
pregnant sheep by Bergman’ and Ford®. The technique 
used in all of these investigations was a glucose-“4C 
dilution method’ involving an intravenous primer dose 
followed by continuous infusion. Bergman’ has claimed 
that pregnant sheep have higher glucose turnover rates 
than comparable non-pregnant animals and that these 
rates are decreased during hypoglycemic ketosis. Ford®, 
however, has inferred that turnover rates in pregnant 
sheep are about the same as, or less than, those of non- 
pregnant sheep and, in addition, found no significant 
differences during ketosis. 

It appears, however, that when the results of all of these 
investigations are combined (Fig. 1), remarkable agree- 
ment is obtained and the overall picture is greatly clarified. 
These combined results show that glucose turnover rate is 
a function of plasma glucose concentration and that the 
regression line for pregnant sheep is significantly higher 
(P < 0-001) than that for non-pregnant sheep. Many 
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Fig. 1. Regression lines showing the relation of glucose turnover (pro- 
duction and utilization) rate, per unit metabolic size (kg, 0-75), to 
plasma glucose concentration. Each point represents one cxperiment 
except where noted; mean values are given in these instances. The 
two regression lines differ significantly in interecpt (P < 0-001) but 
not in their slope. About half of the pregnant sheep were hypoglycemic 
and ketotic but many of the non-pregnant sheep appeared to be 
hyperglycemic 


factors can be related to glucose turnover, but it seems 
clear (Fig. 1) that glucose turnover generally is decreased 
during hypoglycemic ketosis. Furthermore, the apparent 
conflict between the results of Bergman? and Ford® is 
resolved when differences in plasma glucose concentration 
are taken into account. 

Glucose turnover rates in the whole animal can be 
caleulated from the regression lines of Fig. 1 by assuming 
a difference in weight of 15 kg due to pregnancy and 
plasma glucose concentrations of 55 mg/100 ml. On this 
basis, a 55-kg non-pregnant sheep would produce and 
utilize only 53 per cent as much glucose as is produced and 
utilized by a 70 kg pregnant sheep, that is, only 3-7 g/h 
as compared with 7-1 g/h. If the glucose concentration 
falls to 45 mg/100 ml. during pregnancy, the percentage is 
still only 61 per cent of 3:7 g/h in non-pregnant sheep as 
compared with 6-1 g/h during pregnancy. If turnover 
rates are expressed solely in terms of metabolic size 
(kg 0°75), non-pregnant sheep still would have turnover 
rates only 62-72 per cent of that for pregnant sheep (62 per 
cent = 0:18/0-29; 72 per cent = 0-18/0-25; Fig. 1). This 
finding of increased glucose metabolism during pregnancy 
is consistent with the fact that the general metabclic 
rates and feed intake® also are higher in pregnant 
animals. 

It is concluded that the rate of endogenous glucose 
production and utilization is higher in pregnant sheep than 
in its non-pregnant counterpart. It is also concluded that 
the primary problem of hypoglycemic ketosis in sheep is 
an insufficient glucose production or gluconeogenesis for 
the requirements of pregnancy. Glucose utilization thus 
becomes reduced as the blood concentration falls, but an 
initial ‘defect’ or ‘impairment’ in utilization probably does 
not occur. 

E. N. BERGMAN * 

Rowett Research Institute, 

Bucksburn, Aberdeen. 
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Solubility of Sodium Urate in the Presence of 
Chondroitin-4-sulphate 


Rzorenr work has shown that the presence of dextran 
decreases the solubility of macromolecules, sich as pro- 
teins'. Since the relative decrease in solubility is a 
function of both protein size and polysaccharide concen- 
tration, the phenomenon can be interpreted as a steric ox- 
clusion of protein from a portion of the solvent within 
the domain of the polysaccharide chains. If this is the 
primary mechanism, then low-molecular-weight sub- 
stances should be similarly effected provided that the 
polysaccharide concentration is sufficiently high. 

It is well known that, in gout, crystals of sodium urate 
are deposited in connective tissues’, some of which, as, 
for example, cartilage*, have a very high polysaccharide 
content. For this reason, it was of special interest to use 
sodium urate and chondroitin-4-sulphate (CS) in an in- 
vestigation to Ascertain whether polysaccharides mater- 
ially influence the solubility of low-molecular-weight 
substances. 

The sodium salt of CS was isolated from bovine nasal 
cartilage according to the procedure developed by Scotts 
{nitrogen, 2-89 per cent; sulphur, 5°61 per cent; molecular 
weight, 1-5-2 x 104). Solutions of CS varying in con- 
centration from 6-3 to 18-8 g/100 ml. were prepared in a 
medium containing 0-1 M pH 7-6 sodium phosphate buffer 
and 25 per cent (v/v) saturated 5-7-dichloro-8-quinolinol, 
a bacteriostat and chelating agent. Aliquots of 4 ml. were 
added to test-tubes containing 15 mg uric acid. After 
having been shaken for 48 h at 37°C, the samples were 
centrifuged at the same temperature for 15 min at 
20,000 r.p.m. The supernatants were diluted with water, 
and the concentration of urate was estimated spectro- 
photometrically from the extinction at 290 my. using CS 
solutions of comparable concentrations as blanks. The 
relative solubility of urate in the presence of CS is shown 
in Fig. 1, where the solubility in the absence of CS has 
been taken as unity. As can be seen, the polysaccharide 
exerts a marked effect. 

In order to test the exclusion hypothesis, an equilibrium 
dialysis was performed using the technique described by 


Relative solubility and partition coefficient 
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Fig. 1. Relative solubility of sodium urate in the presence of chon- 

droitin-4-sulphate (@, each point represents six determinations) and 

the partition coefficient of urate between a_chondroitin-4-sulphato 
solution agi a buffer (x) 
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Ogston and Phelps’. CS and buffer solutions, identical 
with those used in the solubility investigations, were 
separated by membranes (dialysis tubing) impermeable 
to CS but permeable to sodium urate. Uric acid was added 
and allowed to equilibrate between the two solutions 
at 37° C. After equilibrium was attained the urate 
concentrations on both sides of the membrane were 
estimated by ultra-violet photometry and the CS concen- 
trations were evaluated from dry weight determinations. 
The partition coefficient of urate between CS and buffer 
solutions can be regarded as a measure of the relative 
volume available for urate in the CS solution. The close 
agreement between the relative solubility of sodium trate 
in CS solutions and the partition coefficients calculated 
from dialysis experiments is readily apparent in Fig. 1, 
where both sets of data are plotted. Calculation shows 
that the volume excluded to sodium urate by CS is 
approximately 7 ml./g CS at low polysaccharide con- 
centrations. 

The mechanism proposed from these ig vitro investiga- 
tions could well account for fhe decreased solubility of 
urates in the connective tissue in gout, but only if the 
urate is produced within or in the neighbourhood of the 
tissue. For if urates are introduced into connective tissue 
via a diffusion equilibrium between the blood stream and 
the tissue, then one should expect to find a lower con- 
centration of urate in connective tissue than in blood. 
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Acid Mucopolysaccharides of Human Aortic 
Adventitia 


THE presence of hyaluronic acid and chondroitin 
sulphates in the intima-media layers of human aortic 
tissue was first demonstrated in this department by 
chemical investigations conducted by Kirk eż al.1-*. These 
observations have been confirmed in subsequent investi- 
gations by Kaplan and Meyer‘ and by Buddecke’, and 
the isolation of heparitin sulphate from the human 
abdominal aorta has been reported by Linker et al.°. 
Investigations by Sundberg’ have revealed the presence 
of an appreciable number of mast cells in the adventitia 
of the human abdominal aorta; but no chemical assays 
of the mucopolysaccharides in the aortic adventitia have 
as yet been reported. 

This communication is a preliminary report of the 
determination of acid mucopolysaccharides in the adven- 
titia of the human thoracic aorta by the use of the 
quaternary ammonium ion fractionation of these com- 
pounds, Eight samples of human adventitial tissue, 
derived from one or from several individuals, were 
included in the investigation. 

The mucopolysaccharides were isolated from the tissue 
by the methods of Dyrbye and Kirk? and Schiller et al.°; 
the quantity of acid mucopolysaccharide material ex- 
tracted from single or pooled adventitial samples averaged 
1-6 milligrams per gram of wet tissue. The isolated 
mucopolysaccharides were afterwards precipitated as 
cetylpyridinium complexes and were fractionated by 
selective solubilities of sodium chloride by use of a 
modification of the method of Schiller et al.*; the sodium 
chloride concentrations were increased by steps in 0-2 M 
increments. This modification resulted in a mucopoly- 
saccharide recovery close to 96 per cent. For comparative 
purposes, 2 mucopolysaccharide samples obtained from 
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the intima-media layers of human aortas were included in 
the investigation. Experiments conducted on purified 
commercial mucopolysaccharide preparations in which 
step-wise extractions of the mucopolysaccharides were 
made at 0-2 M-0-4 M, 0-6 M-1-2 M and 1-4 M-21 M 
sodium chloride concentrations in 0-1 per cent cetyl- 
pyridinium chloride revealed a yield of, respectively, 
hyaluronic acid, chondroitin sulphates plus heparitin 
sulphate, and heparin. A clear-cut separation was found 
between the 0-2 M-0-4 M and 0-6 M-1-2 M fractions, but 
a slight overlapping of the 0-6 M-1-2 M and 1-4 M-2-1M 
fractions was observed when large quantities of muco- 
polysaccharides were used for fractionation. The 
fractionated mucopolysaccharides from the aortic tissue 
samples were analysed for their content of uronic acid?® 
and hexosamine. 

The results of the mucopolysaccharide assays expressed 
on the basis of the uronic acid content are shown in 
Table 1, which indicates that the greatest amount of 
the acid mucopolysaccharides is present in the 0-6 M- 
1:2 M fraction as chondrgitin sulphates plus heparitin 
sulphate; a lesser amount is present in the 0-2 M-0-4 M 
fraction as hyaluronic acid. Further identification of the 
amino-sugar in the 1-4 M-2-1 M sodium chloride fractions 
was conducted by paper chromatography*. After removing 
cetylpyridinium chloride by precipitation with KSCN™, 
the samples No. 5 and No. 8 were subjected to dialysis 
and afterwards concentrated by desiccation. Paper 
chromatography of acid hydrolysates of these preparations 
showed two spots which migrated like glucosamine and 
galactosamine. The presence of both glucosamine and 
galactosamine in the 1-4 M-2-1 M sodium chloride fractions 
suggest$ that mucopolysaccharides in addition to, or 
other than, heparin have been isolated. 
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Table 1. PERCENTAGES OF MUCOPOLYSACCHARIDES OBTAINED THROUGH 
FRACTIONATION WITH INCREASING CONCENTRATION OF SODIUM CHLORIDE IN 
0-1 PER CENT CETYLPYRIDOUUM CHLORIDE 


O2M- 06 M-12 M Total 
Aortic 0-4 M Chondroitin 1:4™M-21M amount of 
tissue No. Hyal- sulphates plus Unidentified mucopoly- 
sample uronic heparitin substances saccharides. 
acid sulphate analysed 
Adventitis, 1* 16:3 76-6 38 23-4 mg 
2" 25-9 68-1 4-2 13-6 
3* 16-4 66-3 9°6 9-5 
4° 27-4 61:3 6-6 8-0 
5t 851 57-4 , 28 127-0 
6t 401 45:5 6:8 72 
7t 354 52-6 45 6-1 
Intima and 8* 18-4 784 44 90-0 
media Q* 127 83-4 3-0 21-8 


( ai isolated by the procedure of Dyrbye and Kirk 
ref, 8). 
+ Mucopolysaccharides isolated by the procedure of Schiller et al. (ref. 9). 


The separation of heparitin sulphate and chondroitin 
sulphates was conducted on a mucopolysaccharide sample 
obtained from the human adventitia through ‘Dowex 
1-X2° column chromatography using the method of 
Schiller et al.°. Following step-wise elution with sodium 
chloride solutions of increasing molarity, substances 
regarded as heparitin sulphate and chondroitin sulphates 
were eluted at the 1-0 M-1-25 M and the 1-5 M concen- 
trations, respectively. The ratio of mucopolysaccharides 
in the 1-0 M-1-25 M fraction to that in the 1-5 M fraction 
was 1 : 3-2, calculated at the basis of hexosamine content. 
The fractionated mucopolysaccharides were afterwards 
subjected to paper chromatography! in which an acid 
hydrolysate of the substances in the 1-0 M-1-25 M fraction 
migrated mainly like glucosamine with traces like galactos- 
amine whereas that of the 1:5 M fraction migrated like 
galactosamine. 
` The results of the investigation recorded here would 
indicate that hyaluronic acid, chondroitin sulphates 
and heparitin sulphate are present as acid mucopoly- 
saccharides in human aortic adventitia as well as in the 
intima-media layers of human aortic tissue. 

We thank the Upjohn Co., Michigan, for the supply of 
samples of heparin and heparitin sulphate. This work was 
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Absence of Sterol Synthesis in some Arthropods 


ALL species of insects which have been critically investi- 
gated require a dietary sterol for optimum growth’. Clark 
and Bloch? concluded that the inability to synthesize 
sterols is probably a metabolic characteristic of the class 
Hexapoda. 

Little is known concerning possible sterol synthesis in 
other classes of the phylum Arthropoda. Zandce?, 
however, has shown that a crayfish Astacus astacus (L.) 
was unable to convert acetate labelled with carbon-14 
into either squalene or cholesterol. 

This communication contains the results of an investi- 
gation to determine whether representatives of three 
classes of arthropods were able to synthesize cholesterol 
from acetate by way of squalene. The animals oxamined 
were: Homarus vulgaris (Crustacea), Avicularia avicularia 
(Araneida) and Graphidostreptus tumuliporus (Diplopoda). 

One lobster, Homarus vulgaris (fresh weight 1,663 g), 
was injected four times at intervals of 24h. Each injection 
consisted of 100 pe. of 1-C-sodium acetate (specific 


_ activity: 10 ue./mg) in 1 ml. 


With the same acetate solution three spiders, Avicularia 
avicularia (total fresh weight 24 g), were injected once 
with about 1 uc./g animal. Also ten millepedes, Graphido- 
streptus twmuliporus (total fresh weight 102 g), were 
injected with about 1 uc./g animal. After a period of four 
days the lobster was killed and divided into three portions, 
namely, hepatopancreas, muscles and remaining parts. 
Each portion was saponified in 1-5 N potassium hydroxide 
in methanol. The spiders and millepedes were killed 24 h 
after injection and saponified in total in 1:5 N potassium 
hydroxide in methanol. The saponifications were carried 
out in a nitrogen atmosphere at 70° C for 5 h. 

The non-saponifiable lipids were extracted from the 
alkaline mixtures with petroleum ether. The extracts 
were pooled and dried over anhydrous sodium sulphate. 
The saponification mixtures were acidified with concen- 
trated hydrochloric acid and the fatty acids were extracted 
with petroleum ether. These petroleum ether fractions 
were treated with activated charcoal and dricd over 
sodium sulphate. 

The non-saponifiable fractions were chromatographed 
on alumina (Merck) in order to isolate squalenc in 
cholesterol’. The columns were successively eluated with 
petroleum ether (b.p. 60°-70° C), benzene and ethor. The 
chromatographic separations were identified by thin-layer 
chromatography’. 

From the petroleum ether eluates, squalene was isolated 
as the hexabydrochloride®. Digitonin precipitable com- 
pounds were found in the other eluates. After treatment 
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Table 1. RaDIOgcTIVITY IN COUNTS PER MIN OF THE FRACTIONS ISOLATED AFTER INJECTION OF 1-“C-ACETATE 











Non-saponifiable fraction e 


Homarus (hepatopancreas) | Homarus (muscles) | Homarus (remaining parts) 
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Avicularia Graphidostreptus 

89-1 + 1-0f 853 +10 1,7121 + 41 
06 + 05 09 +06 O2 + 05 
0-3* + 04 0O-4* + 05 09* + 06 
O1 + 05 —02 +05 1:0 + 06 
8-5* + 0-6 10,9750 + 20:0 

1705 +13 910 + 1-0 1,2921 + 3-6 








Sterol digitonide 05 + 0-8 03 + O56 

Squalene hexahydrochloride 

Cholesterol O1 + 04 O-1* + 05 

Wax-like substances 

Fatty acids 13-2 + 06 29-4 + 05 
t S.E. 


gih pyridine? the liberated cholésterol was recrystal- 
ized twice from methanol and the melting-point was 
determined. From tħe various fractions and isolated 
compounds barium carbonate samples were obtained by 
combustion and the activity measured with a Geiger- 
Müller tube under the conditions of infinite thickness. 

In some cases there was not enough material for burning, 
sọ that the radioactivity was counted on infinite thin- 
layer samples ;ecorrections were made when necessary. 

The results are shown in Table 1. The present experi- 
ments show that the investigated representatives of the 
Arthropoda do not incorporate “C-acetate into cholesterol 
or into its precursor squalene. These animals, however, 
utilize acetate for the synthesis of fatty acids and some 
non-saponifiable lipids such as wax-like substances. 

In Graphidostreptus tumuliporus and less distinctly in 
Avicularia avicularia, wax-like compounds and squalene 
were eluated from the alumina together with petroleum 
ether. The wax-like compounds are probably hydro- 
carbons, for they could be precipitated from an ether 
solution if an excess of methanol was added. Squalene 
did not precipitate. 

From these results it may be provisionally concluded 
that all the groups of Arthropoda seem to have a dietary 
requirement for cholesterol (or other sterols). ` 

This work was supported by a grant of the Netherlands 
Organization for Pure Research (Z.W.O.). 

I thank Prof. H. J. Vonk for his advice. 

D. I. ZANDEE 
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University of Utrecht, 
Holland. 
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inhibition of Lipase Activity of Lung and 
Adipose Tissue by Phenothiazine Derivatives 


AN increase in lipolysing activity of the blood has been 
recorded in some patients after injury of adipose tissue! ?. 
This increase is found to begin about three days after 
wounding. In the course of an investigation of the source 
of this lipase, we examined lung as well as adipose tissue, 
since lung is involved not only in the early complications of 
‘fat embolism’, but also in ‘systemie fat embolism’, the 
signs of which appear after three days. 

For many years it has been known that both lung and 
adipose tissue show appreciable lipase activity. A detailed 
examination of lipase activity of lung was made by 
Sieber? as early as 1908. The lipolytic activity of adipose 
tissue has recently been shown to be under hormonal 
influence, as indicated by a number of investigations, 
starting with the demonstration that lipolysis is stimulated 
by catecholamines‘-’. For the effects of other hormones 
and the presence of hormone-insensitive lipase activity in 
adipose tissue we refer to a recent- review article by 
Jeanrenaud®. Since patients with severe traumatic 
injuries can be expected to have increased levels of 


* Direct count without combustion. 


catecholamines, we used in our comparative investigations 
the lungs and epidydimal fat pads of 3-months-old Wistar 
rats, pre-treated by intraperitoneal injeétion of 50 ug 
norepinephrine 3 min before killing the animals. About 
10 per cent (w/v) homogenates of lung and adipose tissue 
were prepared by homogenizing the material for 30 sec in 
0-15 M potassium chloride with a ‘Silverson’ (London) 
mixer-emulsifier. Protein was determined by the biuret 
method. The lung homogenates used generally had a 
protein content of about 8 mg/ml. and the adipose tissue 
homogenates about 1 mg/ml Both homogenates dis- 
played esterase activity as judged by the liberation of acid 
on incubation at a pH of about 8 at room temperature. 
The amount of 0-01 M potassium hydroxide that had to be 
added to keep the pH constant was found to be highest at 
pH 8 in the presence of calcium ions. Therefore, the 
hydrolysis of endogenous substrates of lung and adipose 
tissue was followed at pH 8:0 at 30°, using an automatic 
titrator (‘Titrigraph’, Radiometer; Cdpenhagen, Den- 
mark). The rate of addition of 0:01 M potassium hydrox- 
ide, which was necessary to keep the pH constant when 
1 ml. lung or adipose tissue homogenate was incubated with 
50 umoles calcium chloride and 175 umoles of potassium 
chloride in a final volume of 1-5-2-0 ml., was recorded. 

It can be seen from Table 1 that lung and adipose tissue 
produce acid on incubation at pH 8, presumably by hydro- 
lysis of endogenous fat. The liberation of acid by these 
tissues can be stimulated by the addition of tributyrin or 
monoesters of long-chain fatty acids and glycerol. In a 
number of experiments the addition of triolein, however, 
did not result in stimulation of acid production by lung 
and adipose tissue homogenates. This could mean that the 
chemical composition or the physical state of the added 
lipid was unsuitable as a substrate for the enzymes, or 
that the hydrolase in lung and adipose tissue was saturated 
with endogenous substrate. An attempt was made to 
stimulate the lipolytic activity of rat-lung homogenates 
by the addition of human plasma (heparinized with a 
small amount of heparin sulphate). As can be seen from 
exp. 1 of Table 1, this attempt was unsuccessful, regard- 
less of whether plasma was obtained from a normal 
control or from a person with an increased amount of 
neutral fat in the blood (as caused by a high-fat diet). 
Plasma from a group of psychiatric patients with an 
increased neutral fat content in the blood was also used. 
Patient I, for example, had the following fasting blood 
values: total cholesterol 388 mg per cent, phospholipids 
393 mg per cent and neutral fat 1,030 mg per cent. 
Unexpectedly, plasma from these patients clearly inhibited 
the hydrolysis of endogenous substrates of rat-lung and 
adipose tissue. Since patients I, II and III had all 
received ‘Perazine’ [10-[y-(N-methyl piperazino)-propyl]- 
phenothiazine] in daily doses of 300-600 mg for several 
weeks, we tested the effect of this drug on the hydrolytic 
activity of rat-lung and adipose tissue directly. It can 
be seen from Table 1 that the drug does indeed inhibit 
the hydrolytic activity of lung and adipose tissue with 
endogenous substrate. 

The ‘Perazine’-sengitive reaction is a lipolytic one, 
since the drug not only depressed acid production, but 
also glycerol production from endogenous substrate 
(Table 2). Moreover, it is noteworthy that, on stopping 
the patient’s therapy, a spontaneous fall in neutral fat of 
the blood occurs after several days even though the diet 
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ESTERASE ACTIVITY OF LUNG AND ADIPOSE TISSUE HOMOGENATES 
o 


F RATS 
myumoles KOH added 
per min per ml. 


Table 1. 


Additions (except for those 


Exp. Tissue described in the text) homogenate to 
keep pH at 8-0 
1 Lung goue 64 
0-2 ml. plasma of control person 60 
0-2 ml, plasma of a person re- 
ceiving high-fat diet 60 
0-2 ml. plasma of patient I (re- 
ceiving ‘Perazine’) 13 
0-2 ml. plasma of patient II (re- 
ge ‘Perazine’) 30 
0-2 ml. plasma of patient III 
(receiving ‘Perazine’) 23 
600 xg ‘Perazine’ 10 
. Epiðydimal None 27 
at pad 0-2 ml. plasma patient I 6 
500 ug *Perazine’ 0 
2 Lung None 54 
500 pg “Perazine’ 2 
500 ug ‘Chlorpromazine’ 19 
600 wg ‘Chlorpromazine’ + 7 
minoles glycerol monostearate 52 
7 pmoles glycerol monostearate 108 
7 moles glycerol monostearate 
+ 500 ug ‘Perazine’ 60 
33 umoles tributyrin 1,041 
.33_umoles trjbutyrin + 500 ug 
‘Perazine’ 1,027 
Epidydimal 33 moles tributyrin 352 
fat pad 33 umoles tributyrin + 500 ug 
“Perazine’ 320 
Table 2. PRODUCTION OF GLYCEROL IN HOMOGENATES OF LUNG AND 


ADIPOSE TISSUE OF THE RAT AND IN PLASMA OF A PATIENT SHOWING 
SIGNS OF ‘SYSTEMIC FAT EMBOLISM’ 


mymoles 
" slycerol* 
Exp. Tissue + Incubation conditions ‘ormed in 
1 h at 30° 
1 Lung 2-1 ml. homogenate in 0-15 M KC}, con- 
“taining 10-6 mg protein, 55 zmoles CaCl, 
27 ywmoles tris(hydroxymethyl amino- 
méthane): HC] buffer pH 7-9; final pH 
. 7-9. Reaction time, 60 min 120 
As above, plus 500 wg ‘Perazine’ 44 
Epidydimal As above (except for the amount of protein 
fat pad which was now 3-3 mg); no ‘Perazine’ 138 
As above, plus 500 wg ‘Perazine’ 52 
2 Poat-trau- 0-9 mi. plasma, 45 p»moles.CaCls, 102 
matic blood smoles KCl, 30 wmoles tris-HCl buffer 
plasma pH 8-0, 5 pmoles triolein in a final 
volume of 1-9 ml., pH 8:0 40 


As above, plus 750 ug ‘Perazine’ 10 


* Corrected for the amount present in a ‘zero time control’. 
Glycerol was determined enzymatically, as described by Garland and 
Randle (ref. 9). 


is not altered. The lipolytic activity of lung and adipose 
tissue is not only inhibited by ‘Perazine’, but also by other 
phenothiazine derivatives, such as ‘chlorperazine’ (not 
shown) and ‘chlorpromazine’ (Table 1). 

The phenothiazine-sensitive hydrolase is distinct from 
tributyrinase and monoglyceridase, since these enzymes 
appear not to be inhibited by the drugs (as is shown in 
Table 1). Other experiments showed that pancreatic 
lipase, acting on triolein as a substrate, is not inhibited by 
‘Perazine’. It may, therefore, be concluded that at least 
some phenothiazine derivatives act as specific inhibitors 
of an intracellular lipase, occurring in rat-lung and 
adipose tissue. One experiment demonstrated the 
occurrence of the phenothiazine-sensitive lipase in human 
Jung (not shown), whereas in another experiment (Table 2) 
it was found that the plasma of a patient, showing signs of 
post-traumatic ‘systemic fat embolism’, contained ‘Peraz- 
ine’-sensitive lipase activity. It may be concluded that a 
phenothiazine-sensitive lipase also occurs in human 
beings. 

Whether the phenothiazine-sensitive lipase is also the 
one that can be stimulated by catecholamines or is a 
different enzyme such as lipoprotein lipase (compare ref. 
8) has not yet been investigated. The phenothiazine- 
sensitive enzyme has a pH optimum near 8, whereas the 
hormone-sensitive lipase has a pH optimum between 6 
and 7 (ref. 10). Furthermore, the hyperlipemia caused 
by the drugs is more easily explained by inhibition of 
lipoprotein lipase than by inhibition of the other enzyme. 
These facts are suggestive for inhibition of a lipase different 
from the hormone-sensitive one. 

The inhibition of lipase activity by phenothiazine 
derivatives may be responsible for the frequently observed 
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gain of weight in man receiving these drugs. Moreover. 
it has been reported by Waitzkin and MacMahon" that 
chlorpromazine not only causes gain of weight in pationts 
but also causes a reversible fatty ‘degeneration or infiltra- 
tion of thé liver. 

We thank Dr. J. P. de Smet and the other members of 
the medical staff of the St. Willibrordus Ntichting and 
Dr. G. L. van der Zwaag (St. Elisabeths Gasthus, 
Haarlem), who kindly permitted study of the patients. 
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University of Amsterdam. 
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University of Amsterdam. t 


» 

* Present address: Jonar Daniel Meijerplein, 3, Amsterdam-(. 
1 Adler, F., Lai, S. P., and Peltier, L. F., Surgical Forum, 10, 304 (1959: 
2 Peltier, L. F., Adler, F., and Lai, S. P., Amer. J. Surgery, 99, 821 (1960). 
? Sieber, N., Z. Physiol. Chemie, 55, 177 (1908). 
‘Gordon, jun., R. S., and Cherkes, A., J. Clin. Invest., 
* Dole, V. P., J. Clin, Invest., 35, 150 (1956). 
* White, J. E., and Engel, F. L., Proc. Soc. Exp. Biol. N.Y.. 99, 375 (1953), 
? Leboeuf, B., Flinn, R. B., and Cahill, jun., G. F., Proe. Soc. Exp. Bivl. 

Y., 102, 527 (1959). 

2 Jeanrenaud, B., Metabolism, 10, 535 (1961). 
? Garland, P. B., and Randle, P. J., Nature, 198, 987 (1962). 
10 Robinson, D. S., J. Lipid Res., 1, 332 (1960). 
11 Waitzkin, L., and MacMahon, H. E., Ann, Int. Med.. 56, 220 (1962). 


35, 206 (1956). 


Effect of Oxalate on the Activity of Lactate 
Dehydrogenase Isoenzymes 


ELEOTROPHORETICALLY separated lactate dehydro- 
genase isoenzymes differ from each other in several 
respects, including immunochemical specificity’. sub- 
strate affinities?‘ ability to utilize coenzyme analogues’, 
sensitivity to inhibitors®’, thermal stability® and substrate 
specificity®. Among the inhibitors which have been 
reported to exert different effects on the anodie and 
cathodic isoenzymes are sulphite, which preferentially 
inhibits the former®, and urea, which at certain concen- 
trations inhibits the latter without much affecting the 
activity of the former!®t, 

Oxalate, which competitively inhibits the enzymic 
oxidation of lactate, interferes non-compctitively with the 
reduction of pyruvate!#. With the keto-acid as substrate 
it strongly inhibits the lactate dehydrogenase of human 
heart muscle extracts containing the anodic isoenzymes. 
LD, and LD, while having little effect on the activity of 
human liver and skeletal muscle extracts, which are rich 
in the cathodic isoenzymes, LD, and LD, (refs. 7 and 13). 

e have now extended these investigations to electro- 
phoretically separated isoenzyme fractions from various 
human tissues. 

The five LD isoenzymes were separated by starch block 
electrophoresis in barbitone buffer (I 0-1; pH. 8-6) and 
were eluted from l-cem strips as described by Plummer 
et al.44, Dehydrogenase activities were determined spectro- 
photometrically in 0-067 M Sorensen phosphate buffer at 
pH T4, using NADH, (0:35 umole) and final concentra- 
tions of 0-7 mM pyruvate and 3-3 mM 2-oxobutyrate® in 
a total volume of 3 ml. Al extinction measurements were 
made at 340 my in a Unicam SP500 spectrophotometcr 
at 25° + 0-5° and activities were expressed as ymoles of 
NADH, oxidized/min. During inhibition studies potas- 
sium oxalate was incorporated into the reaction mixture 
to give a final concentration of 0-02 mM, and the degree 
of inhibition was recorded as a percentage of the reaction 
rate in the absence of oxalate. 

The results are summarized in Table 1, which shows that. 
for each isoenzyme, the degree of inhibition is similar for 
both substrates and appears to be independent of the 
tissue of origin of the isoenzyme. Greatest inhibition 
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occurs with LD,, while the effect was least in the case of 
LD,. There was a gradual decrease in the effect of oxalate 
through LD, LD, and LD,. 

The finding that oxalate inhibits the reduction of 
pyruvate and 2-oxobutyrate equally is consistent with the 
conclusion deriyed from earlier work!*4 that both 
substrates form similar complexes with the enzyme. 

The gradation of the effects of oxalate on lactate 
dehydrogenase isoenzymes supports the results of recent 
work on their compositions According to Appella and 
Markert'* and Cahn et al.1?, LD, is a tetramer comprising 
four identical B monomers, while LD, is also a tetramer 
derived from four identical A monomers, and the three 
intermediate isoonzymes are hybrid tetramers containing 
both A and B sub-units. It would appear from the 
present work that the effect of oxalate is greater on the B 
than on the A components, and in this connexion it is 
interesting to note that the observed inhibitions for DD,, 
LD, and LD, closely approximate to those calculated on 
the assumption that oxalate acts independently on the 
A and B sub-units (Table 2). 


e Table 2. OBSERVED AND CALOULATED DEGREES OF INHIBITION WITH 
0-02 MM OXALATE OF LACTATE DEHYDROGENASE ISOENZYMES 
Mean percentage inhibition 
D, LD, LD, LD, LD, 
Calculated — 42 51 61 
Observed 32 46 56 64 


70 
Oxalate inhibition may be used as a diagnostic test to 
determine the approximate isoenzyme composition of a 
raised serum lactate dehydrogenase and hence to relate it 
to its tissue of origin. Some preliminary studies of its 
value in the diagnosis of myocardial infarction and in liver 
disease have been carried out in this laboratory and will 
be described elsewhere. 
Pavutine M. EMERSON 
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PHYSIOLOGY 


A Theory of Passive Ion Flux through Axon 
Membranes 


WE propose a model to explain the passive flux of ions 
through the membranes of unmyelinated axons. 

We shall assume that: (1) The living axon membrane 
consists of a bimolecular leaflet “of phospholipids which is 
coated with non-lipid material’ and thus possesses a 
highly organized ultrastructure. (2) Mass transport 
across the membrane takes place by way of the small pores 
or channels (the existence of which is suggested by 
assumption (1)); furthermore, anions and cations pass 
through different channels. The cation channels are of 
two types, a potassium channel. which is large enough to 
pass hydrated K+ but not hydrated Ca**, and a sodium- 
calcium channel, which is large enough to pass hydrated 
Catt with difficulty and hydrated K+ and Nat with ease. 
(3) A hydrated ion consists of a core particle the radius of 
which is roughly the same as the ion’s radius in crystalline 
compounds, end a cluster of dielectrophoretically bound 
water molecules, which exchange rapidly’. The effective 
hydrated ionic radius during interaction can be roughly 
‘estimated from the distance of closest anion—cation ap- 
proach in free solution? and the supposition that anions are 
effectively unhydrated ; for example, a few such radii (in A) 
are: Lit, 2-8; Nat, 2-4; Kt, 1-7; Rbt, 1-7; Mgtt, 3-2; Cat+, 
2-8; and Lat++, 3-1. (4) The different cations can be told 
apart purely on- the basis of their electric fields a short 
distance away (the near zone electric field) because (i) 
multivalent ions will have stronger ones, (ii) the most 
probable spatial configuration of field near a poorly 
hydrated ion will possess greater asymmetries than that 
near a more highly hydrated ion, and (iii) the temporal 
variation of the field near a poorly hydrated ion will 
differ markedly from that near a well-hydrated ion. (5) 
Also, the different hydrated cations can be told apart 
purely on the basis of their steric properties because (i) 
their effective interaction radii will differ, (ii) the most 
probable number of bound water molecules, and hence the 
manner in which the hydrated ion can be deformed, will 
vary, (iii) the allowed packings of bound water molecules 
will vary, and (iv) so will the probability of finding instan- 
taneously a given allowed packing. (6) A hydrated ion is 
able to ‘lock’ a channel by (i) covering one end and 
electrostatically binding there or (ii) entering a channel 
and binding electrostatically to its walls. Similarly, an ion 
is able to function as a ‘key’ for a locked channel by 
‘tumbling’ the locking ion out of the channel and replacing 
it as channel lock. The concept of tumbling is reminiscent 
of the replacement of electrons in a crystal lattice during 
conduction, except that here the charged particles preserve 
their identity. (T) As a result of its unique electrical and 
steric properties, each variety of hydrated ion will be 
unique in its ability to lock a given channel and to func- 
tion as a key for a given combination of locking ion and 
channel. (Tho concept of channel locks and keys can 
obviously be extended to particles exhibiting no net 
charge.) (8) The electric field within the membrane will 
profoundly influence the membrane’s local structure and 
the passage of ions through the membrane. We note in 


June 27, 1964 


passing that external calcium (or calcium-like) ions are 
needed. to preserve the membrane-clectrically. 

For a sodium-—calcium channel, we assume that K+ will 
never function adequately as a lock or key, that Cat+ will 
normally be a very good lock and key against alkali ions 
and that Nat will normally lock only moderately against 
itself. The normal resting state of such a channel will be 
 calcium-locked one, and we assume that the Catt ion 
will have been moved by the membrane’s electric field to 
a most probable position toward the inside edge of the 
membrane. Entering Nat, though seldom able to tumble 
the Cat*, wilk have a finite dwelling time in the channel 
whith will depend on the calcium position; a step 
depolarization will effect a relaxation (direct and indirect) 
in the interaction of Nat and Cat+ with each other and 
their environs, and this will increase the mutual tumbling 
power of the two ions until such time as equilibrium is re- 
established. In other words, a step depolarization causes 
a temporary disordering of the ultrastructure and makes 
Nat a more powerful key., The tumbling of a Ca*+ lock by 
Na+ will result in a Na+ channel lock which will then be 
tumbled by another Nat with moderate ease, and the 
result will be a stepwise increase of sodium flux which will 
last until it is suddenly turned off by a Ca*+ entering from 
the external medium, binding to the walls, and starting 
to move inward to an equilibrium position. The com- 
monly observed time-course of the sodium conductance 
under a voltage clamp‘ is easily explained by noting that 
the sodium channels constitute a large population, all of 
which will lose their locking calcium ions nearly syn- 
chronously at the time of depolarization but which will 
relocls strongly in a more random fashion as the relatively 
scarce Ca++ diffuses into them from the external medium. 

We assume that Nat will not function adequately as a 
lock or key for a potassium channel, that K+ will lock 
moderately at the external end of a channel, and perhaps 
at some point in its interior, and that it will unlock itself 
easily and Catt with difficulty. Catt is known® to be 
bound in the axoplasm and is, by assumption, too large 
to enter a potassium channel; we assume that it will lock 
by binding at the outer end of the channel with a strength 
related to the local electric field across the membrane and 
the local membrane structure. Thus, the ease of tumbling 
a Ca++ with a K+ key can be increased by a decrease in the 
membrane’s polarization. The net result of a step depolar- 
ization will, therefore, be an increase in the probability of 
a given channel’s being potassium-locked and hence 
capable of passing a high potassium current. The effect of 
such a depolarization on a large population of potassium 
channels will be the observed‘ gradual increase of the 
potassium conductance to a new equilibrium level as the 
percentage of potassium-locked channels increases to its 
new equilibrium level. 

We now wish to make a few predictions on the basis of 
this model. (1) Calcium-like ions (for example, Mg++) 
will act somewhat as Ca++; sodium-like ions (for example, 
Lit) will act somewhat as Nat; and potassium-like ions 
(for example, Rbt) will act somewhat as K+. These 
predictions follow from the ions’ similarities in crystal 
radii and interaction radii and are borne out by classical 
experiments. (2) On the basis that Cat+ cannot pass a 
potassium channel, a calcium influx will always be asso- 
ciated with a sodium influx. This is supported by the 
results of Hodgkin and Keynes®. (3) As the external 
calcium concentration is raised, the rate at which calcium 
can diffuse into sodium-locked channels and strongly 
relock them will be increased; consequently, there will be 
an increase in the rate at which the sodium inactivation 
recovers following a short pulse depolarization. The 
results of Frankenhaeuser and Hodgkin! confirm this. 

Finally, we would like to make an as yet untested pre- 
diction. Electrochemical and crystallographic data’ 
suggest that Cat+ and Lat++ have roughly similar radii. 
We hypothesize that Lat++ will lock somewhat as Catt 
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but that its higher valence will result in much stronger 
binding with the result that it will be tumble-resistant. It 
should function as a nerve-blocking agent. We further 
hypothesize that the efficacy of many focal pain killers 
(for example, cocaine and xylocaine) may be due to a 
superficially similar blocking action on ion fluxes. 

We thank Dr. John W. Moore, of Duke University, for 
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«An Anomalous Form of Rectification in a 
Molluscan Central Neurone 


Tue change in permeability produced at oxertatory 
synapses by chemical transmitters tends to drive the 
membrane toward an equilibrium potential which :s 
closer to zero potential than is the resting lovel. In the 
central neurones which have so far been examined! the 
passive electrical properties of the extrasynaptic membrane 
have been shown to be relatively constant for small sub- 
threshold depolarizations and for a wide range of hyper- 
polarizations. Consequently, hyperpolarizing currents. 
which move the membrane potential away from the 
equilibrium level, increase the amplitude of the excitatory 
post-synaptic potential (EPSP) (but see ref. 2), while 
depolarizing currents, which bring the membrane potential 
toward the equilibrium-level, decrease the amplitude ofthe 
EPSP. 

While examining the synaptic organization of the two 
ventral symmetrical giant cells of the snail's metacore- 
brum, a paradoxical response of the EPSP to changes in 
membrane potential was encountered. Ifyperpolariza- 
tion of the membrane failed to increase the EPSP; on the 
contrary, a decrease in the EPSP was observed. 

The experiments were conducted on the isolated cerebral 
ganglia of the snail Helis aspersa bathed in snail physin- 
logical saline. Two independent potassium chloride or 
potassium sulphate micropipettes, one for stimulating and 
the other for recording, were inserted under direct vision 
into the soma of either the left or the right metacerebral 
giant cell. EPSPs were produced by stimulating one of 
several available afferent nerves. Since in these cells, as 
in some other mollusean neurones, ACh simulates the 
action of the excitatory transmitter substance, some 
experiments were performed in which an extracellular 
microelectrode was used for the ionophoretic injection of 


U ACh 





Fig. 1. Schematic diagram in the upper left roters to part A; that 


in the upper right to parts B and 


A, Effects of increasing the level of the membrane potential on an 
amplitude and configuration of an EPSP and on electrotonic potential 
produced by a square, constant current pulse (left giant cell) 


B, Effects of increasing the level of the membrane potential on an elec- 

trotonic potential and on a depolarizing potential caused by a brief iono- 

phoretic injection of ACh. Arrow indicates artefacts caused by ACh 

injection (right giant cell). Note that the EPSP (part A) is generated 

in the axon, while the ACh potential (part B) is produced by a local 
injection on to the synapse-free cell body 


C, Conductance changes during ACh injection as measured by altera- 
tions in hyperpolarizing clectrotonic potentials produced by square con- 
stant current pulses. When the membrane is permitted to undergo 
its normal depolarizing response to ACh, no change in conductance is 
noted (I). However, if the membrane potential is held at the resting- 
level by feeding back an appropriate amount of current (II) a clear 
increase in conductance is noted. Arrows indicate duration of ACh 
injection (right giant cell) 


ACh into the body of the cell. Identical properties were 
observed in both the right and the left giant cells. 

Fig. 14 illustrates the effect of increasing levels of 
membrane potential on the amplitude and time-course of 
an EPSP and on a depolarizing electrotonic potential of 
comparable amplitude. At progressively increasing levels 
of polarization, over a range of 40 mV, the EPSP decreased 
by about 20 per cent in amplitude. A similar, but more 
marked, change occurred in the electrotonic potential. 
Experiments with local ionophoretie injection of ACh to 
the cell body (Fig. 1B) showed that with increasing mem- 
brane polarization the ACh potential was also decreased by 
about 20 per cent in amplitude. The rate of decay of the 
EPSP was also increased by these potential changes but 
again not as markedly as that of the electrotonic potential; 
the decay of the ACh potential was not significantly 
affected. This presumably reflects the fact that the decay 
of the EPSP, although longer than the time constant of the 
passive membrane (uppermost trace in Fig. 14), is partly 
dependent on it, while the decay of the ACh potential, 
which is very much longer, is essentially independent of 
the time constant. 

The changes in the electrotonic potential and in the 
rate of rise and decay of the EPSP suggested that the 
paradoxical alterations in EPSP and ACh potential 
amplitudes were the result of voltage-dependent changes 
in the passive electrical properties of the extrasynaptic 
membrane. The current-voltage relationship is illus- 
trated in Figs. 2A and 2B. Fig. 2A illustrates the changes 
in amplitude of the electrotonic potential with constant 
increments of polarizing current. Fig. 2B shows the con- 
tinuous current-voltage curve obtained directly on the 
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oscilloscope (see Fig. 2 legend and ref. 4). This curve 
demonstrates that depolarization of the membrane beyond 
threshold voltage (roughly + 10 to + 15 mV) produced 
a marked increase in membrane conductance. This is the 
‘delayed’ rectification which is known to occur in most 
electrically excitable membranes*. Below threshold, in a 
range of membrane potentials extending from + 10 to 
— 20mV, a second and comparable rectification is evident. 
The non-linearity in this part of the current-voltage curve 
is unusual for a central neurone and is manifest at the 
resting level by a decrease of conductance to dopolarizing 
currents and an increase of conductance to hyperpolarizing 
currents. It is presumably this anomalous aspect of the 
current-voltage curve of the extrasynaptic membrane 
which is responsible for the paradoxical effects of changes 
on membrane voltage on the EPSP and ACh potential. 
The finding that the EPSP (and ACh potential) were much 
less decreased by hyperpolarization than was the electro- 
tonic potential suggests that in these cells, as in other 
neurones, the synaptic current increases as the membrane 
potential is moved farther away from the equilibrium 
level*-s, 

Rectification differing from ‘delayed’ rectification occurs 
in frog and crayfish skeletal muscles fibres*-"*, but either 
fails to alter the linear dependence of the end-plate 
potential on membrane voltage® or does so in a manner 
different from that described here. However, rectification 
similar to that reported here has now been observed, on a 
few occasions, in Aplysia ganglion cells'4. 

The change in membrane conductance in the meta- 
cerebral giant cells is roughly 10-fold from + 10 to — 20 
mV. Given an average diameter of 140u and a resting 
potential of 50 mV the specific slope resistance of the giant 
cell can be estimated to be approximately 14,000 Q em? at 
+ 10 mV and 1,400 Q cm? at — 20 mV. Since these 
cells show EPSPs as well as a very long additive hyper- 
polarizing afterpotential of about 5 mV, a significant 
portion of the anomalous current-voltage curve falls 
within the physiological range. 

The experiment of Fig. 10 illustrates a possible func- 
tional consequence of the anomalous membrane current— 
voltage relationship. When ACh was injected on the soma, 
the depolarization produced by it shifted the operating 
point of the current—voltage curve to a region of lower 
conductance and thereby concealed the conductance 
increase which is normally present in cholinoceptive 
molluscan neurones??, Stated another way, the ACh 
induced depolarization of the surrounding ‘extrasynaptic 





- Fig. 2. Current—voltage characteristics 


A, Modifications in amplitude and time course of the olectrotonic 
potentials with constant changes in polarizing current. Hach current 
step is 33 x 10° amp. Note that immediately after strong hyper- 


polarizing currents, the membrane potential returns to more hyper- 
polarized levels than the resting level (right giant cell) 


B, Dynamic current-voltage curve obtained directly on the oscilloscope 

the plates of which were connected so that the applied current was 

recorded as a vertical deflexion while the correspon transmembrane 

voltage changes were recorded as a horizontal deflexion (for method, 

see refs. 10 and 16). The transients on the positive voltage axis are the 

lower parts of the action potentials. Zero Fopresontg the resting level, 
which in this cell was 49 mV (left giant cell) 
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membrane’ and produced a conductance decrease which 
has compensated for the short-circuiting effects of the 
conductance change produced by ACh. 

Since the passive properties of the somatic membrane 
have significant effects on the trigger zone and on the 
synaptic region in the axon (Fig. 14 and ref. 15), it would 
appear that, in contrast to other neurones, small increases 
in background synaptic excitatory bombardment of the 
metacerebral giant cell will produce a disproportionate 
inerease in the effectiveness of a previously sub-threshold 
EPSP. Conversely, small decrements in background 
synaptic excitatory drive or small increments in membrane 
polarization due to the afterpotential will produce a 
significant decrease in the efficacy of a previously threshold 
EPSP. 

Since these cells have no inhibitory input (unpublished 
observations), it is tempting to suggest, in a frankly 
speculative manner, that in the metacerebral cells 
anomalous rectification provides a cellular mechanism 
which is capable of compensating for an absence of 
synaptic inhibition by an unusual sensitivity to small 
decrements in tonic excitatory drive. 

This work was supported in part by a grant from the 
Office of Scientific Research of the Air Research and 
Development Command, U.S. Air Force, through its 
European Office, under contract No. AF 61 (052) 103. 
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Changes of Blood Volume and Osmotic 
Pressure in the Production of Thirst 


WHEN animals are deprived of water a progressive 
dehydration takes place due to water losses via the 
kidneys and other emunctories. Two basic types of 
change occur during this dehydration. One is due to the 
fact that water is lost faster than electrolytes. This 
causes an increase in the osmotic pressure of the body 
fluids. Secondly, due to the loss of water, a reduction in 
the total volume of the body fluid ensues. 

There has for some time been evidence that increases in 
effective osmotic pressure are adequate to produce thirst. 
It has also been shown that injected sodium chloride and 
other osmotically active substances produce drinking in 
direct proportion to the quantity administered!)*. Experi- 
ments by Andersson and McCann} indicate that the site 
of this osmotic action is in the hypothalamus. Micro- 
injections of 3 per cent sodium chloride into the middle 
hypothalamus of goats caused drinking. 

Although identification of the site of action of volu- 
metric changes on thirst has not yet been made, there is 
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definite evidence that volume deficits also produce 
drinking. Hemorrhage and peritoneal dialysis with 
hyperoncotic colloid are able to cause depletions in extra- 
cellular fluid volume without osmotic change. Fitzsimons‘ 
has shown ¢hat either of these manipulations do inercuse 
water intake in rats. Experiments by Holmes and 
Montgomery® on six dogs did not provide evidence that 
volume depletion by hemorrhage was sufficient to induce 
drinking. This may be a species difference, although 
Schnieden’ failed to find a significant increase in drinking 
by rats after removdl of up to 45 per cent of their blood 
volume. ha 

The following experiment was undertaken to provide 
additional evidence on this point and to determine whether 
an increase in osmotic pressure together with a reduction 
in fluid volume would produce more drinking than either 
of them acting separately. 

Thirty-two hooded rats, 8 female and the rest male, were 
used in the experiment (of these one died and one did not 
successfully have blood withdrawn, leaving 30). Thov 
weighed 165-422 g, and were 4-12 months old. They had 
been maintained on food and water ad lib. for at least 14 
days before the experiment began. 

Rats were taken, 8 at a time, weighed and assigned 
randomly to groups (a) or (b) containing 4 rats each. AU 
rats were lightly anesthetized with ethor. One h later 
they were given an intraperitoneal injection of 1 ml. of 
sodium chloride solution. Group (a) were given 0-9 per 
cent and group (b) 10 per cent NaCl (w/v). Thirty min 
after the injection the rats were allowed to drink cold tap 
water from graduated tubes. Readings of the amount of 
water consumed were taken after 8, 30 and 60 min froin 
the time of water becoming available. 

Three days after this, the same procedure was repeated 
except that, at the time of the ether anesthetic, a quantity 
of blood was withdrawn from each rat by cardiac puncture. 
The quantity of fluid withdrawn was for the first 8 rats 
3-5 ml.; for the second 8 (the female rats) 3 ml. and for the 
last 16, 4 ml. each. 

The resultant volume deficit, being the volume of the 
blood withdrawn. less the volume (1 ml.) of the sodium 
chloride solution injected, was between 0-71 and 1:36 per 
cent of body-weight. 

The results, if considered in terms of mean quantity of 
water consumed in 1 h, indicate that group (a) rats, which 
received a control injection of 0-9 per cent sodium chloride 
solution, drank 1:0 ml. more after hemorrhage than thes 
did without fluid volume deficit. The group (b) rats, which 
received 1 ml. of 10 per cent sodium chloride, also drank 
more with the volume depletion than without. In this 
case the mean difference was 2:1 ml. Related ‘t’ tests 
were performed on the difference between drinking on 
hemorrhage and non-hemorrhage trials. This was a one- 
tailed test; it showed P < 0-025 for group (a) and 
< 0:0025 for group (b). 

The mean quantities of water consumed after 8 and 
30 min are also given in Table 1. In all cases except ono 
(marked with an asterisk in Table 1) the rats drank signi- 
ficantly more (P < 0:05) with a volume deficit than 
without. 

The amounts of the volume deficits were not sufficiontly 
different to reveal a systematic relationship betwoon 


Table 1. CUMULATIVE MEAN QUANTITIES OF WATER CONSUMED IV 


RESPONSE TO OSMOTIC AND VOLTME CHANGES 


Scores are in ml., except for the last line, which is expressed as percentage 
body-weight. Figures in parentheses indicate standard deviations 


Group (a) Group (b) 
No No 


hemorrhage Hemorrhage hemorrhage Hemorrhage 
+ 00% NaCl +09% NaCl + 10% Nach + 10% NaCl 
After 8 min 0'5 (0-8) 1:0 (1-0) 3:2" (1:6) 3-8* (2:1) 
After 30 min 0-9 (1-0) 1-6 (1-1) +6 (1:5) 65 (2:3) 
After 60 min 15 (1-2) 25 (1-2) 53 (1-6) Th È 
After 60 min 
(% body-wt.) 0-6 1-0 23 3-1 
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amount of volume deficit and, quantity of water consumed 
in response to itb. 

In order to show such a relationship a much wider range 
of quantities of fluid withdrawn would be needed. With 
the rat’s blood volume never amounting to much more 
than 6 per cent body-weight, hemorrhage is an unsatis- 
factory method for this. 

The results of the experiment support the findings of 
Fitzsimons‘ that reduction of extra-cellular fluid volume 
with no osmotic change is a sufficient stimulus for drinking. 
Schnieden’s‘ negative results are difffeult to interpret. It 
Way be that the effect of hemorrhage on drinking is 
potentiated by the ether anesthetic (used by Fitzsimons 
and in the present experiment), and hemorrhage unac- 
companied by ether, accomplished by Schnieden through 
implanted jugular or carotid catheters, is not adequate to 
produce drinking. However, one of the more obtrusive 
features of the effect of volume deficits on drinking is its 
variability. In,view of this, a more likely explanation of 
Schnieden’s result is that too few rats were used to reveal 
& significant increase in drinking. Only 10 rats were bled 
in that experiment as opposed to 12 normal and 12 
nephrectomized rats in Fitzsimons’s experiment and 30 
in the present one. 

Hence the result is taken as tentative evidence in 
favour of the hypothesis that the induction of thirst 
following @ period of non-ingestion of water is due to 
detection of combined osmotic and volumetric changes in 
the body fluids. 

It is known that the brain is able to monitor osmotic 
changes. It also seems that changes in the volume of the 
circulating fluid may also be monitored. Although either 
of these changes, in the right direction, does provide an 
adequate stimulus for thirst it is evident that neither will 
account fully for the induction of normal thirst. Certainly 
the osmotic changes which occur during water deprivation 
are not sufficient to account for the amount of drinking 
that afterwards occurs”. Neither do calculations on the 
basis of the results of volume depletion experiments 
indicate that the volume changes account in themselves 
for post-deprivational thirst. 

The preliminary experiment reported here indicates 
that a drinking response may be made to both types of 
change simultaneously. The water ingested is more for 
the combined condition than either osmotic increase or 
volume deficit occurring alone. It is likely that the 
response of thirst to a naturally acquired water deficit is 
similarly a result of these two types of change acting in 
concert. 

Many questions remain unanswered. This experiment 
does not clearly distinguish whether thirst is an additive 
or a multiplicative function. of the two changes. Nor is it 
clear as yet whether osmotic and volume changes are 
themselves sufficient to account for normal thirst, or 
whether there are yet other factors which play an impor- 
tant part in the regulatory mechanism. These preliminary 
results are part of a series of experiments the object of 
which is to find answers to these and other related 
questions. 

This work was carried out while I held a Medical 
Research Council scholarship at the M.R.C. Unit for the 
Experimental Investigation of Behaviour, Department of 
Psychology, University College, London. 
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A Growth Hormone Binding 
Protein in Normal Human 
Serum 


Ir has been demonstrated that human growth hormone 
migrates in agar gel electrophoresis at the rate of the 
«-globulins!. This occurs both in pure solution and in 
serum. The technique of radioimmunoelectrophoresis has 
now been used to demonstrate the presence of binding 
proteins for both insulin? and thyroxine’. In this com- 
munication the technique is applied to human growth 
hormone. 

Human growth hormone (HGH) was .labélled with 
iodine-131 by the technique of Hunter and Greenweod’. 
After passage through a cross-linked dextran column 
(‘Sephadex G 50’), it was free of degradation products and 
immunologically indistinguishable from unlabelled growth 
hormone. A product with specific activity of approxim- 
ately 10 pe./ug human growth hormone was used in this 
work. Microimmunoelectrophoresis in agar gel on 
3in. x 1 in. glass slides was modified from the technique 
of Scheideggar® using tracer quantities of radioiodine- 
labelled hormone. After the formation of precipitin arcs 
in the gel by the interaction of serum proteins and their 
specific antisera, the slide was immersed overnight in 
distilled water. The precipitin bands remained in the gel 
but the unprecipitated proteins and buffer salts were 
washed out. Slow drying under adsorbent paper was 
followed by autoradiography for several days on no- 
sereen double emulsion X-ray film, and staining with 
thiazine red R. Human growth hormone of both Raben 
and Wilhelmi extraction has been used in these investi- 
gations. Anti-human growth hormone immune eserum 
(AHGH) was prepared by inoculation of rabbits using 
complete Freund’s adjuvant. The preparation used was 
obtained from Immunology, Ine., Chicago. This con- 
sistently gave one single arc against the HGH preparations, 
with no evidence of anti-c, macroglobulin activity. 
General anti-human sera (AHS) prepared in horses, 
rabbits and monkeys have been used, obtained from 
Immunology, Ine., Chicago and Hyland Laboratories, 
Los Angeles. There was no evidence of anti-growth 
hormone activity in these sera. Human «, macroglobulin. 
(a, M), and rabbit anti-human «, macroglobulin immune 
serum (A «, M), were obtained from Behringwerke A.G., 
Marburg-Lahn, Germany. 

Radiogrowth hormone (HGH*), 0:01 pg, was added to 
1-0 ml. of normal human serum (NHS), and to 1-0 ml. of a 
solution of 0-1 mg of unlabelled human growth hormone 
(HGH) in barbital buffer. Both solutions were incubated. 
at 5° C for 48 h. Ten ul. of each solution, and also of a 
mixture of the two, were subjected separately to electro- 
phoresis from a well in an agar slide. The separated. 
proteins were then allowed to diffuse against horse anti- 
human serum (AHS) and rabbit anti-human growth 
hormone immune serum (AHGH) from parallel troughs. 
This produced the pattern shown in the upper half of 
Fig. 1. The typical multiple arcs of the proteins of normal 
serum have been produced by the reaction with anti- 
human serum. The long single arc is entirely character- 
istic of the reaction between human growth hormone and. 
anti-human. growth hormone serum. The autoradiograph. 
of these patterns is shown in the lower half of Fig. 1. The 
radioactivity is present on one single distinct short arc 
of the many representing the norma] serum proteins, and 
on the long growth hormone arc. These two arcs are- 
immunologically distinct, since they cross on both stained. 
and radiographie patterns. 

The single protein of normal serum which alone binds. 
the radiogrowth hormone tracer is identified in Fig. 2 as. 
æ, macroglobulin. A reaction of identity is present 
between the binding protein are and the are formed by 
anti-x, macroglobulin immune serum. The autoradio- 
graph is confirmatory of this specific binding. (Note that. 
in this slide the patterns are slightly more elongated than. 
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Table 1. DISTRIBUTION OF RADIOGROWTH HORMONE ON y-GLOBULIN 
AND a, MACROGLOBULIN AROS AFTER INOUBATION WITH VARYING 
DILUTIONS OF ANTI-GROWTH HORMONE IMMUNR SERUM 


Presence of radioactivity 


W1 + 0 
1/10 + + 
1/100 + + 
1/1,000 0 + 


No. 4939 
Immunoelectrophoresis 
NHS+HGH* l N i ies 
ten : — AHS 
NHS+HGH+HGH* | OP Ee 
= AHGH 








i~ 


HGH+HGH* 








Autoradiograph 
Immuncelectrophoretic pattern and autoradiograph of 


Fig. 1. 
solutions of labelled human growth hormone: in normal human serum 
(NHS + HGH*); in buffer solution with excess unlabelled hormone 


(AGH + HGH*); and of a mixture of both of these solu- 
tions (NHS + HGH + HGH*). The upper and lower troughs con- 
tained horse anti-human immune serum (AHS) and rabbit anti-human 
growth hormone immune serum (AHGH), respectively. The auto- 
radiograph shows that the radiogrowth hormone is present in serum 
in a free state, shown by the characteristic long lower arcs, and in a 
bound state, shown by the immunologically distinct shorter arcs in the 
a-globulin region. (In this slide the albumin arcs have become redissolved. 
” during diffusion) 


in Fig. 1, as the characteristics of the diffusion were 
different.) 

The radioactivity bound to the «, macroglobulin frac- 
tion of normal serum can be selectively removed by the 
specific antigrowth hormone antibody, sd thus represents 
only immunologically active human growth hormone. 
Moreover, this specific binding of the radiogrowth hor- 
mone to the immune y-globulin can be progressively 
diminished by dilution of the immw.e serum. At a 
dilution of 1 : 1,000 no binding to y-globulin is seen, and 
all the tracer activity is on the «, macroglobulin are of 
normal serum (Table 1). Normal «, macroglobulin binding 
can be demonstrated even in serum which contained 10-3 M 
diisopropylfluorophosphate before the addition of freshly 
prepared radiogrowth hormone. Human growth hormone 
is also bound to human «, macroglobulin in pure solution, 
demonstrating that other constituents of human serum are 
not necessary for this reaction. 

It is recognized that, in its present available form, 
human growth hormone consists of at least three smaller 


Immunoelectrophoresis 


NHS+HoH* I 





AHS 


Anti-og M 





Autoradiograph 


Fig. 2. Labelled human growin hormone hes been incubated in normal 
human serum a + HGH *), and the mixture subjected to electro- 
phoresis from the three central wells. The arc containing the radio- 
activity in the whole serum pattern produced by the horse anti-human 
immune serum (AHS) is identical with the single aro produced by the 
tabbit anti-human a, macroglobulin immune serum (anti-cg M). (This 
pattern was produced by a shorter perlod of diffusion of antisera, 
‘yielding less sharply curved ares, but retaining the albumin band) 


eet 


peptide fractions. It is probable that each of these is 
metabolically active’, and each will react separately with 
the immune y-globulin produced by the combined 
product’. It is possible that a binding protein has sorfle 
function in regulating the release of such small active 
peptides at the periphery. The ability of growth hormone 
to react immunologically is not altered by the radio- 
iodination process used in these experiments. The low 
specific activity and the rapid separation of labelled pep- 
tide from unattached iodide afforded by dextran gel 
filtration have made radiation damage, to the growth 
hormone molecule unlikely. Moreover, the radiogrowth 
hormone was immunologically indistinguishable from the 
unlabelled hormone. 

The radioactive hormone beund to one and one only of 
the several available proteins in normal serum. This is 
particularly striking when the number of known distinct 
proteins in the a-globulin region is considered. The 
separate identity of the binding protein is confirmed by 
the anti-«, macroglobulin arc obtained (Fig. 2). The com- 
plete immunological distinction between this protein and 
the free growth hormone is demonstrated by the crossing 
of these ares. The binding will occur in the absence of 
any other serum factors, and in the presence of amounts 
of an enzyme poison (diisopropylfluorophosphate) known 
to inhibit peptidases*. The phenomenon is not, therefore, 
the result of degradation or damage occurring in the serum. 
The immunological identity of the bound and free states 
of the hormone is again confirmed by the specific removal 
of the bound tracer hormone from the normal binding 
protein by the stronger y-globulin binding of the immune 
rabbit serum. There has been no evidence at any time of 
either anti-c, macroglobulin activity in the rabbit anti- 
growth hormone immune serum, or of the presence of 
&, macroglobulin in the labelled or unlabelled hormone 
when exposed to horse anti-human immune serum. The 
albumin known to contaminate some preparations of HGH 
prepared by the Raben process? has not been encountered 
in the work recorded here. Thus the conclusions drawn 
by Touber and Maingay™ and Irie and Barrett, that 
extracted growth hormone is simply contaminated by a 
macroglobulin, seem open to other interpretation. It is 
concluded on the basis of these and other experiments to 
be published in detail later that human growth hormone 
will bind to «, macroglobulin in normal human serum. 

Human growth hormone was kindly supplied through 
the Endocrine Study Section of the National Institutes of 
Health, Bethesda, Maryland (D. A. E. Wilhelmi), and by 
N. V. Organon, Oss, The Netherlands (Dr. J. D. H. 
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Renal Disposition of Conjugated Bilirubin 
in Aglomerular Fish 


Tr is generally agreed that bilirubin excreted in urine is 
of the direct-reacting type (mostly conjugated with 
glucuronide)!. The mechanism, however, governing the 
renal elimination of the bile pigment is not clear, and, 
specifically, the relative roles of glomeruli and tubules are 
in question?-4, 





"a $ u 
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Direct Reacting Serum Bilirubin, mg/lOO gil 
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ctotest negative 


Fig. 1. Absence of bilirubin excretion into urine of aglomerular fish after intravenous 


infusion of conjugated bile pigment 


To examine the importance of the proximal tubules 
for bilirubin excretion, the authors recently determined 
the renal disposition of infused conjugated unlabelled 
and “C-bilirubin in aglomerular goose fish (Lophius 

e piscatorius). Aglomerular kidneys of goose fish are com- 
posed of about 150 000 tubules and 78 non-functioning 
pseudoglomeruli each, and the tubular segments have the 


same cytological structure as the proximal tubules of, 


mammals! Anatomical and physiological investigations 
of these organs indicate that urine formation is governed 
by an active secretory process’. 

The following experimental procedure was adopted. 
Conjugated bilirubin was administered in fresh concen- 
trated human ‘T’-tube bile or rat bile obtained via an 
external biliary fistula following injection of the animals 
with the unconjugated pigment. Conjugated “C-bilirubin 
was similarly prepared by infusing biosynthetized’? un- 
conjugated 'C-bilirubin into rats and collecting the 
conjugated labelled bilirubin excreted in the bile. All bile 
specimens, as well as sera and urine obtained from fish, 
were stored frozen and in the dark until used. Bilirubin 
determinations on all samples were performed by the 
diazo technique’, and on urine, in addition by ‘Ictotest’. 
Radioassay of labelled conjugated bilirubin in adminis- 
tered bile and in fish sera and urine was carried out by 
scintillation spectrometry’. Two freshly caught goose 
fish, maintained in cold oxygenated circulating sea-water 
and weighing 2-9 and 1-9 kg respectively, were used. The 
unanesthetized animals, submerged except for the tail, 
were loosely secured on a concave board and a small 
mid-line incision was made. The cystic and common bile 
ducts were separately ligated close to the porta hepatis 
and the gall bladder aspirated dry. Afterwards, a mesen- 
terie vein, the right ureter and the urethra of each animal 
were cannulated with polyethylene tubing. Each fish 
was infused with 4-8-12-0 mg of conjugated bilirubin in 
divided doses in a total volume of 10-20 ml. of bile (0-5 ml./ 
min), and the second animal was also given 0-5 mg of 
conjugated 1C-bilirubin containing 568,250 disintegra- 
tions per minute (d.p.m.). The experiments lasted 140 
and 190 min respectively, during which 5 blood specimens 
were obtained from each fish by percutaneous puncture 
of the caudal artery and fractional urine specimens were 
collected from one kidney via a ureteral catheter and from 
the other by sampling bladder urine through the urethra. 
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In one fish control diroct-reacting bilirubin in serum was 
only 0-1 mg/100 ml. After infusion of conjugated pigment, 
in the first animal the mean level of direct-reacting serum 
bilirubin was 3-60 mg/100 ml. (range 2-5-4:3 mg/100 ml.), 
while in the second it was 2:10 mg/100 ml. (range 1-0-4-1 
mg/100 ml.). The mean quantity of C-radioactivity in 
serum over a period of 93 min after infusion of the labelled 
conjugated bilirubin was 1,934-5 d.p.m./ml., and the mean 
serum direct-reacting bilirubin was 2:10 mg/100 ml. 
(range 1-0-4-1 mg/100 ml.). No bilirubin 
was detected in any of the ureteral or 
bladder urine specimens on testing with 
diazo reagents, ‘Ictotest’ or fadioassay. A 
representation of the results of the first 
experiment is given in Fig. 1. The fish 
were in excellent condition throughout 
the experiment, and the mean ureteral 
wine flow from one kidney was 1-64 and 
0-96 ml/h respectively, with a higher 
rate of flow in the second half of each 
experiment. This rate of urine flow is 
consistent with that observed by us in 
fish of the same size not infused with bili- 
rubin and with that reported by Burian’. 

The experiments recorded here suggest 
that the aglomerular kidney of fish, which 
consists solely of functioning proximal 
tubules, is unable to excrete. conjugated 
bilirubin at serum pigment level which in 
man result in bilirubinuria’®. Further 
investigations, however, of longer duration and at higher 
serum bilirubin levels are necessary to confirm this finding. 
Since the proximal segment of the nephron is congidered 
to be homologous in all vertebrates®, it is likely that these 
results have a bearing on the mechanism of renal bilirubin 
excretion in man. 

This work was carried out at the Mount Desert Bio- 
logical Laboratory, Salisbury Cove. Maine. We thank 
Drs. Victor H. Murdough, jun., Neal 8. Bricker, and. 
Eugene D. Robin for their advice. 
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A New Spinal Flexor Reflex 


,' Iw the acute spinal animal 1-3,4-dihydroxyphenyl- 
alanine (DOPA) gives a marked increase in the flexor 
reflex which can be evoked on pinching the skin??, An 
electrophysiological analysis revealed that DOPA depresses 
the transmission of single volleys from the flexor reflex 
afferents to motoneurones and to primary afferents**. 
DOPA is more effective in depressing the path from the 
flexor reflex afferents to primary afferents than to moto- 
neurones. Hence there was the possibility that DOPA, by 
eliminating the negativé feed-back of presynaptic inhibi- 
tion (the primary afferent depolarization in the flexor 
reflex afferents). might give more effective transmission to 
motoneurones despite its inhibitory action on this path®. 
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Fig. 1. The records illustrate two experiments on the effect of DOPA on discharges in muscle efferents (A-D) and on dorsal root potentials 


(E and F). 


A, C and E were obtained before and B, D and F 10 min after intravenous injection of DOPA. 


The lower traces in A-D are 


efferent discharges in the tenuissimus nerve and the upper traces are triphasic records from the sciatic nerve. A and B are resting discharges; 


the sural nerve was stimulated in C and D ` 


The upper traces in E and F were recorded from the most caudal dorsal rootlet in L6 and the lower traces from the L7 dorsal root entry zone. 
{n both records the nerve from gastrocnemius-soleus was stimulated at a strength of 61 times threshold. The delayed dorsa) root potential 


is evoked from high threshold muscle afferents. 


In both experiments the cat was given flaxedil in doses three times that required to block 


transmission to extrafusal muscle fibres 


However, further experiments have shown that this 
explanation is not correct. 

Records A-D (Fig. 1) were obtained with a recording 
from the nerve to tenuissimus, a flexor muscle, and the 
discharges in C and D evoked by a train of stimuli to the 
sural nerve. After DOPA there is no increase in the 
discharge during and immediately after stimulation, but 
an intense discharge of both «- and y-motoneurones 
appears after a latency of about 200 msec. The duration 
of this delayed discharge is about 500 msec, but it can last 
longer and can also occur after a longer latency. There is 
no corresponding delayed discharge evoked in nerves to 
ipsilateral extensor muscles, but a crossed extensor reflex 
can occur. Fig. 1# shows the late long-lasting depolar- 
ization which appears in the dorsal roots on stimulation of 
both muscle and skin nerves after DOPA. The delayed 
ventral root discharge and dorsal root potentials (DRP) 
are evoked from the flexor reflex afferents: the group II 
and III muscle afferents, cutaneous and high threshold 
joint afferents which are responsible for the short latency 
flexor reflex actions’. The delayed effects are not second- 
ary to reflex activation of peripheral receptors; the long 
latency represents a central delay. 

Intraspinal excitability measurements*:? from primary 
afferents of different types were made to find out in which 
afferents, the delayed primary afferent depolarization is 
evoked. There is no trace of depolarization in cutaneous 
afferents, but a large depolarization is always found in the 
presynaptic terminals of Ia afferents. In the acute spinal 
cat with normal short latency flexor reflex afferents effects 
there is never any primary afferent depolarization evoked 

‘in the Ie fibres from the flexor reflex afferents, hence it is 
concluded that these late actions are not due to after- 
discharge in the short latency flexor reflex afferents paths. 
On recording from interneurones in the dorsal horn. acti- 
vated after short latency from tho flexor reflex afferents, 
there is no evidence of increased after-discharge after 
DOPA. Interneurones which may be responsible for 
transmission of the delayed actions from tho flexor reflex 
afferents are found in the dorsolateral part of the ventral 
horn. 

The delayed ventral root discharges and DRPs are not 
only found after DOPA but also after DL-5-hydroxytrypto- 
phan, a drug that also increases the flexor reflex and 
effectively depresses the short latency actions from the 
FRA. The monoamine oxidase inhibitor, nialamide, 
potentiates the action of DOPA both on the suppression of 
the short latency flexor reflex afferents actions and on the 


release of the delayed flexor reflex afferents effects, while 
the « receptor blockers phenoxybenzamine and chlor- 
promazine reverse both the early and the late effects of 
DOPA; furthermore, the same delayed effects were found 
in two acute spinal cats to which no drugs had been given 
but in which, for unknown reasons, the short latency 
actions from the flexor reflex afferents were depressed. 
This suggests that the reason for the appearance of the 
delayed flexor reflex afferents actions is the depressed 
transmission in tho short latency paths from the flexor 
reflex afferents. It is, therefore, postulated that this 
inhibition releases neuronal paths that aro normally con- 
cealed in the spinal state by inhibition from the short 
latency reflex paths. The delayed flexor reflex is peculiar 
for its long latency and duration and for the primary 
afferent depolarization in Ia afferents from flexors and 
extensors. During the reflex movement the latter action 
will minimize Ia stretch reflexes from extensors and, by 
depressing the y loop, partly prevent the evoked flexor y 
motoneurone discharge from reflexly exciting the flexor 
« motoneurones. 

The reflex described deserves further detailed attention 
with respect to its functional organization and to the 
synaptic mechanisms responsible for the long latency and 
duration of excitation. These experiments give further 
evidence that the spinal reflex connexions cannot be 
disclosed in toto in the spinal state; there may be reflexes 
like the present one that are normally concealed in the 
acute spinal preparation and where release depends on a 
particular descending control system, in this caso inhibi- 
tion of short latency flexor reflex paths. 
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HAMATOLOGY 


Release of Histamine from Rabbit Blood 

Ceils by an Anaphylatoxin-like Substance 

Formed in Normal and C’3 Defect Rabbit 
Plasma 


Ix! rabbit plasma an anaphylatoxin-like substance can 
be formed. This agent can release histamine and serotonin 
from rabbit platelets!, but is not effective in guinea pigs 
#8 is anaphylatoxin from rat or guinea pig serum. But the 
mode of formation of both these agents is quite similar. 
Since the involvement of complement, especially C3, in 
anaphylatoxin formation is still under discussion?*, we 
compared the formation of the anaphylatoxin-like sub- 
stance in plasma from rabbits with hereditary C’3 defect 
with that in normal plasma. The 0’3 defect rabbit blood 
was kindly supplied by Drs. K. and U. Rother’. ©’3 
defect rabbit sêra show the same activity in the hemolytic 
system as do normal rabbit sera treated with zymosan. 

Heparinized (7-5 u/ml.) blood was used. Blood cells 
were separated by centrifygation in the cold. The plasma 
was divided in 1-5 samples which were treated as shown 
in Table 1 and were added to an equal volume of blood 
cell sediment. The plasma was allowed to act on the 
blood cells for 2 min at 37° C and then centrifuged in the 
cold. Histamine was estimated in blood and plasma 
according to Code’s method. 

As shown in Table 1, rabbit plasma after an incubation 
time of 60 min at 37° C without any other treatment does 
not release histamine from blood cells. The plasma is 
not effective, either, when agar was added to the plasma 
immediately before the addition of plasma to blood cells. 
But if plasma after addition of agar was incubated for 
60 min at 37° C, an anaphylatoxin-like agent is formed 
which releases histamine from blood cells. As can be 
seen from Exps. No. 12 and 13, the same results are 
obtained using plasma and blood cells from 0’3 defect 
animals. Histamine release occurs, too, when C’3 defect 
plasma activated by agar acted on normal blood cells 
(Exps. No. 14 and 15), and when activated normal plasma 
was added to blood cells from C’3 defect animals (Exps. 
No. 16 and 17). 

It is remarkable that dextran (Mw 292,000; Mn 35,300; 
85-4 per cent 1~6 linkages; compare with ref. 6) used in 
our experiments was not able to activate rabbit plasma, 
although the same dextran fraction was highly active in 
forming anaphylatoxin in rat or guinea pig serum. 
Apparently certain other dextrans are able to release 
histamine from rabbit blood cells into plasma. 


Table 1. 
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From our experiments it is evident that the C’3 defect 
does not affect the formation of the anaphylatoxin-like 
substance in rabbit plasma. 
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An Inhomogeneous Foetal Hemoglobin 
Variant (the Texas Type) 


Durg a survey of foetal types of hemoglobin, the 
cord blood samples of 368 White and 1,192 Negro infants 
were examined, and a possibly new foetal variant was found 
in one White and three Negro infants.. All four babies 
were born at term, and all appeared healthy. In their 
hamolysates, the F hemoglobin values, by the method 
of alkali denaturation!, ranged between 68 and 82 per 
cent, and in zone electrophoresis there was about 15 per 
cent or less, each, of hemoglobin A and the variant. Two 
of the Negro babies were siblings, and the samples from 
the younger of these (L. C. W.) and from the uprelated 
Negro infant (W. T.) were examined in detail. In paper 
electrophoresis, barbital buffer, pH 8-6 (Fig. 1) the variant, 
tentatively called ‘Texas’, forms a broad band with a 
suggestion of two components, moving slightly more 
cathodally than hemoglobin C, and in agar electrophoresis, 
citrate buffer, pH 6-2, it moves between hemoglobins 
F and A (Fig. 2). In starch gel electrophoresis in tris 
borate buffer, pH 8-6, the mobility is similar to that of 
hæmoglobin C, as is also the case in starch block electro- 
phoresis, barbital buffer pH 8-6. In these latter two 
methods a small amount of a hemoglobin fraction of the 
mobility of Bart’s was detectable in each hemolysate. 
The Texas variant, eluted from the starch block, was 
examined with respect to its rate of alkali denaturation, 
by the method of Jonxis and Visser*, and the values 
obtained were similar to those of a mixture of about 
0-75 A and 0-25 F. In its ultra-violet absorption spectrum, 
as determined in the Beckman DU spectrophotometer, 


HISTAMINE RELEASE BY PLASMA ACTIVATED BY AGAR IS NOT DEPENDENT ON THE ACTIVITY OF THE THIRD COMPONENT OF COMPLEMENT 


Since about 90 per cent of whole blood histamine is bound in blood cells, the whole blood values of the last column are references to the amount of histamine 
releasable from the blood cells of each sample 





























Treatment of plasma 0 Agar Agar Dextran Dextran — 
(5 mg/ml.) (5 mg/ml). (5 mg/ml.) (5 mg/ml.) 
Incubation at 37° C (min) 60 0 60 0 60 — 
Exp. Plasma Blood cells Plasma—Histamine Whole blood 
No. (ug base/ml.) (ug base/ml.) 
1 Normal Normal — 0:188 6:720 0:424 0-556 7-260 
2 — 0'360 6'924 0-138 0-283 8-310 
3 0:252 — 3-030 0-328 0-462 4-000 
4 0-205 _ 2-450 0:420 0-516 3:430 
5 0:333 0-566 5-000 jaiai _ 5-870 
6 0-225 0-123 1-476 _ a= 1-840 
T j _ — 1-361 — — 2:330 
8 — 0-300 1:842 — — 2-000 
9 0-312 0:167 3-349 0218 0'284 — 
10 0-360 0-258 1-819 0-292 0-164 _ 
1i 0:327 0:428 1 9-020 0-294 0-334 — 
12 C’3 defect 0’3 defect — 0-299 | 1-606 _ — 1-936 
13 0-198 — H 1-260 = = 1-530 
14 C’3 defect Norma} i — i 0-299 1-026 — — 2-334* 
15 i 0-198 —_ 1-338 = = 2-000* 
16 Normal C’3 defect 0:152 — | 1-480 — — 1-936 * 
1? 0°233 — | 1-326 = — 1-530* 
: J 

















* Value refers to the blood from which the cells were taken. 
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Texas c F A 


Fig. 1. Paper electrophoresis, barbital buffer, pH 86, of cord blood 
heemolysates with Texas variant compared with AC control 


there were 2 tryptophan fine-structure bands, one at a 
wave-length of 288-289 my and the other at 290-291 mu. 

In some analyses in starch block electrophoresis, 
barbital buffer pH 8-6, particularly in ‘reverse flow’ 
electrophoresis, when the aliquot was inserted into the 
anodal end of the starch block, the variant often separated, 
after 24-36 h, into two distinct fractions. In one analysis 
(W. T.) these two fractions were eluted separately from 
the starch, and found to contain 6-5 and 1-5 per cent, 
respectively, of the total hemoglobin, the smaller fraction 
being the more cathodal. 

When the cord blood hemolysates of L.C. W. and 
W.T. were examined in free electrophoresis, cacodylate 
buffer, pH 6-5, each resolved into 2 peaks, of which the 
major had the mobility of hemoglobin F or A. The 
smaller, leading peak contained 12 per cent (L.C. W.) 
and 9 per cent (W.T.) of the total hemoglobin (the 
figure of 9 per cent corresponds to that of 8 per cent 
which is the sum of the two variant fractions, separated 
by starch block electrophoresis from the hemolysate of 
W.T.). The mobility of the leading peak was similar to 
that of hemoglobin C, but, in contrast to the peak formed 
by the latter, its outlines were extremely jagged, indicating 
electrophoretic inhomogeneity. These two infants were 
re-examined when each was about 2 months of age. At 
this time the amount of variant was slightly less than in 
the cord blood, and in free electrophoresis it was 9-5 per 
cent (L. O. W.) and 7 per cent (W. T.) of the total (com- 
pared with 12 and 9 per cent, respectively, in the cord 
blood). The inhomogeneous appearance of the leading 
peak was still apparent and the presence of two com- 
ponents could still be detected in ‘reverse flow’ starch 
block electrophoresis and in the ultra-violet absorption 
spectrum. Samples of globin prepared from the hemo- 
globin variant of these two infants were subjected to 
starch gel electrophoresis, formate buffer, pH 1:8, by the 
method of Muller’. In the globin of each Texas fraction 
(both components together), «-, B-, y- (and possibly also 
8-) chains were demonstrable. 

The two other infants with the Texas fraction (J. R. 
and D. W.) were re-examined at the age of 6 months and 


Texas 


L.C. W. 


FAS 





Fig. 2. Agar electrophoresis, citrate buffer, pH 6-2, of cord blood 
hemolysate of L. C, W. and FAS control 
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22 months, ‘respectively, at which time the hemoglobin 
was entirely of type A in paper electrophoresis. No 
distinctive clinical abnormalities could be detected in any 
of the four children nor in their parents. all but one of 
whom were available for examination. In each of the 
parents the hemoglobin, in paper electrophoresis, was 
entirely of type A. 

Inasmuch as the Texas variant diminished during the 
first few months of life and disappeared after about 6 
months of age, it appears to be a variant of the y-poly- 
peptide chain of hemoglobin F. In electrophoretic 
mobility, in inhomogeneity, and in its association with & 
small amount of a hæmoglobin of the mobility of Bart's, 
this variant is similar to the Gower I and II hemoglobin 
fractions described by Huehns et al.4, Gower II having 
been described also by Horton et al.. Unlike Gower, 
however, Texas is readily distinguishable from all other 
hemoglobins in agar electrophoresis, citrate buffer, pH 
6-2 (Fig. 2), in which method it moves between hemo- 
globins F and A. Also, Gower was found in & small, 
premature foetus and was thought to be associated with 
prematurity, perhaps with an embryonic type of hæmo- 
globin, whereas all of the infarits with the Texas fraction 
were of normal weight at birth. 

The results suggest that in these four infants there is a 
genetically determined variant of the y-chain of hæmo- 
globin F, which is inhomogeneous, perhaps because it is 
somehow associated with the presence of the ßB-chains 
of hemoglobin A. 

This work was supported in part by U.S. Public Health 
Service research grant A-780, from the National Institute 
of Arthritis and Metabolic Diseases. 

Note added in proof. Recently we found this abnormal 
fraction in the cord blood sample from still another 
sibling of the two already mentioned here. 


Rost G. SCHNEIDER 
FAHAMET Anat *® 
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3 Singer, K., Chernoff, A. I., and Singer, L., Blood, 8, 413 (1951). 

3 Jonxls, J. H. P., and Visser, H. K. A., Amer. J. Dis, Child., 92, 588 (1956). 

a Muller, Ni J., Molecular Evolution (Van Gorcum and Co., Assen, Holland, 
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i Huehns, E. R., Flynn, F. V., Butler, E. A., and Beaven, G. H., Nature, 
189, 498 (1981). 

5 Horton, B. R., Thompson, R. B., Dozy, A. M., Nechtman, C. M., Nichols, 
E., and Huisman, T. H. J., Blood, 20, 302 (1962). 


HISTOLOGY 


Deficiency in the Descemet’s Membrane of 
the Cornea 


Dorme an investigation of the histochemical localiza- 
tion of an oxidative and dephosphorylating group of 
enzymes of the rabbit eye some unexpected features of 
Descemet’s membrane were observed. 

Various portions of the eyeball were fixed in neutral 
calcium formalin, dehydrated, cleared and embedded in 
paraffin and blocked in the usual way. Seven micron 
sections were cut from these blocks and mounted on 
pre-cleaned albumin-coated slides. Tho sections were 
mounted serially. 

In the 5’-adenosine monophosphatase and ATPase 
preparations we observed that the Descemet membrane 
is composed of two separate, unequal halves (Figs. 3 and 
4), a small lateral portion and a large medial portion. 
Connective tissue separated the two halves and protruded 
beyond the membrane, making connexion with the anterior 
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Figs. 1-4. Demonstrate the way (various stages) that connexion between the anterior 
surface of the iris and substantia propria takes place when a deficiency exists in 


Descemet'’s membrane 


Note at the first stage of the formation in Fig. 1 the anterior surface of the iris has just 


bulged (arrow). Descemet’s membrane appears normal 


In Fig. 2 the substantia propria along with the weak and thin Descemet’s membrane 
also bulges (arrow d); by that time the bulging from the anterior surface of the iris 


(arrow ¢) increases 


In Fig. 3 the connexion between the two bulgings has been established (arrows), 


forming a small lateral canal at irido-corneal angle (arrows c) 


In Fig. 4 note that the canal that is thus formed is completely lined by endothelial cells 
(arrows) and also the definite deficiency in the Descemet’s membrane, separating it into 
two halves. Note that both the surfaces of this connecting tissue are also lined by endo- 


thelial cells 


Fig. 1, x c. 90; Fig. 2, x c. 240; Fig. 8, x c. 00; Fig. 4, x c. 240 


surface of the iris. The mass of connective tissue which 
connects the anterior surface of the iris and the deficient 
portion of Descemet’s membrane was submerged in the 
stroma of the iris and substantia propria of the cornea. 
They made a continuous connexion. By this connexion 
the irido-corneal angle was divided into small lateral 
parts and bigger medial parts. The lateral part was like 
a triangular canal (Fig. 3), bounded anteriorly by a small, 
separate part of Descemet’s membrane along with corneal 
endothelium; posteriorly by the lateral part of the anterior 
surface of the iris; and medially by the connecting 
tissue between the deficient portion of Descemet’s mem- 
brane and the anterior surface of the iris. It was further 
observed that this triangular canal was completely lined 
by a layer of endothelial cells continued from the back of 
the cornea (Fig. 4). In successive serial sections it was 
possible to see stages of formation of this canal. First a 
small bulge appeared in Descemet’s membrane and the 
corneal endothelium, and at the same time the anterior 
part of the iris at this area bulges (Figs. 1 and 2). This 
bulging increases, especially in the iris (Fig. 2), but 
Descemet’s membrane itself does not bulge any more than 
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is shown in Fig. 2; however, the thickness of 
Descemet’s membrane decreases from section 
to section. Finally, it was observed that 
the protruding anterior part of the iris 
made contact with the weak area of Desce- 
met’s membrane and finally the bulges 
became apposed to each other, forming a 
continuity, as described here (Fig. 3). It 
was noticed that the endothelial lining on 
the medial side curved to line the medial 
portion of the connecting protrusions, so 
that both surfaces of the connecting links 
were lined by endothelial cells (Fig. 4). 

Our observations pointed to the conclu- 
sion that whenever Descemet’s membrane 
was very thin and weak, protrusion occurred 
on the membrane and on the opposing 
anterior surface of the iris. As the Desce- 
met’s membrane became thinner, so the 
intimacy between these two protrusions 
increased; and when Descemet’s membrane 
was deficient there was a continuous connex- 
.| ion between the two protrusions. It is 

i . probable that whenever Descemet’s mem- 
brane is weak and thin, there is a tendency 
for protrusion and making contact between 
the iris and cornea; and whenever there is a 
deficiency in Descemet’s memhrane the con- 
tacts become continuous. * Therefore, it is 
highly probable that the adhesions in the 
irido-corneal angle seen in some human eyes 
may be due to a weak Descemet’s membrane 
and due to the existence of small deffciencies 
in this membrane, which are not observed 
unless a serial section of the adhesion tissue 
is done. 

Histologists have described the trabecular 
component to consist of ‘elastic fibres’ and 
‘Descemet’s-like membrane’. But, with the 
electron microscope, Garron and Feeney! 
have ruled out the possibility of the existence 
of elastic fibres as seen in conventional histo- 
logical stains, but have demonstrated the 
presence of Descemet’s membrane-like tissue 
in the trabecular meshwork. It is probable 
that small separated lateral bits of Desce- 
met’s membrane, as we have shown in our 
investigation, may represent such ‘Desce- 
met’s-like membrane’ in the trabecular 
meshwork described by conventional histo- 
logical methods and by electron micro- 
scopy. 

T. R. SHANTHAVEERAPPA 
G. H. BOURNE 
Anatomy Department and 
Yerkes Regional Primate Research Center, 
Emory University, 
Atlanta 22, Georgia. 


1 Garron, L. K., and Feeney, M. L., Amer, Med, Assoc. Arch. Ophthalmol., 
62, 966 (1959). 


PATHOLOGY 


Influence of Various Substances on Production 
of Ascites Tumour 


One of the main problems of formation of ascites 
tumours is the mechanism by which fluid accumulates in 
the peritoneal cavity. Klein! believed that the tumour 
cells were capable of eliciting fluid by some sort of irritant 
property. Goldie et a@l.? considered that tumour cell 
implantation into the serosal membranes was necessary. 
Siegler and Koprowska? have recently put forward further 
evidence for Warner’s hypothesis'® that solid tumour 
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infiltration is necessary with subsequent host and tumour 
cell necrosis. Fluid then leaks into the peritoneal cavity 
from the ruptured tissues. Straube® attempted to show 
that both fluid inflow and outflow are altered, the inflow 
being increased by greater vascular permeability and outflow 
being decreased by lymphatic blockage. The experiment 
described here was designed to investigate the effects of 
various pharmacological and other treatments on ascites 
production. 

Eighty BALB/c female mice of 14 weeks of age were 
used. They were randomly sorted into 8 groups of 10 
animals. -The animals were weighed daily and were 
treated in the following ways: 
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Group 1. 300 r. whole-body irradiation 2 h prior to 
tumour injection. 
Group 2. Hydrocortisone sodium succinate (Boots 


Pure Drug Co.) subcutaneously 4 mg 3 days before tumour 
injection and 1 mg daily thereafter. 

Group 3. Kieselguhr (an irritant diatomaceous earth) 
6-10 mg intraperitoneally just before tumour injection. 
> Group 4. Pitressin (“Vasopressin’ tannate in oil, Parke, 
Davis and Co.) 2-5 pressor units subcutaneously on day of 
tumour injection and 1 pressor unit every second day 
thereafter. 

Group 5. Chlorothiazide (Merck, Sharp and Dohme, 
Ltd.) 25 mg intraperitoneally daily from day of tumour 
injection. 

Group 6. - Histamine dihydrochloride (Samoore, Ltd.) 
20 mg intraperifoneally on days 3, 5 and 6 after tumour 
injection. 

Group 7. Heparin (Pularin, Evans Medical) 50 units 
intr aperitoneally daily from day of tumour injection. 

Group 8. Saline injections 0-1 ml. intraperitoneally daily. 

All animals received 10 x 10° Ehrlich’s ascites tumour 
cells intraperitoneally. Treatments 1 and 2 were attempts 
to reduce host responses; 2 also acts on vascular perme- 
ability. Three introduces an adjuvant to heighten the 
host responses to the tumour cells non-specifically. Four 
and 5, an antidiuretic and a diuretic, respectively, were 
designed to examine the effects of body fluid balance on 
ascites production. Six was an attempt to produce sudden 
enhancement of host sensitivity to the ascites tumour. It 
is of interest to note here the extreme tolerance of BALB/c 
mice to histamine, 20 mg being a safe dose for healthy 
animals. In 7, heparin is known to prevent fibrin deposi- 
tion and, therefore, in accordance with Goldie’s ideas? and 
observations’, it should decrease tumour cell implantation 
into the serosal membranes and thereby reduce ascitic 
effusion. Group 8 was the control. 

Ascites accumulation was measured on the seventh 
day after tumour inoculation. All 80 animals were killed. 
Each animal was weighed to the nearest 0-01 g. The 
abdomen was carefully opened and a sample of fluid was 
taken up into a capillary tube which was sealed at one end 
and spun in a Hawksley microhematocrit centrifuge at 
12,000 r.p.m. for 5 min. Fluid was then drained from the 
abdomen. Residual fluid was carefully swabbed out with 
cotton wool and the carcass reweighed. Since the specific 
gravity of ascitic fluid was found to approximate to 1-0 
very closely, the difference between the two weighings was 
a measure of both weight and volume of ascitic fluid. 
Three measurements were made for each animal: (a) total 
ascites production; (b) fluid volume; (c) cell volume the 
last two being calculated from the hematocrit centrifuga- 
tion in ratio of fluid to cells. 

The results are shown in Table 1. 


Table 1 
Group Treatment Ratio of Ratio of Ratio of 
total ascites fluid volumes cell volumes 

1 Irradiation 0-83 0-79 0-84 
2 Cortisone 0-77 O74 0-78 
3 Kieselguhr 1-98 , 1:97 1:80 
4 Pitressin 1-00 0-99. 0-93 
5 Chlorothiazide 1-08 1-03 0-99 
6 Histamine 0-81 o-72 1-00 
7 _, Heparin 1:34 1:38 1:07 
‘8 Control | 1-0 -10 10 


~ 
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The differences of the means were found to be significant. 
for Groups 1 and 2 (P < 0:01), highly significant for 
Group 3 (P < 0-001), and for fhe other groups differences 
greater than 0-1 in the ratios were significant at the 5 
per cent level (P < 0-05 but > 0-01). 

Whole-body irradiation and cortisone reduced fluid 
production and also cell proliferation. It is believed that 
this is due to the suppression of an immunological reaction 
of a homograft nature as has been elaborated elsewhere’. 
The slightly more marked effect of cortisone may be due 
to the direct effect of cortisone on vascular permeability. 
Kieselgubr causes an ‘nflammatory condition in thé 
peritoneal cavity with marked connective proliferation. 
When tumour is not present, this substance can cause 
fluid exudation into the peritoneal cavity. With tumour 
present, it produces’ excessive fluid exudation into the 
abdomen. The fluid in this instance supports rapid 
tumour cell proliferation, and the extent of growth is nearly 
double that of the controls (possibly due to,the presence of 
growth-promoting substances released from injured 
tissues). Tumour cell implantation into regions of intense 
connective tissue proliferation is considerable as has 
previously been reported’. Pitressin and chlorothiazide 
were found to be without effect on ascites production 
under the conditions of this experiment. Histamine shock 
had some effect on fluid production but no significant 
effect on tumour cell proliferation. Heparin also had little 
or no effect on tumour cell proliferation but caused an 
increase in fluid effusion, contrary to the findings of Goldie 
et al.®. 

The results show that a close relationship exists in 
many cases between tumour cell proliferation and fluid 
effusion. A definite functional relationship between the 
two may exist. This has obvious implications with regard 
to any hypothesis of the mechanism of ascites formation. 

One interesting result of this experiment has been the 
close agreement in the ratios, for example, of Groups 4 and 
5 with 8. Other experiments performed by the author 
have confirmed the ratios found in Groups 1, 2 and 3 (in 
preparation). It is unlikely, therefore, that the agreements 
in Groups 4, 5 and 8 have arisen fortuitously. On the 
contrary, it is suggested that the method used here in 
assessing tumour cell growth and fluid production in 
ascites tumours at a given time after tumour cell inocula- 
tion (7 days) has proved to be a useful one for investigating 
the effects of pharmacological and other agents on ascites 
formation. The major drawback of such investigations 
is the problem of finding the correct dosage levels for the 
experimental animals since, on the mg/kg basis, mico 
cannot be dosed in proportion to dosage schedules for 
man. 

I thank Dr. E. J. Ambrose, Dr. G. C. Easty and Dr. 
M. Whisson for their advice. This work was supported 
by grants to the Chester Beatty Research Institute 
(Institute of Cancer Research; Royal Cancer Hospital) 
from the Medical Research Council, the British Empire 
Cancer Campaign, the Anna Fuller Fund, and the National 
Cancer Institute of the National Institutes of Health. 
U.S. Public Health Service. 
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IMMUNOLOGY ' 


Loss of Specific Agglutinating Activity of 
Purified Ferritin-conjugated Antibodies 


Som 1959, when Singer! succeeded in conjugating 
antibody globulin with ferritin, an electron-dense label, 
this technique has been utilized by several workers to 
localize various antigens by electron microscopy (cited 
in ref, 2). Singer used m-xylylene diisocyanate (XC) and 
later toluene-2,4-diisocyanate (TC)? as conj ugation agents. 
With both XC and TC the conjugation procedure is carried 
out in a two-stage reaction. In the first stage ferritin 
reacts with the coupling agent. In the second reaction the 
XC- (TC-) modified ferritin is conjugated with the 
antibody globulin. More recently Tawde and Ram‘ have 
described æ one-step method using p,p’-difluoro-m,m’- 
dinitrodipheny] sulphone (FNPS) as coupling reagent in 
which there is little loss in the precipitating capacity of 
antibody. 

In most immunocytological studies with ferritin- 
conjugated antibodies in electron microscopy as yet per- 
formed, conjugates prepared by means of XC have been 
used. . The serological activity of isolated XC-ferritin- 
antibody-conjugate is very low, however, as demonstrated 
by Borek and Silverstein’. 

The object of the present investigation was to examine 
these three conjugation techniques to determine which 
gives the least loss in specific serological activity. 

Before determining the remaining antibody activity of 
the conjugates, complete removal of the uncoupled anti- 
body globulin from the ferritin antibody conjugate was 
performed by density gradient centrifugation. Using the 
tanned cell hemagglutination technique, it could be 
demonstrated that the ferritin-antibody conjugate which 
was free of unconjugated antibody globulin did not show 
any significant antibody activity regardless of the con- 
jugation agent used. 

Anti-human serum albumin (anti-HA) was pooled from 
rabbits immunized with HA (Behringwerke AG, Marburg/ 
Germany). The globulin fraction of the serum was 
obtained by precipitating four times with 1-4 M ammon- 
ium sulphate. To eliminate antibody activity resulting 
from 19 S macroglobulins, the globulin fraction in pH 7-2 
buffered saline was treated with 0-1 M 2-mercapto- 
ethanol for 4 h, after which the fraction was dialysed 
against buffered saline. Horse spleen ferritin (Nutritional 
Biochemical Corp.) was separated from ‘free’ apoferritin 
by repeated ultracentrifugation®. 

XC was obtained from Carwin Co., North Haven, Conn., 
the TC from Fluke AG, Buchs SG, Switzerland, and the 
FNPS from General Biochemicals, Chagrin Falls, Ohio. 
The conjugation procedures with XC and TC were per- 
formed by the method of Singer and Schick, while the 
coupling reaction with FNPS was carried out using the 
optimal conditions described by Ram eż al.’. 

Four ml, of the crude conjugate were 
centrifuged in a sucrose density gradient to 
remove the unconjugated antibody globulin 
from the ferritin-containing fraction. The 
sucrose density gradient was obtained in 
‘Lusteroid’ tubes by layering three strata 
of 8 ml. (75, 60 and 45 per cent sucrose in 
0:01 M borate buffer pH 8-0) one over the 
other. Ultracentrifugation was carried out 
at 25,000 r.p.m. (Spinco model L 50, rotor 
SW-25, 5 h). The underlying ferritin- 
containing fraction was recovered by punc- 
turing the bottom of the centrifuge tube 
laterally with a hypodermic needle and 
allowing the contents to drain under gravity. 
The last few drops before the clear or yellow 
(FNPS) supernatant which may be con- . 
taminated with uncoupled antibody were Fig. 1 
discarded, however. After dialysing against 
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buffered saline the conjugate-containing fraction was 
spun down in the ultracentrifuge. The pellet was 
dissolved in borate buffer (0-1 M, pH 8-0) and a 
second ultracentrifugation in a sucrose gradient was 
performed (5 ml. tubes, 35,000 r.p.m., rotor SW-39, 4 h). 
Again the conjugate-containing fraction was collected, 
dialysed and concentrated as described here. Antibody 
titres of the fractions were determined by the tanned-cell 
hemagglutination technique of Boyden®. 

Evidence for successful conjugation was obtained by 
immunoelectrophoresis® and the agar-gel double diffusion 
test (Fig. 1). Before ultracentrifugation,- immuno- 
electrophoresis of the crude reaction product showed that 
it contained three different components. The fastest 
reacted. with anti-ferritin only and the slowest with anti- 
globulin only while the intermediate component reacted 
with both antisera. After the two consecutive sucrose 
density gradient ultracentrifugations, no unconjugated 
free antibody globulin could be detected by immuno- 
electrophoresis, whereas the two other components 
remained unchanged, Highest yields were obtained with 
XC as conjugation agent; with FNPS yields were always 
small?, 


Table 1, DETERMINATION OF ANTIBODY TITRE OF FERRITIN CONJUGATES 
AFTER TWO REPEATED ULTRAOENTRIFUGATIONS IN DENSITY GRADIENT IN 
THE HEMAGGLUTINATION TESTİ 


Amount of 
ferritin* in Percentage 
Conjugating purified con- of ferritin meolyrosst antibody a 
agent used jugatemg/ml. conjugated Cale Observed 
x0 1-47 a8 1,880 <10 
TO 51i 3,260 20 
FNPS 5-85 10 850 10 


* The ferritin content was based on a nitrogen content of 10 per cent. 
ł The antibody titre of the antibody globulin used for conjug&tion con- 
taining 7-5 mg protein per ml. was 1 : 51,200 in the hemagglutination test 


The amount of ferritin conjugated was determined 
densitometrically after staining with Prussian blue using 
the electrophoretic technique of Wieme®. The percentage 
of antibody globulin conjugated in the reaction was calcu- 
lated assuming a molecular weight of 750,000 for ferritin®®, 
of 160,000 for 7 S rabbit y-globulin, and that the conjuga- 
tion product is an equimolar (1 : 1) compound®.’, 

Using the hemagglutination technique a considerable, 
if not complete, loss of antibody activity of the purified 
conjugates of all three preparations (XO, TC and FNPS) 
could be demonstrated (Table 1). Furthermore, no anti- 
body .activity of the concentrated purified conjugate 
could be detected in the agar-gel double diffusion test. 
These results are in agreement with the observations of 
Borek and Silverstein’, who found extremely low antibody 
titres after isolation of the conjugate by continuous-flow 
electrophoresis. 

The high concentration of sucrose used in gradient 
centrifugation can scarcely be the cause of the loss of anti- 
body activity observed because there is no significant 
change of antibody activity in the unconjugated globulin. 

cowed 





3, crude FNPS-conjugate; 
urified XC-conjugate; 6, purified FNPS-conjugate. A, 
rabbit 'anti-ferritin serum; B, rat anti-rabbit serum 
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The loss of antibody activity observed after conjugation 
may be due.to involvement of the determinants in the 
conjugation reaction. or to steric hindrance by the large 
ferritin molecule. The latter could lead to a certain extent 
to the formation of functionally univalent antibody mole- 
cules carrying the ferritin label. These possibilities have 
been proposed by Borek and Silverstein’. 

If the conjugation procedures yield functionally uni- 
valent conjugates, this type of modified antibody would 
probably not be detected in the hemagglutination test 
used, but would nevertheless be able to combine with 
antigen and thus provide an electron-dense label suitable 
for use in immtnocytological investigations. 

The findings of Hsu and Rifkind" could be interpreted 
in this manner. These authors were able to demonstrate 
specific fluorescence and ferritin on the surface of pneumo- 
cocci treated with doubly conjugated fiuorescein-ferritin 
antibody to pneumococcus type XVIII after ultracentri- 
fuging the crude conjugate twice. It should be kept in 
mind, however, that there will still be a small residue of 
unconjugated antibody globulin after ultracentrifugation 
without density gradient?. 

In preliminary investigations with ferritin conjugated 
antihodies in nephrotoxic nephritis, we have some evidence 
that there is no localization of the ferritin conjugate in 
the basement membrane of the rat after intravenous 
inoculation with purified conjugate. Such a localization 
is to be expected if the ferritin conjugate yields a functional 
univalent antibody, because univalent antibody fragments 
of nephrotoxie serum obtained by papain-digestion localize 
in the kidney®. 

We thank Miss Marlies Splett for assistance. This 
work whs supported by a research grant of the Deutsche 
Forschungsgemeinschaft. 
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BIOLOGY 


Effect of Mean Temperatures on the Content of 
Pyrethrins in Flowers of Chrysanthemum 
(Pyrethrum) cinerariaefolium 


Pyrethrum, indigenous to the Adriatic coast of Yugo- 
slavia, is grown on a commercial scale in the highlands of 
East Africa. Its culture is of major importance to the 
economy of, for example, Kenya and Tanganyika. The 
value of the plant lies in the insecticidal properties of 
four chrysanthemum esters contained in the flower heads, 
that is, pyrethrin I, pyrethrin IT, cinerin I and cinerin IT, 
collectively called the pyrethrins. Their percentage in the 
whole dry flower head varies from plant to plant, and with 
the time of season and the climatic conditions prevailing 
at the time of maturing. While Dalmation flowers on the 
average possess a pyrethrins content of 1 per cent, that of 
African flowers is usually 1-3 per cent or higher. 

Investigations of the climatic influence on the pyrethrins 
content, in Kenya, were undertaken by E. W. Gaddum?:? 
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in 1949 anå 1950 so far as, altitude and rainfall were 
concerned. Pyrethrum is grown in this country at alti- 
tudes of about 6,000-9,000 ft. above sea-level. Gaddum’s 
calculations suggested a positive correlation between 
altitude and pyrethrins content. Equally, with rain- 
fall increasing from 1 to 4 in. a month the pyrethrins 
percentage improved; it was shown, however. that a 
monthly fall heavier than 4 in. had no further effect on 
the development of the toxic agents. The decisive factor 
included under the general conception of ‘altitude’ was 
not defined. I then efamined the monthly mean tompera- 
tures as recorded on research centres situated in thre 
widely varying pyrethrum growing areas (7,000, 7,800 and 
8,200 ft. respectively) and calculated a regression of these 
figures on the monthly average pyrethrins percentages for 
the surrounding growers, as they were determined by the 
Pyrethrum Board of Kenya’s chemical laboratories, for 
each individual farm to establish the basis for payment. | 

Table 1 shows the records of the monthlysmean tempera- 
tures as well as the averages for the pyrethrins percentages 
of the monthly flower deliveries from the three areas. 




















































Table 1 

7,000 ft 7,800 ft. 8,200 ft. 
Mean Mean Mean | 
temp. Pyr. temp. Pyr. temp. Pyr. 
CH | w | CH | % | CH | (%) 
62-5 1-81 57°8 1-39 671 | 154 
63-5 1-26 581 1-14 572 1 127 
63-3 116 | 593 135 57-9 1-47 
622 | 180 | 583 142 | 578 | 164 
80-3 1-56 | 567 1-64 560 : 153 
61-2 | 148 57-0 1-62 563 ; 163 | 
59-6 I-51 55-0 1-64 53-8 | 1-73 
598 | 1-67 55-0 162 | 551 : T82 
59-4 | 1-44 | 553 1-66 553 164 , 
60-9 1-45 57-5 1-60 66-4 ' 148 
61-4 | 148 578 L51 56-3. 1-60 
62-8 1-36 57-2 | 1-48 567 ' 151 
61-4 1-44 57-1 151 564 ' 156 














It will be seen that the pyrethrins content in the first 
zone (around 7,000 ft.) is lower in most cases than that in 
the two others, while the reverse is true for the mean 
monthly temperatures. 

To complete the environmental picture, records for 
monthly rainfall and relative humidity at 8.30 a.m. are 
given in Table 2. 



































Table 2 
7,000 ft. 7,800 ft. 8,200 ft, 1 
1950 R.H. B.H. 
Rain (%) Rain Bain (%) 
(in.) |8.30a.m.| (in.) üa.) | 8.80 a.m. ' 
January 0-42 59 0-85 0-32 70 
February — 54 005 0-25 67 
ch: 1-24 64 1-04 2:66 75 
April 8:73 67 5-50 TOL 87 i 
y 5:22 72 2-28 3°38 84 
June 3-38 75 2-56 413 85 
July 6°25 79 7-43 8:18 8 |! 
August 6-13 78 5-84 3°74 84 
September | 13-26 72 5'28 521 78 
October 3-43 72 1-40 1-99 74 
November 0-76 70 0-93 0-93 78 
December 0-37 59 0-64 , 206 , 73 
Total/ 
Means | 44:19 + 68 33-80 ; 75 39-76 79 








It becomes clear from these figures that, although the 
mean temperatures experience a general drop with 
increasing rainfall and relative humidity, the highest total 
rainfall does not necessarily result in the lowest annual 
mean temperatures, The deciding factor in the environ- 
mental effect of ‘altitude’ is more probably the tempera- 
ture prevailing at different levels. 

A regression on the 36 pairs of values in Table 1 worked 
out significant at P=0-01. The theoretical drop in 


Pyrothrins (per cent) 





538 65 56 57 58 59 60 61 62 63 
‘Deg. F 
Fig. 1 


pyrethrins content for an increase by 1° F was 0:03 por 
cent (Fig. 1). 
The regression line was galculated on the formula: 
Y=a+ba 


where a= 1-503 and 6 = — 0-03447. 

It has been observed? that the content of pyrethrins on 
the whole increases as the plant is cultivated at higher 
altitudes. The regression points at the temperature 
variation as possibly the main reason for this, phenomenon. 
It is not assumed here that there are no other contributory 
factors, but it may be more difficult to define them. 

Glover? has shown that bud initiation also depends to a 
large extent on a ‘chilling’ effect, which explains why 
flowering, in general, is more prolific at the higher altitude 
levels and the cultivation of pyrethrum below a certain 
altitude becomes uneconomic as many plants turn ‘blind’. 
He concluded that flower bud initiation was inhibited if 
plants were exposed to mean temperatures of 75° F for 
periods exceeding one week. 

It appears therefore that pyrethrum depends to a very 
large degree on temperature effects for flower yield as well 
as for the production of the toxic agents. 
i i l U. KROLL 
Pyrethrum Board of Kenya, 

Nakuru, Kenya. 


1Gaddum, B. W., Ann. Rep. Senior Agric. Officer (Pyrethrum) in Ann. Rep. 
Dept. Agric., Kenya, 80 (1949). 

? Gaddum, E. W., Ann. Rep. Senior Agric. Officer (Pyrethrum) in Ann. Rep. 
Dept. Agric., Kenya, 177 (1950). 

3 Glover, J., Ann. Bot., N.S., 19, 188 (1955). 


Frost Injury as a Predisposing Factor in 
Blossom Blight of Pear caused by Pseudo- 
monas syringae van Hall 


BACTERIAL blossom blight of pear is widespread in 
England; but it differs in severity between seasons and 
orchards. These differences do not appear to be related 
to the supply of inoculum, for recent work suggests that 
Ps. syringae is universally distributed on pear trees as 
the dominant component of the surface microflora. 
Orchard observations over several years have implicated 
frost injury to the blossoms as a major predisposing factor 
in the disease, and we have now confirmed this experi- 
mentally. 

Potted glasshouse trees of the variety ‘Conference’ were 
transferred in full bloom to a special freezing chamber? 
and thermocouples inserted into selected blossoms to 
record their temperatures?. The blossoms were super- 
cooled to between —1° C and — 2° C until a sudden slight 


rise in temperature indicated the formation of ice crystals. 


in the tissues*. After further treatment for 10-15 min, 
the trees were allowed to regain ambient temperature. 
They were then sprayed from a scent spray with bacteria 
(108 cells/ml. in aqueous suspension) or with sterile water, 
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humidity (Exp. 1). In two further experiments on potted 
trees in full bloom (Exp. 2) and cut-branches taken from 


field trees at the petal fall stage (Exp. 3) the procedure . ' 


was the same, except that inoculum or water was applied 
under pressure from a paint gun. 

In a few blossoms frost treatment caused browning of 
the tissues at the base of the styles; in the majority, how- 
ever, the injury was slight and involved no more than a 
temporary lifting of the ‘skin’ of the receptacles and 
pedicels due to separation of the hypoderm from the under- 
lying cortical cells‘. Two types’ of infeetion were 
induced in blossoms: (1) Incipient infections in the 
calyx cup, probably occurring through the nectaries, and 
not related to the pro-inoculation treatment. (2) Severe 
and extensive infection of the receptacles and pedicels, 
killing the blossoms and resulting in symptoms typical 
of blight in the field. The percentages of the latter 13 
days after treatment are shown in Table 1. 


Table 1. PERCENTAGE OF PEAR BLossomMs KILLED BY Ps. syringae 
Frosted 3 Unfrosted 
Exp. Inoculum Water Inoculum Water 
1 33 0 0 0 
2 94 0 51 0 
3 74 62 0 O° 


With inoculum under pressure some blossom was killed 
on unfrosted trees of Exp. 2, although much less than on 
the frosted trees. The symptoms were also less severe, 
the infection spreading into only 18 per cent of the fruiting 
spurs compared with 82 per cent on the frosted trees. 
The symptoms induced on cut branches by spraying 
with water after frost treatment (Exp. 3) were due to 
large natural populations of Ps. syringae which were 
found to be present on the leaves: and blossoms when 
the branches were brought in from the field. The pathogen 
was not found on the leaves of the glasshouse trees, and 
spraying with water after frost treatment had no effect. 
We thank Dr. Irena Modlibowska for. advice and help 
with the frost treatments. 
C. G. PANAGOPOULOS 
J. E. CROSSE 2 
East Malling Research Station, 
Maidstone, Kent. 

2 Slater, C. H. W., Rep. East Malling Res. Sta. for 1956, 98 (1937). 

3 Slater, C. H. W., J. Sci. Instrum., 30, 208 (1953). 

> Modlibowska, I., J. Hort. Sci., 37, 249 (1962). 

* Modlibowska, I., J. Pomol., 22, 46 (1946). 


Taxonomic Relationships of Stictonetta naevosa 
(Gould) 


Tax systematic position of the freckled duck Stictonetta 
naevosa (Gould), Anatidae, of Australia has long been 
uncertain. In the most recent comprehensive investiga- 
tions of the taxonomy of the family Anatidae!?, based on 
behavioural characters as well as what were presumed to 
be non-adaptive anatomical features, including the 
structure of the trachea and syrinx, tarsus and the colour 
pattern of the downy young, three sub-families were 
recognized: Anseranatinae (magpie goose), Anserinae 
(swans, geese, and tree-ducks) and Anatinae (ducks). 
These authors recognized that Stictonetta possessed several 
features characteristic of the Anserinae, for example, the 
reticulate tarsus, and the lack of bulla, speculum and 
sexual dimorphism; but, as there was no information 
available on the bird’s behaviour nor on the plumage 
pattern of its downy young, they preferred to consider it, 
tentatively, an aberrant member of the Anatinae. Johns- 
gard3, considering the anatomical analysis of waterfowl of 


Verheyen‘, speculated whether the bird could really be ~ ° 


Anserinae. Recent work in the field and with captive 
birds now enables the gpecies to be classified with more 
confidence. 

The downy young of Stictonetta are light grey in colour 
and darker above than below. The throat is slightly 


~~ 
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darker than the remainder of the underside, but they have 
no definite, discernible, colour pattern (Frith, unpublished). 
.They closely resemble the downy young of swans 
: (Anserinae) in colour and plumage generally, but, having 
a short neck, they are unlike them in general appearance. 
They are very distinct from the downy young of other 
members of the Anserinae, the geese and tree-ducks, and 
the Anatinae and Anseranatinae. The downy young of 
the latter had, until recently, been incorrectly described’. 

The trachea and syrinx of the adult female are as 
described by Campbell’, and resemble those of the 
Anserinae and are distinct from those of the Anatinae; but, 
although his description of all the other features was 
correct, this author did not‘report a further point of 
similarity with the Anserinae that occurs in the male 
Stictonetta. In the mature male an acute S-bend about 
l in, in length occurs outside the sternum. In the swans 
two species have long convolutions within the sternum, 
and the other three species have acute bends in the 
trachea. Stictonetta clearly resembles the swans in this 
respect. The only. other waterfowl having a convoluted. 
trachea is Anseranas semipalmata; in this species the 
convolutions are outside the breast muscles and extend 
almost, to the cloaca, but the validity of using this as one 
of the criteria separating the Anseranatinae from the 
Anserinae, at sub-family level, has recently been ques- 
tioned’. 

The behavioural investigations of hand-reared and of 
wild-caught birdə are incomplete, but it is already 
apparent that many of the threat, alarm, and triumph 
postures of Stictonetia, as well ‘as its general deportment 
in feeding, walking, and flight, are quite swan-like and 
consistett with the other anserine features described 
here. The frequency of the moult is not yet known; but 
work on captive birds is in progress to determine this 
point. 

. I believe that these features together with those 
previously reported are sufficient to conclude that Sticton- 
etia is not a member of the Anatinae but should be 
considered anserine—probably most closely related to the 
swans; which according to Delacour and Mayr? cannot be 
separated from the geese and are united with them in the 
tribe Anserini. The continuing behavioural investigations 
are expected to show whether Stictonetia can be included 
in the same tribe or whether, as is more likely, it will be 
necessary to recognize a separate tribe in the sub-family 
Anserinae for it. 

H. J. Fars 


Division of Wildlife Research, 
C.S.LR.O., 
. . Canberra, Australia. 
Delacour, J., The Waterfowl of the World (Country Life, Ltd., London, 
. 1954-59), 
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Demonstration of Micropores in Fungal 
Cross-wall 


Iw the course of an investigation of the nature of a 
fungal cell surface, we have obtained electron microscopical 
evidence that the cross-wall of Geotrichum candidum 
mycelia possesses micropores which are similar to the 
pore or pit reported generally in the cell walls of higher 
plants!. To our knowledge, this is the first demonstration 
of such pores in the cross-wall of micro-organisms. 

+ The cell walls of Geotrichum candidum were prepared 
by a mechanical means and afterwards purified by re- 
peated differential centrifugations. The cell wall suspen- 
sion was placed on the copper nieshes covered with a 
collodion membrane and observed in a Hitachi HU-11 
type electron microscope after chromium shadowing. 


ben | ; 


NATURE ` S 


1353 


aro oes Te 





Fig. 1, Electron micrograph of the mycelia of Geotrichum candidum 
showing a general view of the hyphe and a septum. The septum visible 
at the centre of the figure is believed to be exposed during the mechanical 
disintegration of the cells. Tre septal pores are visible at places. 
x > 
Fig. 2. A partially isolated septum of Geotrichum candidum hyphx. 
Approximately 40 septal pores.are visible in this septum. The surface 
of the cross-wall is covered with a microfibrillar network (x 19,000) 


Fig. 1 represents a general view of a septum, and in 
Fig. 2 a perforated cross-wall is shown. In both figures, 
a number of micropores, 200-700 A in diameter, are 
visible in the microfibrillar framework. These and other 
electron micrographs of the septa reveal that the number of 
such pores in a single septum varies from 20 to 50. They 
assume the spherical or oval shapes and there appears to 
be no regularity in the distribution of the pores. Since the 
presence of the pores appears to be limited only to the 
intercellular cross-wall of the micro-organism, the term 
‘septal pores’ is suggested for these micropores. So far, 
it has not been possible to demonstrate these pores in the 
ultra-thin sections of the septa, due presumably to an 
inappropriate thickness of the preparation. 

The physiological roles of these structures remain to be 
elucidated; but it is tempting to consider that they assume 
a function similar to those of the higher plant cell walls. 
It apparently differs, in nature, from a large pore observed 
in the septum of Neurospora undergoing nuclear migra- 
tion?, 

An examination is now being made to find whether 
these septal pores are demonstrable in other fungal septa 
or limited only to certain genera which are phylogenically 


more advanced. 
TapAyo HASHIMOTO 


Tomi Kisnr 
NAGAYUKI YOSHIDA 
Department of Bacteriology, 
Tokushima University School of Medicine, 
1 Tokushima, Japan. 


1 Mithlethaler, K., in The Cell, edit. by Brachet, J., and Mirsky, A., 2. 120 
(Academic Press, 1961). 
Shatin Ay J., and Tatum, E. L., J. Biophys. Biochem. Cytol., 6. 423 
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¢ Survival-time of Skin Grafts iri Rabbits 
compared with. results obtained from an 
Investigation of Leucocyte Intradermal 
” Tests 


Recent work has shown that leucocytes both of 
animals!-> and of human beings*-® possess histo-compati- 
bility antigens which they share with other tissues. For 
this reason leucocyte tests both in vivo and in vitro 
have been used to determine the degree of compatibility 
between prospective donors and regipients of tissue grafts. 

Dausset and Colombani’, Van Rood et al? and 
Colombani et al.* attempted to select human donors of 
kidney or skin grafts by making use of a panel of leucocyte 
agglutinins. Colombani et al.*! in another trial carried 
out a series of intradermal injections of leucocytes into 
persons who had previously been immunized by skin 
grafting; but the-results were not satisfactory. Recently, 
Brent and Medawar?*, using guinea pigs; have introduced a 
new technique known as ‘normal lymphocyte transfer’ 
which depends on the behaviour of leucocytes from the 
potential graft recipient when injected intradermally into 
several potential graft donors. A skin reaction normally 
occurs at the site of injection, and the intensity of this 


- reaction has been shown to be closely correlated to the 


survival time of the ensuing skin graft. Differences in the 
survival time of 7 days have been noted between ‘com- 
patible’ and ‘incompatible’ grafts. 

In the experiments recorded here we first immunized 
rabbits by injecting them with homologous leucocytes, 
and then used these immune rabbits as agents to demon- 
strate a number of antigenic differences between the 
leucocytes of other rabbits. The antigen testing was 
effected by injecting leucocytes of each animal to be 
typed intradermally into the backs of the immunized 
rabbits. The results of local skin reactions, that is, the 
degree of inflammation, demonstrated the relevant antigens 
in the animals being typed. The antigen-typed animals 
were subjected to exchange of skin grafts and the length 
of survival of the grafts was noted. 

Immunization of rabbits for use as ‘grouping agents’. 
Rabbits of 3 different outbred stocks were immunized 
intramuscularly, each with leucocytes of a single donor. 
3-5 x 10° leucocytes were injected at weekly intervals for 
5 weeks. The cells ‘injected were collected from the 
peritoneal cavity of the donor, and re-suspended in 
eomplete Freund’s adjuvant. As control of the immuniza- 
tion, 8-14 days after the course of injections had been 
completed. 1 to 2x 10? cells of the same donor rabbit in 
0-1 ml. and autologous leucocytes were injected intra- 
dermally into the immunized rabbits, and the animals 
were inspected for the development of skin reactions. 
Inflammation occurred after 7—10 h at the site of donor 
cell injection, increased over a ‘period of 3 days, and 
lasted more than 6 days. Autologous injections also 
caused some local reactions, but these became negative 
after 2-3 days and were not enhanced by increasing the 
number of cells injected 3-fold. 

Antigen typing of non-immuni: rabbits. Leucocyte 
suspensions of the animals to be typed were prepared and 
injected intradermally into the backs of the animals 
immunized as described above; cells-from the donor 
rabbits used for the immunization were also included in 


Table 1. EXAMPLE OF DETERMINATION OF LEUCOCYTE ANTIGENIC DIFFER- 
ENCES 





No, of rabbits No. of 











tested for incompatibilities 
leucocyte No. of immunized rabbits used compared with 
antigentc for typing purposes rabbit No. 4 
differences 23 4 5 6 7 8 9 10 | (gee also Table 2) 

4 tot ber - - 2K x 

2 +-++--~--+-- 1 

5 J= +++- 4 

6 tet e et tee — t+ 6 
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Table 2. RELATIONSHIP BETWEEN THE SURVIVAL TIME OF SKIN GRAFTS 
AND THE NUMBER OF LEUCOOYTE INCOMPATIBILITIES 


(The degree of incompatibility assessed after skin grafting has been per- 
formed, one rabbit receiving two or three grafts at the same time.) 
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Compatible No. of rabbits tested Incompatible 

No, ofin- | Survival-} Com- Incom- | Survival- | No. ofin- 
compati- | time/ patible Recip- patible time/ | compati- 
bilities days donors jents donors days bilities 

3 8 5 ————— 1 4 6 

3 10 7 ———— 2 +—_—. 6 

2 8 s ——— 3«<——. |f| { 

6 
1 18 





Table 3. ANIMALS CLASSIFIED AS COMPATIBLE OR INCOMPATIBLE BEFORE 
GRAFTING AND DIVIDED INTO PAIRS FOR EXCHANGE OF SKIN GRAFTS 



































Compatible Rabbits tested Incompatible 
No. of “T Survival- Survival- No. of 
incompati- | time/ s + time/ | incompati- 
bilities days Pairs days bilities 
0 10 A «RB 7 5 
1 18 € D 10 4 
0 ii E <——_—_—_—_>F 13 8 
0 8 D <———> F 10 4 
0 12 @ «B 5 
1 14 H <————>I 3 
0 EK <——_-— F 1 
8 C 4— h 13 5 
2 K 4———L 2 
2 M <--> D E 3 

© Average 40 





each case. The reactions were classified as positive or 
negative between the fourth and fifth days and differences 
in the antigenic structure of leucocytes injected were 
recorded (Table 1). * 

Skin grafting experiments (Tables 2 and 3). Exchange 
skin grafting was performed between the rabbits that had 
been typed but not immunized, the experiments being 
divided into two groups. In the first, animals were grafted 
irrespective of any antigenic differences they had been 
shown to possess, and were given 2 or 3 grafts; the 
survival times were then noted and compared with the 
number of leucocyte antigen incompatibilities previously 
observed. This experiment served to test the sonsitivity 
and specificity of inflammatory skin reactions. 

In the second experiment, pairs of. rabbits were selected 
according to their number of leucocyte incompatibilities 
as revealed by the typing against the immunized rabbits, 
and skin grafts were exchanged between them. In both 
experiments, among the total of 30 grafts, the ‘compatible’ 
grafts survived longer than the ‘incompatible’ except for 
three cases, and the correlation between the degree of 
incompatibility and the survival-time of grafts was 
statistically significant at the 5 per cent level. 

The apparent discrepancy in 3 cases may possibly be 
explained by the fact that 10 per cent of the skin reactions 
were difficult to interpret. As will be seen in Tables 2 and 
3 there is no clear-cut relationship between the actual 
number of incompatibilities shown by the typing and the 
subsequent graft survival rate. Nevertheless, the proba- 
bility of choosing donors whose grafts will survive for a 
mean period exceeding. 8-8 days (figure preliminarily 
established by exchanging skin-grafts between 10 rabbit 
pairs) in a given recipient is greatly increased by prelim- 
inary testing for compatibility of leucocyte antigens. 
Indeed, long survival of grafts up to 18 days, or differences 
of at least 8 days between compatible and incompatible 
donors, could only be observed, by selecting the animals as 
a result of leucocyte antigenic investigations. 5 

One of us (P.B.) thanks Prof. J. Bernard for the 
opportunity of working in his Institut de Recherches. He 
thanks the Deutscher Akademischer Austauschdienst for 
providing a NATO scholarship. 
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 B.D.H.FOR BIOCHEMICALS 


KREBS CYCLE INTERMEDIATES 
čis-Aconitic acid 

Citric acid and sodium salts 
iso-Citric acid 

Fumaric acid’ 

Malic acid and sodium salt 
Oxaloacetic acid 

«-Oxo-glutaric acid 

Succinic acid and sodium salt 


ENZYMES 

Aldolase 

«-Amylase (bacterial and pancreatic) 
p-Amylase 

‘Glucose-6-phosphate dehydrogenase 
Lactate dehydrogenase 

Malate dehydrogenase 
Neuraminidase 


INTERMEDIATES 
2: 3-Diphospho-glyceric acid 
f barium salt 


Phospho-enol-pyruvic acid barium 

silver salt 
2-Phospho-glyceric acid barium salt 
3-Phospho-glyceric acid barium salt 
Sodium pyruvate 





Carbohydrate metabolism 


SUGAR PHOSPHATES 
Fructose-1 ; 6-diphosphoric acid dibarium salt 
Fructose-1 : 6-diphosphoric acid caletum 
dihydrogen salt 
Fructose-1 ; 6-diphosphoric acid dimagnesium salt 
Fructose-1 : 6-diphosphoric acid disodium salt 
Fructose-1-phosphoric acid barium salt 
Fructose-6-phosphoric acid barium salt 
Galactose-6-phosphoric acid barium salt 
Glucose-l-phosphoric acid dipotassium salt ° 
Glucose-1l-phosphoric acid disodium salt 
Glucose-6-phosphoric acid barium salt 
Glucose-6-phosphoric acid dipotassium salt 
Glucose-6-phosphoric acid disodium salt 
Indsitol hexaphosphoric acid sodium salt 
Mannose-6-phosphoric acid barium salt 
6-Phospho-gluconic acid barium salt 
6-Phospho-gluconic acid trisodium salt 
Ribose-5-phosphoric acid barium salt 


Further information on many of these products is contained in the B.D.H. booklet on : 
‘Sugar Phosphates and Related Compounds in Metabolism’, and in the B.D.H. Enzymes catalogue ; 


both publications are free, 


THE BRITISH DRUG HOUSES LTD. 
B.D.H. LABORATORY CHEMICALS DIVISION POOLE DORSET 
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Inhibition of Respiration in a Flagellate 
Protozoon by Hypocholesterolemic Drugs 


SEVERAL hypocholesterolemic drugs uncouple oxidative 
phosphorylation in rat liver mitochondria. Also some of 
these drugs, for example, benzmalecene and triparanol 
“MER-29"), inhibit multiplication of Ochromonas danica, 
& she ictincalnte: oleic acid annuls this inhibition, but 
sterols or sterol precursors do not?. Do these drugs inhibit 
synthesis of ATP in O. danica ? It remains to be seen if 
there is an especially close relation between ATP synthesis 
and lipid synthesis. 

O. danica was grown in chemically defined medium? for 
5 days at 25° under fluorescent lights. Cells were collected 
by centrifugation, washed once in carbon- and nitrogen- 
free growth medium (minus all carbon and amino-acid 
nitrogen sources) and resuspended as a 1 per cent cell 
suspension in carbon- and nitrogen-free medium. Air was 
bubbled vigorously through cell suspensions before use. 
Drugs were dissolved in 95 per cent ethanol; ethanol had 
no effect or stimulated endogenous respiration slightly at 
the concentrations used. Respiration was measured as 
consumption, of oxygen in a cuvette containing a Clark 
oxygen electrode connected to a power supply and a 
Varian G14 recorder. Cell suspensions were continuously 
agitated in the cuvette-by a glass-encased spinning magnet. 

Triparanol stimulated respiration slightly at low 
concentrations (0:11 and 0-34 mM). Higher concentrations 
of triparanol and benzmalecene inhibited endogenous 
respiration (Table 1). In rat mitochondria 0-7 mM 
triparanol had no effect on oxidative phosphorylation. In 
O. danica c. 0-7 mM triparanol and a higher concentration 
of benzmalecene markedly inhibited endogenous respira- 
tion. Hypocholesterolemic agents apparently act in the 
protozoon—as in mammals—by inhibiting synthesis of 
ATP along with lipid synthesis. 

Inhibitors of, oxidative phosphorylation block sterol 
synthesis in rat liver homogenates‘; conversely the hypo- 


Table 1. EFFEOT OF HYPOCHOLESTEROLEMIC DRUGS ON ENDOGENOUS 
RESPIRATION OF O. dantea 
Ratio 
Compound Concentration Inhibited rate 
(mM) Normal rate of respiration * 
Triparanol 0-11 1:05 
0-34 110 
0-68 0-58 
114 . 0-50 
Benzmalecene 0-68 0°93 
Tit 6-30 


* umoles of oxygen utilized/min by 5-0 ml. of a 1 per cent cell suspension 
containing 668 zg protein/nil. 
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cholesterolemie drugs inhibit ATP- linked reactions in lipil 
synthesis'6, Laurie acid, which actively uncouples 
oxidative phosphorylation i in rat liver mitochondria‘, also 
effectively inhibits conversion of mevalonic acid-2-"C to 
cholesterol inerat liver homogenates’. It is tempting to 
speculate that hypocholesterolemic drugs, including thy- 
roxine and perhaps nicotinic acid, may exert a potent but 
indirect inhibitory effect on sterol synthesis by depleting 
ATP reserves, and also by directly inhibiting steps in 
sterol synthesis®. . 

This work was supported by grants NB-02651 and 
G@M-09103 from the U.S. National Institutes of Health. 

The drugs were generously supplied by the following: 
benzmalecene by Dr. D. Hendlin, Merck Sharp and 
Dohme, Rahway, N.J.; and triparanol by F. J. Murray. 
W. S. Merrell Co., Cincinnati, Ohio. I thank Dr. L 
Packer, Physiology Department, University of California, 
Berkeley, for his advice and help. 

5. AARONSON 


Haskins Laboratories, 
New York 17. 


1 Whitehouse, M. W., Nature, 201, 629 (1964). 


? Aaronson, S., Bensky, B., Shifrine, M., and Baker, H., Proc. Soc. Exp. 
Biol. and Med., 109, 130 (1962). 


3 Aaronson, S., and Scher, S., J. Protozool., 7, 156 (1960). 

2 Wrot Á D., and Loeb, M., Proc. Soc. Exp. Biol. and Med., 108, 183 
EA k 

® Wright, L. D., Li, L., and Trager, R., Biochem. Biophys. Res. Comm.. 3 
264 (1960). 


€ Garattini, S., and Paoletti, R., Ann. Rev. Pharmacol., 3, 92 (1963). 

* Fluck, E. R., and Pritham, G. H., Afelabolism, 10, 444 (1961). 

8 Steinberg, D., Trans. N.Y. Acad. Sci., 24, 704 (1962). 

“Holmes, W L., and Di Tullio, N. W., Amer. J. Clin. Nutrition, 10, 310 


Dental Abnormalities in European and New 
Zealand Hedgehogs 


Herter! examined the skulls of six hedgehogs, Erinaceus 
europaeus L., from Hawke’s Bay, New Zealand, and found 
that three of them had dental abnormalities. One animal 
lacked both lower second incisors and the gap between the 
first and second premolars was wider than usual. The first 
two right premolars had not erupted in another animal. 
while a third hedgehog lacked a second lower incisor, and 
the canine on that side had moved forward to take its 
place. All thirty North European hedgehogs, compared 
with these New Zealand animals, had normal sets of teeth. 
Herter suggests that this abnormality may have resulted 
from a mutation which has occurred since the hedgehog’s 
introduction to New Zealand seventy years ago. 

I have examined 67 sets of adult hedgehogs’ teeth from 
the North Island and four sets of teeth from the South 
Island of New Zealand, collected between 1956 and 1958. 
Only 34 sets were complete. Thirty-five hedgehogs lacked 
certain teeth, two had extra teeth, and five had teeth which 
had erupted abnormally. The lower second incisors were 
the most variable teeth: twenty animals lacked one or 
both. One had an extra pair of incisors in both upper and 
lower jaws. The second premolar in the upper jaw was 
quite variable in shape and occurrence, being absent in 
14 animals and abnormally erupted in two others. No 
anomaly was noticed in molars. i 

Combining these and Herter’s observations we find that 
39 of the 77 New Zealand hedgehogs examined showed 
some dental abnormality, usually a deficiency or faulty 
eruption, of the incisors or premolars, whereas 30 animals 
from northern Europe had a normal complement. Thus 
the difference between northern European and New 
Zealand hedgehogs appears to be well established. 

However, New Zealand animals are not the only ones 
to show this characteristic: Barrett-Hamilton’ observed 
that the second premolar of British hedgehogs was often 
variable in shape and occurrence. Though he does not give 
any indications of the number of specimens he examined. 
I have been able to examine 24 sets of British hedgehogs’ 
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teeth collected between 1894 and 1960. Four of these had 
dental abnormalities. A second upper premolar had failed. 
to erupt in three—one hedgehog from Wales, one from 
Middlesex and another uflebelled specimen in the Edin- 
burgh Museum. In a fourth hedgehog of unknown origin 
in the Leicester Museum, the third lower molar on one side 
had erupted abnormally, and both upper second premolars 
were absent. 

Thus it seems that British hedgehogs, isolated from their 
Continental ancestors, developed a heritable dental 
abnormality which now affects about one in every six 

eanimals. This characteristic was transmitted to New 
Zealand with the original stock of perhaps a dozen 
animals in the 1890’s*, and has now become widespread 
and common there, being found in half the animals 
examined. 

I thank the Directors of the Welsh, Leicester, Edinburgh 
and Royal Scottish Museums and Dr. P. Croweroft of the 
British Museum (Natural History) for permission to 
examine specimens of hedgehogs in their collections. 


A R. E. BRoOCcKE® 


Animal Ecology Division, 

Department of Scientific and Industrial Research, 
Lower Hutt, New Zealand. 
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Bulinus (Physopsis) africanus africanus (Krauss) 
in Tanganyika 

Swarts of the sub-genus Bulinus (Physopsis) are known 
to be the principal intermediate hosts of Schistosoma 
haematobium in Hast Africa. There are several species 
present, and of these B.(P.) africanus is represented by 
BAP.) africanus ovoideus (Bourguignat) which is widely 
distributed throughout the area. Mandahl-Barth! sus- 
pected that B.(P.) africanus africanus (Krauss), the sub- 
species found in southern Africa, also occurred in southern 
Tanganyika. He considered that the description of 
‘Physopsis rekawaensis’, from Lake Rukwa in south-west 
Tanganyika, didnot differ essentially from thetypical B.(P.) 
africanus africanus. This communication records the finding 
of B.(P.) africanus africanus along the Little Ruaha River 
valley near Iringa (altitude 5,500 ft. above sea-level) in 
the southern highlands of Tanganyika. Dr. Mandahl- 
Barth kindly identified these snails. 

The snails were present in a variety of habitats including 
temporary pools, permanent pools, a swamp, the marshy 
margins of the river and iri an irrigation canal. Other 
species found in some, but not all, of these habitats were 
Lymnaea natalensis Krauss, Bulinus natalensis (Krauss), 
Biomphalaria angulosa Mandahl-Barth and Bellamya 
capillata (Frauenfeld). 

B.(P.) africanus africanus is known to transmit S. 
haematobium and bovine schistosomes in southern Africa. 
There is a low incidence of this parasite among the local 
population. A number of snails collected from one habitat 
were found to be shedding mammalian-type schistosome 
cercariæ. These were used to infect several golden 
hamsters. Male worms were recovered from these, but 
no females, so that it was not possible to identify them as 
S. haematobium or a bovine schistosome. Twenty-five 
first-generation, laboratory-reared snails, aged two 
months, were each exposed individually to five miracidia 
of S. haematobium obtained from the urines of infected 
schoolchildren at Mwanza, Tanganyika. Twelve of these 
snails survived until the sixty-fifth day after exposure, by 
which time four had shed cercarix, the first being shed on 
the thirty-eighth day. The laboratory temperatures were 
between 20° C and 25° C. 
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The occurrence of this sub-species in Tanganyika is of 
special interest with regard to irrigation schemes, a 
number of which are being developed in Tanganyika. 
Webbe? considered that the other species of Bulinus 
(Physopsis) found in Tanganyike were unlikely to estab- 
lish themselves permanently in canal systems and that 
they would be confined to other habitats around irrigation 
schemes. Recent observations have tended to confirm 
this view, although in certain circumstances B.(P.) 
nasutus nasutus (Martens) and B.(P.) globosus (Morelet) 
have invaded irrigation canals. However, there is a 
greater danger of B.(P.) africanus africanus successfully 
invading irrigation ais where it could play an important 
part in the transmission of S. haematobium. 

This communication is published by permission of 
the Secretary-General of the East African Common 
Services Organization. 
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R. F. Sturrock 


East African Institute for Medical Research, 
P.O. Box 162, 
Mwanza, Tanganyika. . 
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Effect of Malathion Analogues on a'Malathion- 
resistant Housefly Strain which possesses a 
Detoxication Enzyme, Carboxyesterase 


Iz is now known that a number of insect species which 
are resistant to insecticides possess effective mfeans of 
detoxication in order to protect themselves from being 
exposed to the toxicant at the vital site’-?. One of these 
insects, Culex tarsalis Fresno strain, was shown to have 
developed a malathion carboxyesterase* with a very 
narrow substrate specificity against malathion analogues‘. 
This agrees perfectly with the fact that this strain shows 
little cross-resistance to any other organophosphorus 
insecticides. 

A similarly high carboxyesterase activity has been 
found’ in two highly malathion-resistant strains of 
housefly (Musca domestica), G and H (both originated in 
Georgia, U.S.A.), which exhibit a more restricted cross- 
resistance than other organophosphate-resistant housefly 
strains’. 

An attempt was made to survey, therefore, the 
resistance spectrum of this malathion-resistant @ strain 
against malathion and malaoxon analogues of carboxy- 
ester substitutes and malathion phosphate ester substi- 
tutes by means of topical applications? with 0-5 ul. of 
acetone administered by a micrometer-driven ‘Agla’ 


syringe. Malathion molecule and its substitution scheme 
are illustrated as follows: 
CH,0 SorO RO S 
MI NI 
P—S—CH—C0O0OX P—S—CH—COOC,H, 


i 
CH,O H,—COOX RO bs, -coo0,H, 

Malathion and malaoxon carboxyester (X-subst.) and 
malathion phosphate ester (R-subst.) substitutes. Mala- 
thion: X = ethyl, R = methyl and P = S. Malaoxon: 
P = O analogue of malathion. 

Judging from the resistance factors calculated from the 
mortality data for strains S and G on carboxyester 
substitution (Table 1: X-substitutes), the main factor 
influencing malathion-resistance in strain G seems to be 
much less specific than that of C. tarsalis; yet the ten- 
dency was very similar, that is, there was a peak at the 
ethyl substitute. Sirlce the malathion-resistance in 
strain G is mainly due to increased carboxyesterase 
activity®, this must mean that the substrate specificity of 
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Table 1. RESISTANOE-LEYEL OF STRAIN G AGAINST MALATHION AND 
MALAOXON CARBOXYESTER ALCOHOL SUBSTITUTES (X-SUBSTITUTES) 


No. 4939 


Substitutes (X) Strains mortality in LD, (ug/fy) Resistance factor 
Malathion (P = 8S) G S GJS 
Methyl 22 0-36 61 
Ethyl 50 0-25 200 
n-Propyl 12-0 0:25 48 
Isopropyl 10-0 ~ 025 40 
Butyl 8-6 oo O26 34 
Amyl 8-0 0-23 35 
Maladxon (P= 0) 
Methyl 1 10 
thyl 36 0-12 30 
n-Propyl 6-7 0-50 20 
Isopropyl 25 0-15 17 
utyl 45 28 


Table 2° RESISTANCE-LEVEL OF STRAIN G AGAINST MALATHION PHOSPHATE 
ESTER ALCOHOL SUBSTITUTES (R-SUBSTITUTE 


Substitutes (R) Strains mortality in LD,, (ug/fly) Resistance factor 
Malathion (Ps) G S ajs 
Methyl 50 0:25 200 
Ethyl 1-25 0-26 5 
n-Propy! 40 2-50 16 
Isopropyl 31 1:25 2-4 
Butyl 10 10 1 


Table 3. RESISTANOE-LEVEL OF STAINS Ka AND CG AGAINST MALATHION 
PHOSPHATE ESTER ALCOHOL SUBSTITUTES (R-SUBSTITUTES) 


Substitutes (R) Strains mortality in LD;, (ug/fly) Resistance factor 

Malathion (P =8) Ka Kajs 
Methy) 47 18:8 
Ethy 15 6 
m Propri 2-0 0-8 

popropy3 2-0 16 
: 70 0-6 

PEETA (P=8) . C c/s 
Methyl 2-6 10 
Ethyl 3-6 14-4 
a-Propyl 6-1 2-4 
Isopropyl 40 32 

17 17 


the carboxyesterase of strain G is probably slightly wider 
than that of the C. tarsalis Fresno strain. In fact, strains 
G and.# are also resistant to acethion which possesses a 
carboxyester bond’. These facts seem to support the 
view that: (1) the carboxyesterase plays an important 
part also in the malathion resistance in the housefly; 
(2) the carboxyesterase in the resistant insect individuals 
is especially effective to malathion itself by which the 
insects have been selected. 

` On replacement of the methyl group of malathion 
(R-substitute), however, the degree of resistance also 
quickly diminished (Tables 2 and 3). The result was an 
unexpected one, since it has been assumed, here and in 
our previous report‘, that decrease in the resistance-level 
on carboxyester substitution (X-substitute) was the 
direct indication of the importance of the carboxyesterase 
in malathion resistance. As the X groups are situated at 
the site of actual hydrolysis, and as the R groups, on the 
other hand, are at the other end of the malathion molecule, 
the process of the carboxyester hydrolysis should be 
largely influenced by replacement of the X group, but not 
so much by that of the R group; that is, if such a replace- 
ment should affect the hydrolysis at all. Yet the result 
from R substitution was almost the reverse of what is 
actually expected. This seeming discrepancy is rather 
difficult to explain. 

The most plausible answer is that the malathion 
molecule might be attached to the enzyme at two points, 
that is, at the carbon atom of carboxylic acid and at the 
phosphorus atom. The latter attachment may help in 
positioning the malathion molecule to the enzyme and 
thus promotes acylation and subsequent hydrolysis at this 
site. As a result of replacement of the methyl group of 
malathion by larger molecules the attachment of the 
phosphorus atom to the enzyme becomes increasingly 
difficult. Or it could also be that the process of dephos- 
phorylation is markedly reduced by the presence of these 
large side-chains. 

By using the very same strain of the housefly, 
Oppenoorth’ has proved that the malathion resistance is 
genetically governed by a single gene which simultaneously 
causes a lower aliesterase activity in the housefly tissues. 


X 
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The carboxyesterase of malathion in the rat liver hfs 
also been proved to be actually an aliesterase which can 
hydrolyse not only malathion but also such compounds as 
diethyl maleate and diethyl succinate and their dicarboxy 
alcohol substitutes as the number of carbons is increased* 
(reverse of insect carboxyesterase of malathion-resistant 
strains). All these findings suggest that the carboxy- 
esterase of malathion is nothing but an aliesterase, though 
possibly in the case of the resistant houseflies an alteration 
of a usual aliesteraso was necessary to cope with the 
necessity of splitting the malathion molecule. So far all 
malathion carboxyesterases (that is, altered or unaltered e 
aliesterases) were found to be attacked by other organo- 
phosphorus compounds such as EPN’, TOCP*?° and 

n-propyl paraoxon’1, The fact that most of tho com- 
pounds inhibit only carboxyesterase, and not phosphatase, 
supports the view that the carboxyesterase molecule must 
be drastically different from phosphatase, perhaps possess- 
ing an entirely different active site, or possessing two 
active sites one of which (carboxyesteratic site) must be 
very sensitive to those synergists. 

Another factor which might play an important part in 
influencing the resistance-level in R-substitute series is the 
decreased toxicity of the substitute itself (Table 2), that 
is, at high insecticide doses used, other factors might 
come into play. Also it has been known that the change 
in phosphate ester (R-substitutes) can change the nature 
of the molecule, sometimes so drastically that the 
analogue may become an inhibitor of the breakdown 
enzyme", or, if not so, the analogue can become indifferent 
to the original enzyme. 

The most important implication of this series of experi- 
ments is, however, the extent of carboxyesteratic action in 
malaoxon-resistance. The similar but less distinct bell- 
shape spectra of resistance factor obtained in mealaoxon 
experiment support the view that: (1) this mutant 
carboxyesterase also contributes malaoxon-resistance to a 
certain degree; (2) the extent of carboxyesteratic break- 
down is far less than that in malathion. Indeed, in both 
C. tarsalis Fresno strain and housefly G strain, malathion- 
resistance is more pronounced than that of malaoxon,. 
the fact sharply separating malathion-resistance from 
other organophosphorus resistance, where the resistant 
levels against phosphorothionates are exactly in the same 
order as in the corresponding actual toxicant phosphate’: 
that is, if all the opportunity factors for most of the 
organophosphates versus corresponding phosphorothion- 
ates are in the same order. 

The results obtained from two parathion- and 
‘Diazinon’-resistant strains of houseflies (Table 3) also 
indicate a similar decrease in toxicity as the number of 
carbon atoms of R-substitutes increases. The higher 
resistance factor obtained in strain Ka for dimethyl 
substitute than for diethyl substitute seems to indicate 
that phosphatases found in Ka and C are not necessarily 
characterized for all diethyl phosphates", and, in return, 
malathion-resistance of strain G is not particularly confined 
to all dimethyl phosphates. In fact, strains Ka and C are 
more resistant to methyl paraoxon® or ‘Dicapthon’” 
(both dimethyl) than to “Phorate’ or diethyl malathion, or 
likewise strain @ is more resistant to acethion or diethy! 
malathion than to ‘Dimethoate’> or DDVP"™ (both 
dimethyl). It seems likely that malathion-resistance in G 
strain is mainly due to this carboxyesterase which can 
attack several malathion analogues, and that parathion- 
and ‘Diazinon’-resistance in Ka and C are due to a diethyl 
phosphatase which mainly hydrolyses a group of dicthy! 
phosphates! and corresponding phosphorothionates* 
which are related to parathion and ‘Diazinon’ in certain 
aspects of their molecular structure. 

We thank Dr. F. J. Oppenoorth for providing the 
valuable housefly strains, some of which had been 
genetically selected by laborious means, and for his advice. 
We also thank Dr. R. D. O’Brien for his advice. <A part of 
the experiment was conducted in the laboratories of 
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Insecticide Chemistry, ‘Department df. Entomology, 
Cornell University. This’ work was supported by Shell 
Research, Ltd., and by research grants G0O7804 and 
EF--415 from the US. National Institutes of Health. 
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A Technique for Electronically Recording 
Aphid Feeding and Salivation 


APHID feeding and salivation has long intrigued ento- 
mologists. The knowledge of when and where these 
activities occur in the plant may contribute to the solution 
of the problems of plant virus acquisition and inoculation 
by aphids as well as by other insects. At present, no 
satisfactory techniques exist to detail these activities. 
In our search for a method to explain these phenomena, 
we developed a technique to record electronically some 
phases of aphid feeding and salivation within a plant or 
other electrically conductive substrates. 

Approximately 2-0-V, 60-cycle a.c. were introduced into 
the substrate, and this voltage passed through the slightly 
resistant substrate to ground. With the more conductive 
substrates, a resistance was placed at the ground end. 
The source of the voltage was a 6 VAC filament trans- 

- former (Stancor P-6466, Chicago Standard Transformer 
Corp., Chicago, Illinois). The transformer secondary was 
connected to a 10,000-chm linear potentiometer so that 
the amount of voltage could be regulated. 

A rectangular feeding cage measuring 1} in. long x 
$ in. wide x 5/16 in. deep was used 
to confine the aphids on the substrate. 

This cage was constructed out of ș in. f 
‘Plexiglass’. A gold-plated tungsten 

grid (approximately 900 holes/in.?)  L 

was glued to the bottom of this cage. ` 

The bottom part of the grid was 

insulated with ‘Glyptal’. The cage 

was placed on a plant leaf or other sub- 

strates and held fast with a woman’s 
hair clip. The grid was connected 
to a 25-W monaural amplifier (Heath-  '#° "** 
kit model 44-181, Benton Harbor, 
Michigan). Connected in parallel to 
the 16 ohm output of the amplifier 
were a cathode ray oscilloscope (Heath- 
kit model 10-10), a chart recorder 
(Esterline-Angus model AW, 0-100 
mV, Indianapolis, Indiana), and a 
speaker. All instruments used in the 
testing were grounded to an 8-ft. 
copper pipe driven into the soil (Fig. 1). 

The pea aphid, Acyrthosiphon pisum 
(Harris), was used for most testing. 
However, the green peach aphid, 


Fig. 1. 
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Myzus persicae (Sulzer), and the lettuce seed stem aphid, 
Acyrthosiphon scariolae Nevsky, were also observed. .The 
empty stylets of the 3 species were found to be electrically 
non-conductive, and the tarsi of the 3 species were very 
low in electrical conductivity. We had hoped ‘that the 
tarsi would provide electrical contact from the aphid to 
the grid. In order to make this contact, it was necessary 
to attach a No. 38 tinned copper wire to the dorsum af the 
aphid and to bend the wire in such a way that it would 
contact the grid. At the point of contact with the grid; 
the wire was bent so that, when the aphid was probing, 
approximately 1 cm of wire laid flat on the grid. The 
wire did not markedly disturb the aphids, but it did 
slightly impede locomotion. The wire was attathed to 
the aphid with a rapid drying silver conducting paint: ` 
(‘Silver Print’, Walsco Electronics, Los Angeles 18, 
California). Although no long-term observations, have 
been made, this paint does not appear to harm the aphids. 
When the aphid probes into the substrate and the stylets `” 
fill with saliva or substrate liquid, an electrical circuit is, 
completed between the substrate voltage, the aphid, the 
grid, and the amplifier. Chénges in voltage are observed 
on the oscilloscope and recorded on the chart.. : The 
hypothesis was that the peak and depression activity on ' 
the chart was correlated with liquid volume increases or 
decreases through the stylets, that is, the more liquid the > ` 
aphid ingests or salivates, the higher the voltage recorded. 
In order to test this hypothesis, a technique was designed 
to record liquid volume passing at different rates through a 
glass capillary tube. A 3-mm glass tube was drawn out so 
that a capillary tube with an inside diameter of 98u 
resulted. One end of this tube was placed in a small ,; 
chamber containing tap water. The chambes was so ; 
constructed as to permit the introduction of voltage. A~ 
No. 38 wire was affixed to the inside of the tube at the, 
opposite end, and this wire was connected to the ampli- 
fier. When the tube was placed in the water, capillarity 
caused the water to flow through the tube making contact « 
with the wire. When this occurred, the pen on the 
recorder moved upward and remained at a constant level. 
When mouth suction was applied at the upper end of the 
tube, the pen rose higher indicating increase in voltage, 
and when the suction was released, the pen would drop 
to the capillary-level. Increasing suction caused the pen 
to rise further. When water was blown through the tube, 


an increase in voltage was also evident and increases, in 
pressure also caused an increase in voltage. These results 
would indicate that the proposed hypothesis was valid. 
A feeding chamber was constructed so that the aphid’s. 
stylets could be observed within a liquid media. 


The 
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A block and schematic diagram showing the circuit and equipment used to record 


aphid feeding and salivation 
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feeding chamber was in 2 parts: a cage with a gold grid 
similar to the clip-on type, and a well to contain the 
liquid. Both units were constructed out of 1/16 in. 
‘Plexiglass’. A ‘Parafilm’ membrane was stretched over 
the bottom surface of the cage. The cage was bolted to 
the section containing the well. The liquid to be used was 
forced through a hole in the rear of the well. Liquids 
used included a 20 per cent sucrose solution, filtered plant 
sap with sucrose added. and 3 artificial diets? 4.5. Voltage 

“was then introduced into the liquid. The observation 
chamber was designed so that the entire length of stylets 
” and sheath could be observed under a magnification of 
times 150. 

- All three species of aphids secreted visible salivary 
sheaths in all liquids during each probe. Initially, it 
appeared that production of sheath was related to changes 
in voltage recorded on the chart. However, after further 

* observations, it became apparent that the salivary sheath 
was of low electrical conductivity and the pen would move 
upward only slightly. In most instances, however, strong 

` increases in voltage occurred during sheath production, 
but -obviously not related to the secretion of sheath 
material. It appeared as though another material was 
being secreted or that the liquid substrate was being 
ingested. . 

To eliminate the liquid substrate as a variable, further 
tests were conducted using gold leaf as the substrate. A 
rectangular piece of gold leaf of the type used for lettering 
signs was affixed,to a small ‘Plexiglass’ sheet. The size 
of the leaf was slightly larger than the clip-on cage. The 
gold leaf was covered by a sheet of stretched ‘Parafilm’ 


, and the feeding cage clipped over it. Voltage was intro- 


" duced into the gold leaf substrate. Twenty-five A. pisum 
were allowed 3 probes each and each recording was noted. 
Thirty-nine probes showed the slight flat rise attributed to 
sheath production. The remaining 36 probes were accom- 
panied by higher voltage showing higher peaks on the 
chart. These results indicate that the aphid secreted 
another material and possibly a watery saliva similar to 
that observed by Miles®? for Aphis craccivora Koch and 
for Oncopeltus fasciatus (Dallas). This material may be 
the phytotoxin secreted by some aphids. However, the 
possibility that ingestion took place when the aphid 
probed into the liquid cannot as yet be ruled out. 

We have not been completely successful in distinguish- 
ing between the liquid or watery secretion and ingestion 
either by visual observation or differences in recorded 

When the aphids probed into crushed and 

filtered Vicia faba L. stems, certain rhythmic curves were 

recorded. Nearly all individuals tested with these media 
reproduced these curves. When separate aphids probed 

V. faba plants, similar curves were produced. Observation 

of stylet activity within the feeding chamber showed that 

the rhythmic curves being recorded were correlated with 
pumping of the stylets within the sheath. The peaks and 
depressions of the curves were related to the position of the 
stylets as they moved up and down within the sheath. 
When. the stylets were down, the recorded voltage was 


high, and when the stylets were up, the voltage was 


lower. This rhythm may be related to ingestion (cibarial 

pump activity), secretion of a liquid saliva (salivary pump 

activity), or the combination of both. Of the 75 probes on 

gold leaf, 8 were accompanied by a similar rhythm, but 

they were shorter in duration and not quite as sym- 
metrical. 

When the other liquids were used, the rhythm curves 
were rare and the aphids usually withdrew after a shorter 
period of probing. If it becomes possible to relate each 
recorded curve to either ingestion or salivation, it can 
then be used to determine the acceptability or rejection of 
any media, and perhaps the volume of fluid ingested 
during any aphid probe. Provided the substrate is 
electrically conductive, the exact length of any aphid 
probe can be recorded from actual stylet contact with the 
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substrate to the probe termination. This recorded inform- 
ation could then be used to establish aphid acceptability 
of any substrate. 

We thank Drs. R. Craig and E, S. Sy lvester, Department 
of Entomology and Parasitology. University of California, 
Berkeley, California, for their advice. We also thank 
Mr. D. K. Johnson, of Jennings Radio, Salinas, California, 
Mr. P. D. Williams, of Eitel-McCullough, Ine., San Carlos. 
California, and Mr. C. Johnson, of Watsonville, California. 
for supplying us with some of the equipment and materials 
used. i 
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Toxicity of Calcium Phosphate to some 
Pests of Stored Grain 


IN spite of some basic differences in the physiological 
and biochemical aspects of insects and mammals'*, no 
work seems to have been carried out on the nutritional 
effect of different inorganic salts on the growth and 
development of insects of stored foods, with the view of 
finding out salts specifically toxic to insects and non-toxic 
to mammals. In the exploratory experiments on the 
screening of some salts, particularly those which find 
application in the composition of processed foods, such as 
chlorides, carbonates, sulphates, nitrates and phosphates 
of sodium, potassium, calcium, magnesium, aluminium and 
ammonium, these were mixed at different levels. U--3 per 
cent, in whole wheat flour and tested for their effect on 
growth and breeding of Tribolium castaneum (Herbst). 

Contrary to the general expectation many of these salts. 
which are not known to be harmful to mammals at 
the concentrations used, proved to be toxie to the test 
insect T. castaneum. The results indicated that different. 
degrees of toxicity were manifested as retarded growth, 
extended length of life period, and lowered rate of popula- 
tion increase. These were brought about by the salts such 
as sodium chloride, sodium bicarbonate. potassium 
bicarbonate, calcium chloride, calcium bicarbonate, mag- 
nesium carbonate, and aluminium chloride, and out of the 
phosphates, however, calcium phosphate (tricaleinu 
phosphate) exerted a high degree of toxicity towards 
T. castaneum resulting in a complete inhibition of the 
population. 

Further work was, therefore, carried out to examine tho 
effect of calcium phosphate, Cas(PO,)2, on the growth and 
development of the common pests of stored grain. Labora- 
tory cultures of Tribolium castaneum (Herbst), Sitophilus 
oryza (L.), Callosobruchus chinensis (L.), Trogoderma 
granarium (Everts), Laemophloeus minutus (OL), Ephestia 
cautella (Walk.), Oryzaephilus surninamensis (1..) amd 
Stegobium paniceum (L.) were selected and the adult or 
larval stages of the insects were released on the respective 
media (Table 1) mixed with Ca,(PO,), at 0-30.000 p.p.m. 
levels and incubated for a period of 120 days at 22°- -267 C 
and 70-75 per cent relative humidity. In each plastic 
culture tube (40 mm x 30mm), 10 g of the medium were 
dispensed. Ten of each insect were released in separate 
tubes containing respective medium. There wero 10 
replicates for each treatment. Daily observations were 
taken on the development and emergence of the life-stages. 
Differential counts of larve, pup and adults and average 
weights of the stages were taken at the end of an incubation 
period of 120 days. The results are presented in Table | 
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“Table 1. ExFEOT OF CALCIUM PHOSPHATE ON THE GROWTH, LIFE PERIOD 
AND BREEDING OF INSECT PESTS oF STORED FOOD {AFTER 120 DAYS 


InduBATION) 
Living First 
Insect Ca(PO): popula- emerg- Average 
and stage Growth * conc. | | tion ence of weight (mg) 
released * medium (%) (No./10 g) adults Adult Larva 
medium (days) 

T.c 6 Wheat 0 54 55 18 2-0 
day-old flour 1 43 65 1-2 16 
adults 2 17 72 12 16 

3 1 N.E. 1-2 08 

S05 Sorghum 0 33 48 16 26 

day-old (broken) 1 12 65 1-4 1-0 
ults 2.- 8 N.E. — —e 

E.c., 18t Wheat 0 1 30 5-0 9-0 
e instar (broken) 1 1 N.E. — — 
laryæ 2 0 N.E. — _— 

C.c., 1-2 Green Q 25 , 21 3-2 50 
day-old gram 1 18 35 2-4 46 
adults ? 6 ns 1-4 3-0 

La 5 Wheat 0 31 50 0-6 08 
day-old semolina 1 2 N.E 0-6 asa 
adults 2 0 N.E. — — 

0.8., 5 Copra meal + 0 26 50 1-0 3-0 

, day-old wheat flour 1 65 0-8 26 
adults 1:2, 2 0 NEB 04 — 

ae 1-2 Cumin 0 27 60 15 18 

ay-old 3 18 60 ri 13 
adults : 

Tga, 1st Wheat 0 10 30 13 38 
instar (broken) 3 10 30 1:0 26 
larvae 

* Released initially in tens. 


N.E., No emergence, 

T.c., T. castaneum ; S.o, S. s E.c., E. cautella ; O.c., O. chinensis ; 
Lm., L. minutus; 0.8., O. surinamensis; S.p., S. paniceum; Tga T. 
granarium. 


‘ 

The results indicated that Ca,(PO,). exerted toxic 
action on T. castaneum, S. oryza, E. cautella, C. chinensis, 
L. minutus and O. surinamensis and these failed to breed 
on media treated with 2-3 per cent (20,000-30,000 p.p.m.) 
levels. The toxicity of the chemical, however, varied in 
degree on different pests. Out of the test insects 
S. paniceum and T. granarium were found to be somewhat 
resistant to the action of calcium phosphate. Although 
they completed their life-cycles on media containing 3 
per cent calcium phosphate, the weights of larve and 
adults of both these insects were less in the treated than 
in the control lots. The breeding of these two insects could 
also be totally inhibited at higher concentrations of 
Ca(PO); than are required for other test insects. The 
symptoms of toxicity were very marked in T. castan- 
eum and E. cautella larve, which were characterized by 
retarded growth and darkening of colour as compared 
with the control. At 2 per cent concentration and above, 
calcium phosphate exerted a high degree of toxic action, 
killing the adults when adults were released initially, and 
in the case of larve inhibiting the metamorphosis from 
larva to pupa, but if they did pupate emergence was 
arrested. A close observation revealed that larva, 
released on the medium containing 1 per cent calcium 
phosphate, moulted faster than the normal ones and the 
number of moults doubled. In spite of the prolongation 
of the growth period and increase in the number of moults 
in larva grown on food containing calcium phosphate, the 
size was less then the control and the average weight was 
very low as compared to the normal. Even the adults of 
the test insects exhibited retarded growth under the 
influence of calcium phosphate. In general, the total life- 
period was prolonged at lower concentrations, while cal- 
cium phosphate at 2 and 3 per cent levels arrested the 
breeding and development of all the test insects except 
Trogoderma and Stegobiwm species (Table 1). 

The results of the experiments have shown that some of 
the inorganic chemicals which are used in normal food com- 
position, and have no toxic effect on human nutrition®*, 
could be toxic to many stored grain insect pests. Although 
there are some basic biochemical differences between the 
insects and mammals'?, the comparative physiology of 
insects and mammals has not yet beén exploited for the 
preferential control by retardation of growth of insect 
posts in human foodstuffs. Evidence has been obtained 
in this investigation that calcium phosphate, Ca,(PO,),, is 
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toxic to many pests of stored grain at a concentration 
(10-30 mg/g (Ca,(PO,), or 4-12 mg calcium/g of grain) 
which is not likely to be harmful to man?-4. 

We thank Dr. V. Subrahmanyan, director, and Dr. 
A. Sreenivasan, deputy director, of this Institute, for their 
advice. 
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MICROBIOLOGY 


Co-transduction by a Staphylococcal Phage of' 
the Genes Responsible for Penicillinase Synthesis 
and Resistance{to Mercury Salts 


STRAINS of Staphylococcus aureus endemic in hospitals 
are usually resistant to several antibiotics, including 
penicillin, and to mercury salts!. A recent survey? showed. 
a correlation between multiple resistance to antibiotics 
and the ability to produce large amounts of penicillinase 
under appropriate conditions. The highest correlation, 
however, was between high penicillinage’ activity and 
mercury resistance. It has been known for some time that 
penicillinase-producing strains of S. aureus readily revert 
to the penicillin-sensitive state®. Novick has shown that 
this process can occur as frequently as once eyery 103 ` 
generations, and that the step involves loss both of the 
gene responsible for synthesis of the penicillinase molecule 
itself and the genes conferring inducible properties on 
penicillinase synthesis. 3 

A chanco observation in the course of some experiments 
to isolate penicillin-sensitive strains from penicillinase- 
producing parents‘ showed, that the loss of the ability to 
synthesize penicillinase was accompanied by the loss of 
resistance to mercury salts. This phenomenon was first 
noticed with strain 147, and has since been shown to occur 
on the isolation of penicillin-sensitive variants from 16 
other strains of penicillinase-producing, mercury-resistant 
Staphylococci. In every mercury-resistant strain of JS. 
aureus so far examined the loss of penicillinasé was 
accompanied by loss of mercury resistance. 

The correlated loss of penicillinase and mercury resist- 
ance suggested that the two characters might be closely 
linked genetically, and therefore readily co-transduced. 


Co-transduction of penicillinase and mercury resistance ws 


was examined in two types of experiment, using penicillin 
resistance as a means of selecting the transductants‘. In 
both experiments a penicillinase-producing, mercury- 
resistant strain of S. aureus was irradiated with ultra-violet 
light, and the supernatant was used as æ source of 
transducing phage, as described by Adams.. In one 
case, the acceptor culture was a penicillin-sensitive,., 
mercury-sensitive derivative of a penicillinase-producing, 
mercury-resistant parent; in the other case, the acceptor 
was @ penicillin-sensitive, mercury-sensitive derivative of 
a penicillinase-producing, meroury-sensitive parent. 
Transduction was carried out as described by Novick!. 
In both cases, co-transduction of the ability to synthesize 
penicillinase and resistance to mercury salts was found in 
a high proportion of transductants (Table 14), regardless 
of the sensitivity to mercury of the original strain from 
which the acceptor was derived. With the strain origin- 
ating from the penicillinase-producing, mercury-resistant 
parent, co-transduction occurred in 302/304 transductants 
examined, whereas in the experiment using the strain 
which was originally mercury-sensitive, co-transduction 
occurred in 73/74 cases. These two transduction experi- 
ments were repeated, and this time the transductants 
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CO-TRANSDUOTION OF PENICILLIN RESISTANCE AND MERCURY 
RESISTANCE IN Staphylococcus aureus 


Part A: Selection for Pen? 
Phenotype of Transductants 


“No. 4939 


Table 1. 


Origin of 


= acceptor tor acceptor Pens. HgR Penz. Hgs Total 
en 
3 (train, Pan Pens.Hgs 302 2 304 
(strain 3493) Pens. Hgs 73 1 74 
Part B: Selection for Hg? 
g en £, HgR Pens.HgR Total 
Pent, Hgg 
K 147) Pens. Hgs 146 .2 148 
(atrain 3493) Pens, Hgs -v,, 472 7 479 


Transducing phage was ae from a penicillinase-producing, mercury- 
resistant (Pen4.Hg#) parent. No cells of phenotype Pen2.Hgr, Penz. Hgs 
or Pens Hg® were pone ained without intervention of phage. Peng = peni- 

enS = penicillinase-negative derivative; Hgg and 
Hgs = mercury- -resistant and.. -sensitive respectively, 


were selected for mercury resistance rather than penicillin 
resistance. In this case (Table 1B), 146/148 co-trans- 
ductants were found when the mercury-sensitive acceptor 
had been derived from a mercury-resistant parent, and 
472/479 co-transductants were found when the acceptor 
was derived from a mercury-sensitive parent. These 
results suggest that the génes controlling penicillinase 
synthesis and mercury resistance are closely linked. . 

Novick‘ suggested that the genes controlling penicil- 
linase’synthesis may be present in an extrachromosomal 
‘plasmid’! in-Staphylococci, and recent work by Hamon 
and Baldwin’ supports this view. The close linkage of the 
penicillinase marker and the mercury resistance marker 
suggests that these characters are often on the same 
‘plasmid’ in staphylococcal cells. However, not all peni- 
cillinase-producing hospital Staphylococci are mercury- 
resistant, and sometimes penicillin-sensitive, mercury- 
resistens organisms are found. There is therefore no 
obligate connexion between the penicillinase genes and 
those responsible for mercury resistance, as would be the 
case if, for example, the mercury genes were involved in 
some way with the synthesis or excretion of the penicil- 
linase molecule itself. 

The close linkage of the two ‘resistance markers’ in this 


` fashion is reminiscent of the resistance transfer factors, 


which are frequently present in the Enterobacteria’, and 


which may be transferred by transduction. However, 


true resistance transfer factors may also be transferred by 
cell-to-cell contact, and, as yet, there is no evidence that 
gonetic material is transferred in this way between 
staphylococcal cells, Recently, co-transduction of erythro- 
mycin, leucomycin and oleandomycin resistance in S. 
aureus has been observed’, and it was suggested that the 
genes controlling resistance to these three antibiotics are 
also present in an extrachromosomal ‘plasmid’. The genes 
responsible for penicillinase production were not linked by 
transduction to any other ‘antibiotic resistance marker’ in 
our experiments, and it appears therefore that more than 
one type of plasmid bearing ‘multiple resistance markers’ 
may be found in S. aureus. 
M. H. RICHMOND 
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Effect of Sodium Chloride, Dulcitol and 
Glucose on the Growth of Proteus in Shaken” 
and Static Broth Cultures 


Ir has recently been reported that ‘Proteus is unique 
among Gram,negative bacteria of non-marine origin for 
possessing an ability to grow in the presence of high salt 
concentration. Crisley? showed that a strain of Proteus 
vulgaris grown in the presence of sodium chloride utilized 
more glucose and grew to a greater extent than when 
grown in the absence of sodium chloride. It has now been 
found that, not only does Proteus possess a high sodium 
chloride tolerance, but also gradually increases in growth 
when grown in broth cultures containing rising concen- 
trations of this electrolyte. Furthermore, the addition of 
rising concentrations of either dulcitol or glucose to the 
broths has a similar effect on the growth of Proteus to that 
produced by the addition of sodium chloride, but it is of a 
lower order. When Proteus is grown in broths containing 
the same range of concentrations of sodium chloride, 
dulcitol and glucose, but which are agitated, an enhance- 
ment of growth occurs (compared, with growth obtained in 
static culture), except for those cultures grown in broths 
containing glucose. This effect,has been discovered as a 
result of experiments undertaken to elucidate the reasons 
for the formation of discrete colonies of Proteus on a solid 
medium consisting of the broth used above solidified with 
agar. Dulcitol was chosen because it is not fermented by 
Proteus, thus affording an ‘inert chemical’ the presence of 
which only exerted physical effects (Figs. 1, 2 and 3). 

Cultures of Proteus were grown in a liquid medium 
(‘Lab-Lemeo’ 0-3 per cent, oxoid peptone 0-5 per cent. 
pH 17-2) to which had been added sodium chloride 
(B.D.H.A.R.) prior to autoclaving (15 Ib./15 min}; the 
carbohydrates (Kerfoots, Ltd.) were aseptically added to 
autoclaved broth after filtration (Seitz S.B.). The various 
media were inoculated with a liquid culture grown for 4 h. 
Growth was measured turbidimetrically (KEL nephelo- 
meter). $ 

Growth response curves were constructed by measuring 
the turbidities at the end of incubation for 18 h in the 
presence of various concentrations of sodium chloride. 
dulcito] and glucose (Figs. 1, 2 and 3). 

The shaken cultures were incubated in a metabolic 
shaking water bath (Gallenkamp) at 100 oscillations/min. 

As can be seen, the addition of sodium chloride to the 
liquid medium gives rise to increased growth, the increase 
being close to that obtained when dulcitol is added. 


100 


Nephelometer reading 


0 0:2 0-4 0°6 0-8 10 


Concentration of sodium chloride (¢%) 
Fig. Effect of variations of sodium chloride concentration in 


Teemo broth on the growth of Proteus vulgaris L. 10880. ©, Static 
culture; @, shake culture 
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* Fig. 2. Effect of variations of dulcitol concentration in ‘Iab-Lemco’ 
broth on the growth of Proteve vulgaris L. 10880. ©, Statice culture; 
@, shake culture 
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Fig. 3. Effect of variations of glucose concentration in ‘Lab-Lemco’ 
broth on the growth of Proteus vulgaris L. 10880. ©, Static culture; 
©, shake culture 


Glucose does not give rise to. such a great response. 
Enhancement of growth was obtained when cultures were 
shaken in the presence of dulcitol and sodium chloride. 
Glucose, however, appears to inhibit enhancement of 
growth under the influence of shaking. 

Proteus species and Serratia marcescens are the only 
organisms, so far examined, which rise to a growth response 
in the presence of sodium chloride (Table 1). It would 
thus appear that Proteus and related organisms possess 
some distinct metabolic activity. It has been shown? 
that the absence of sodium chloride in a simple nutrient 
medium (‘Lab-Lemco’ 0-3 per cent, ‘Oxoid Peptone’ 0:5 
per cent agar, 1-5 per cent, pH 7-2) permits the production 


Table 1. EFFEOT ON THE GROWTH OF ORGANISMS, INCUBATED FOR 18 H AT 
37, FOLLOWING THE ADDITION OF 0:5 PER CENT SODIUM CHLORIDE TO THE 


Brora 
Average turbidity reading 
Organisms No, Plain broth Broth + 0-5 per cent 
tested sodium chloride 
Proteus 12 35 75 
S. marcescens 3 36 80 
K. aerogenes 5 63 E 36 
Si. typhi 2 90 91 
Pe. aeruginosa 4 30 33 
Staph. aureus 5 45 49 
Strep. pyogenes 5 45 47 
Strep. faecalis 5 49 47 
e 
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of discrete colonies of Proteus. Furthermore, concentra- 
tions of the electrolytes equimolar to 0:5 per cent sodium 
chloride permit the organisms to swarm. Certain carbo- 


-hydrates at a concentration equimolar to 0°5 per cent 


sodium chloride also potentiate swarming in this medium‘. 

It has also been shown‘ that the peak growth response 
in liquid media containing electrolytes is paralleled by the 
appearance of the swarming on the solid medium contain- 
ing the same electrolyte, at the same concentration ‘as in 


the liquid medium. It would, therefore, seem to follow ‘% 


that the swarming of Proteus Has an underlying metabolic 
cause. 


conditions of Zh which exists in a medium containing a' 4 
reducing substance. 
P. G. D. NAYLOR 
Research Division, 
Pfizer Ltd., 

Sandwich, Kent. 
1 Brown, A. D., and Turner, H. P., Nature, 199, 301 (19863). 
? Crisley, S. T., J. Bact., 86, 346 (1963). 
* Naylor, P. G. D., J. Med. Lab. Teghnol., 17, 182 (1961). 
t Naylor, P. G. D. (to be’ published), 


CYTOLOGY 


Pachytene Chromosomes of Oryza perennis 
Moench from Cambodia- 


RECENTLY, attempts have been made to investigate 
the chromosomes of Oryza sp. in greater detail through 
pachytene analysis. This method has also opened up a 
new line of research for a precise understanding of the 
cytogenetics of the genus Oryza. A. similar examination 
has been carried out in Oryza perennis Moench, which is 
believed to have contributed largely in the evolutionary 
process of cultivated rices with a view to elucidating the 
nature of the ancestral chromosome complement of this 
genus. ; 

The species O. perennis is mostly cross-pollinated and 
it has a wide range of variation with a number of distinct 
geographical races. In the work recorded here a Cam- 
bodian type of O. perennis Moench was used and Belling’s 
simple acetocarmine technique adopted. 

Twelve pachytene bivalents were obtained in this 
material (Fig. 1). Their salient features are as follows: 
Chromosome A: 100p long; submedian. Chromomeres are 
not well defined; particularly the short arm shows poor 
density of chromomeres. Chromosome B: 89-6u long; 
submedian. Chromomeres are relatively distinct in general. 





Fig. 1. Photomicrograph of a pachytene cell 


That glucose does not enhance the growth in ‘jg 
shaken cultures of Proteus is possibly due tô the altered 4 


` 


q 
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Table 1. ABSOLUTE LENGTH AND ARM-RATIO OF THE PAOHYTENE 
CHROMOSOMES 

Chromosome* Abs, length (u) Arm-ratio Classification 
A 100-1 0-57 SM 
B 89-6 0-54 SM 
(6) 88-2 -9 M 
D 82-6 0-68 SM 
E 80-5 0-69 | SM 
F 80-5 0-49 SM 
G 63-7 0-81 M 

á H 82-6 0-29 ST 
I 44:8 0-68 SM 
J 54-6 0-81 M 
K 84-3 0-53 SM 
L 32-2 0-64 SM 


\ * According to Sen (ref. 7). 


Chromosome C: 88-2u long; median. This chromosome is 
iattachéd with the nucleolus and the chromomeres are not 
prominent in any part of the body. Chromosome D: 


< 82-6y long; submedian. This chromosome is also attached 


with the nucleolus. Chromosome Æ: 80-5u long; sub- 
median. Chromomeres of the long arm are fairly distinct 
whereas chromomeres of the short arm are poorly defined. 
Chromosome F: 80-5p long; submedian. Chromomeres 
of the short arm show distinct differentiation whereas the 
long arm is almost fully domposed of poorly defined 
chromomeres. Chromosome G: 63-7u long; median. 
` Chromomeres are poorly defined. Chromosome H: 82-6u 
long; subteloecentric. The short arm shows some distinct 
chromomeres whereas the long arm is full of poorly defined 
cbromomeres. Chromosome I: 44-8 long; submedian. 


;'  Chromomeres are relatively well defined. Chromosome J: 





: wound tumours??, 
; preparation of Sendai virus pertaining to the group of 


54-64 long; .median. This chromosome is full of 
differentiated chromomeres. Chromosome K: 34-3y long; 
submedian. Chromomeres are poorly defined. Chromo- 
some L: 32-2u long; submedian. Chromomeres are fairly 
distinct with a distinct centromere. 

The karyotype (Table 1) indicates a primitive nature 
when compared with other karyotypes'~’ of the section 
Sativa as already earlier suggested® in other geographical 


q races of this species. Furthermore, knowledge of chromo- 


r somal characteristics of O. perennis will probably help: 


7 (a) in precisely evaluating cytologically the hypothesis 


.which considered the O. perennis as the progenitor 
of the cultivated rices; (b) in understanding the cyto- 
taxonomic relationship between the species in the genus, 


| especially in the section Sativa 3 in which the two cul- 


tivated rices belong; (c) in justifying the use of this wild 
; species in & breeding programme; and (d) in fundamental 
genetical studies, etc. 

I thank Dr. R. H. Richharia and 8. Sampath of the 

Central Rice Research Institute, India, for their advice. 

: S. K. SEN 

College of Agriculture, 
Banaras Hindu University, 

Varanasi 5, India. 


1 Das, D. C., and Shastry, S. V. 8., Cytologia, 28 (1), 86 (1963). 
? Hu, Chao-Hwa, Cytologia, 25 (38-4), 437 (1961). 
3 Richharia, R. H., Ind. J. Genet, and Pl. Br., 20 (1), 1 (1960). 


; «Shastry, 8. V. S., Ranga Rao, D. R., and Misra, B. N., Ind. J. Genet: 
0 (1), 15 (1960). 


and Pl. Br., 2 
* Shastry, S. V. S., and Misra, R. N., Chromosoma, 12, 248 (1961). 
* Shastry, S. V. S., and Rao, M., Proc. Ind. Acad. Sci. 54, B, 100 (1961). 
? Sen, $. K, The Nucleus, 6 (2), 24 (1963). 


VIROLOGY 


Secondary Structure of RNA from 
Sendai Virus 


RECENTLY many viruses belonging to different varieties 
of groups have been identified as having anomalous 
structures of nucleic acid, including a double-stranded 
stracture of RNA in reoviruses and in the virus of plant 
Our investigation of nucleic acid 


large para-influenza viruses and containing RNA? has 
shown that among animal viruses reoviruses are not an 
; exception. Ae 
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Fig. 1. Absorption spectra of Sendai virus RNA in solutions of different 

ionic strengths. Solid line, BNA absorption in 1M sodium chloride- 

0-001 M EDTA, pH 7; dotted line, same in 0-001 M sodium chloride- 
0-001 M EDTA, pH 7 


290 


We have made use of virus suspensions purified by 
means of chromatography on THAE-cellulose and one 
cycle of differential centrifugation’. RNA preparations 
were isolated by extraction with alkaline phenol’, 
followed by deproteinization with chloroform following 
the method of Sevage et al.?.. It will be seen from Fig. 1 
that Sendai virus RNA absorption in ultra-violet light is 
independent of the ionic strength of the solution over 
concentrations of 0-001-1 M in sodium chloride. The 
dependence of the [absorption value at 258. on tem- 
perature is characteristic of the melting of DNA and 
similar structures: spontaneous increase in absorption 
occurs only at the critical temperature (m.p.). The 
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Fig. 2. Melting curves of RNA in solutions of different ionic strengths, 

Solid line, RNA absorption in 0-1 M sodium chloride-0-001 M EDTA, 

PH 7; dotted line, same in 0-001 = oom chloride-0-001 M EDTA, 
P. 
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melting point of Sendai virus RNA in 9-1 M sodium 
chloride, 0:05 M EDTA, pH 7, amounts to 102°. In a 
medium with a low ionic strength the melting point 
decreases down to 95-96°, the melting curves becoming 
smoother. The valie of the hyperchromic effect determ- 
ined on hvating in 2 per cent formalin or on denaturation 
in 0-5 M sodium hydroxide was found to be 36-50 per 
cent. 

From the evidence obtained it may be suggested that 
Sendai virus RNA comprises a rigid double-stranded 
structure similar to DNA.. . 


T. I. TIKOHONENKEO 
F. L. KiIssELwov 

A. Q. BUKRINSKAJA 
Y. Surenov 


Institute of Virology, 
Academy of Medical Sciences, 
Moscow, U.S.S.R. 
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Adsorption of Sensitized Sheep Erythrocytes 
to HeLa Cells infected with Herpes 
Simplex Virus 


Positive results were obtained in experiments designed 
to show mixed agglutination! between HeLa cells infected 
with herpes simplex virus, then treated with rabbit anti- 
herpes serum, and sheep erythrocytes sensitized with 
rabbit anti-sheep erythrocyte serum and sheep anti-rabbit- 
y-globulin serum. The sheep erythrocytes were sensitized 
by a method fundamentally similar to that of Milgrom 
et al.2, These results were in contrast to the negative 
results reported by Fagraeus and Espmark® in mixed 
hemadsorption experiments with cells infected with herpes 
simplex virus. 

As the separate components of the ‘mixed agglutination’ 
system were analysed more closely, it became obvious that 
hemadsorption could be obtained by using sheep erythro- 
cytes sensitized with rabbit anti-sheep erythrocyte serum 
alone, and allowing them to settle on to infected HeLa 
cells which had not been treated with anti-herpes serum. 

HeLa cell monolayers were formed on circular glass 
coverslips (1:0 cm diam.) placed in the cups of a ‘Perspex’ 
Salk pattern M.R.C. hemagglutination tray previously 
sterilized by ultra-violet irradiation. 5 x 10+ cells were 
placed in a cup in 0-5 ml. of a medium composed of 20 per 
cent calf serum, and 10 per cent tryptose broth, in 
Medium 199. The trays were incubated for 3 h at 37° in 
5 per cent carbon dioxide/air to allow the cells to settle and 
begin to spread. Approximately 10* pock-forming units of 
herpes simplex virus (strain HFEM, as infected allantoic 
and amniotic fluids with 20 per cent calf serum) were then 
added in a volume of 0:05 ml. and the trays were re- 
incubated at 37° in 5 per cent carbon dioxide/air. After 
further incubation for 18 h the coverslips were removed, 
rinsed once in Hanks’s solution, and placed in cups in a 
fresh hemagglutination tray, where 0-5 ml. of 1 per cent 
sensitized sheep erythrocytes was added. The tray was 
left at room temperature until all the erythrocytes had 
settled on the coverslips, which were then removed, 
washed four times in Hanks’s solution and examined 
microscopically. The sheep erythrocytes were sensitized 
by adding 0-01 ml. of rabbit anti-erythrocyte serum to 
10 ml. of a 4 per cent suspension in medium 199. After 
incubation at 37° for 1 h and three washes in phosphate- 
buffered saline, the sensitized cells were resuspended in 
Medium 199 to a final concentration of 1 per cent. Fig. 1 
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Fig. 1. Sensitized sheep erythrocytes adsorbed to herpes-infected 
HeLa cells. Note the absence ef adsorption to uninfected cells 
(unstained, x c. 188) 


shows the typical appearance of an. infected monolayer 
with adsorbed erythrocytes. s 

No hæmadsorption occurred when the sensitized erythro- 
cytes were replaced by untreated erythrocytes, or by 
erythrocytes sensitized with horse or mouse anti-sheep 
erythrocyte sera. Erythrocytes treated with normal 
rabbit serum also failed to adsorb. Sensitized erythro- 
cytes failed to adsorb to normal HeLa cells. Cells to 
which hæmadsorption occurred all showed the nuclear 
changes characteristic of herpes simplex infection (Fig. 2). 

There were two possible explanations for this pheno- 
menon. Either sensitized erythrocytes were made ‘sticky’ 
by, for example, partial denaturation of y-globylin, so 


that they adsorbed to HeLa cells also rendered ‘sticky’ by - 
infection, or the infected HeLa cells had developed a new | 
surface antigen resembling an antigen on the surface of the ` 
To distinguish between these alternatives ; 


erythrocyte. 


the rabbit anti-erythrocyte serum used for sensitization 


of erythrocytes was added to the medium overlying infec- | 


ted cells to give a dilution of 1/10. After incubation at 
37° for 2 h the sensitized erythrocytes were added to the 


monolayer as described above. Hemadsorption was not ` 
In contrast, when rabbit anti-herpes sera, - 


inhibited. 
prepared .by intravenous injections of infected allantoic 
and amniotic fluid, were added to infected monolayers and 
incubated for 2 h, no hemadsorption occurred on addition 
of sensitized erythrocytes to the washed monolayers. One 
rabbit anti-herpes serum inhibited to a dilution of 1/160, 





Herpes-infected HeLa cells showing characteristic nuclear 
changes and adsorbed erythrocytes. (May—Griinwald-Giemsa, x ¢. 600) 


Fig. 2. 
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the other to a dilution of 1/640. Normal rabbit serum 
failed to inhibit hemadsorption. 

Since hemadsorption could be blocked by treatment of 
infected cells with anti-virus serum, but not by anti- 
erythrocyte serum, it appears that the first of the two 
explanations is the correct one. The ‘stickiness’ of 
infected HeLa cells is evidently associated with specific 
viral antigens present at the cell surface, so that the 
resulfs provide corroboration of Roane and Roizmann’s* 
finding that new antigens appear at the surface of HeLa 
cells infected with herpes simplex virus. 
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Sir William Dunn School of Pathology, 
. University of Oxford. 


1 Coombs, R. R. S., Cancer Res., 21, 1198 (1961). 


* Milgrom, Ey E. gmo, K. Barron, A. C, and Witebsky, E., J. Immunol., 


3 Fagracus, iL and Espmark, A., Nature, 190, 370 (1961). 
4 Roane, jun., P. R., and Rolzmann, B., Virology, 22, 1 (1964), 


WATEINS 


.PSYCHOLOGY 


Effect of Conceptual Cueing on the Recall 
of Order 


Ir has been demonstrated by Averbach and Sperling? 
that, when using brief visual displays of between four and 
twelve letters or digits, the level of percentage recall is 
higher when only a part of the display has to be recalled 
, than when the whole is required. It was contended that 
peripheral mechanisms subserved this effect. 

The work recorded here uséd auditorily presented lists 
to discoyer if an analogous effect, probably of central 
origin, was demonstrable. Lists of the same twelve items 
were repeatedly used. To involve selection of abstract 
| qualities the lists were made up of the cardinal points of 
the compass, the suits of cards and the names of the gospel 
writers. Eighteen lists were recorded: nine for the partial 
recall condition, nine for the total recall condition. Each 
list of each condition had one of the nine different com- 
binations of different category/quartet list structure. (A 
quartet is one of the three sets of four consecutive serial 
positions of items in a twelve-item list: 1-4; 5-8; 9-12.) 
Hence, pairs of lists corresponding in structure were used, 
one being cued ‘all’, the other with one of the category 
cues: ‘Compass’, or ‘Suits’, or ‘Gospels’, for the total and 
partial recall conditions, respectively. 

Subjects knew the items in the lists before presentation 
„and that they occurred in blocks of four members of one 
-category at a constant rate. There was a constant interval 
of 1 sec between items. The instructions and practice lists 
‘ preceding the presentation of experimental lists acquainted 
subjects with their task. This was to say the whole list ora 
part in accordance with the one word succeeding the list 
attempting to reproduce tho order of presentation of the 
last list’s items. Subjects recorded their responses on a 
stenorette and these were later scored. 

Three indices of the recall of order were used: 

Score 1—the total number of individual words which 

occurred in the correct positions in response lists, over all 
nine total recall and all nine partial recall lists, subject by 
. subject, for all subjects. 
Score 2—the number of times in which partial recall is 
. better than total recall (P-T positive) and the number of 
. times that the reverse was the case (P-T negative) in the 
j nine pairs of lists corresponding in category/quartet 
. structure. subject by subject, for all subjects. 

Score 3—the number of occasions on which a complete 
quartet was correctly given in the correct order and 
pagition, in each condition, subject by subject, for all 

ubjects. 

With eight subjects all these indices showed performance 
to be significantly better (P< 0-01 in all cases) in the 
partial recall condition. The results appear in Table 1; 
n.b., direct comparison across conditions is possible as 
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Table 1 - 
l x TE 
Subject Score 1 Sdore 2 Score 3 
P-T P-T 
Partial Total | (positive) | (neggtive) | Partial | Total 
M. B. 27 e| aL 4 lg 5 4 | 
A.H. 26 7 6 1 6 1 
K. H. 28 22 4 3 6 4 
A.S. 23 19 5 4 4 3 
R.B 29 13 6 ; 1 8 2 
GR 29 24 3 2 7 5 
Cc. W. 25 18 4 1 5 3 
T.K. 24 i | 7 2 5 0 
Totals | 211 185 “| 39 ; 47 44 22 
| Means 26°25 16-88 4°88 | 1-88 5°50 275 
cine oe eat ed 





only the relevant quartet of the total recall condition 
response was scored. 

An information analysis of the transmission of order 
information gave complementary results. A graph (Fig. 1) 
was plotted of efficiency of transmission against transi-~ 
tions. Transitions are those periods at which*the orderings 
of items are decided; schematically: 


a itet presented North East ° South West 
Transitions 2nd 8rd 4th ; 
Time 
Response 
Quartet scored North East West South 


Here errors appear at the 3rd and 4th transitions. 


80 


70 


60 


100 (Tzy/Hx) 
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1st 2nd gra 
Transitions (ordinal scale) 


Fig. 1. Efficiency of transmission plotted against transitions, x, Partial 
condition; O, total condition 


4th 


These results are analogous to those reported varlier by 
Averbach and Sperling and demonstrate that such 
improvements in recall need not be limited to recall 
subserved by peripheral storage. 

This work was carried out while in receipt of a research 
studentship from the Department of Scientific and 
Industrial Research. 

GODFREY J. Harrison 

Department of Psychology, 

University of Sheffield. 


1 Averbach, E., and Sperling, G., in Information Theory (Butterworth, 
London, 1961). 
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Taste Thresholds for Bitterness and 


°, Cigarette Smoking ° 


A SIGNIFICANT correlation has been reported between 
taste sensitivity for bitter-tasting compounds such as 
quinine and number of reported foods disliked}. Cigarette 
smoking has also been observed to be associated with the 
bitter taste threshold variable*?. No associations were 
observed, however, between taste thresholds for hydro- 
chloric acid, sodium chloride, acetic acid and sucrose, on 
the one hand, and number of foods disliked! or cigarettes 
smoked?* on the other. This communication records the 
association between the smoking habits of 31-50-year-old 
males and females, and their taste thresholds for two 
bitter-tasting compounds, quinine and 6-n-propylthio- 
uracil (PROP). The latter is a phenylthiourea (PTC) type 
compound, taste sensitivity to which is bimodally dis- 
tributed, consistent with the hypothesis of a simple 
genetic dichotomy**. The ‘heavy cigarette smokers’ 


,smoke 20 or more cigarettes a day, and we compared 
. their threshalds for quinine and PROP with those of non- 


smokers. i 
Determinations of taste thresholds for quinine sulphate 


*(U.8S.P. crystals, Mallinckrodt Chemical Co.) and 6-n- 


propylthiouracil (Mann Biochemicals, Inc.) were carried 
out for all subjects in accordance with our modified 
version’ of the testing procedure described by Harris and 
Kalmus*®. The procedure involves the use of a series of 
concentrations, ranging from solution No. 14 = 6-00 x 
10-* M to solution No. 1 = 7:3 x 10-7M. Each solution is 
twice as concentrated as the next-lower solution of the 
series. Use of a double-blind placebo and final sorting-out 
method, as designed by Harris and Kalmus®, has proved 
to be most reliable for testing taste thresholds. Our 
modifications in procedure include the use of distilled wator 
—as solvent, as placebo, and for a mouth-rinse between 
cups’. 

From a total of 266 subjects, most of whom were taste- 
tested in the course of a twin-family investigation, only the 
34 ‘heavy smokers’ of cigarettes (that is, smoking 20 or 
more per day) and 40 non-smokers in the 31—-50-year age- 
range were selected for comparative examination. The 
selected age-range defined our subjects as adults with 
established smoking habits. Only cigarette smokers were 
considered because of the reported behavioural differences 
observed between cigarette and pipe smokers 11. The 
two groups of subjects are comparable for sex and age and 
apparently represent a fairly homogeneous population 
except that they are at opposite extremes in smoking 
behaviour. 

The results are summarized in Table 1. The most 
significant difference in taste threshold for quinine is 
observed between the male smokers with a mean threshold 
of 7:8 and the male non-smokers with a mean threshold of 
4-6. This difference is highly significant (P = 0-001) by 
the Mann-Whitney U test}?. The female ‘heavy smokers’ 
are also less sensitive to quinine, though the difference is 
not quite as significant statistically as for the males 
(P = 0-012). Taste sensitivity for PROP, like that for 
quinine, is lower in smokers than in non-smokers in both 
males (P = 0-031) and females (P = 0-004). 

The data on PROP thresholds can also be analysed 
according to the dichotomy classifying subjects either as 
tasters .or non-tasters*-®8, 
bimodal distribution of thresholds shows an antimode at 
threshold No. 10 (ref. 13). If the results are grouped 
according to this dichotomy, subjects whose PROP taste 
thresholds are 9 and below are classified as tasters and 
those whose thresholds are 10 and above are classified as 
non-tasters. The respective ratios were 5 : 3 in the male 
non-smokers, and 5 : 14 in the male smokers. In the 
female sample, the respective ratios were 20 : 12 for non- 
smokers and 4 : 11 for smokers. CHi-square analysis of 
these ratios reveals that the“ heavy smokers include 
significantly fewer tasters than the non-smokers (both 
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Table 1. TASTE THRESHOLDS FOR 1-QUININE SULPHATE AND PROP 

(6-n-PROPYLTHIOURAOIL) IN MALE AND FEMALE SUBJEOTS AGED 31-50 YEARS. 

Only non-smokers (Non) and subjects who smoked 20 or morecigarettes per 

day (‘heavy smokers’ = H.S.) are compared, P values were calculated by 
the Mann-Whitney U test 


Males (age es Females (age 31-50) 
Threshold Quinine uinine PRO 
Non H.S. Non H.S. Non H.S. Non H.S. 
>l4 1 1 2 
14 5 1* 1 2 
13 1 1 1 2 
12 2 1 3 3° 3 
11 1 3 4 2 
10 1 1 1 1 2 
9 2 2 1 1 5 3 
8 3 1 1 2 1 4 1 
7 1 6 8 8 -6 
6 2 4 1 1 5 6 5, 
5 1 2 1 1 5 ¢ 2 
4 1 5 s 
3 3 6 
Total 8 19 8 19 32 15 
ean 46 78 90 11:3 54 7 92 114 
P 0-001 0-031 0012 4 
* More than 13. 


sexes combined, P = 0-003; males only, P = 
females only, P = 0-023). 

The relative proportions.of heavy’ smokers and non- 
smokers are different in the sexes, apparently due to 
social factors'4. Results collected from the general 
population and analysed without regard to smoking 
habits show that, up to the age of approximately 20 
years, taste sensitivity increases and is closely similar in 
the sexes for quinine, PROP and hydrochloric acid. 
From this age onwards, taste sensitivity’ declines success- 
ively with increasing age, but more rapidly"in males than 
in females. By the age of 35 for hydrochloric acid, and by 
the age of 46 for quinine, men are one threshold less 
sensitive than women. The sex difference in PROP 
sensitivity equals approximately one threshold by age 
50 (ref. 15). 

We have confirmed a relationship between smoking and 
bitter taste thresholds**. Krut? used a different method; 
Fischer, Griffii. and Kaplan? reported results only on 
young people. The relationship between smoking habits 
and taste thresholds is greater and more significant in 
older people (age 31-50, present sample) than among 
college-age subjects?. 

This work was supported by grants from the Counci 
for Tobacco Research—U.S.A., and from the U.S. Public 
Health Service, National Institutes of Health (HL 
00581-02 and GRS 05563). 
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Monday, June 29 


; CA FOUNDATION (at the Royal Institute of British Architects, 66 Port- 
land Place, London, W.1), at 5 p.m.—Prof. J. Waldenström: ‘Metabolic 

7 Multipotentiality of Malignant Cells” (16th (annual) Ciba Foundation 
- Leeture). ; 


i p Tuesday, June 30 
PARLIAMENTARY AND SOLENTIFIO COMMITTEE, GENERAL COMAMTTER (in 
Committee Room 12, House of Commons, Westminster, London, S.W.1), at 


5.30 p.m.—Sir Albert Mumford, K.B.E.: “Recent Scientific Developments 
in the Communications Field”. 


, +» Thursday, July 2 


NATIONAL INSTITUTE OF AGRICULTURAL BOTANY (at Huntingdon Road, 
Cambridge), from 10.15 a.m.—Open Day. 


i ROYAL SOCIETY OF MEDICINE (at 1 Wimpole Street, London, W.1), at 
8 p.m.—Meeting on “Voluntary Service Overseas by Young Medical 
Graduates and by Senior Medical Students, and the Part whieh the Society 
might play in Promoting It”. 


~ oE. 
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as 
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Friday, July 3 


NATIONAL INSTITUTE OF AGRICULTURAL Botany (at Huntingdon Road, 
Cambridge), at 2.30 p.m.>—Annual General Meeting. 





Monday, July 6 


ROYAL, SOCIETY OF MEDICINE 1 Wimpole Street, London, W.1), at 
z 6 p.m.—Prof. I. B. Chain, F.R.S.: “Some Contributions from Chemical 
Microbiology to Medicine” (Jephcott Lecture). 


APPOINTMENTS VACANT 


APPIIOATIONS are invited for the following appointments on or before 

the dates mentioned: 

E. ~. BESEARCH ASSISTANTS (with, or expecting to obtain by September 1964, 

se `g university, degree or ploma in technology with frst- or second-class 

\ honours) to work in the following fields: high polymer chemistry, analytical 

1 chemistry, inorganic or radio-chemistry, physio-organic chemistry, electro- 

chemistry applied to metal finishing, solid state physics, and mathematics— 

$o yiee paoi al, Lanchester College of Technology, Priory Street, 

‘Coventry y 8). 

a ASSISTANT (graduate, preferably in science, with, previous editorial 
experience) to the Editor of The. Advancement of Science—The Deputy 
‘Secretary, British Association for the Advancement of Selence, 3 Sanctuary 
‘Buildings, 20 Great Smith Street, London, S.W.1 (July 4). 

* |; Assistant EXPERIMENTAL OFFIORE (with Higher National Certificate or 
iN de ree in a biologica] subject, or expecting to graduate in 1964) for research 

| 'in the Nematology Section—The Secretary, Glasshouse Crops Research 
















‘Institute, Worthing Road, Rustington, Littlehampton, Sussex (July 4). 
t C., H. DESCH RESEARCH FELLOW (graduate with research experience in 
m hetallurgy, physical chemistry or solid state physics) IN THE DEPARTMENT 
ar MeTaLLuRGy—The Registrar, The University, Sheffield (July 6). 
.- CHAIR OF PsyoHOLOGy--The Secretary and Registrar (Room 9), The 
Yniversity, Southampton (July 6). 

SECOND CHAIR oF ELECTRONICS—The Secretary and Registrar (Room 9), 
The University, Southampton (July 6). E 

h CHAIR OF ENGINEERING MATERIALS—The Secretary and Registrar (Room 
} 1,9), Lhe University, Southampton (July 10). 

i LECTURERS (2) (with research or industrial experience in electronic applica- 
‘ions and cireult techniques, in automatic control, in engineering systems 
‘tesign or in electrical materials) IN THE DEPARTMENT OF ELEOTRIOAL 
o \ SNGINEERING—The Registrar, Queen Mary College (University of London), 
Mile End Road, London, E.1 (July 10). 

RESEARCH ASSISTANT (preferably with a degree in engineering or qualifica- 
Mons in electrical engineering up to Higher National Certificate level) to 
work for three years in the first Instance on the control of environmental 
conditions and the application of electricity in the rearing of farm livestock 

with particular reference to pigs and poultry—The Administrative Secretary, 

mee a Veterinary Medicine, The University, Madingley Road, Cambridge 
y 10). 

l> SENIOR RESRARCH ASSISTANT (graduate in botany, biochemistry or micro- 

biology with relevant postgraduate experience) IN PLANT PHYSIOLOGY IN 

THE DEPARTMENT OF BOTANY, for work on free-cell culture derived from 

higher plants—~The Registrar, University College of Swansea, Singleton 
Park, Swansea (July 11). 

LECTURER (medically qualified) IN ANATOMY——The Secretary and Registrar, 
The University, Senate House, Bristol, 2 (July 13). 

LECTURER (with qualifications in the field of applied mathematics or 
theoretical physics) IN MatHEMATios—The Secretary, Trinity College, 
Dublin 2, Republic of Ireland (July 13). K 
RESEAROH ASSOCIATE (with experience of research in mathematics or 
mathematical physics) IN MATHEMATICS, to work on approximation theory 
involving the study of mathematica] analysis and computing, and investiga- 
tion of a yariety of physical ee Secretary, Trinity College, 
Dublin 2, Republic of Ireland (July 13). 

? LECTURER or ASSISTANT LECTURER IN PLANT OR ANIMAL PHYSIOLOGY 
(Department of Botany and Zoology)}—The Scoretary (A), Chelsea College 
‘of Science and Technology, Manresa Road, London, 8.W.3 (July 15). 
f SENIOR SCTENTIVIO OFFICER/PRINCIPAL SCIENTIFIC OFFICER (with a good 
honours degree in physiology or biochemistry and preferably research 
experience in the ficld of animal metabolism) IN THE PHYSIOLOGY DEPART- 
wet SIE, ndocrinology)}—The Secretary, Rowett Research Institute, Bucks- 
* burn, Aberdeen, Scotland (July 16). 

SENIOR TECHNICIAN or TECHNICIAN IN THE DEPARTMENT OF PREVENTIVE 

MEDICINE, Faculty of Veterinary Science, University of Khartoum—The 
» “Registrar, University of Khartoum, c/o The “Inter-University Counell for 

' Higher Education Overseas, 33 Bedford Place, London, W.C.1 (July 15). 
A SENIOR LECTURER (proterably with research experience and a higher 
qoeeree or diploma) IN ORAL MICROBIOLOGY in the Dental School, Faculty 
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of Medicine, University of Wales—The Secretary, The Welsh National ° 


. 1867 
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School of Medicine,»34 Newport Road, Cardiff (July 16). . 

ASSISTANT LECTURER (preferably with research interests in the fungal 
breakdown of organic materialin the soil) IN MYCOLOGY IN THE DEPARTMENT 
OP FORESTRY AND NATURAL Resovnces*—The Secretary, The University, 
Edinburgh (July 18). . 

CENTRAL ELEOTRIOITY -GENERATING BOARD RESEARCH FELLOW (with a 
higher degree) andaCENTRAL ELECTRICITY GENERATING BOARD RESEARCH 
STUDENTS (under 25, with a first- or upper second-class honours degree) IN 
THE DEPARTMENT OF ELEOTRIOAL ENGINEERING, for full-time researeh in 
high voltage engineering—Prof. P. M. Bruce, The Royal College of Science 
and Technology, Glasgow (July 18). 

SENIOR LECTURER or LECTURER IN THE DEPARTMENT OF MEDICINE, 
University of Ibadan, Nigerla—The Secretary, Senate Committee on Colleges 
word in Spee Relation, University of London, Senate House, London, 

SENIOR LECTURER or LECTURER (preferably with experience or interests 
in ionospheric physics, radio propagation, or any branch of geophysics) IN 
PuHysics at the University of the West Indies—The Secretary, Inter-Univer- 
sity, gornel dor Higher Education Overseas, 33 Bedford Place, London, 

C. y 20). 

LECTURER IN PSYCHOLOGY at the University of Cape Town—tThe Secre- 
tary, Association of Commonwealth Universities (Branch Office), Marl- 
borough House, Pall Mali, London, 8.W.1, and The Registrar, University of 
Cape Town, Private Bag, Rondebosch, Cape Town, South Africa (J uly 24). 

LECTURER and/or a RESEAROH FELLOW (with research or teaching experi- 
ence in pharmacology or physiology and preferably a veterinary degree) IN 
PHARMACOLOGY IN THE DEPARTMENT OF VETERINARY ANATOMY AND 
PHYSIOLOGY, University of Ibadan, Nigerla—The Secretary, Inter-University + 
a ee for Higher Education Overseas, 33 Bedford Places London, W.C.1 

y 26). 

LEOTURER (member of one of the Royal Colleges of Physicians or with an. 
equivalent higher qualification in medicine)‘IN MEDICINE at the University 
of Lagos, Nigeria—The Secretary, Inter-University Council for Higher 
Education Overseas, 38 Bedford Place, London, W.C.1 (July 28). 

LECTURER (Senior Programmer) IN THE COMPUTING LaBoRATORY—~The 
Secretary of University Court, The University, Glasgow (July 28). 

ASSISTANT LECTURER or LECTURER (preferably active research worker in 
mineralogy) IN GEOLOGY at the University of the West Indics—The Secretary, 
Inter-University Council for Higher Education Overseas, 33 Bedford Place, 
London, W.C.1 (July 81). y 

CHAIR OF MaATagNATICS—The Registrar, The University, Keele, Stafford- 
shire (July 31). aioe. i ; 

DIRECTOR (vith recognized qualifications in an agricultural science and 
proven scientific and administrative experience) OF COFFEE RESEARCE with 
the Coffee Research Foundation, Kenya—The Chairman, Coffee Research 
Foundation, P.O. Box 1011, Nairobi, Kenya (July 31). _ 

EDITOR (with an honeurs degree (or its equivalent) in one of the social 
sciences, experience of research, administrative experience and a knowledge 
of two or more modern languages) of World Agricultural Economics and 
Rural Sociology Abstracts, United Kingdom—The Secretary, Commonwealth 
oe Bureaux, Farnham House, Farnham Royal, near Slough, Bucks 

y i 

LECTURER (with special interests in plant physiology, and preferably 
specialized in plant biochemistry or fine structure in plant cells) IN BOTANY 
at the University of Adelaide—The Registrar, University of Adelaide, 
North Terrace, Adelaide, South Australia, or The Secretary, Association-of 
Commonwealth Universities (Branch Office), Marlborough House, Pall Mall, 
London, 8.W.1 (Australia, July 31). n j 

LECTURER (with an honours degree in mining engineering or equivalent 
qualifications and operational and/or research experience in either coal 
mining, metalliferous mining or petroleum reservoir enginecring) IN MINING 
ENGINEERING at the University of New South Wales—The Agent-General 
for New South Wales, 56-57 Strand, London, W.C.2, and The Appointments 
Section, The University of New South Wales, Box 1, Post Office, Kensington, 
New South Wales, Australia (August 31). 

MycoLooist (with a good honours degree in botany or equivalent with 
considerable postgraduate experience In mycology and plant pathology, an 
authoritative knowledge of the taxonomy of the phycomycetes, practical 
experience of abstracting and editing an abstract journal and a working 
knowledge of at least two Buropean languages other than English)—The 
ool ees Mycological Institute, Ferry Lane, Kew, Surrey 

ugus È 

SECOND CHAIR OF CHEMISTRY at the University of Canterbury, Christ- 
church, New Zealand—The Secretary, Association of Commonwealth 
Universities (Branch Office), Marlborough House, Pall Mall, London. S.W.1, 
or The Registrar, University of Canterbury (August 31). 

CHAIR OF PURE MaTHEMATICS at the University of Canterbury, Christ- 
church, New Zealand—The Secretary, Association of Commonwealth Univer- 
sities (Branch Office), Marlborough House, Pall Mall, London, §.W.1, or The 
Registrar, University of Canterbury (October 31). 

AGRICULTURAL ENGINEER (national of the United Kingdom or the Republic 
of Ireland, preferably between 30 and 40, with a degree in agricultural 
engineering, preferably M.Sc., plus four years’ experience) in Western 
Nigeria, to train workshop and field staffin the maintenance, use and overhaul 
of agricultura] machinery—The Appointments Officer, Room 301, Depart- 
ment of Technical Co-operation, Eland House, Stag Place, London, 8.W.1, 
quoting Ref. RC 218/131/01. ; 

ASSISTANT PROFESSOR (with a Ph.D. or equivalent from a university of 
recognized standing) OF MycoLoagy—Prof. M. Shaw, Department of Biolcgy, 
University of Saskatchewan, Saskatoon, Sask., Canada. 

OF ENGINEERING THERMODYNAMICS within the Department of 
Mechanical Engineering—The Registrar and Secretary, The University, 
Senate House, Bristol, 2. i ; 

GEOLOGISTS (graduates, preferably with two seasons field experience in 
Ireland) for temporary duties during the summer months of 1964-—~The 
Secretary, Department of Industry and Commerce, Kildare Street, Dublin 2, 
Republic of Ireland. , . 

4 HOSPITAL Brocresisr—The Secretary, Whipps Cross Hospital, London, 

„li. 

PHARMACIST (full-time or part-time)—The Physician Superintend: nt, 
Oakwood Hospital, Maidstone, Kent. 

POST-DOCTORAL INVESTIGATOR for work with Dr. S. G. Waley on the 
structural chemistry of lens proteins—Dr. Waley, Nuffield Laboratory of 
Ophthalmology, The University, Walton Street, Oxford. 

POST-DOCTORAL RESEARCH WORKER (biochemist, zoologist or physiologist 
with the necessary interest and experiente) IN THE PHYSIOLOGY DEPARTMENT, 
to take part in a three-year programme of studies of semen metabolism— 
The Secretary, National Institute for Research in Dairying (University of 
Reading), Shinfield, Reading, quoting Ref. 64/5. 7 

RESEARCH ASSISTANT (with an honours degree or diploma in teehnology) 
IN THE DEPARTMENT OF AERONAUTICAT AND MECHANICAL ENGINEERING, 
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+ to assist with a theoretical and experimental investigation Into creep and 

ical supersonic aircraft structures after load and 

Secretary and Registrar, Bristol] College of Science 
and Technology, Ashley Dqwn, Bristol 7, quoting Ref. CST 64/67. 

‘ry RESEARCH ASSISTANTS (with a frst- or high second-class honours degree in 
chemistry or biochemistry) Iv THE BIOCHEMISTRY DEPARTMENT-—Head, 
Department of Biochemistry, Oklahoma State University, Stillwater, 

Oklahoma, U.S.A. : ú 

VERTEBRATE PALAEONTOLOGIST IN THE DEPARTMENTS OF GEOLOGY AND 

ZooLOGY for teaching and research—Head of Department of Geology or 

Head of the Department of Zoology, University of Alberta, Edmonton, 

Alberta, Canada. 


t; 
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REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Immunochemistry, Vol. 1, No. 1 (April 1964), Pp. 1-63. Published 
quarterly. Annual Subsoription Rates: (A) For libraries, government 
establishments, research laboratories, etc. £15 (40 dollars); (B) For indivi- 
duals who place their orders directly with the publisher and certify that the 
journal is for their personal use £5 (15 dollars). (London and New York: 
Pergamon Press, 1964.) 55 

General Register Office. The Registrar General’s Quarterly Return for 

+ England and Wales—Births, Deaths and Marriages; Infectious Diseases; 
Weather; Popylation Estimates, Quarter ended 3ist December 1963, 
Pp. 28. (No. 460, 4th Quarter, 1963.) (London:- H.M. Stationery Office, 
1964.) 28. 6d. net. . (55 

University of Reading: Netjonal Institute for Research in Dairying. 

eReport for 1968. Pp. 172. (Shinfield, Berkshire: National Institute for 
Research in Dairying, 1964.) 4s. 6d. {56 

Murphy Chemical Co., Ltd. Vegetable & Soft Fruit Growers Booklet, 1984, 

Pp, 34. (Wheathampstead: The Murphy Chemical Co., Ltd., 1964.) [55- 

Overseas Development Institute, Ltd. French Aid: The Jeanneney 
Report. (An abridged translation of “La Politique de Coopération avec les 
Pays en Voie de Développement”’.) Pp. 51. (London: Overseas Develop- 
ment Institute, 1964.) 58. 55 
e Commonwealth Forestry Institute, University of Oxford. Thirty- 
ninth Annual Report, 1962-68, Pp. 39. (Oxford: The Commonwealth 
Forestry Institute, 1964.) 55 
The British Iron and Steel Research Association. Annual Report for the 
year ending December 31, 1963. Pp. 185. (London: The British Iron and 
Steel Research Association, 1964, [55 
,Report of Her Majesty’s Civil Service Commlssioners for the period 1st 
January to 31st December 1968. (Being the Ninety-seventh Report of the 
Gomi stonern,) Pp. v+80. (London: H.M. Stationery Office, 1004) 
8, 6d. net, i 
Bradford Institute of Technology. Report of a Working Party on Library 
Dovslopmient. Pp. 24. (Bradford: Bradford Institute of Technology, 


Department of Scientific and Industrial Research: National Physical 
Laboratory. Mathematical Tables Vol. 7: Tables of Jacobian Elliptic 
Functions. whose Arguments are Rational Fractions of the Quarter Period. 
By A. E Curtis. Pp. ili+81. (London: H.M. Stationery Office, roet) 

8. net. 3 

Department of Scientific and Industrial Research. National Engineering 
Laboratory Annual Report 1963: Report of the National Engineering 
Laboratory Steering Committee with the Report of the Director of the 
National Engineering Laboratory. Pp. iv+85+4 plates. (London: 
Stationery Office, 1964.) 6s. 6d. net. 

Edward High Vacuum International, Ltd. Report and Accounts for the 
year ended S8ist December 1963. Pp. 14. (Crawley: Edwards High 
Vacuum International, Ltd., 1964.) 55 

- The Electrical Research Association. 48rd Annual Report for the year 
ended 31st December 1963. Pp.92. (Leatherhead: The E cision 


Association, 1964.) 
Medical Research Council Monitoring Report Series, 


Privy Council. 
No. 8: Assay of Strontinm-90 in Human Bone in the United Kingdom— 
Results for 1968, Part 1. Pp. i+11. (London: H.M. Stationery Office, 
1964.) 1s. 6d. net. [55 

The Observatory of the School of Cosmio Physics, Dublin Institute for 
Advanced Studies. Dunsink Observatory Publications, Vol. 1, No. 4: Cape 
Lyot Heliograph Results. IIT: A Study of Regions Where Important Solar 
Flares Occur. By J. H. Reid. Pp. 1+91-107+plate 1. (Dublin: Dublin 
Institute for Advanced Studies, 1964.) 65 

Ambassade de France, Service de Presse et d'Information. The §.N.C.F. 
and the French Railways. Pp. 16. (London: Ambassade de France, 
Service de Presse et d’Information, 1964.) {65 

Rubber and. Plastics Research Association of Great Britain. Forty-fourth 
Annual Report and Accounts, 1963. Pp. 42. (Shawbury, Shrewsbury: 
Rubber and Plastics Research Association of Great Britain, 1964.) 55 

Empire Cotton Growing Corporation. Annual Report for 1963. Pp. il+ 
30. (London: Empire Cotton Growing Corporation, 1964.) {55 
Arthur D. Little Research Institute. Annual Report for 1963. Pp. 48. 
(Inveresk, Midlothian: Arthur D. Little Research Institute, 1964.) [55 

Imperial College of Science and Technology (University of London). 
Shorter Postgraduate Courses—Summer Term, Session 1983-84. Pp. 11. 
(London: Imperial College of Science and Technology, 1964.) 55 

Plant Breeding Institute, Cambridge. Annual Report, 1962-63. Pp. 
vili+106. (Cambridge: Plant Breeding Institute, 1964.) 5s. 6d. [65 

The Kent Incorporated Society for Promoting Experiments in Horti- 
culture. Jubilee Annual Report of the East Malling Research Station, 
Maidstone, Kent, ist October 1962 to 30th September 1963. (Fifty-first 
year.) Pp. xxx+208. (Hast Malling, Maidstone: East Malling Research 
Station, 1964.) 17s. 6d.; 2.50 dollars. 55 

Anti-Locust Bulletin No. 41: Studies on the Development of Eggs of the 
Desert Locust (Schistocerca greaaria Forsk&l) and Its Interruption under 
Particular Conditions of Humidity. By Dr. A. Shulov and Dr. M. P. Pener. 







June 27, 1964 von 202% 


Other Countries 


Food and Agriculture Organization of the United Nations. Animal 
Health Branch Monograph No. 7: ~% i i isio 
By G. G. Alton and Lois Jones. (È. i A A 
(Rome: Food and Agriculture Organization of the United Nations, 1963.) [55; 

Bulletin of the American Museum of Natural History. Vol. 127, Article 1 
Deep-Sea Amphipoda (Crustacea) Collected by the R/V Vema in the Eastern t —~- 

. Pacific Ocean and the Caribbean and Mediterranean Seas. By J. Laurens ¢ 
ree ah; 1-46. (New York: American Museum of Natural History, 

e ollar. 
Population Reference Bureau, Inc. Population Bulletin, Vol. 20, No, 2.: 
(April 1964): Public Health and Population Growth. 1: Developing ; 
Countries of Asia. Pp. 29-56. ‘(Washington, D.C.: Population Reference j 
Bureau, Inc., 1964.) - 50 cents. : A [56 f 

Smithsonian Institution, Washington. Proceedings of the United States '. 
National Museum. _ Vol. 115, No. 3480: Neotropical Microlepidoptera, III-—- f 
Restriction of Gonionota melobaphes Walsingham with Descriptions of New 
Speoies (Lepidoptera: Oecophoridae.) By J. F. Gates Clarke. Pps 61-844 
3 plates. Vol. 115, No. 3484: A Generic Revision of the Leafhopper Sub- 
family Neocoelidiinae (Homoptera: Cicadellidae.) By James P. Kramer. 
Pp. 259-288, Vol. 115, No. 3485: A Review of the North American Moths , 
of the Family Walshiidae (Lepidoptera: Gelechioidea). By Ronald W. 
Hodges. Pp. 289-330. Vol. 115, No. 3488: The Galigid Copepod Genus 
Dentigryps (Crustacea: Satigolda) By Alan G. Lewis., Pp. 247-380. wb 
116, No, 3489: A New Brazilian Moth of the Genus Gonioterma, with Note* ° 
on Related Species (Lepidoptera: Stenomidae). By W. Donald Duckworth 
Pp. 381-380. Vol. 115, No. 3489: Seven New Amphipods from the Weat- 
Coast of North America, with Notes on Some Unusual Species. By Clarence 
R. Shoemaker. Pp. 391-430. (Washington, D.C.: Government Printing 


Office, 1964.) 5 
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Contribucions del Instituto Antartico Argentino, 
Polagica de Aves en el Mar de Weddell. Por Ricardo Novatti. . 22. 
No. 70: Visita a la Roqueria de Pingitines Emperador de Bahia Austral 
(Mar de Weddell). Por Juan Carlos Luna Perez. ` Pp. 19. No. 72: Algunos 
Aspectos Bioecologicos de la Zona Intercotidal de Cabo Primavera (Costa 
de Danco, Peninsula Antartica). Por Z. L. Ageitos de Castellanos y Juan 
Carlos Luna Perez. Pp. 24. No. 74: Micromicetes Aislados en el Antartico. 
Por Alfredo Corte y Carlos A. N. Daglio. Pp. 27. (Buenos Aires: Instituto 
Antartico, 1962 and 1963.) 55 

Chicago Natural History Museum, Fieldiana: Geology. Vol. 13, No. 4: 
The Nature and Origin of Cone-in-Cone Structure. By. Bertram G. Woodland. 
Pp. 188-305. (Chicago: Chicago Natural History’ Museum, oe) 


5 dollars, . x 5. 
XIV. Assemblée Générale, ~ 
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Union Radio Scientifique Internationale, 
Tokyo, Septembre 9-20, 1963. Volume XII-1: Commission I—Mesures et. 
talons Radioélectriques. Pp. 153. (Bruxelles: Union Radio Scientifique 
Internationale, 1964.) 65 

New Zealand Forest Service. Information Series No. 33:e Statistics of 
the Forests and Forest Industries of New Zealand. Compiled by C. J. Yska. 
Fourth edition. Pp. 95. (Wellington: Government Printer, 1963.) [55 

Commonwealth of Australia. Department of National Development: 
Bureau of Mineral Resources, Geology and Geophysics. Bulletin No. 67: 
Australian Mesozoic Trigoniids. By 8. K. Skwarko. Pp. 42+6 plates, 
oo City: Bureau of Mineral Resources, Geology and Geophysics, 


Commonwealth of Australia: Department of Supply. Annual Report 
of the Aeronautical Research Laboratories, 1962-63. Pp. 42. Melbourne:. , 
Aeronautical Research Laboratories, 1964.) 55 

Organization for Economic Co-operation and Development. ‘The Pollution 
of Water by Detergents. By J. Prat and A. Giraud. Pp. 86. (Paris: - 
Organization for Economie Co-operation and Development, 1964.) [55 

Bernice P. Bishop Museum. Bulletin No. 227; A Survey of the Birds 
of Kauai, Hawaii. By Frank Richardson and K. Bowles. Pp. 61. (Hono- 
lulu, Hawali: Bernice P. Bishop Museum, 1964.) 2.75 dollars. 55 

Food and Agriculture Organization of the United Nations. FAO Fisheries 
Biology Technical Paper No. 19, Vol. 1—Supp. 1: World List of Periodicals 
for Aquatic Sciences and Fisheries. Prepared by FAO Fisheries Division, 
Biology Branch. Pp. vi+50. (Rome: Food and Agriculture Organization 
of the United Nations, 1963.) [55 

Publications of the Isostatie Institute of the International Association of 
Geodesy. No. 41: Activity of the Columbus Geodetic Group in Physical 
Geodesy since 1960. By W. A. Heiskanen. Pp. 26. 1.20 dollars. No. 42: 
Adjustment of a World-Wide Gravity Base Network. By U. A. Uotila. 
Pp.8. 0.60 dollars. No. 44: An Extension of Error Theory with Application 
to Spherical Harmonics. By Helmut Moritz. Pp. 11. 0.75 dollars. No, 43: 
Gravity Anomalies for a Mathematical Model of the Earth. By U. A. Uotila. 
Pp. 15. 0.90 dollars, No. 45: Accuracy of Mean Gravity Anomalies, 
Obtained from Point and Profile Measurements. By Helmut Moritz. Pp. 16: 
1dollar, No. 46: Effect of Topographic Masses and Their Isostatic Compen- 
sation on the Mean Free Alr Gravity Anomalies of 5° x 6° Surface Elements. 
By Lassi Kivioja. Pp.14. 0.75 dollars, No. 47: Interpolation of Deflections 
of the Vertical by means of 2 Torsion Balance. By Ivan 1. Mueller. Ep. 
0.50 dollars. No. 48: Statistical Analysis of Gravity Anomalies and Elev 
tions by Long Profiles and by Areas. By Richard H, Rapp. Pp. 1 
0.60 dollars. (Reprinted from the Annales Academiae Scientiarum Fennicae, 
Ser. A, .. Geologica-Geographica.) (Helsinki: Isostatic Institute of the 
International Association of Geodesy, 1964.) : [65 
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. 59. (London: Anti-Locust Research Centre, 1963.) 148. , -22D =i advance, postage paid- to any part of the world. 

The Transactions of the Bartlett Society, Vol. 1, 1962-63. pa 1 BPE. PP Rag SS Se eee = 
Peter Cowan and Michael Cassidy. 98. (London: Bartlet Sthool of .——. SP % Advertisements only should be addressed to 4 £ 
Architecture, University College, 1984.) ` WGR TB Sne E Scott & Son, Ltd., ! Clement's Inn, London, W.C.2. 1% 

The British Coal Utilisation Research Association. Annua! Rept 1963. i Telephone Namber: Holborn 4743 ` t 
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Sound Radio in the Television Age. By Frank Gillard. ÙBIB.C. Lunch- Regest éd as a newspaper at the General Post Office ; 
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